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Welcoming Words

Welcome,
The Society for Ecological Restoration (SER) is proud to host its 9th World Conference on
Ecological Restoration from 21-24 June 2021. SER World Conferences are the premier meeting
places for researchers, practitioners, decision-makers, governmental and non-governmental
representatives, students, and others interested in ecological restoration and management.
Delegates represent a broad range of backgrounds including natural and social sciences, urban
and regional planning, natural resource management and production, governance, arts, and
more. As we enter the UN Decade on Ecosystem Restoration, SER2021 will provide a lively,
highly interactive, virtual global setting for networking and knowledge exchange regarding the
latest trends in restoration science, practice and policy, as well as specific tools, techniques, and
strategies for addressing the challenges of restoring degraded ecosystems on all continents.
Although we had hoped to meet in person, the shift to a fully virtual conference has created
exciting new opportunities for engagement and outreach, including: a series of virtual field
trips from around the world; a coordinated global “Make a Difference Week” of volunteer
restoration events with more than 125 events scheduled around the world at the end of May;
a new program of “Open Doors” registrations to increase equity and accessibility to all of the
benefits of the SER2021 conference; and live translation into five key global languages for our
keynote sessions. The virtual platform also offers delegates access to all conference content,
including sessions or talks that you may be unable to attend in person, for a two-month
period, greatly increasing the value of your participation – so be sure to take advantage of all
the content that’s available! And even though you can’t meet your colleagues in person, the
conference platform does provide the opportunity to meet and network with fellow delegates
“face to face”. We hope that you will reach out and meet with new and old friends alike at
SER2201.
SER is humbled and inspired to be a global partner to the UN Decade on Ecosystem Restoration
and to support its vision for transformative change by 2030. SER2021 is just one of SER’s
many activities to support the Decade and to provide some of the scientific, practical, and
policy underpinnings to deliver the greatest possible outcomes for the Decade. Thanks to all of
our delegates and sponsors for joining us.
Best wishes for an enjoyable and productive conference.
Jim Hallett,
Chair, Board of Directors
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Organizing Committee
SER extends our sincere appreciation for the incredible dedication from the many dozens of
volunteers who made this conference possible - we couldn’t do it without you!

Organizing Committee:
Karma Bouazza, Ecological Restoration Specialist (Lebanon), SER Board Member – co-chair
Luiz Fernando Duarte de Moraes, Embrapa Agrobiologia, SER Board Member – co-chair
Elise Gornish, University of Arizona, SER-SW President
Alexis Gibson, Society for Ecological Restoration
Fangyuan Hua, Peking University
Mlungele Nsikani, Stellenbosch University
Florencia Panizza, Claro Communications Consulting, SER-O Board Member
Bethanie Walder, Society for Ecological Restoration

Program Committee:
Karma Bouazza, Ecological Restoration Specialist, Lebanon, SER Board Member - co-chair
Fangyuan Hua, Peking University - co-chair
Anita Diederichsen, World Wildlife Fund
Marcello DeVitis, Chicago Botanic Garden
Michel Leff, Ecological Connections, SER-NE Board Member
Nancy Shaw, US Forest Service, SER Board Member
Maria Strack, University of Waterloo
Mike Toohill, Coneco Engineers & Scientists, SER-NE Board Member

Sponsorship:
Bethanie Walder, Society for Ecological Restoration - co-chair
Carol Maxwell, AECOM - co-chair
Laura Capponi, Society for Ecological Restoration
Josh Running, Stantec
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Events:
Elise Gornish, University of Arizona, SER-SW President - co-chair
Mlungele Nsikani, Stellenbosch University - co-chair
Keith MacCallum, SER staff support/lead for Make a Difference Week
Frank Kanyamula, SER staff support/Africa lead for Make a Difference Week
Tim Alamenciak, University of Waterloo, SER-O Board Member
Sarah Cotter, Parks Canada
Kate Hayes, Credit Valley Conservation
Emily Anne Martin, Scappoose Bay Watershed Council
Luiz Fernando Duarte de Moraes, Embrapa Agrobiologia, SER Board Member
Sara Pelaez Sanchez, University of Limerick
Alicia Perera Alberto, Ecosystem Restoration Consultant (Spain)
Ben Peterson, King County Noxious Weed Control Program, SER-NW Board Member
Kirsty Shaw, Botanic Gardens Conservation International
Ryan Stephenson, Toronto Region Conservation Authority, SER-O Board Member
Drew Vandegrift, Urban Ecology Center
Regina Wandler, Skagit Land Trust, SER-NW President

Marketing and Outreach:
Florencia Panizza, Claro Communications Consulting, SER-O Board Member - chair
Laura Capponi, Society for Ecological Restoration
Vivian Chui, British Columbia Institute of Technology
Michele Curel, Michele Curel Photography
Ashley Gries, University of Wisconsin
Desmond Owuoth, Yale University
Tiffany Pereira, Desert Research Institute, SER-SW Board Member

Graphic Designer for Logo and Migratory Flyover Videos:
Brooke Weiland, BW Illustration LLC
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Volunteers:
Ariadna Mondragon-Botero

Jack Purkiss

Thais Diniz Silva

Solenn Reeves Long

Francene Francis

Emanuela Weidlich

Chloe May

Daginnas Batsukah

Kes Daly

Mika’il Daya

Carolina Sanchez

Cameron Boyle

Marina Diaz Leguizaman

Oluwatosin Adelowo

Amarizni Mosyaftiani

Stephanie Schneider

Chloe May

Jagruti Rathod

Hazel Herbst

Mark Kateli

Rachel Singleton-Polster

Samuel Knuth

Monique Dosanjh

Stijn den Haan

Special Thanks to these Artists for their Contributions
Artists:
Mari Boine
Dao Van Hoang
Kristen Lang
Jon MacMull and Credit Valley Conservation
Patrick Makuakāne and Nā Lei Hulu I Ka Wēkiu
Vusa Mkhaya
Redwood Reider
Paula Andrea Romero (Arte y Conservacion)
Enrique Talledo
Qiuyang Zheng
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Special Thanks to our Committee of Reviewers
Committee of Reviewers:
Daniel Luis Mascia Vieira

Karen Holl

Rubens Benini

Nigel Tucker

Cristian Echeverria

Manuel Guariguata

Zoe Brocklehurst

Ingo Isernhagen

Maria Strack

Stanley Liphadzi

Marcia Cristina Mendes Marques

Gerhard Overbeck

Phumza Ntshotsho

Steve Murphy

Alexis Gibson

Emanuela Weidlich

An Cliquet

Gustavo Zuleta

Bryan Finegan

Simone Pedrini

Fangyuan Hua

J. Leighton Reid

Karma Bouazza

Elena Khozhina

Stephen Glass

Catherine Mercier-Baggett

Terry Doss

Jennifer Grieser

Debora Rother

Thomani Manungufala

Eliane Ceccon

Faisal Taha

Elise Buisson

Elsa Loehmann

Enock Ssekuubwa

Roger H. Coupal

Allison Stuart

Edward Samanns

Sarah Barga

Michael Leff

Karel Prach

Mike Toohill

Consuelo Bonfil

Nancy Shaw

Pilar Andres astor

Marcello DeVitis
Anita Diederichsen
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Keynote Speakers
Milene Alves Oliveira Lima
Xingu Seed Network
Milene Alves Oliveira Lima is a seed collector in the Brazilian Amazonia
with the Xingu Seed Network Association (Rede de Sementes do Xingu)
and is currently a master’s student in Ecology and Conservation at the
State University of Mato Grosso, Campus Nova Xavantina, investigating the
effects of the temperature increase on the germination of the most traded
species. Milene was first introduced to the Seed Network in 2013, when
she and her mother started participating in seed collection. Since then, she
has worked with the organization in the seed storage house with the Nova
Xavantina collector group, assisted local leaders, and participated in numerous workshops and
meetings to understand local knowledge on the collection, processing, and storage of forest
seeds. In 2019, Milene joined the Seed Network Steering Committee.

Osvel Hinojosa-Huerta
The Cornell Lab of Ornithology
Osvel Hinojosa-Huerta is the Director of the Coastal Solutions Fellows
Program at the Cornell Lab of Ornithology. He has been working in
conservation and research projects in northwestern Mexico since 1997, in
particular in wetland areas of the Sonoran Desert. His activities include
the evaluation and recovery of birds and their habitats, the implementation
of community-based restoration projects, and the creation of partnerships
with governments and stakeholders for the conservation of nature. He was
the Director of the Water and Wetlands Program for Pronatura Noroeste in
Mexico, where he led the efforts to restore the Colorado River delta for over 20 years, including
the restoration of river flows and the facilitation of binational negotiations between Mexico and
the US for the Colorado River. Currently, he is the Director of the Coastal Solutions Fellowship
Program at the Cornell Lab of Ornithology, where he is working to develop capacity and crosscollaborative projects to protect threatened coastal habitats for communities and shorebirds
along the Pacific Flyway from Mexico to Chile. He has co-authored 32 research articles and
book chapters. In 2009 he received the National Award for the Conservation of Wetlands
in Mexico, in 2012 he received the Emerging Explorer Award from the National Geographic
Society, and in 2014 he received the Sonoran Desert Conservation Award. He obtained a BSc
in Biochemical Engineering and Marine Sciences from ITESM Campus Guaymas and a Ph.D. in
Wildlife and Fisheries Science from the University of Arizona.
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HRH Princess Basma bint Ali

Restoration as Inspiration
HRH Princess Basma bint Ali of Jordan is an advocate of biodiversity
conservation and sustainable agriculture.
Princess Basma founded the Royal Botanic Garden in 2005, to conserve
Jordan’s native flora, by establishing a center for scientific research and
environmental education, serving as a demonstration site for sustainable
development, and provide a unique ecotourism destination.
She is the Chairperson and co-founder of the Royal Marine Conservation
Society of Jordan since 1995 to protect Jordan’s Red Sea coastline and coral reefs.
She also chairs the National Biodiversity Committee and is a member of the Board of Directors
of the Princess Alia Foundation.
In 2011, Princess Basma was awarded the Henry Shaw Medal by the Missouri Botanical Garden
for her pioneering work in raising awareness among Jordanians about the importance of
conserving native plants and protecting the environment.
In 2002, the United Nations Environmental Program (UNEP) elected her as a laureate in the
Global 500 Roll of Honor for Environmental Achievements. In 1998, she became the first Arab
woman to receive the title of Hero for the Planet from Time Magazine.
Princess Basma earlier served for 12 years in the Jordanian Armed Forces, reaching the rank
of Major. She was awarded the Order of Merit Decoration in 1998 and the King Hussein Gold
Medal for Excellence in 1995.

Diana Kopansky

Global Peatlands Initiative, UN Environment Program
Dianna Kopansky is the Coordinator of the Global Peatlands Initiative in
the Freshwater, Land, and Climate Branch at the UN Environment Program,
based in Nairobi, Kenya. An expert in landscapes and biodiversity, she
delivers a suite of ecosystem management and climate change programs
to contribute to the attainment of the Sustainable Development Goals.
Dianna has worked in Africa for 20 years on a range of issues within the
emergency, humanitarian, and development fields. For UN Environment
Program, she works globally and has led teams to develop and implement
projects such as the 17 MDG-F Environment and Climate Change Joint Projects. As part of
the Executive Office, she developed UN system-wide strategies, policies to strengthen the
Regional Offices, and enabled the inclusion of Environment as a pillar in the UN Development
Assistance Frameworks. Working in the Horn of Africa and Great Lakes regions, she led the
environmental portfolio for UN-FAO’s Regional Emergency Office for Africa. While with UNDP’s
Drylands Development Centre, Dianna provided direct technical support to governments in over
40 countries to integrate environmental issues into national development plans and Poverty
Reduction Strategies and developed a new area of work on Drylands Biodiversity. Prior to moving
to Africa, Dianna worked for the Canadian Government preparing their “State of Environment”
reports and was part of a team that undertook a ground-breaking study – the Illness Cost of
Air Pollution, resulting in the Ontario and Canadian Governments to dramatically improve air
quality by lowering allowable pollutant levels. Dianna holds a Master of Environmental Studies
Degree from York University and a Bachelor of Science Honors Degree in Conservation Biology
and Ecology from Queen’s University in Canada.
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Agnes Leina
Il’laramatak Community Concerns (ICC)
Agnes Leina, from Kenya, is the Founder and Executive Director of
Il’laramatak Community Concerns (ICC) whose name denotes ‘caregivers’, or pastoralist. ICC is an Indigenous People’s Organization whose
main goal is to restore dignity among Indigenous people, with special
emphasis on Girls and Women. ICC envisions a society of Indigenous
Peoples of Kenya that is free from all forms of discrimination. Agnes is the
Gender Coordinator of IPACC, Indigenous People of Africa Coordinating
Committee, a position she has held for the last five years alongside being
a member of the Academic Advisory Council of the Global forum for indigenous women (FIMI),
a global Indigenous Women’s network. She has advocated for the rights of women, including
women pastoralist in a number of international and regional climate change and human rights
conferences, meetings and fora.

Nalini M. Nadkarni
University of Utah
Dr. Nalini Nadkarni is known as the “Queen of the Forest Canopy” and is a
Biology Professor at the University of Utah. She explores life in the forest
canopies of Costa Rica, and has published over 130 scientific articles and
three scholarly books. Nalini is also a passionate communicator to people
outside of academia. She brings science and conservation to faith-based
groups, urban youth, artists, and incarcerated adults and youth. She is a
two-time TED speaker, a National Geographic Society Explorer, and has
a “TreeTop Barbie” created by the Mattel Corporation in her image. Nalini
has been featured in journals ranging from Science and the Journal of Ecology to Glamour and
Playboy Magazine. Her work is supported by the National Science Foundation and the National
Geographic Society, and her awards include a Guggenheim Fellowship, the Archie Carr Medal
for Conservation, and the William Julius Wilson Award for Achievement in Social Justice.

Brendan Mackey
Griffith University
Brendan Mackey is a Professor at Griffith University, Queensland Australia
and Director of the Griffith Climate Action Beacon research program. He
has a PhD in Ecology from The Australian National University. Professor
Mackey is currently a Coordinating Lead Author for the Intergovernmental
Panel on Climate Change (IPCC) 6th Assessment Report. Previously, he
served eight-years on the governing council of the International Union for
the Conservation of Nature (IUCN). He has authored and co-authored over
250 academic publications in the fields of forest ecology, environmental
policy, and nature-based solutions for biodiversity conservation and climate change, including
ecosystem-based approaches to mitigation and adaptation.
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Jane Madgwick
Wetlands International
Jane is a passionate conservationist who has been very actively engaged
in the field of wetlands and water policy for the last 30 years. As CEO of
Wetlands International since 2004, she leads a global network of offices
operating in over 100 countries. Jane is prominent in building partnerships
and in driving forward science-based initiatives and dialogues that can enable
ecosystem-based solutions to today’s global environment and development
challenges. Previously Jane established and led WWF International’s
Freshwater Programme for Europe, the Middle East and North Africa and
was Regional Director for WWF in Western Australia. She has led a number of ecological
research and multiple use conservation programmes and was Director of Conservation for
the Broads National Park in the UK throughout the 1990’s. Her technical expertise and former
publications include several on the ecological restoration of wetlands.

Elizabeth Maruma Mrema
UN Convention on Biological Diversity
Ms. Mrema is the Executive Secretary of the Convention for Biological
Diversity (CBD) Secretariat. Prior to that, Ms. Mrema served as Director
of the Law Division at the United Nations Environment Programme (UNEP)
in Nairobi, Kenya. With over two decades of experience at the United
Nations, Ms. Mrema brings to the position extensive experience in global
environmental law and policymaking, implementation of environmental
and sustainable development programmes, and a deep knowledge of
multilateral processes. From 2009 to 2012, she served as the Executive
Secretary of the UNEP/Secretariat of the Convention on the Conservation of Migratory Species
of Wild Animals as well as served as the Acting Executive Secretary of the UNEP/ASCOBANS
(Agreement on the Conservation of Small Cetaceans of the Baltic, North East Atlantic, Irish
and North Seas) as well as Interim Executive Secretary of the UNEP/Gorilla Agreement, all
based in Bonn, Germany.
Before joining UNEP, Ms. Mrema worked with the United Republic of Tanzania’s Ministry of
Foreign Affairs and International Cooperation. During her time with the Ministry, she also
lectured in Public International Law and Conference Diplomacy at Tanzania’s Centre for Foreign
Relations and Diplomacy.
Ms. Mrema holds a Master of Law degree from Dalhousie University, Halifax, Canada, a
Postgraduate Diploma in International Relations and Diplomacy from the Centre of Foreign
Relations and Diplomacy in Dar-es-Salaam, Tanzania, and a Bachelor of Law from the University
of Dar-es-Salaam, Tanzania.
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Maya Nehme
Lebanon Reforestation Initiative
Dr. Maya Nehme has a MSc in Plant Protection from the American University of
Beirut and a dual-title PhD in Entomology and Comparative and International
Education from the Pennsylvania State University, USA. She worked for over
10 years on managing pests in forests and natural ecosystems both in Lebanon
and the US. In 2011, Maya joined the Lebanon Reforestation Initiative first as
a project and then as of 2014 as a registered Lebanese NGO. As the director
of LRI, she’s currently engaged in research and implementation related to
landscape restoration and reforestation/afforestation activities, riparian
rehabilitation, fire management and other forest management activities, urban forestry, rural
tourism and other related projects and activities. So far, LRI has restored and managed more
than 3,000 ha of previously abandoned land, rehabilitated five quarries, and planted more than
1.2Million native tree seedlings in a sustainable and participatory approach. With the support of
USFS, LRI has revamped the reforestation sector, from nursery to field, and drastically improved
knowledge and awareness in the country. Maya has co-authored several research papers related
to forest ecosystem restoration and fire prevention and is a member of three international
networks related to forestry and ecosystem restoration.

Samira A.S. Omar
Kuwait Institute for Scientific Research
Dr. Samira S. Omar Asem was appointed by the Kuwait Council of Ministers
as the Director General of KISR in 2016. She has led many projects to
conserve biodiversity, restore ecosystems, promote sustainable agriculture
in Kuwait, and innovative work on arid land restoration in Kuwait. Her work
includes the development of new methods for post-war restoration and
initiatives to raise awareness of ecological restoration throughout the Middle
East region. Samira has also been influential in advancing the science of
restoration through her work in translating SER’s International Standards
into Arabic and helping to lead the development of the new thematic series Restoration
Ecology-Arid Lands. In addition to her work at KISR, she is also a Research Fellow at The World
Academy of Sciences (TWAS) for the Advancement of Sciences in the Developing Countries
and a receiver of many honors and awards including the 2016 Medal Lectures honored by
TWAS, and the 2019 SER Theodore M. Sperry Award. Samira holds a PhD in wild land resource
science from the University of California, Berkeley.
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Jennifer Pitt
National Audubon Society
Jennifer Pitt is director of National Audubon Society’s Colorado River
Program, where she works to protect and restore rivers. She is a leading
advocate for the United States–Mexico collaboration to restore the longdesiccated Colorado River Delta, and serves as the U.S. co-chair of the
binational work group whose partners will, through 2026, implement
existing treaty commitments providing environmental flows and habitat
creation. Prior to joining Audubon, she worked at the Environmental
Defense Fund where she collaborated with Colorado River stakeholders to
produce the unprecedented Colorado River Basin Supply and Demand Study, the first federal
assessment of climate change impacts in the basin and the first basin-wide evaluation of the
impacts of river system operation on water supply reliability and river health. Jennifer worked
for a member of Congress and as a ranger for the National Park Service. She graduated from
Harvard University and received a master’s in Environmental Science and Policy from the Yale
School of Forestry and Environmental Studies.

Moctar Sacande
Food and Agriculture Organization Forestry Division
Dr Moctar Sacande is an expert in forest seeds and dryland restoration at
the FAO’s Forestry Division based in Rome, and International Coordinator
of the “Action Against Desertification” program. He was awarded a Ph.D.
in Tropical Plant Physiology by Wageningen University, Netherlands in
2000, and worked as a Research Leader for 15 years at the Royal Botanic
Gardens, Kew, in the UK before joining FAO to support the on-the-ground
implementation of Africa’s Great Green Wall. He uses his deep knowledge of
the dryland flora to ensure that planting the right species in the right place
is at the heart of large-scale restoration of degraded lands.

Robin Wall Kimmerer
SUNY College of Environmental Science and Forestry
Robin Wall Kimmerer is a mother, scientist, decorated professor, and enrolled
member of the Citizen Potawatomi Nation. She is the author of Braiding
Sweetgrass: Indigenous Wisdom, Scientific Knowledge and the Teaching of
Plants, which has earned Kimmerer wide acclaim. Her first book, Gathering
Moss: A Natural and Cultural History of Mosses, was awarded the John
Burroughs Medal for outstanding nature writing, and her other work has
appeared in Orion, Whole Terrain, and numerous scientific journals. She
tours widely and has been featured on NPR’s On Being with Krista Tippett
and in 2015 addressed the general assembly of the United Nations on the
topic of “Healing Our Relationship with Nature.” Kimmerer lives in Syracuse, New York, where
she is a SUNY Distinguished Teaching Professor of Environmental Biology, and the founder
and director of the Center for Native Peoples and the Environment, whose mission is to create
programs that draw on the wisdom of both indigenous and scientific knowledge for our shared
goals of sustainability.
As a writer and a scientist, her interests in restoration include not only restoration of ecological
communities, but restoration of our relationships to land. She holds a BS in Botany from SUNY
ESF, an MS, and a Ph.D. in Botany from the University of Wisconsin, and is the author of numerous
scientific papers on plant ecology, bryophyte ecology, traditional knowledge, and restoration
ecology. She lives on an old farm in upstate New York, tending gardens both cultivated and wild.
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Thank you to our Partners and Exhibitors!
PATRON PARTNERS

ADVOCATE PARTNER

SUPPORTER PARTNERS

FRIEND PARTNERS

EXHIBITORS
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Thursday, June 17, 2021
9:00 – 10:30 EDT

W8
Knowledge management and social learning is an essential
component to unlocking investment in ecological infrastructure
for water security in South Africa

W12
Getting published in Restoration Ecology: a workshop for
students and early career professionals

11:00 – 12:30

W2
Book Talk on “Recovering Lost Species in the Modern Age”:
Histories of longing and belonging

W3
Building Bridges for Inspired Action: On landscape restoration and
social alliances

13:00 – 14:30

W9
Networks and other strategies for
developing regional native seed supply to
meet restoration needs

W4
Restoration of keystone processes and
human communities in grassland
ecosystems: Recoupling the second
trophic level

W11
Strategies for building awareness and
adoption of restoration of soil health in
degraded ecosystems

15:00 – 16:30

W1
Managing uncertainty and risk in planning ecological restoration

16:00 – 17:30

W10
Making native seed standards a commercial reality

Friday, June 18, 2021
10:00 - 12:00 EDT
13:00

Field Trips
T1
Confidence by design: How to improve the
quality of data collected in ecological
monitoring
(13:00 – 16:00)

W5
Scaling up ecologically-appropriate seed
supply in Canada: how the National Tree
Seed Centre can help
(13:00 – 15:00)

W7
The value of design-build in ecological
restoration
(13:00 – 14:30)
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Monday, June 21
10:00 EDT

11:45
12:15
13:15
Concurrent
Session #1
13:30 – 14:15

Networking/
social
activities
18:45
20:00
Concurrent
Session #2
20:15 – 21:00

21:00
Concurrent
Session #3
21:15 – 22:00

Opening Ceremony
Keynote Speaker: Robin Wall Kimmerer
“Reciprocal Restoration: A Biocultural Approach to Healing Land and Relationships”
Break
Keynote Speaker: Agnes Leina
Title TBD
Break
S-07
O-01
O-03
O-08
O-10
The International
High level evaluations Innovative techniques
Pollution
Plant material
Standards for Mine
and lessons
sourcing
Site Restoration, new
guidance for mining
in the decade of
ecosystem
restoration
(Session 1)
Exhibit Hall Presentations
Visit posters
Student and Early Career Meet and Greet – Session 1 (14:15 – 16:00)
SER-NW Chapter Meeting (15:00 – 16:00)
Keynote speaker: Nalini Nadkarni
“Tapestry Thinking: Weaving Engagement with Diverse Human Communities to Strengthen Ecological Restoration”
Break
S-43
S-09
S-06
O-04
O-05
Implementing new
The Role of Finance in
Ecosystem
Multiple objectives
Salt marsh
international
Protecting and
restoration - a public
and trade-offs
restoration
standards for the
Restoring Natural
health intervention
practice of ecological
Infrastructure
restoration
Break
S-07
O-02
O-07
The International Standards for
DNA-related techniques and
Stream
Mine Site Restoration, new
remote sensing
guidance for mining in the decade
of ecosystem restoration

O-11
Restoration in
industrial contexts

O-06
Vertebrate response
to and need for
restoration

O-09
Dam removal
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(Session 2)
Networking/
social
activities

SER DEI Update and Brainstorming Session – Session 1 (22:00 – 23:00)
Student and Early Career Meet and Greet – Session 2 (22:00 – 24:00)
Visit posters
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Tuesday, June 22
8:00 EDT
9:45
Concurrent
Session #4
10:15 –
11:00

11:00
Concurrent
Session #5
11:15 –
12:00

12:00
Concurrent
Session #6
12:15 –
13:00

Plenary Panel: UN Decade of Restoration: Responding to Climate Destabilization and Wetland/Biodiversity Loss
Panelists: Brendan Mackey, Dianna Kopansky, Jane Madgwick, Elizabeth Maruma Mrema
Break
S-41
S-40
S-04
S-21
O-15
O-17
Cumulative effects
Ecological
Advancing
Restoring
Government
Prairie
on biodiversity and
reclamation and
restoration science
understory plant
programs
ecosystem
restoration of
to overcome
diversity:
functions and
freshwater
dryland
considerations
services
swamps: linking
regeneration
when
ecological
failures (1 of 3)
incorporating
functions to
native forbs in
biodiversity and
restoration
ecosystem services
objectives
Break
S-01
S-13
S-05
O-20
O-16
O-21
Atlantic Forest
Legal rules,
Ecological
Science informing
Grassland
Passive or active
Restoration Pact –
principles, and
Restoration:
restoration
restoration
restoration, large
Are we ready for
standards to
Nature-Based
picture
the UN Decade on advance ecological
Solutions for
Ecosystem
restoration
Climate Mitigation
Restoration?
and Engaging
Canadians with
Nature

S-18
Opportunities and
challenges for
expanding and
diversifying the
global ecological
restoration
profession

S-11
How Initiative
20x20 is
supporting the
strategy of the U.N
Decade on
Ecosystem
Restoration

S-35
A Universal
Declaration on
Rights of Wetlands
– Shifting our
paradigm restores
the humanwetland
relationship in
support of wetland

Break
O-19
Ecosystem services
and natural capital

O-18
Dry forest

O-22
Community
ecology

Knowledge Café:
Proposed
Principles
Underpinning the
UN Decade on
Ecosystem
Restoration
(Session 1)

O-25
Coastal wetlands
as a nature-based
solution

O-23
Monitoring and
data sharing
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restoration,
conservation, and
wise use
Networking/
social
activities
18:45
20:00
Concurrent
Session #7
20:15 –
21:00

21:00
Concurrent
Session #8
21:15 –
22:00

Networking/
social
activities

Visit posters
Exhibit Hall Presentations
How to start a SER Student Association (17:30 – 18:30)
Keynote Speaker: Milene Alves
“Seeding Human Well-being”
S-28
US National Seed
Strategy: First 5 years
and what the future
holds

S-26
The true green
infrastructure: Model to
develop native plant
materials from wildland
seed to restoration

S-36
Wetland linear
disturbances: From
quantifying impact to
restoring ecosystem
functions

Break
S-04
O-14
Advancing restoration
Agroforestry and
science to overcome
smallholders
dryland regeneration
failures (2 of 3)

S-37
Out-of-the-channel and into
the floodplain during
stream restoration: new
ideas for functional uplift

Break
S-04
Advancing restoration
science to overcome
dryland regeneration
failures (3 of 3)

O-13
Community
participation, capacity
development, and
partnerships

O-24
General coastal restoration

Knowledge Café:
Global Restoration
Observatory
Indicators
Consultation (Session
1)

O-12
Community participation,
data, monitoring, and
management

Engaging Asian Interest in SER – Session 1 (22:00 – 23:00)
Visit posters
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Wednesday, June 23
Networking/
social
activities
8:30 EDT
9:45
11:00
Concurrent
Session #9
11:15 – 12:00

12:00
Concurrent
Session #10
12:15 – 13:00

Networking/
social
activities

Heidelberg Cement Quarry Life Awards Introduction (8:30 – 9:30)
SER DEI Update and Brainstorming Session – Session 2 (8:30 – 9:30)
Engaging Asian Interest in SER – Session 2 (8:30 – 9:30)

Keynote Speaker: Moctar Sacande
“Large-scale Land Restoration Combining Traditional Knowledge and Plant Science for Good Returns on Investment”
Break
S-12
S-38
S-22
O-26
S-19
O-41
O-35
Knowledge
Restoration of
Sharing
Diverse
(part 1 of 4)
Wetland
Urban ecology
transfer and
mine sites (1
experience
perspectives
Implementing
restoration
application to
of 3)
worldwide:
marine
advance
lessons learnt
ecosystems
ecological
from long
restoration:
restoration
term cases
new insights
capacity in
studies
from shallow
resourceand deep
limited
ecosystems
locations
Break
S-08
S-38
S-19
O-27
O-30
O-33
O-34
Urban
Restoration of
(part 2 of 4)
Large-scale
Forest
Adaptive
Invertebrate
Ecological
mine sites (2
Implementing collaboration
restoration
management
and wetland
Networks:
of 3)
marine
under
species
Resilience and
ecosystems
changing
response to
Equitable
restoration:
conditions
restoration
Planning for
new insights
Cities
from shallow
and deep
ecosystems

O-36
Riparian
restoration

O-32
Peatland, fire,
C flux, tropics

O-37
Stream, soil,
and water

Knowledge
Café
Global
Restoration
Observatory
Indicators
Consultation
(Session 2)

Visit posters
Exhibit Hall Presentations
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Concurrent
session #11
16:15 – 17:00

18:45
20:00
Concurrent
Session #11
20:15 – 21:00

21:00
Concurrent
Session #12
21:15 – 22:00

Networking/
social
activities

S-27
The Natural Capital
Approach: the game
changer in shifting the
UN Decade of
Restoration from
aspiration to reality

S-44
Restoration that
“leaves no one
behind” in the context
of the SDGs:
Reconciling social
equity, livelihood, and
environmental goals
through restoration
initiatives

O-39
Reef and mussel
restoration

O-31
Restoration providing
research opportunities

O-28
Savannah

O38
Coastal restoration
(general)

Keynote Speakers: Jennifer Pitt and Osvel Hinojosa-Huerta
“New Trajectories for Binational Restoration Partnerships: Science-based and Diplomacy Mechanisms for the Restoration of the Colorado River Delta”
Break
S39
S-19
S-20
O-29
Knowledge Café
Restoring migratory
(part 3 of 4) Implementing
Public Spaces, Public
Large-scale restoration
Proposed Principles
corridors: renewing and
marine ecosystems
Science: Integrating Science
Underpinning the UN
restoring the social,
restoration: new insights
and Experimentation into
Decade on Ecosystem
cultural, and ecological
from shallow and deep
Designed Public Spaces
Restoration
connections
ecosystems
(Session 2)

S-14
Leveraging the
potential of assisted
natural regeneration
for achieving the goals
of the UN Decade of
Restoration: An
Assessment

S-16
Method and Practice
of Urban Ecological
Restoration

Break
S-25
S-19
Transboundary efforts
(part 4 of 4)
for Forest Landscape
Implementing marine
Restoration: working
ecosystems
across three countries
restoration: new
to the Atlantic Forest
insights from shallow
Conservation and
and deep ecosystems
Restoration
Visit posters

O-40
Coastal wetlands,
mangroves, and
marine restoration

S-38
(part 3 of 3)
Restoration of mine
sites
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Thursday, June 24
9:45
11:00
Concurrent
Session #9
11:15 – 12:00

12:00
Concurrent
Session #10

Plenary Panel: Restoration in Challenging Conditions
Panelists: Samira A.S. Omar, Maya Nehme, Princess Basma bint Ali
Break
S-10
Is Forest
Restoration, at
Scale,
Affordable?

O-50
Passive or active
restoration

12:15 – 13:00

Networking/social
activities
18:45
Networking/social
activities

S-24
Taking Up the
Challenge:
WWF´s First
Contributions
to the UN
Decade on
Ecosystem
Restoration

S-42
Indigenous and
First Nations
Engagement in
and Views of
Restoration

O-43
Soil and
hydrology

O-46
Non-tropical
peatlands and
bogs

O-51
Invasive species
management

Break
O-42
O-44
O-45
O-47
Community
Restoration
Peatland
Non-tropical
participation
techniques
hydrology and
peatlands and
and
soil
bogs, carbon
socioecological
flux
systems
Students and Emerging Professionals Closing Mixer – Session 1 (13:00 – 15:00)

O-53
Active mines,
landfills, and
infrastructure

O-52
Mine
restoration

O-48
Planning,
general

O-54
Pollution in
wetlands

O-49
Stream
ecology

Closing Plenary
Students and Emerging Professionals Closing Mixer – Session 2 (21:00 – 23:00)
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Extended Daily Schedule
V
I
R
T
U
A
L

2
0
2
1

9th World Conference on Ecological Restoration
JUNE 21-24 | 2021

A New Global Trajectory:
Catalyzing Change Through the UN Decade
on Ecosystem Restoration

V
I
R
T
U
A
L

Monday, June 21, 2021
O-01 HIGHER-LEVEL: EVALUATION AND LESSONS
TIME: 13:30 EDT
O-01 CHALLENGES DURING RESTORATION IMPLEMENTATION: LEARNING FROM A COUNTRY-WIDE ASSESSMENT

Moises Mendez-Toribio, Instituto de Ecología, A.C., Red de Diversidad Biológica del Occidente Mexicano, Mexico
Cristina Martínez-Garza, Eliane Ceccon
O-01 RESTORATION FIELD PERFORMANCE STANDARD FOR 1ST, 2ND & 3RD PARTY ACCOUNTABILITY IN TROPICAL,
TEMPERATE AND BOREAL ECOSYSTEMS, BUILDING OFF SER, ITTO, BONN CHALLENGE & OTHER INITIATIVES

Richard Donovan, Independent & Preferred by Nature (NGO), United States
Mateo Carino Frasse
O-01 A REWILDING THEORY OF CHANGE

Sally Hawkins, University of Cumbria, United Kingdom
Ian Convery, Darrell Smith
O-01 FOREST LANDSCAPE RESTORATION INITIATIVES IN THE BRAZILIAN AMAZON

Danielle Celentano, Conservation International Brazil, Brazil
Miguel Moraes, Andréia Pinto, Alexandre Cunha, Joice Ferreira, Milton Kanashiro, Marlúcia Martins, Rodrigo Freire,
Thais Maier , Fernanda Rodrigues, Catarina Jakovac, Sâmia Nunes, Lívia Rangel, Eduardo Malta, Marcelo Ferronato,
Dimitrio Schievenin, Thiago Belote, Bruno Coutinho, André Nahur, Miguel Calmon, Denis Conrado

O-03 INNOVATED TECHNIQUES
TIME: 13:30 EDT
O-03 RESTORING DEGRADED AREAS WITH THE COCOON ECOTECHNOLOGY

Vicenç Carabassa, CREAF, Spain
O-03 THE POTENTIAL OF GREEN MANURE FOR GREATER COST-EFFICIENCY WHEN ACTIVE RESTORATION IS NEEDED

Jannie Francianne Guimarães, University of Campinas , Brazil
Adriana Pedrosa Diniz, Débora Cristina Rother, Emanuela Wehmuth Alves Weidlich, Ricardo Ribeiro Rodrigues
O-03 MANAGING AN ECOLOGICAL TRAP IN A PARTIALLY MINED PEATLAND FOR MASSASAUGA RECOVERY USING ASSISTED
HIBERNATION

Anne Yagi, 8Trees Incorporated, Canada
Katharine Yagi, Glenn Tattersall
O-03 MANIPULATING SOIL FUNGAL COMMUNITIES AS A TOOL TO RESTORE FORESTS POST-MOUNTAIN PINE BEETLE IN
WESTERN CANADA

Justine Karst, University of Alberta, Canada
Evan Fellrath, Gregory Pec, James Franklin, Jonathan Cale, Charlotte Thomasson, Nadir Erbilgin, Justine Karst
O-03 DESIGN-BUILD AND DESIGN INTENT: AN ECOLOGICAL RESTORATION PARADIGM FOR SUCCESSFUL STEWARDSHIP

Eric Donaldson, Balance Hydrologics, United States
Dave Shaw, Julie King
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O-08 POLLUTION
TIME: 13:30 EDT
O-08 CAN FUNGAL COMMUNITIES RESTORE NATIVE TREES ON RECLAIMED SUBSTRATES CONTAINING HYDROCARBONS?

James Franklin, University of Alberta, Canada
Pedro Antunes, Justine Karst
O-08 CONSTRAINTS AND PERSPECTIVES OF COMBINED ECOLOGICAL RESTORATION AND PHYTOREMEDIATION ON A
MEDITERRANEAN PROTECTED AREA CONTAMINATED WITH HEAVY METALS

Lorène Tosini, AMU, IRD, LPED AMU, Avignon Université, CNRS, IRD, IMBE, France
Hélène Folzer, Alma Heckenroth, Pascale Prudent, Mathieu Santonja, Anne-Marie Farnet, Marie-Dominique Salducci,
Laurent Vassalo, Yoan Labrousse, Benjamin Oursel, Isabelle Laffont-Schwob
O-08 THE ROLE OF REDOX PROCESSES IN SHAPING SOIL WATER QUALITY OF RECLAIMED MINE SOILS

Amir Hass, West Virginia State University, United States
Fatima Irfan, Jeff Skousen, Robert Cantrell

O-10 PLANT MATERIAL SOURCING
TIME: 13:30 EDT
O-10 NATIVE PLANT MATERIALS USE AND COMMERCIAL AVAILABILITY IN THE EASTERN UNITED STATES

Sara Tangren, no affiliation, United States
Edward Toth, Shanyn Siegel
O-10 PLANT FUNCTIONAL TRAITS INFORM PLANT SPECIES SELECTION FOR RESTORATION TO MEET MULTIPLE
MANAGEMENT GOALS

Trace Martyn, University of Arizona, United States
Leslie Roche, Elise Gornish
O-10 IDENTIFICATION OF DUTCH ELM DISEASE TOLERANT AMERICAN ELM SELECTIONS

Charles Flower, USDA Forest Service , United States
Cornelia Pinchot, Kathleen Knight, James Slaviek, Dale Lesser,
O-10 ENHANCING DIRECT SEEDING WITH UNMANNED AERIAL VEHICLES, OPERATIONAL CAPACITY, AND SEED
TECHNOLOGY IN THE WESTERN US AND BEYOND

Tiffani Manteuffel-Ross, DroneSeed Co, United States
Matthew Aghai
O-10 GROWING THROUGH CHANGE: WHAT CURRENT LITERATURE TELLS US ABOUT SOURCING SEED FOR RESTORATION
IN THE AGE OF CLIMATE CHANGE

Rebecca Barak, Chicago Botanic Garden, United States
Anna Braum, Stephanie Frischie, Izabella Redlinski, cassi saari, Pati Vitt
O-10 WIREGRASS PHENOLOGY: IS LOCAL SEED IMPORTANT?

Althea Hagan, Clemson University, United States
Joan Walker
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O-11 RESTORATION IN INDUSTRIAL CONTEXTS
TIME: 13:30 EDT
O-11 DOING IT RIGHT: THE CANADIAN PEAT MOSS INDUSTRY’S SOCIAL RESPONSIBILITY JOURNEY

Marie-Claire LeBlanc, Canadian Sphagnum Peat Moss Association and Peat & Substrate Cluster, Québec Peat Moss
Producers, Canada
Stéphanie Boudreau, Paul Short
O-11 CARBON AND OTHER NUTRIENT DYNAMICS IN REMEDIATED CONIFEROUS FORESTS ON A RECOVERING
INDUSTRIAL LANDSCAPE

Patrick Levasseur, Trent University, Canada
O-11 A RESTORATION SUCCESS STORY: RESTORATION OF A FORMER INDUSTRIAL SITE ALONG THE ONONDAGA
LAKE SHORELINE

Daniel Rockefeller, Ramboll, United States
Tony Eallonardo, Bradley Kubiak, Christopher Calkins, Steve Mooney
O-11 ECOHYDROLOGICAL LINKAGES TO CARBON DYNAMICS DURING THE EARLY DEVELOPMENT OF A RECLAIMED
LANDSCAPE IN ALBERTA, CANADA

Natasa Popovic, University of Waterloo, Canada
Eric Kessel, Adam Green, Myroslava Khomik, Richard Petrone, Maria Strack, Jonathan Price
O-11 RETHINK THE REFINERY: 2100

Alyssa Hannigan, Temple University, United States
Sidney Buckingham

S-06 ECOSYSTEM RESTORATION A PUBLIC HEALTH INTERVENTION (MARTIN BREED)
TIME: 20:15 EDT
S-06 RESTORING MICROBIAL ECOSYSTEMS FOR IMPROVED HUMAN HEALTH

Martin Breed, Flinders University, Australia
Craig Liddicoat, Christian Cando-Dumancela, Daphne McLeod, Shawn Peddle, Jake Robinson, Carl Watson, Jennifer
Young, Chris Skelly, Philip Weinstein
S-06 ENVIRONMENTAL AND BIODIVERSITY PREDICTORS OF HEALTH OUTCOMES

Suzanne Mavoa, University of Melbourne, Australia
S-06 ECOSYSTEM REPAIR REDUCES THE BURDEN OF HUMAN DISEASE

Philip Weinstein, The University of Adelaide, Australia
Jessica Stanhope, Peter Speldewinde
S-06 COULD EXPOSURE TO BIODIVERSE URBAN GREEN SPACES REDUCE THE BURDEN OF PAIN?

Jessica Stanhope, The University of Adelaide, Australia
Martin Breed, Philip Weinstein
S-06 RESTORING HEALTH-PROMOTING MICROBIAL BIODIVERSITY

Craig Liddicoat, Flinders University, Australia
Christian Cando-Dumancela, Jennifer Young, Peng Bi, Philip Weinstein, Martin Breed
S-06 NATURE-BASED INTERVENTIONS AND THE MICROBIOME: APPLYING SYSTEMS THINKING IN ECOLOGICAL
RESTORATION AND PUBLIC HEALTH

Jake M. Robinson, University of Sheffield, United Kingdom
Christian Cando-Dumancela, Rachael E. Antwis, Ross Cameron, Craig Liddicoat, Ravin Poudel, Philip Weinstein, Martin F.
Breed, Anna Jorgensen, Brenda Parker
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S-09 THE ROLE OF FINANCE IN PROTECTING AND RESTORING NATURAL INFRASTRUCTURE
TIME: 20:15 EDT
S-09 THE ROLE OF INSURANCE IN FINANCING NATURAL INFRASTRUCTURE

Sage Melcer, Insurance Bureau of Canada, United States
S-09 FOREST RESTORATION AS A LAND USE PATTERN: NATURE-BASED TOURISM IN THE ANDEAN CHOCO BIOSPHERE
RESERVE, NORTHWESTERN ECUADOR

Jorje Zalles, Facultad Latinoamericana de Ciencias Sociales FLACSO, Ecuador
S-09 TOWARDS A FRAMEWORK FOR AUSTRALIA’S RESTORATION ECONOMY

Renee Young, The Western Australian Biodiversity Science Institute, Australia
Owen Nevin, Stephen van Leeuwen, Kingsley Dixon
S-09 IS IT POSSIBLE TO RECOVER LANDS THROUGH IMPACT INVESTMENT? IMPROVING NATURE-BASED SOLUTIONS FOR
CLIMATE, SOIL, WATER, AND FOOD SECURITY

Maria Otávia Crepaldi, Palladium Brazil, Brazil
Eric Mifune, Aldo Labaki, Marcio Sztutman, Gustavo Luz, Juliana Vilhena, Simony Stachera, Bia Marchiori, Tiago de
Oliveira Godinho, Patricia Daros

S-43 IMPLEMENTING NEW INTERNATIONAL STANDARDS FOR THE PRACTICE OF ECOLOGICAL RESTORATION
TIME: 20:15 EDT
S-43 INTERNATIONAL PRINCIPLES AND STANDARDS FOR THE PRACTICE OF ECOLOGICAL RESTORATION: AN OVERVIEW

McDonald Tein, The Society for Ecological Restoration, United States
Alexis Gibson, Bethanie Walder
S-43 USING THE SER STANDARD’S RECOVERY WHEEL AT BUSH HERITAGE AUSTRALIA’S SCOTTSDALE RESERVE, NSW, AUSTRALIA

Judith Schofield, GDIT, United States
Louis Blume, Molly Middlebrook Amos, Brick Fevold, Judith Schofield, Elizabeth Benjamin, Tim Lewis
S-43 PRIORITIZING RESTORATION POTENTIAL WITHIN PROTECTED AREAS IN HALIBURTON COUNTY, ONTARIO

Robert Monico, Trent University, Canada

O-04 MULTIPLE OBJECTIVES AND TRADEOFFS
TIME: 20:15 EDT
O-04 DRAWING RESTORATION GOALS FROM THE BOTTOM-UP: ASSESSING LOCAL INTEREST IN ECOSYSTEM SERVICES

Gabriela Barragan Altamirano, University of British Columbia, Canada
Jeanine Rhemtulla
O-04 IN SEARCH OF DISTURBED LANDS: A COMMUNITY SCIENCE APPROACH FOR LANDSCAPE LEVEL RESTORATION
PRIORITY SETTING AND PLANNING

Helen Rowe, McDowell Sonoran Conservancy and Northern Arizona University, United States
Dan Gruber, Mary Fastiggi
O-04 STRUCTURED DECISION-MAKING FOR MARITIME LIVE OAK FOREST RESTORATION

Dessa Dunn, University of Georgia, United States
Clinton Moore, Elizabeth King, Nathan Nibbelink, Hannah Morris
O-04 TOOLS FOR DEVELOPING TRAJECTORY-BASED GOAL STRUCTURE FOR RESTORATION PLANNING

Gregory Eckert, US National Park Service, United States
Patrick Comer, Patrick McIntyre, Carl Medley
S-04 DIVERSIFYING CITY GREENSPACES FOR BOTH WILDLIFE AND PEOPLE IN BEIJING

Yuexin Song, Shanshui Conservation Center, China
Yuexin Song, Lingdi Tan, Shen Zhang
O-04 SCIENCE BASED? YES, BUT ECOLOGICAL RESTORATION IS ALSO ALL ABOUT COMPROMISE

Kent Rundle, Conservation Halton, Canada
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O-05 SALT MARSH
TIME: 20:15 EDT
O-05 COMMUNITY DYNAMICS DURING SALT MARSH RESTORATION OVER 10 YEARS IN A MEGATIDAL, ICE-INFLUENCED
ENVIRONMENT

Gregory Norris, University of New Brunswick, Canada
Myriam Barbeau, Spencer Virgin, Allen Beck, Laura Boone, Jeff Ollerhead, Nic McLellan
O-05 DO PREDATORS HAVE A ROLE TO PLAY IN WETLAND RESTORATION? AN EXPERIMENTAL STUDY IN NEW ENGLAND
COASTAL SALT MARSHES

Alexandria Moore, American Museum of Natural History, United States
Oswald Schmitz
O-05 PILOT SALT MARSH RESTORATION TECHNIQUES IN NEW YORK CITY, USA: MANAGING ECOSYSTEM RECOVERY IN AN
ULTRA-URBAN COASTAL CONTEXT

Jamie Ong, NYC Department of Parks and Recreation, United States
Christopher Haight, Rebecca Swadek, Novem Auyeung
O-05 PLANT-SOIL CARBON RESPONSES TO A THIN LAYER PLACEMENT EXPERIMENT IN A SOUTHERN NEW ENGLAND SALT
MARSH (USA)

Anna Puchkoff, University of Connecticut, United States
Beth Lawrence
O-05 MONITORING AND ASSESSMENT OF VALUED ECOSYSTEM COMPONENTS (VEC) IN A CONSTRUCTED JUNCUSDOMINATED SALT MARSH ON THE NORTHERN GULF OF MEXICO.

Patrick Biber, The University of Southern Mississippi, United States
O-05 PLANTING THE MARSH: COMPARING METHODS OF PLANTING AT RECOVERING SALT MARSH RESTORATION SITES IN
THE BAY OF FUNDY

Tasha Rabinowitz, Saint Mary’s University, Canada
Jeremy Lundholm

O-06 VERTEBRATE RESPONSE TO AND NEED FOR RESTORATION
TIME: 20:15 EDT
O-06 REMOVAL OF AN INVASIVE WETLAND GRASS (PHRAGMITES AUSTRALIS) INCREASES THE QUANTITY OF EMERGING
INVERTEBRATES AND AVIAN AERIAL FORAGING ACTIVITY

Courtney Robichaud, University of Waterloo, Canada
Rebecca Rooney
O-06 APPLYING AN ANIMAL-CENTRIC APPROACH TO RESTORATION FOR WILDLIFE

Menna Jones, University of Tasmania, Australia
Glen Bain, Kirsty Dixon, Riana Gardner, Rowena Hamer, Kirstin Proft, Chris Burridge, Chris Johnson, Neil Davidson
O-06 COMMUNITY BIRD CHANGES DUE TO ECOLOGICAL RESTORATION OF TERRESTRIAL AREAS ON AN ANDEAN
PERIURBAN WETLAND (BOGOTÁ, COLOMBIA)

Juliana Zuluaga-Carrero, Botanical Garden of Bogota, Colombia
O-06 RESTORING LEAST BELL’S VIREO HABITAT ACROSS CALIFORNIA’S DIVERSE ECOSYSTEM BY ADJUSTING PROVEN
METHODS FROM THE CENTRAL VALLEY

Emma Havstad, River Partners, United States
Michael Rogner, Erin Hagen, Julie Rentner
O-06 EVALUATION OF ECOLOGICAL RESTORATION THROUGH MAMMAL MONITORING IN A LAVA FIELD OF MEXICO CITY

Alejandra Argüelles-Castañeda, Facultad de Ciencias, UNAM, Mexico
Zenón Cano-Santana
O-06 URBAN REWILDING FOR URBAN ECOLOGICAL NETWORK CONNECTION: AN EXAMPLE OF ECOSYSTEM RESTORATION
PROJECT IN SHANGHAI URBAN BIODIVERSITY EDUCATION BASE

Bingqin Shan, Urban China Research Center, China
Bingqin Shan
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S-07 THE INTERNATIONAL STANDARDS FOR MINE SITE RESTORATION, NEW GUIDANCE FOR MINING IN THE
DECADE OF ECOSYSTEM RESTORATION
TIME: 21:15 EDT
S-07 THE NEED FOR SEPARATE SER STANDARDS FOR THE ECOLOGICAL RESTORATION OF MINE SITES

George Gann, Society for Ecological Restoration, United States
Renee Young, Bethanie Walder, Junguo Liu, Wenhui Cui, Kingsley Dixon
S-07 PRINCIPLES AND STANDARDS FOR THE ECOLOGICAL RESTORATION OF MINE SITES

Renee Young, Curtin University, Australia
George Gann, Bethanie Walder, Junguo Liu, Wenhui Cui, Kingsley Dixon
S-07 THE MINING STANDARDS AND TOWARDS A CULTURE OF BEST PRACTICE

Vern Newton, Hanson Heidelberg, Australia, Australia
Renee Young
S-07 MINING IN POLAR OPPOSITES CASE STUDIES FROM OPPOSITE ENDS OF THE EARTH

Tove Hägglund, Ecogain, Sweden
Renee Young
S-07 SOCIAL LICENSE IN MINING THE SECRET SAUCE

Sheridan Coakes, Umwelt (Australia) Pty Limited, Australia
Richard Parsons

O-02 DNA-RELATED TECHNIQUES AND REMOTE SENSING
TIME: 21:15 EDT
O-02 METAGENOMIC APPLICATIONS TO RESTORATION ECOLOGY

Victoria Fox, University of Washington, United States
Jon Bakker
O-02 USING GENETIC FIELD TRIALS TO GUIDE MANAGEMENT AND RESTORATION OF A TREE SPECIES UNDER THREAT BY A
NON-NATIVE PATHOGEN AND CLIMATE CHANGE

Kristen Waring, Northern Arizona University, United States
Richard Sniezko, Nicholas Wilhelmi, Gregory Reynolds, Jeremy Johnson
O-02 USING EDNA METABARCODING TO MONITOR MINE SITE RESTORATION: LESSONS LEARNT FROM VERTEBRATE,
INVERTEBRATE, AND SOIL MICROBIAL COMMUNITIES

Mieke van der Heyde, Curtin University, Australia
Michael Bunce, Grant Wardell-Johnson, Bill Bateman, Nicole White, Kristen Fernandes, Jonathan Majer, Kingsley Dixon, Paul Nevill
O-02 THERMAL IMAGING FOR BIODIVERSITY MONITORING IN LARGE AND FRAGMENTED RESTORATION PROJECTS

Jonas Hamberg, University of Waterloo, Canada
Stephen Murphy, Derek Robinson, Roydon Fraser, Andrew Trant
O-02 REACH FOR THE SKY! FLUVIAL GEOMORPHOLOGICAL APPLICATIONS OF LIDAR, REMOTE SENSING AND
DRONE TECHNOLOGY

Joanna Eyquem, AECOM Consulting Inc.,
Joanna Eyquem, Joanna Eyquem
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O-07 STREAM
TIME: 21:15 EDT
O-07 PRACTITIONER AND SCIENCE-BASED RESTORATION EFFORTS ON THE LITTLE COLORADO RIVER

Ian Torrence, American Consevation Experience, United States
O-07 NATURAL INFRASTRUCTURE PRESENTS OPPORTUNITY TO SCALE RIVER ECOSYSTEM RESTORATION

Peter Skidmore, Walton Family Foundation, United States
Joseph Wheaton
O-07 MITIGATION APPROACHES TO FUND STREAM RESTORATION PROJECTS

George Athanasakes, Stantec, United States
O-07 FRESHWATER ECOSYSTEM RESTORATION IN LA MAURICIE NATIONAL PARK: 16 YEARS OF ECOLOGICAL GAINS AND
THE REWRITING OF THE TERRITORY’S HUMAN OCCUPATION

Marc-André Valiquette, Parks Canada, Canada
Caroline Cormier
O-07 ACCELERATING THE SCIENCE AND PRACTICE OF AGRICULTURAL STREAM RESTORATION IN THE GREAT LAKES BASIN
(CANADA) AND CANTERBURY (AOTEAROA, NEW ZEALAND)

Catherine Febria, University of Windsor, Canada

O-09 DAM REMOVAL
TIME: 21:15 EDT
O-09 ANALYSIS OF POST-REMOVAL DAM POOL SEDIMENT TRANSPORT TO ENABLE FISH PASSAGE

Ted Johnson, CDM Smith, United States
Winston Parker, Laura Burbage
O-09 DAM REMOVAL AS A TOOL TO INCREASE ECOLOGICAL RESILIENCE THROUGH WATER QUALITY IMPROVEMENTS

Katherine Abbott, University of Massachusetts, Amherst & MA USGS Coop Unit,
Allison Roy, Peter Zaidel, Kristopher Houle, Keith Nislow
O-09 PLANT COMMUNITY RESPONSE TO SMALL DAM REMOVAL IN CONNECTICUT

Nora Hardy, Yale School of the Environment, United States
Marlyse Duguid
O-09 DAM REMOVAL AND JUSTIFYING PASSIVE SEDIMENT MANAGEMENT

Paul Woodworth, Princeton Hydro LLC, United States
O-09 REMOVING DAMS OF THE AMERICAN INDUSTRIAL REVOLUTION IN THE NORTHEASTERN U.S. TO RESTORE NATURAL
CAPITAL AGAINST CLIMATE CHANGE

Geoffrey Goll, Princeton Hydro, LLC, United States
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Tuesday, June 22, 2021
S-04 (PART 1 OF 3) ADVANCING RESTORATION SCIENCE TO OVERCOME DRYLAND REGENERATION FAILURES
TIME: 10:15 EDT
S-04 THE RELATIVE PERFORMANCE OF RESTORATION MIXES THAT DIFFER IN EVOLUTIONARY HISTORY

Alison Agneray, University of Nevada, Reno,
Alison Agneray, Matthew Forister, Thomas Parchman
S-04 GUIDING RESTORATION DECISION-MAKING WITH MODERN, ROBUST, AND USABLE GENETIC INFORMATION

Daniel Winkler, U.S. Geological Survey, United States
Matthew Jones, Rob Massatti
S-04 LARGE-SCALE DEPLOYMENT OF ENHANCED SEEDS USING CUSTOMISED PRECISION SEEDING MACHINES IMPROVES
DRYLAND RESTORATION SUCCESS

Todd E Erickson, The University of Western Australia, Australia
Monte Masarei, Andrew L Guzzomi, Elvan Ling, Matthew D Madsen, Jeremy J James, Scott R Abella, Miriam MuñozRojas, David J Merritt
S-04 SOIL MICROBIAL INOCULATION AND SEED BIOPRIMING TECHNOLOGIES FOR RESTORING DRYLAND ECOSYSTEMS

Miriam Muñoz-Rojas, The University of New South Wales (UNSW Sydney), Australia , Australia
S-04 INNOVATIVE RESTORATION: DEVELOPING SEED TECHNOLOGIES FOR SAGEBRUSH STEPPE RECOVERY

Olga Kildisheva, The Nature Conservancy, United States
Andrew Olsen, Owen Baughman, Jessica Griffen, Magdalena Eshleman, Corinna Riginos, Kevin Badik, Jay Kerby, Kirk
Davies, Stella Copeland, Roxanne Rios, Tony Svejcar, Chad Boyd, Matthew Cahill

S-21 RESTORING UNDERSTORY PLANT DIVERSITY: CONSIDERATIONS WHEN INCORPORATING NATIVE FORBS
IN RESTORATION
TIME: 10:15 EDT
S-21 HERBACEOUS UNDERSTORY REGENERATION FROM SEED IN ANCIENT WOODLANDS OF TEMPERATE EUROPE

Cristina Blandino, no affiliation at the moment, Italy
Eduardo Fernández-Pascual, Rosemary J. Newton, Hugh W. Pritchard
S-21 PROPAGATION OF GREAT BASIN NATIVE ANNUAL FORBS FOR RESTORATION

Tara de Queiroz, University of Nevada, Reno, United States
Elizabeth Leger
S-21 TESTING THE CONSISTENCY OF LOCAL ADAPTATION IN SEVEN CO-OCCURRING SPECIES FOR USE IN
TRAIT-BASED RESTORATION

Alison Agneray, University of Nevada, Reno, United States
Thomas Parchman, Elizabeth Leger
S-21 FORB COMMON GARDEN RESEARCH TO INFORM SEED TRANSFER GUIDANCE FOR RESTORATION

Sarah Barga, USDA Forest Service RMRS, United States
Francis Kilkenny, Fred Edwards, Tessa Bartz
S-21 ENHANCEMENT OF BIODIVERSITY IN INTENSIVELY USED AGRICULTURAL SITES BY SOWING NATIVE SEED MIXTURES

Anita Kirmer, Anhalt University of Applied Sciences, Germany
Lea Schubert, Niels Hellwig, Christian Schmid-Egger, Jenny Förster, Henrik Teubert, Annika Schmidt, Petra Dieker, Sabine
Tischew
S-21 RESTORING NATIVE GRASSLANDS AND GRASSY WOODLANDS: AN AUSTRALIA PERSPECTIVE

Paul Gibson-Roy, Kalbar Operations, Australia
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S-40 ECOLOGICAL RECLAMATION AND RESTORATION OF FRESHWATER SWAMPS: LINKING ECOLOGICAL
FUNCTIONS TO BIODIVERSITY AND ECOSYSTEM SERVICES OBJECTIVES
TIME: 10:15 EDT
S-40 ECOLOGY AND MANAGEMENT OF LOWLAND NORTHERN WHITE-CEDAR

Laura Kenefic, U.S. Forest Service, Northern Research Station, United States
Shawn Fraver, Jay Wason, Anil Kizha, Keith Kanoti
S-40 POINT PELEE NATIONAL PARK MARSH RESTORATION THE OPEN MARSH, HEALTHY MARSH PARTNERSHIP

Tarra Degazio, Parks Canada Agency, Canada
S-40 MODIFYING HYDROLOGIC MANAGEMENT OF ARKANSAS GAME AND FISH COMMISSION GREENTREE RESERVOIRS FOR
LONG-TERM HABITAT SUSTAINABILITY

Luke Naylor, Arkansas Game and Fish Commission, United States
Thomas Foti, Jason Jackson, Robert Willey
S-40 MULTI-OBJECTIVE CONSERVATION AND RESTORATION PLANNING IN URBAN LANDSCAPES

Jean-Olivier Goyette, Université Laval, Canada
Poliana Mendes, Jérôme Cimon-Morin, Stéphanie Pellerin, Monique Poulin

S-41 CUMULATIVE EFFECTS ON BIODIVERSITY AND ECOSYSTEM FUNCTIONS AND SERVICES
TIME: 10:15 EDT
S-41 CLOSING FOREST ROADS TO RESTORE CARIBOU HABITAT: ASSESSING THE EFFECTS ON BOREAL CARIBOU,
ALTERNATE PREY AND PREDATORS

Mathieu Leblond, Environment and Climate Change Canada, Canada
Rebecca Lacerte, Martin-Hugues St-Laurent
S-41 KNOWLEDGE EXTENSION ON TECHNIQUES FOR ACTIVE RESTORATION IN RESPONSE TO CUMULATIVE IMPACTS TO
CARIBOU HABITAT

Katalijn MacAfee, Natural Resources Canada, Canada
Matthew Pyper, Michael Cody
S-41 A TOOL TO ASSESS AND RESTORE MULTIPLE ECOSYSTEM FUNCTIONS AND SERVICES IN HUMAN-IMPACTED ECOSYSTEMS

Isabelle Aubin, CFS, NRCan, Canada
Kierann Santala, Françoise Cardou, Denys Yemshanov
S-41 IS MOUNDING CONTRIBUTING TO THE SUCCESSFUL RESTORATION OF SEISMIC LINES IN THE IN-SITU OIL AND GAS
LANDSCAPE IN ALBERTA, CANADA?

Jaime Pinzon, Natural Resources Canada-Canadian Forest Service, Canada
Anna Dabros, Dani Degenhardt, Katalijn MacAfee
S-41 TIMBER HARVESTING AND CLIMATE CHANGE ARE PREDICTED TO REDUCE FUTURE HABITAT SUITABILITY FOR
BOREAL CARIBOU IN QUEBEC

Yan Boulanger, Natural Resources Canada, Canada
Mathieu Leblond, Martin-Hugues St-Laurent, Jesus Pascual Puigdeval
S-41 DEFINING AND QUANTIFYING THE RECLAMATION AND RESTORATION (R&R) ECONOMY IN ALBERTA

Nicolas Mansuy , Natural Resources Canada, Canada
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O-15 GOVERNMENT PROGRAM
TIME: 10:15 EDT
O-15 A SIGNIFICANT INITIATION OF WEST JAVA GOVERNMENT IN CREATING 20-YEAR MASTER PLAN FOR ECOSYSTEM
RESTORATION, CASE STUDY: WEST JAVA CREATIVE FOREST

Amarizni Mosyaftiani, Institute for Globally Distributed Open Research and Education, Indonesia
Epi Kustiawan, Aris Dwi Subiantoro, Wahyu Nugroho, Echa Fadhila Rahmawati
O-15 THE PRESENT AND THE FUTURE: HOW ICELAND IS WORKING TOWARD EVIDENCE-BASED POLICYMAKING TO
RESTORE AND SUSTAIN HEALTHY RANGELAND ECOSYSTEMS

Bryndís Marteinsdóttir, Soil Conservation Service of Iceland, Iceland
_órunn Wolfram Pétursdóttir
O-15 THE ACT RESPECTING THE CONSERVATION OF WETLANDS AND BODIES OF WATER: CRITICAL LEGAL ANALYSIS OF
WETLAND COMPENSATION FUNDS IN QUEBEC

Valerie Dupont, Université Laval, Canada
Sophie Lavallée
O-15 ACT RESPECTING THE CONSERVATION OF WETLANDS AND BODIES OF WATER

Daniel Lachance, Ministère de l’Environnement et de la Lutte contre les changements climatiques, Canada
Sabrina Courant, Geneviève Dufour Tremblay

O-17 PRAIRIE
TIME: 10:15 EDT
O-17 CONIFER REMOVAL EFFECTS ON SAGEBRUSH PLANT COMMUNITIES A DECADE AFTER TREATMENT

Beth Newingham, USDA Agricultural Research Service, United States
Stephanie Freund, Jeanne Chambers, Alexandra Urza, Bruce Roundy, J. Hall Cushman
O-17 RESTORATION ENHANCES RESISTANCE OF SAGEBRUSH-STEPPE COMMUNITIES FOLLOWING REPEATED FIRES BUT
DOESN’T REVERSE CHANGES IN ECOSYSTEM STATE

Simon Power, The Ohio State University, United States
Matt Davies, Jon Bakker
O-17 TEN YEARS OF PLANT COMMUNITY CHANGE IN MESIC AND WET PRAIRIE FOLLOWING RESTORATION AT THE
1,225-HECTARE DIXON WATERFOWL REFUGE IN HENNEPIN, ILLINOIS

Anna Braum, The Wetlands Initiative, United States
Jim Monchak, Gary Sullivan
O-17 TALLGRASS PRAIRIE RESTORATION TRAJECTORIES AT A MIDWESTERN PRESERVE: FIRE, FLOODING, AND
FLORISTIC QUALITY

Amy McEuen, University of Illinois Springfield, United States
Sarah Lindholm, Christy Troxell-Thomas, Emily Staley
O-17 SOIL SEED BANKS AND SEDGE MEADOW RESTORATION IN CHINA

Guodong Wang, Northeast Institute of Geography and Agroecology, Chinese Academy of Sciences, China
O-17 RESTORATION PROCESS OF AN EXTREMELY DEGRADED PARAMO AREA IN THE ANTISANA WATER CONSERVATION
AREA, ECUADOR

Yandhry Jumbo, FONAG, Ecuador
Silvia Salgado
O-17 IMPLEMENTATION AND EVALUATION OF ROADSIDE RESTORATION TREATMENTS IN HEATHLAND VEGETATION

Steinunn Garðarsdóttir, Agricultural University of Iceland, Iceland
Ása L. Aradóttir
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S-01 ATLANTIC FOREST RESTORATION PACT WE ARE READY FOR THE UN DECADE ON ECOSYSTEM RESTORATION
TIME: 11:15 EDT
S-01 RESTORATION PLANNING FROM LOCAL TO NATIONAL PLATFORMS

Mariana Oliveira , WRI Brasil,
Luciana Alves , Mariana Oliveira
S-01 HOW WE ARE PREPARING FOR THE NEXT DECADE: ATLANTIC FOREST RESTORATION PACT CHALLENGE

Ludmila Pugliese de Siqueira, Atlantic Forest Restoration Pact, Brazil
Alex Mendes
S-01 FINANCIAL MECHANISMS FOR RESTORATION AT SCALE: PAYMENT FOR ENVIRONMENTAL SERVICES PLATFORM
TRANSACTION

Rubens Benini, The Nature Conservancy, Brazil
S-01 FROM ATLANTIC FOREST BIOME TO LOCAL: STRENGTHENING LOCAL FOREST LANDSCAPE RESTORATION NETWORKS

Daniel Arrifano Venturi, WWF-Brasil, Brazil
Ludmila Pugliese de Siqueira, Alex Fernando Mendes, Edson Santiami, Anita Diederichsen
S-01 APPLYING REMOTE SENSING INNOVATIONS TO ADVANCE RESTORATION GOVERNANCE

Pedro Brancalion, University of São Paulo, Brazil

S-05 ECOLOGICAL RESTORATION: NATURE-BASED SOLUTIONS FOR CLIMATE MITIGATION AND ENGAGING
CANADIANS WITH NATURE
TIME: 11:15 EDT
S-05 CHARTING THE EVIDENCE LANDSCAPE: A SYSTEMATIC MAP AND BIBLIOMETRIC ANALYSIS OF ECOLOGICAL
RESTORATION IN CANADA

Tim Alamenciak, University of Waterloo, Canada
Dorian Pomezanski, Stephen D. Murphy
S-05 BUILDING UP THE RESTORATION DIALOGUE: REFLECTIONS ON THE STATE OF ECOSYSTEM RESTORATION PRACTICE
AND POLICY IN CANADA

Sonia Voicescu, University of Victoria, Canada
John-Francis Lane
S-05 RESTORATION OF WILD SALMON IN A CANADIAN NATIONAL PARK

Stephanie Cruz Maysonet, University of Waterloo, Canada
Stephen D. Murphy
S-05 THE EXPLOITATION AND ECOLOGICAL RESTORATION OF PEATLANDS IN CANADA: A HISTORY OF COOPERATION
BETWEEN INDUSTRY AND ACADEMIA

Gwendal Breton, GRET/PERG Université Laval, Canada
Claire Boismenu, Line Rochefort
S-05 SHARING KNOWLEDGE: COLLABORATION IN CANADIAN GARRY OAK ECOSYSTEM RESTORATION

Sarah Bird, University of Victoria, Canada
Nancy Shackelford
S-05 CONNECTING AND COMMUNICATING ECOLOGICAL RESTORATION SUCCESS AND BARRIERS ACROSS PRACTICE AND
POLICY REALMS: A SYNTHESIS OF PRESENT KNOWLEDGE

Alina Fisher, University of Victoria, Canada
Eric Higgs, Sarah Wilson
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S-13 LEGAL RULES, PRINCIPLES AND STANDARDS TO ADVANCE ECOLOGICAL RESTORATION
TIME: 11:15 EDT
S-13 RESHAPING RESTORATION LAW USING RESTORATIVE INPUTS AS A LEGAL STANDARD

Afshin Akhtar-Khavari, School of Law, Queensland University of Technology, Australia
S-13 CAN SER ECOLOGICAL RESTORATION STANDARDS BECOME THE “GREEN STANDARD” FOR ECOLOGICAL
RESTORATION?: DEVELOPMENT OF STANDARDS IN INTERNATIONAL LAW

Anastasia Telesetsky, California Polytechnic State University, United States
S-13 EUROPE’S ‘MAN ON THE MOON MOMENT’ FOR ECOLOGICAL RESTORATION

An Cliquet, Ghent University, Belgium
S-13 ECO-RESTORATION AS LITIGATION STRATEGY IN THE EU: MOVING FROM WORDS TO DEEDS?

Hendrik Schoukens, UGent, Belgium
S-13 SCALING UP ECOLOGICAL RESTORATION: ENVIRONMENT AND RESOURCE MANAGEMENT LAW UNFIT FOR PURPOSE

Justin Duncan, University of Victoria, Canada
S-13 RESTORATION AND ADAPTIVE GOVERNANCE FOR SOCIAL AND ECOLOGICAL WELLBEING

Emille Boulot, McGill University, Australia
Afshin Akhtar-Khavari

O-16 GRASSLAND
TIME: 11:15 EDT
O-16 IN SITU SENSING TO OVERCOME MICROSITE LIMITATION IN DRYLAND RESTORATION

Claire Karban, University of Colorado at Boulder, United States
Michael Lauria, Kristen Such, Nikolaus Correll, Christoffer Heckman, Nichole Barger
O-16 THE LONG-TERM EFFECT OF RESTORATION INTERVENTIONS AND THE IMPACT OF LANDSCAPE CONTEXT ON THE
RESTORATION OF PANNONIC SAND GRASSLANDS

Melinda Halassy, Centre for Ecological Research, Institute of Ecology and Botany, Hungary
Bruna Paolinelli Reis, Katalin Török
O-16 SEED SOURCING: A CHALLENGE FOR SCALING UP GRASSLAND RESTORATIONW

Katalin Török, Centre for Ecological Research, Institute of Ecology and Botany, Hungary
Katalin Szitár, Melinda Halassy, Anna Kövendi-Jakó, David Cevallos
O-16 DRYLAND RIPARIAN RESTORATION: A NATURE-BASED SOLUTION TO MITIGATE DROUGHT, EROSION, FLOODING,
AND CLIMATE CHANGE

Jennifer Gooden, Cuenca Los Ojos and Biophilia Foundation, United States
Richard Pritzlaff
O-16 RECOVERY AFTER RECLAMATION? QUANTIFYING TRAITS OF PLANT COMMUNITIES IN ALBERTA’S RECLAIMED
GRASSLANDS

Anne McIntosh, University of Alberta, Canada
Randi Lupardus, Kierann Santala, Ermias Azeria, Isabelle Aubin, Arnold Janz, Dan Farr
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O-20 SCIENCE INFORMING RESTORATION
TIME: 11:15 EDT
O-20 PLANT-SOIL FEEDBACKS: THE BENEFIT OF FIELD-BASED COMMUNITY LEVEL STUDY IN UNCOVERING THEIR ROLE
IN RESTORATION

Sarah Gaffney, UC Davis, United States
Carolyn Malmstrom, Valerie Eviner
O-20 RESTORATION ECOLOGISTS MIGHT NOT GET WHAT THEY WANT: GLOBAL CHANGE SHIFTS TRADE-OFFS AMONG
ECOSYSTEM FUNCTIONS

Sebastian Fiedler, Freie Universität Berlin, Germany
José A.F. Monteiro, Kristin B. Hulvey, Rachel J. Standish, Michael P. Perring, Britta Tietjen
O-20 KEYSTONE PLANTS: ESSENTIAL COMPONENTS OF RESTORED LANDSCAPES

Douglas Tallamy, University of Delaware, United States
Desiree Narango
O-20 SOIL MICROBES AND PRIORITY EFFECTS LIMIT CONSERVATIVE FORB ESTABLISHMENT IN RESTORED
TEMPERATE WOODLANDS

J. Leighton Reid, Virginia Tech, United States
Scott Mangan, Brad Delfeld, Noah Dell, Quinn Long, Mahala Lorenzo, Claudia Stein, Matthew Albrecht
O-20 RESTORING TROPICAL MOUNTAIN RAIN FORESTS DEGRADED BY CLIMATE CHANGE: LINKING APPLIED ECOLOGICAL
RESEARCH AND MANAGEMENT ACTION IN COSTA RICA

BRYAN FINEGAN, TROPICAL AGRICULTURAL CENTER FOR RESEARCH AND HIGHER EDUCATION (CATIE), Costa Rica
Diego Delgado, Marie Ange Ngo Bieng
O-20 RESTORATION INSIDE THE AGRICULTURAL FRONTIER, UNDER WHAT CONDITIONS DOES IT WORK?

Madelon Lohbeck, Wageningen University, Netherlands
Ben DeVries, Frans Bongers, Miguel Martinez-Ramos, Armando Navarrete-Sequeda, Sergio Nicasio-Arzeta, Christina
Siebe, Aline Pingarroni, German Wies, Mathieu Decuyper

O-21 PASSIVE OR ACTIVE RESTORATION, LARGER PICTURE
TIME: 11:15 EDT
O-21 COVID-19 PANDEMIC SHOWS THAT PASSIVE RESTORATION IS GLOBALLY FEASIBLE BUT DO MOST DECISION
MAKERS AGREE?

Gustavo Zuleta, Dpto. de Ecología y Ciencias Ambientales (DECA), Universidad Maimónides, Argentina, Argentina
Eugenia Castro, Olivier Hamerlynck, Ingrid Zuleta, Junguo Liu, Alejandro Dorado, Narkis Morales
O-21 ASSISTED NATURAL RECOVERY AS A PREFERRED REVEGETATION METHOD

Chris Tenszen, Trace Associates Inc., Canada
O-21 SUCCESS OF PASSIVE RESTORATION ACROSS BIOMES AND DISTURBANCE TYPES

Karel Prach, University of South Bohemia, Faculty of Science, Czech Republic
Petra Janeckova, Lawrence Walker
O-21 SEEDING OR PLANTING TO REVEGETATE THE WORLDS DEGRADED LAND? PRELIMINARY FINDINGS FROM A
SYSTEMATIC REVIEW

Alexandro B Leverkus, University of Granada, Spain
Alba Lázaro González, Francisco B. Navarro, Jorge Castro, María N. Jiménez, Enrique Andivia
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O-25 COASTAL WETLAND AS NATURE-BASED SOLUTION
TIME: 11:15 EDT
O-25 LIVING SHORELINES: MANAGING URBAN COASTLINES THROUGH COMMUNITY ENGAGEMENT AND NATURE
BASED SOLUTIONS

Dane Lazarus, Santa Monica Bay Restoration Foundation, United States
Sara Cuadra, Chris Enyart
O-25 ASSESSING THE RESILIENCE OF NATURE-BASED COASTAL PROTECTION APPROACHES TO EXTREME EVENTS

Rachel Gittman, East Carolina University, United States
Carter Smith, Steven Scyphers, Anna Albright, Chris Baillie, Sarah Donaher, Huili Hao, Mariko Polk, Stacy Trackenberg,
Emory Wellman, Nina Woodard, Devon Eulie
O-25 THE IMPORTANCE OF SCALE FOR FAUNAL COLONISATION, BIODIVERSITY, AND ECOSYSTEM FUNCTIONING IN
RESTORED SEAGRASS MEADOWS

Karine Gagnon, Environmental and Marine Biology, Åbo Akademi University, Finland
Enora-Hawa Bocoum, Carrie Chen Chiau Yu, Susanne Baden, Per-Olav Moksnes, Eduardo Infantes
O-25 USING THE ECOLOGICAL RESTORATION OF DUNES IN PUERTO RICO TO INCREASE THE RESILIENCE OF COASTAL
COMMUNITIES AND HABITATS TO FUTURE STORMS AND OTHER EFFECTS OF CLIMATE CHANGE

Robert J. Mayer, University of Puerto Rico Aguadilla, Puerto Rico
Patricia Chardón-Maldonado
O-25 WEST BAY SANITARY DISTRICT’S ECOTONE LEVEE USING NATURE BASED SOLUTIONS TO SAFEGUARD CRITICAL
INFRASTRUCTURE IN SAN FRANCISCO BAY

Laura Moran, SWCA Environmental Consultants, United States
Mark Brandi, Lauren Huff, Ben Snyder, Lorraine Htoo, Richard Laureta, Sergio Ramirez , Phil Scott
O-25 RESTORING COASTAL ECOSYSTEMS: A PRACTITIONERS PERSPECTIVE ON NATURE-BASED RESTORATION
TECHNIQUES TO MANAGE EROSION

Seth Wilkinson, Wilkinson Ecological Design, United States

S-11 HOW INITIATIVE 20X20 IS SUPPORTING THE STRATEGY OF THE U.N DECADE ON ECOSYSTEM RESTORATION
TIME: 12:15 EDT
S-11 INITIATIVE 20X20: THE ROAD TRAVELED SUPPORTING NDC’S AND A PATH TO FOLLOW IN LANDSCAPE RESTORATION

Walter Vergara, World Resources Institute , United States
Rene Zamora Cristales
S-11 THE RESTORATION INVESTMENT ECOSYSTEM IN LATIN AMERICA

Rene Zamora Cristales , World Resources Institute, United States
S-11 IDENTIFICATION OF PRIVATE INVESTMENT OPPORTUNITIES IN THE RESTORATION OF FOREST AND AGRICULTURAL
LANDSCAPES IN LATIN AMERICA

Maria Franco Chuaire , World Resources Institute , United States
S-11 INTEGRATING POLICY AS A MEANS TO LEVERAGE LARGE SCALE RESTORATION ACROSS LATIN AMERICA

Adriana Vidal , International Union for Conservation of Nature, United States
S-11 ACCELERATING INCENTIVES: IDENTIFYING ECONOMIC AND FINANCIAL INCENTIVES FOR FOREST AND LANDSCAPE
RESTORATION IN LATIN AMERICA USING MACHINE LEARNING

Rong Fang, World Resources Institute,
René Zamora- Cristales, Jordi Planas, Daniel Firebanks-Quevedo, David Silva, Daniel Calle Castrillon, Cristina Taylor,
Galina Naydenova, Daniel Motley, Rong Fang
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S-18 OPPORTUNITIES AND CHALLENGES FOR EXPANDING AND DIVERSIFYING THE GLOBAL ECOLOGICAL
RESTORATION PROFESSION
TIME: 12:15 EDT
S-18 SER’S CERTIFICATION PROGRAM FOR ECOLOGICAL RESTORATION PRACTITIONERS: OPPORTUNITIES AND CHALLENGES
AROUND THE WORLD

Christian Lenhart, Society for Ecological Restoration, United States
S-18 RESTORATION PRACTICES IN GUJARAT STATE, INDIA

Jagruti Rathod, Center For Nature & Ecosystem Wellbeing, India
Ramesh Venkataraman, Shruti Shah, Vivek Shah, Devesh Patel
S-18 BRIDGING CULTURES ETHICAL SPACE FOR INDIGENOUS VOICES

Gary Pritchard, Directions of Conservation Consulting Services, Canada
S-18 EDUCATIONAL REQUIREMENTS FOR ECOLOGICAL RESTORATION

Cara Nelson, University of Montana, United States
S-18 TRAINING AND CERTIFICATION NEEDS FOR ECOLOGICAL RESTORATION IN PUERTO RICO

Robert Mayer, University of Puerto Rico Aguadilla, Puerto Rico

S-35 A UNIVERSAL DECLARATION ON RIGHTS OF WETLANDS – SHIFTING OUR PARADIGM RESTORES THE
HUMAN-WETLANDRELATIONSHIP IN SUPPORT OF WETLAND RESTORATION, CONSERVATION AND WISE USE
TIME: 12:15 EDT
S-35 WHY COULD A DECLARATION OF RIGHTS OF WETLANDS SUPPORT WETLAND WISE USE?

Nick Davidson, Institute for Land, Water & Society, Charles Sturt University, Australia, United Kingdom
S-35 THE LIVING FOREST WORLDVIEW

Patricia Gualinga, TIAM (Foundation for Human Rights and Nature’s Rights), United States
S-35 A DECLARATION OF THE RIGHTS OF WETLANDS: IMPROVING WETLAND CONSERVATION AND RESTORATION TO MEET
CLIMATE AND BIODIVERSITY CRISES

Gillian Davies, BSC Group, Inc./Tufts University Global Development and Environment Institute, United States
C. Max Finlayson
S-35 THE RIGHTS OF WETLANDS IN THE CONTEXT OF THE INTERGOVERNMENTAL PANEL ON BIODIVERSITY & ECOSYSTEM
SERVICES: BIODIVERSITY LOSS AND THREATS TO HUMAN WELL-BEING

Siobhan Fennessy, Kenyon College, United States
S-35 CULTURAL, LOCAL COMMUNITY AND INDIGENOUS PEOPLES’ ISSUES FOR A DECLARATION ON THE RIGHTS
OF WETLANDS

Matthew Simpson, 35percent, United Kingdom
Dave Pritchard
S-35 NOTES OF STRUGGLE: LEGAL AND ETHICAL STRATEGIES TO RECOGNIZE NATURE AS A LIVING BEING

Patricia Gualinga, TIAM (Foundation for Human Rights and Nature’s Rights), United States
S-35 THE RIGHTS OF WETLANDS IN SUPPORT OF A SAFE CLIMATE AND EFFECTIVE WETLAND RESTORATION ‘ THE
CHARTER MODEL

William Moomaw, Tufts University, United States
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O-18 DRY FOREST
TIME: 12:15 EDT
O-18 INTERACTIVE EFFECTS OF UNEVEN-AGED REPRODUCTION AND HURRICANE DISTURBANCE ON LONGLEAF PINE
STAND DYNAMICS

Ashton Shell, University of Florida, United States
Kimberly Bohn, Justin McKeithen, Ajay Sharma, John Willis
O-18 INITIAL PERFORMANCE OF 50 SPECIES OF TREES PLANTED IN A RESTORATION OF THE COLOMBIAN TROPICAL DRY
FOREST: INFLUENCE OF THE SCENARIO AND THE RESTORATION STRATEGY

Andrés Avella Muñoz, Universidad Distrital Francisco José de Caldas, Colombia
Francisco Torres Romero, Armando Villota, Erik Ibarra Hoyos
O-18 RESTORATION OF OVERGRAZED DRY CHACO FOREST USING TOPSOIL TRANSLOCATION

María Fernanda Martínez Gálvez, National University of Salta and National Council of Technology and Science
Research (Argentina), Argentina
Marina Díaz Leguizamón, Nicolás Cimino, Johanna Croce, Florencia Minola, Carolina Trigo, Antonio Dalmasso,
Andrés Tálamo
O-18 RESTORING THE NEOTROPICAL DRY FORESTS IN THE FACE OF CLIMATE CHANGE

Natalia Mesa-Sierra, Instituto Tecnológico y de Estudios Superiores de Occidente, Mexico
Marinés de la Peña-Domene, Christian P. Giardina, Julio Campo, Andrea de las Casas Aguirre
O-18 MAPPING AND PRIORITIZING DEGRADED AREAS FOR RESTORATION IN A PROTECTED AREA OF THE CAATINGA
BIOME: A TOOL FOR RESTORATION PLANNING IN THE BRAZILIAN SEMIARID REGION

Joaquim José de Freitas Neto, Centro de Pesquisas Ambientais do Nordeste CEPAN, Brazil
Emanuelle Cordeiro Azevedo Souza, Fabiane Carolyne Santos, Severino Rodrigo Ribeiro Pinto
O-18 CHALLENGES TO ACCESS AND ENGAGE THE RESTORATION PRODUCTIVE CHAIN IN CAATINGA BIOME: AN
EXPERIENCE IN A BRAZILIAN SEMIARID’S PROTECTED AREA

Emanuelle Cordeiro Azevedo Souza, Centro de Pesquisas Ambientais do Nordeste, Brazil
Karina Vieiralves Linhares

O-19 ECOSYSTEM SERVICES AND NATURAL CAPITAL
TIME: 12:15 EDT
O-19 AGRICULTURE AND ECOLOGICAL RESTORATION: AN EMPOWERING SOLUTION TO SMALLHOLDER
FARMERS’ COMPLICATIONS

Benoit Clement, ReForestry Inc., United States
O-19 OVERSIGHT OF ECOLOGICAL RESTORATION FOR THE SAMARCO DAM FAILURE IN MINAS GERAIS, BRAZIL

Randy Mandel, Ramboll, United States
Romulo Arantes
O-19 PRIORITIZATION TRADE-OFFS IN RESTORATION AREAS FOR CARBON MARKET AND KOALA CONSERVATION

Maria Luiza Almeida Luz, University of Brasilia, Brazil
Oscar Cacho
O-19 THE ECOSYSTEM SERVICES OF CONNECTIVITY

Eric Butler, Portland State University, United States
Leslie Bliss-Ketchum, Cat de Rivera, Sahan Dissanayake, Carole Hardy, Dorothy Horn, Benjamin Huffine, Amanda
Temple, Michael Vermeulen, Hailey Wallace
O-19 EVALUATION OF MUNICIPAL NATURAL ASSET MANAGEMENT PROJECTS

Lucas Mollame, University of Waterloo, Canada
Michael Drescher
O-19 SUPPORTING ECOSYSTEM RESTORATION PLANNING THROUGH DEVELOPMENT OF A SEARCHABLE ON-LINE REPOSITORY OF
ENVIRONMENTAL MODELS, TOOLS AND APPLICATIONS

Brook Herman, USACE-Engineer Research and Development Center, United States
Trudy Estes, Audrey Strelzoff
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O-22 COMMUNITY ECOLOGY
TIME: 12:15 EDT
O-22 BEAVER MODERATED FIRE RESILIENCE IN THE NORTH CASCADES, WA, USA

Joseph Weirich, Eastern Washignton University, United States
Rebecca Brown
O-22 WHEN IS A NATIVE NOT A NATIVE? PRELIMINARY RESULTS OF POLLINATOR VISITATION TO NATIVE PENSTEMON
DIGITALIS AND ITS CULTIVATED VARIETIES

Imeña Valdes, Northwestern University, United States
Christian Acevedo, Tawny Hawthrone, Jessamine Finch, Kay Havens
O-22 RESTORATION OF PLANT-ANIMAL INTERACTIONS IN TERRESTRIAL ECOSYSTEMS: A REVIEW SYNTHESIS

Luísa Genes, Stanford University, United States
Rodolfo Dirzo
O-22 FACILITATION, RESTORATION, AND THE CONTINUUM MUTUALISM-ANTAGONISM

Pedro J. Garrote, Instituto Superior de Agronomia, Universidade de Lisboa, Portugal
Antonio R. Castilla, Jose M. Fedriani
O-22 RESILIENCE OF LAKE-EDGE WETLANDS TO WATER LEVEL CHANGES

Audréanne Loiselle, Institut de recherche en biologie végétale / Université de Montréal, Canada
Raphaël Proulx, Marie Larocque, Pellerin Stéphanie

O-23 MONITORING AND DATA SHARING
TIME: 12:15 EDT
O-23 INTRODUCING THE CORAL SAMPLE REGISTRY: A UNIFIED CORAL SAMPLE COLLECTION DATABASE IN SUPPORT OF
CORAL REEF CONSERVATION WORLDWIDE

Amelia Moura, Coral Restoration Foundation, United States
R. Scott Winters
O-23 THE GLOBAL RESTORE PROJECT: DATA SHARING FOR SHARED SUCCESS

Emma Ladouceur, German Centre for Integrative Biodiversity Research (iDiv) Halle-Jena-Leipzig, Germany
Nancy Shackelford
O-23 USING LONG-TERM MONITORING DATA TO MEASURE RESTORATION OUTCOMES: A PRAIRIE CASE STUDY

Charlotte Reemts, The Nature Conservancy, United States
Brandon Belcher
O-23 FIELD SAMPLING APPROACHES ON SEISMIC LINES: A COMPARISON BETWEEN CIRCULAR PLOTS AND BELT TRANSECTS

Caren Jones, Canadian Forest Service, Canada
Angeline Van Dongen, Jill Harvey, Dani Degenhardt
S-23 IMPROVING AND VERIFYING ECOLOGICAL RESTORATION OUTCOMES: RECENTLY PUBLISHED EPA GUIDANCE

Judith Schofield, GDIT, United States
Louis Blume, Molly Middlebrook Amos, Brick Fevold, Judith Schofield, Elizabeth Benjamin, Tim Lewis
O-23 MONITORING A QUARTER CENTURY OF CHANGE IN WETLAND FOREST TYPES OF THE AMERICAN MID-ATLANTIC STATES

Mark Brown, USDA Forest Service Southern Research Station, United States
O-23 SPATIALLY BALANCED SAMPLING, ROUTE OPTIMIZATION AND DRONE IMAGERY TO ADVANCE
RESTORATION MONITORING

Michael Curran, MFC Environmental Optimization, United States
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S-36 WETLAND LINEAR DISTURBANCES: FROM QUANTIFYING IMPACT TO RESTORING ECOSYSTEM FUNCTIONS
TIME: 13:30 EDT
S-36 BIODIVERSITY AND ENVIRONMENTAL CONDITIONS ALONG SEISMIC LINES IN THE PEATLANDS OF
NORTHERN ALBERTA, CANADA

Anna Dabros, Canadian Forest Service , Canada
Jaime Pinzon, Kellina Higgins , Federico Riva, James Glacier
S-36 IMPACT OF SEISMIC LINES ON PEATLAND MICROBIAL COMMUNITY AND CARBON CYCLING

Percy Korsah, University of Waterloo, Canada
Maria Strack, Scott Davidson, Abigail Shingler
S-36 THE EFFECT OF RESOURCE ACCESS ROADS ON HYDROLOGY AND CARBON EXCHANGE IN TWO BOREAL
FORESTED PEATLANDS

Maria Strack, University of Waterloo,
Maria Strack
S-36 BUILDING BOREAL WETLAND CROSSINGS TO MAINTAIN WETLAND FUNCTION

Kylie McLeod, Ducks Unlimited Canada, Canada
Clayton Gillies, Terry Osko, Bev Gingras, Matthew Pyper
S-36 CONTRASTING RESTORATION METHODS FOR PEATLAND IMPACTED BY ROADS: BURIAL UNDER PEAT METHOD VS.
PEATLAND INITIATION ON MINERAL SUBSTRATE

Kathy Pouliot, Université Laval, Canada
Line Rochefort, Pascal Guérin, Alexandre Beauchemin

S-04 (PART 2 OF 3) ADVANCING RESTORATION SCIENCE TO OVERCOME DRYLAND REGENERATION FAILURES
TIME: 20:15 EDT
S-04 SEEDLING ONTOGENETIC TRAIT SHIFTS: IMPLICATIONS FOR RESTORATION ECOLOGY

Caroline Havrilla, Colorado State University , United States
Seth Munson, Ethan Yackulic, Bradley Butterfield
S-04 INSIGHTS INTO RANGELAND RESTORATION OUTCOMES FROM DATA-DRIVEN POPULATION MODELS

Robert Shriver, University of Nevada, Reno, United States
Caitlin Andrews, Robert Arkle, David Barnard, Michael Duniway, Matthew Germino, David Pilliod, David Pyke, Justin
Welty, John Bradford
S-04 RE-EMERGING STRATEGIES TO ENHANCE PLANT ESTABLISHMENT IN DRYLAND SYSTEMS

Elise Gornish, University of Arizona, United States
S-04 WHY AND HOW ADAPTIVE MANAGEMENT IS KEY FOR OVERCOMING DRYLAND REGENERATION FAILURES: EXAMPLES
FROM SAGEBRUSH STEPPE

Matthew Germino, US Geological Survey, United States
Cara Applestein, Matt Fisk
S-04 DRILL-SEEDING COMPARED TO BROADCAST-SEEDING IMPROVES A NATIVE BUNCHGRASS ESTABLISHMENT ACROSS
MULTIPLE SITES AND YEARS

Lauren Svejcar, Eastern Oregon Agricultural Research Center, United States
Jay Kerby, Bruce Mackey, Chad Boyd, Tony Svejcar, Owen Baughman, Matthew Madsen, Kirk Davies
S-04 SEEDING NATIVE SPECIES INCREASES RESISTANCE TO FIRE-INDUCED ANNUAL GRASS INVASION IN
SEMIARID WOODLANDS

Alexandra Urza, US Forest Service, Rocky Mountain Research Station, United States
Jeanne Chambers, Peter Weisberg
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O-13 COMMUNITY PARTICIPATION, CAPACITY DEVELOPMENT AND PARTNERSHIPS
TIME: 20:15 EDT
O-13 BRINGING THE FOREST TO THE OFFICE HOW VIRTUAL TOURS ARE INFORMING TRAINING AND DECISION MAKING
RELATED TO RESTORATION APPROACHES IN THE OIL SANDS

Matthew Pyper, Fuse Consulting Ltd., Canada
Michael Cody, Katalijn MacAfee, Jack O’Neill
O-13 MOVING FROM MULTITASKING TO MISSION: GROWING OLD GRACEFULLY IN THE WORKPLACE

Terry Doss, NJ Sports & Exposition Authority, United States
O-13 ECOLOGICAL RESTORATION, WORK, AND A JUST TRANSITION

Matthew Burke, University of Vermont, United States
O-13 A VIDEO ESSAY ‘ ON HOW TO ENGAGE PRIVATE AND PUBLIC LANDOWNERS TO COMPLETE RESTORATION WORK
WHERE IT IS NEEDED MOST

Beth Anne Fischer, Conservation Halton, Canada
Kent Rundle
O-13 THE SOUTHEASTERN PLANT CONSERVATION ALLIANCE BUILDING CAPACITY THROUGH NOVEL PARTNERSHIPS AND
LEVERAGING SHARED RESOURCES

Carrie Radcliffe, Southeastern Plant Conservation Alliance, United States
Emily Coffey
O-13 DALE HODGES PARK

Katelyn Dunning, O2 Planning + Design Inc., Canada

O-14 AGROFORESTRY AND SMALLHOLDER
TIME: 20:15 EDT
O-14 AGROFORESTRY OPTIONS TO LEVERAGE RESTORATION VALUE CHAINS: A CASE STUDY IN THE STATE OF RIO DE
JANEIRO, BRAZILIAN ATLANTIC FOREST

Fernanda Tubenchlak, International Institute for Sustainability, Brazil
Camila Islas, Vinicius Pacheco, Maria Vitória Palhares, Nathalia Dreyer, Renato Crouzeilles, Bernardo Strassburg, Carlos
Alberto Scaramuzza
O-14 THE ROLE OF AGROFORESTRY IN RESTORING BRAZIL’S ATLANTIC FOREST: OPPORTUNITIES AND CHALLENGES FOR
SMALLHOLDER FARMERS

Yara Shennan-Farpón, ZSL Institute of Zoology, United Kingdom
Morena Mills, Aline Souza, Katherine Homewood
O-14 INTEGRATED MINING-AGROFORESTRY RESTORATION PROJECTS AS A MEANS TO OBTAIN AND MAINTAIN SOCIAL
LICENCE IN THE CONTEXT OF CLIMATE CHANGE

Martin Beaudoin Nadeau, Viridis Terra, Canada
Louis Guay
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S-26 THE TRUE GREEN INFRASTRUCTURE: MODEL TO DEVELOP NATIVE PLANT MATERIALS FROM WILDLAND
SEED TO RESTORATION
TIME: 21:15 EDT
S-26 SEEDS OF SUCCESS: A CONSERVATION AND RESTORATION INVESTMENT IN THE FUTURE OF US LANDS

Sarah Barga, USDA Forest Service RMRS, United States
Peggy Olwell, Fred Edwards, Leah Prescott, Elizabeth Leger
S-26 RESTORATION PLANT MATERIAL DEVELOPMENT IN THE GREAT BASIN REGION OF THE UNITED STATES A HISTORY
AND COMPARISON OF RESEARCH APPROACHES

Francis Kilkenny, USDA Forest Service, Rocky Mountain Research Station, United States
S-26 GROWING NATIVES FOR SEED

Jerry Benson, BFI Native Seeds, LLC, United States
S-26 NATIVE SEED PRODUCTION TOOLS TO PROCURE, INCREASE AND DISTRIBUTE SOURCE IDENTIFIED SEED VIA SEED
TRANSFER ZONES AT AN ECOREGIONAL SCALE IN THE WESTERN, U.S.

Anne Halford, Bureau of Land Management, United States
Ricardo Galvan, Kayla Herriman, Barry Schrumpf
S-26 RESILIENCY AND REGULATION: CREATIVE NATIVE PLANT REVEGETATION

Lynda Moore, US Forest Service, Pacific Northwest Region, United States
S-26 METRICS FOR SEEDING SUCCESS REVEALED FROM INTENSIVE MONITORING OF THE 2015 SODA MEGAFIRE

Matthew Germino, US Geological Survey, United States
Cara Applestein, Matthew Fisk

S-37 OUT-OF-THE-CHANNEL AND INTO THE FLOODPLAIN DURING STREAM RESTORATION: NEW IDEAS FOR
FUNCTIONAL UPLIFT
TIME: 21:15 EDT
S-37 BEYOND WINDOW DRESSING ‘ NATIVE PLANTS IN THE FLOODPLAIN

Meghan Fellows, Department of Public Works and Environmental Services, United States
Alex Darr, Chris Ruck, Jonathan Witt, Charles Smith
S-37 LINKING EDGE HABITATS TO STREAM CHANNEL RESTORATION, EXAMPLES FROM URBAN AND RURAL LANDSCAPES

Matthew Hubbard, Kimley-Horn, United States
S-37 THE VERMONT FUNCTIONING FLOODPLAIN INITIATIVE: IDENTIFYING RECONNECTION OPPORTUNITIES IN THE
VERMONT SECTOR OF THE LAKE CHAMPLAIN BASIN TO IMPROVE WATER QUALITY, FLOOD RESILIENCY, AND HABITAT

Roy Schiff, Milone & MacBroom, Inc., United States
Evan Fitzgerald, Kristen Underwood
S-37 RENEWING OUR RIVERS: LESSONS LEARNED, PRINCIPLES, AND STRATEGIES FOR STREAM RESTORATION

Mark Briggs, RiversEdge West, United States
W. R. Osterkamp
S-37 FLOODPLAIN RESTORATION REQUIRES DUAL INTERVENTION IN BIOPHYSICAL AND GOVERNANCE SYSTEMS

Jonathon Loos, Dartmouth College, United States
S-37 IMPROVING RIPARIAN RESTORATION BY GETTING WATER OUT-OF-THE-CHANNEL AND INTO THE FLOODPLAIN:
SCIENCE TO IMPROVE TECHNIQUE

Gregory Noe, US Geological Survey, United States
Sara McMillan, Changwoo Ahn, Kathy Boomer, Cliff Hupp
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S-04 (PART 3 OF 3) ADVANCING RESTORATION SCIENCE TO OVERCOME DRYLAND REGENERATION FAILURES
TIME: 21:15 EDT
S-04 REGENERATION POTENTIAL FOLLOWING TREE DIE-OFF IN DRYLAND FORESTS AND WOODLANDS

Miranda Redmond, Colorado State University, United States
S-04 PLEASE STEP AWAY FROM THE MODEL: IMPROVING ESTIMATES OF CONIFEROUS FOREST REGENERATION AND
PERSISTENCE BY STUDYING PATTERNS AND MECHANISMS IN REAL LIFE

Matthew Petrie, University of Nevada Las Vegas, United States
John Bradford, Robert Hubbard
S-04 RESTORENET: AN EMERGING DRYLAND RESTORATION NETWORK TO INCREASE REVEGETATION SUCCESS

Seth Munson, U.S. Geological Survey, United States
Bradley Butterfield, Hannah Farrell, Caroline Havrilla, Kathleen Balazs, Katherine Laushman, Molly McCormick, Elise
Gornish, Akasha Faist, Helen Rowe, Loralee Larios, Michael Duniway, Sasha Reed
S-04 RESTORING ECOSYSTEM SERVICES TO DEGRADED DRYLANDS: THE RESTORENET BIODIVERSITY-ECOSYSTEM
FUNCTIONING EXPERIMENT

Brad Butterfield, Northern Arizona University, United States
Kathleen Balazs, Seth Munson
S-04 GLOBAL ARID ZONE PROJECT PROGRESS IN GLOBAL DRYLAND RESTORATION

Nancy Shackelford, Restoration of Natural Systems Program, University of Victoria, Canada
Gustavo Paterno, Daniel Winkler, Todd Erickson, Katharine Suding

O-12 COMMUNITY PARTICIPATION: DATA, MONITORING, AND MANAGEMENT
TIME: 21:15 EDT
O-12 PARTICIPATORY ECOLOGICAL RESTORATION AS A DIDACTIC STRATEGY: GUARUMO’S EXPERIENCE IN SARAPIQUÍ,
HEREDIA, COSTA RICA

Fiorella Ramírez Durán, National University of Costa Rica, Costa Rica
Alejandra Perez Enriquez
O-12 MEASURED RESPONSES TO FOREST HABITAT RESTORATION TREATMENTS CONFIRM A TRAJECTORY TOWARD ECOLOGICAL
RECOVERY

Michael Cody, University of Melbourne, Australia
Laura Graham , Samantha Grover
O-12 MAKING TECHNOLOGY MEANINGFUL: CO-DEVELOPING A PRACTICE FOR MEANINGFUL LOCAL TROPICAL PEATLAND
MONITORING IN MANTANGAI, INDONESIA

Andrea Rawluk, Cenovus Energy Inc., Canada
Kimberly Murray, Melanie Dickie, Geoff Sherman, Angelo Fillicetti, Glenn Sutherland, Bin Xu, Scott McNay, Scott Nielsen
O-12 COMMUNITY BASED MONITORING TO ASSESS HABITAT RESTORATION OUTCOMES IN TERRESTRIAL ECOSYSTEMS

Sacha Jellinek, University of Melbourne, Australia
Andrew Bennett, Tim O’Brien
O-12 PARK-AS-LAB: A COMMUNITY-BASED PLATFORM FOR ECOLOGICAL DATA DISTRIBUTION

Jacqueline Wu, Randall’s Island Park Alliance, United States
O-12 PARTICIPATORY GOVERNANCE AS A BASIS FOR FOREST FIRE MANAGEMENT IN RESTORED FORESTS IN THE
CHOROTEGA REGION OF COSTA RICA

Roger Villalobos, CATIE, Costa Rica
Claudia Medellín, Luis Diego Roman, Fernando Carrera
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O-24 GENERAL COASTAL RESTORATION
TIME: 21:15 EDT
O-24 COASTAL RESTORATION OF THE BEACH AT CAP-DES-ROSIERS, FORILLON NATIONAL PARK ‘ A UNIQUE PROJECT
IN CANADA

Daniel Sigouin, Parks Canada, Canada
Mathieu Côté
O-24 RESTORATION AND MANAGEMENT PLANNING FOR WITTY’S LAGOON REGIONAL PARK IN METCHOSIN, CANADA,
WITH SPECIAL FOCUS ON CAMISSONIA CONTORTA HABITAT

Maria Varem, University of Victoria, Canada
O-24 SPATIAL PLANNING FOR LONG-TERM RESTORATION OF COASTAL DUNES: THE IMPORTANCE OF MAINTAINING
ADEQUATE SPACE FOR HABITAT-FORMING PLANTS AND THEIR SERVICES

Shane Orchard, University of Canterbury, New Zealand
David Schiel
O-24 CHALLENGES AND LESSONS LEARNED IN THE MUIR BEACH WETLAND RESTORATION PROJECT

Naomi LeBeau, Golden Gate National Parks Conservancy, United States
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Wednesday, June 23, 2021
S-12 KNOWLEDGE TRANSFER AND APPLICATION TO ADVANCE ECOLOGICAL RESTORATION CAPACITY IN
RESOURCE-LIMITED LOCATIONS
TIME: 11:15 EDT
S-12 RESTORING LEBANON’S BIODIVERSITY THROUGH THE INTEGRATION OF ECOLOGICAL RESTORATION RESEARCH,
POLICY AND PRACTICES

Abdo NASSAR, LRI, Lebanon
Majd KHACHAN, Samara P. El Haddad, Joelle SALAMEH, Leticia RAHAL, Eliane CHARBEL
S-12 RESTORING THE BOSSOU-NIMBA CORRIDOR FOR THE CONSERVATION OF CHIMPANZEE POPULATION

Aly Gaspard Soumah, Bossou Environmental Research Institute (IREB), Guinea
Moriba Francois Kolie, Laville Koivogui, Vassy Haba
S-12 REVIVING THE BADIA’S ECOSYSTEMS THROUGH RESTORATION ECOLOGY SCIENCE AND KNOWLEDGE TRANSFER

Mohammad Alnsour, Watershed and Development Initiative, Jordan
Jihad Zawaidah , Maha Mousa
S-12 THE INTERTRIBAL NURSERY COUNCIL: BALANCING TRADITIONAL KNOWLEDGE AND RESTORATION NEEDS

Jeremiah R. Pinto, USDA, Forest Service, Rocky Mountain Research Station,

S-19 IMPLEMENTING MARINE ECOSYSTEMS RESTORATION: NEW INSIGHTS FROM SHALLOW AND DEEP
ECOSYSTEMS
TIME: 11:15 EDT
S-19 MARINE ECOSYSTEM RESTORATION: NEW KNOWLEDGE AND FUTURE CHALLENGES

Roberto Danovaro, Università Politecnica delle Marche, Italy, Italy
Cristina Gambi, Nadia Papadopoulou, Anthony Grehan, Christoffer Boström, Johan van de Koppel, Joaquim Garrabou,
Simonetta Fraschetti, Telmo Morato, Andrew K. Sweetman, Chris McOwen, Trine Bekkby, Jan P.M. van Tatenhove,
Ronan Long, Stephen Hynes, Wenting Chen, David Billett, Eva Ramirez-Llodra, Silvia Bianchelli, Martina Milanese
S-19 PRESENT PATTERNS AND FUTURE TRENDS OF MEDITERRANEAN FORESTS. WHAT DO WE KNOW ABOUT THEIR
CONSERVATION STATUS?

Lluc Rehues, Universitat de Girona,
Jana Verdura, Simonetta Fraschetti, Enric Ballesteros, Silvia Bianchelli, Aurélie Blanfuné, Sabour Brahim, Antonia
Chiarore, Roberto Danovaro, Erika Fabbrizzi, Sylvaine Giakoumi, Stelios Katsanevakis, Eleni Kytinou, Luisa
Mangialajo, Ina Nasto, Athanasios Nikolaou, Sotiris Orfanidis, Gil Rilov, Rindi Fabio, Marta Sales, Maria Sini, Laura
Tamburello, Thierry Thibaut, Konstantinos Tsirintanis, Emma Cebrian
S-19 MACROALGAL RESTORATION TO REVERSE DEGRADED ROCKY-SHALLOW HABITATS: THE CASE OF GONGOLARIA
ELEGANS FORESTATION

Alba Medrano, Universitat de Barcelona, Spain
Bernat Hereu, Maria Cleminson, Marta Pagès-Escolà, Graciel·la Rovira, Jordi Solà, Cristina Linares
S-19 IS IT POSSIBLE TO RESTORE ALGAL FOREST ON LARGE AREAS? THE FRENCH EXPERIENCE

Thierry THIBAUT, Aix-Marseille University, France
Aurélie BLANFUNE, Fabrice JAVEL, Candice PUISSANT
S-19 RESTORATION ACTIONS UNDER COVID-19 PANDEMIA: POSSIBLE POSITIVE EFFECTS ON THE SUCCESS

Silvia Bianchelli, Università Politecnica delle Marche, Italy, Italy
Fabio Rindi, Marco Lo Martire, Davide Ippoliti, Simonetta Fraschetti, Roberto Danovaro
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S-22 SHARING EXPERIENCE WORLDWIDE: LESSONS LEARNT FROM LONG TERM CASES STUDIES
TIME: 11:15 EDT
S-22 COUNT ON US. WWF GLOBAL CONTRIBUTION TO FLR CHALLENGE

Anita Diederichsen, WWF, Brazil
Daniel Vallauri, Stephanie Mansourian
S-22 LESSONS LEARNT FROM 16 YEARS OF RESTORATION IN THE ATLANTIC FOREST AIDA LUZ AQUINO WWF PARAGUAY

Aida Luz (Lucy) Aquino, WWF Paraguay, Paraguay
Daniel Valluri, Aida Luz (Lucy) Aquino, Fabianus Fliervoet, Anita Diederichsen, Daniel Venturi, Claudia Amicone
S-22 LESSONS LEARNT FROM 15 YEARS OF WATERSHED MANAGEMENT AND FOREST RESTORATION: THE COPALITAZIMATAN-HUATULCO (CZH) LANDSCAPE IN MEXICO

Ignacio González, WWF Mexico , Mexico
Stephanie Mansourian, Daniel Vallauri, Miguel Angel Palmas, Greta Spota
S-22 LESSONS LEARNT FROM 20 YEARS OF FLOODPLAIN FOREST RESTORATION IN THE LOWER DANUBE

Neli Doncheva, WWF Bulgaria, Bulgaria
Stephanie Mansourian, Kostadin Valchev, Daniel Vallauri
S-22 LESSONS LEARNT FROM 12 YEARS RESTORING THE ORANGUTAN’S HABITAT: THE BUKIT PITON FOREST RESERVE IN
THE MALAYSIAN STATE OF SABAH

Fredinand Lobinsiu, WWF , Malaysia
Daniel Vallauri, Stephanie Mansourian
S-22 WORKING PRINCIPLES, METRICS, CHALLENGES FOR SUCCESSFUL FLR FIELD IMPLEMENTATION

Daniel Vallauri, WWF, France
Stephanie Mansourian

S-38 RESTORATION OF MINE SITES
TIME: 11:15 EDT
S-38 MULCHING WITH RAMEAL CHIPPED WOOD TO FACILITATE PLANT SPONTANEOUS COLONISATION ON MINE WASTE
ROCKS, IN A BOREAL FOREST CONTEXT

Simon Taurines, Université du Québec en Abitibi-Témiscamingue, Canada
Marie Guittonny, Armand Séguin
S-38 IMPROVING LAND RESTORATION STRATEGIES THROUGH THE STUDY OF SOIL AND PLANT-ASSOCIATED MICROBIOMES

Christine Martineau, Canadian Forest Service, Canada
Karelle Rheault, Abdul Samad, Dani Degenhardt, Marie Guittonny, Évelyne Thiffault, Armand Séguin
S-38 THINKING ABOUT THE FUTURE: WHY SETTING CLOSURE OBJECTIVES EARLY IS IMPORTANT. AGNICO EAGLES
APPROACH TO CLOSURE AND REHABILITATION

Josée Noël, Agnico Eagle Mines Goldex Mine, Canada
S-38 REVEGETATION OF MINE SITES WITH NATIVE FLOWERING PLANTS ATTRACTING POLLINATORS

Marie Guittonny, Université du Québec en Abitibi-Témiscamingue, Canada
Cynthia Cadet

47 | SER2021

O-26 DIVERSE PERSPECTIVES
TIME: 11:15 EDT
O-26 ART AS AN INTERFACE FOR WATERSHED SYSTEM RESILIENCY

Adrienne Mason, University of Waterloo, Canada
O-26 IMAGINING RESTORATION ECOLOGY: ECOLOGICAL DEVASTATION AND RESTORATION IN THE LORD OF THE RINGS

Kenton Sena, University of Kentucky, United States
O-26 INTEGRATING PARTICIPATORY SCENARIOS INTO REWILDING STRATEGIES: A SYNTHESIS OF NATURE FUTURES
UNDER RESTORATION NARRATIVES

Laura Catalina Quintero Uribe, German Centre for Integrative Biodiversity Research (iDiv) Halle-Jena-Leipzig, Germany
Laetitia Navarro, Henrique Miguel Pereira, Néstor Fernández
O-26 INTERACTIVE WETLAND EXPERIENCE CENTER DIALOGUE OF MAN-NATURE RELATIONSHIP IN 21ST CENTURY, A CASE
OF NAJAFGARH WETLAND, DELHI, INDIA

Anupama Khatavkar, Landsculpt Architects, India
Shree Naik
O-26 AESTHETICS AND ECOLOGICAL RESTORATION: A NOVEL APPROACH TO ACHIEVING CLIENT BUY-IN AT THE SITE SCALE

Mary Young, Virginia Burt Designs, Canada
Virginia Burt

O-32 PEATLAND, FIRE, C FLUX, TROPICS
TIME: 11:15 EDT
O-32 IMPACTS OF RAINFALL ON PEAT FIRE DURING THE DRY SEASON AND WET DRY SEASON ON DEGRADED TROPICAL
PEATLAND IN SOUTH SUMATRA, INDONESIAW

Agus Kurniawan, Environment and Forestry Research and Development Institute of Palembang, Indonesia
Laura Graham, Grahame Applegate
O-32 HOW DO INVESTED EFFORTS ALTER PERCEPTIONS AND ACTUAL BEHAVIOR TOWARDS FIRE USAGE ON TROPICAL
PEATLANDS? A COMPARATIVE STUDY ACROSS THREE DISTRICTS IN INDONESIA

Nafila Izazaya Idrus, Borneo Orangutan Survival Foundation, Indonesia
Acep Akbar, Agus Kurniawan, Laura Graham, Grahame Applegate
O-32 SUPPORTING GREEN RECOVERY POST COVID-19 PANDEMIC THROUGH PEATLAND RESTORATION ACTIVITIES IN
INDONESIA: A REVIEW

Mashlahatul Umami, WRI Indonesia, Indonesia
O-32 EVALUATING PEATLAND GREENHOUSE GAS FLUXES USING A LONG TERM PLANT COMMUNITY
MANIPULATION EXPERIMENT

Magda Steele, School of Biological Sciences, University of Southampton, UK, United Kingdom
Bjorn Robroek, Paul Hughes
O-32 EFFECTS OF SUBMERGED DRAINS ON WATER LEVEL AND GHG EMISSIONS IN TWO CULTIVATED PEATLANDS

Sebastian Heller, Thünen Institute of Climate-Smart Agriculture, Germany
Melanie Bräuer, Peter Gatersleben, Sebastian Oehmke, Ullrich Dettmann, Bärbel Tiemeyer
O-32 APPLYING SCIENTIFIC FINDINGS TO PEATLAND RESTORATION PRACTICE: EXPERIENCE FROM BORNEO

Laura Graham, Borneo Orangutan Survival Foundation, Indonesia
Andri Thomas, Jhanson Regalino, Amanda Sinclair, Yenni Vetrita, Robert Yokelson, Grahame Applegate, Bambang
Saharjo, Mark Cochrane
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O-35 URBAN, ECOLOGY
TIME: 11:15 EDT
O-35 A RESTORATION PLAN FOR THE 3RD SECTION OF BOSQUE DE CHAPULTEPEC, MEXICO CITY

Consuelo Bonfil, Universidad Nacional Autonoma de Mexico, Mexico
Cuauhtémoc Sáenz-Romero , Erika Gómez-Pineda, Alejandro Torres, Roberto Lindig
O-35 UNDERSTANDING LOCAL STAKEHOLDER PERCEPTIONS AND ATTITUDES OF PRESCRIBED BURNING FOR IMPROVED
SUPPORT OF URBAN PINE ROCKLAND RESTORATION IN MIAMI DADE COUNTY, FL, USA

Brenna Kays, Florida International University, United States
Elizabeth Anderson
O-35 IDENTIFICATION OF RESTORATION AND CONSERVATION NEEDS AND OPPORTUNITIES FOR WETLAND AND FOREST
ECOSYSTEMS IN A MUNICIPAL PARK

Audrey Paquette, Université Laval, Canada
Stéphanie Pellerin, Monique Poulin
O-35 WHEN RESTORATION VISION AND RESTORATION TARGETS CONFLICT: A CASE AGAINST TARGETING A SINGLE
SPECIES FOR RESTORATION WITHIN URBAN NATURE PRESERVES

Heather Whitehouse, GEI Consultants (Savanta Division), Canada
Heather Beam
O-35 DATA-DRIVEN FOREST MANAGEMENT IN NEW YORK CITY

Leila Mougoui Bakhtiari, NYC Parks, United States
Kristen King
O-35 RESPONSE OF VEGETATION AND ECOSYSTEM SERVICES TO URBAN PRAIRIE RESTORATION TREATMENTS IN
AUSTIN, TX

Amy Concilio, St. Edward’s University, United States
Stella Cunningham, Vinh Tran, Joscelyn Moncayo, Andrew Venzon, Diane Sherril
O-35 URBAN FORESTRY SERVICES: WHICH AND WHEN TREES BENEFIT THE BUILT ENVIRONMENT

Phillip Zawarus, University of Nevada Las Vegas, United States

O-36 RIPARIAN
TIME: 11:15 EDT
O-36 RIPARIAN PLANT GUILDS TO INFORM REVEGETATION AFTER INVASIVE SPECIES REMOVAL

Annie Henry, University of Denver, United States
Eduardo González, Bérenger Bourgeois, Anna Sher
O-36 RESTORATION OF RIPARIAN FOREST BUFFERS: LESSONS LEARNED AND CHALLENGES AHEAD IN THE AYUQUILA
RIVER WATERSHED, MEXICO

Claudia Irene Ortiz-Arrona, Departamento de Ecología y Recursos Naturales, Centro Universitario de la Costa Sur,
Universidad, Mexico
Peter R.W. Gerritsen, Luis Manuel Martínez Rivera
O-36 SQUEEZED FROM ALL SIDES: COASTAL RIPARIAN FORESTS MEET RISING SEAS, INVASIVE SPECIES, AND URBANIZATION

Lea R. Johnson, Longwood Gardens, United States
Tara L. E. Trammell, Tracie Bishop, Joshua Barth, Scott Drzyzga, Claire Jantz
O-36 MICE IN THE MIDDLE: CONSERVING PERIAQUATIC MAMMALS CAUGHT BETWEEN SEA LEVEL RISE AND URBAN
DEVELOPMENT IN COASTAL MARSHESW

Katie Smith, UC Davis, WRA Inc, United States
O-36 USING OCCUPANCY MODELING TO INFORM ENDANGERED RIPARIAN BRUSH RABBIT RECOVERY IN THE SAN
JOAQUIN VALLEY, CALIFORNIA

Haley Mirts, River Partners, United States
O-36 RESTORING HABITAT OUTSIDE PROTECTED AREAS IS CRUCIAL FOR THE SURVIVAL OF RIPARIAN BIODIVERSITY
HOTSPOTS UNDER CHANGING CLIMATE

Sabine Fink, Swiss Federal Institute for Forest, Snow and Landscape Research, WSL, Switzerland
Christoph Scheidegger
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O-41 WETLAND RESTORATION PROJECT
TIME: 11:15 EDT
O-41 PROGRAM FOR RESTORING AND CREATING WETLANDS AND BODIES OF WATER

Sébastien Amodeo, Ministère de l’Environnement et de la Lutte contre les changements climatiques,
Émilie Larochelle
O-41 EXAMINING SITE-SCALE FLUXES OF ENERGY AND WATER OVER THE FIRST SEVEN YEARS OF A CONSTRUCTED FENUPLAND WATERSHED IN ALBERTA, CANADA

Richard Petrone, University of Waterloo, Canada
Jonathan Price, Natasa Popovic, Myroslava Khomik
O-41 BOIS D’ARC LAKE AND WATERSHED-SCALE ECOLOGICAL RESTORATION: A HISTORIC RESERVOIR AND A TEXASSIZED MITIGATION PROJECT

Matthew Stahman, Resource Environmental Solutions, United States
O-41 THINKING AHEAD FOR ROAD REHABILITATION IN WETLANDS

Pierre-Olivier Jean, Premier Tech Horticulture, Canada
Jacques Gagnon
O-41 METHANE EMISSIONS AND DISSOLVED ORGANIC CARBON CONCENTRATION OF A CONSTRUCTED FEN OVER THE
FIRST SEVEN YEARS OF ECOSYSTEM DEVELOPMENT

Maria Strack, University of Waterloo, Canada
Mariah Smith, Sarah Irvine, Dryden Miller, Emily Prystupa, Felix Nwaishi, Richard Petrone, Scott Davidson
O-41 CONSIDERATIONS FOR THE LONG-TERM MANAGEMENT OF THE INVASIVE FORM OF COMMON REED
(PHRAGMITES AUSTRALIS)

Edward Samanns, WSP USA, United States

S-08 URBAN ECOLOGICAL NETWORKS: RESILIENCE AND EQUITABLE PLANNING FOR CITIES (KEITH BOWERS)
TIME: 12:15 EDT
S-08 GREEN INFRASTRUCTURE, ECOLOGY, & RESTORATION; NATURE-BASED SOLUTIONS LEAD THE WAY

Keith Bowers, Biohabitats, Inc., United States
S-08 EQUITY, INCLUSION AND COMMUNITY-BASED DESIGN; A SUCCESSFUL STRATEGY FOR DEVELOPING CONSERVATION
AND RESTORATION INITIATIVES AT CITY SCALE

Jennifer Dowdell, Biohabitats, Inc., United States
S-08 A GREEN INFRASTRUCTURE FRAMEWORK FOR KANSAS CITY; LINKING CONSERVATION AND RESTORATION POLICIES
IN A LARGE METROPOLITAN AREA

Claudia Browne, Biohabitats,Inc., United States
S-08 GEOSPATIAL TOOLS AND TECHNIQUES FOR ECOLOGICAL RESTORATION AND CONSERVATION PLANNING IN URBAN
SOCIAL- ECOLOGICAL LANDSCAPES

Aiman Duckworth, Biohabitats, Inc., United States
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O-27 LARGE SCALE COLLABORATION
TIME: 12:15 EDT
O-27 ONE DECADE OF ECOLOGICAL RESTORATION NETWORKING IN FRANCE: ACHIEVEMENTS AND PERSPECTIVES AT
NATIONAL AND INTERNATIONAL LEVEL

Alma Heckenroth, Aix-Marseille Université, IRD, Laboratoire Population Environnement Développement (LPED), France
Sébastien Gallet, Renaud Jaunatre, Isabelle Combroux, Jean-François Alignan, Sandra Malaval, Maylis Desrousseaux,
Maxime Le Roy, Lorène Tosini, Armel Dausse, Frédérick Jacob, Baptiste Regnery, Laetitia Cour, Myriam Garrouj,
Elise Buisson
O-27 THE WORLD WATER QUALITY ALLIANCE: UPPING THE ANTE FOR GLOBAL ECOSYSTEM RECOVERY

Kenneth Irvine, IHE Delft Institute for Water Education, Netherlands
Bryan Spears, Miquel Lurling, Sandra Poikane, Jason Daniel Russ
O-27 CANADA’S OIL SANDS INNOVATION ALLIANCE DRIVING INNOVATION IN ENVIRONMENTAL SCIENCE AND
TECHNOLOGY THROUGH COLLABORATION

Jack O’Neill, COSIA, Canada
O-27 INSTITUTIONALIZING THE ADAPTIVE MANAGEMENT OF A LARGE-SCALE ECOSYSTEM RESTORATION PROGRAM:
CONTINUED PROGRESS IN THE LOWER COLUMBIA RIVER AND ESTUARY

Chanda Littles, U.S. Army Corps of Engineers, United States
Katie Blauvelt, Anne Creason, Heida Diefenderfer, Gary Johnson, Jason Karnezis, Lynne Krasnow, Phil Trask

O-30 FOREST RESTORATION
TIME: 12:15 EDT
O-30 SEEING THE FOREST FOR THE TREES & THE ECOSYSTEMS FOR THE INDICATORS: COMPARATIVE APPROACHES TO
MEASURING RESTORATION OUTCOMES

Stephen Murphy, University of Waterloo, Canada
O-30 RESTORATION OF MONTANE, COASTAL AND MIOMBO FORESTS IN EAST AND SOUTHERN TANZANIA: LESSONS LEARNED

Lawrence Mbwambo, WWF Tanzania, Tanzania (United Republic of Tanzania)
Azaria Kilimba, Mxolisi Sibanda
O-30 THE SOCIAL-INNOVATIVE FOREST AND LANDSCAPE RESTORATION

Aurelio Padovezi, Unipd, Italy
Laura SECCO, Cristina Adams, ROBIN L CHAZDON
O-30 CARBON STORAGE IN PRIVET-INVADED FORESTS OF CENTRAL TEXAS: ANOTHER REASON TO RESTORE
INVADED FORESTS?

Amy Concilio, St. Edward’s University, United States
Natalie Turner, Amy Concilio

O-33 ADAPTIVE MANAGEMENT UNDER CHANGING CONDITIONS
TIME: 12:15 EDT
O-33 KLAMATH BASIN INTEGRATED FISHERIES RESTORATION AND MONITORING PLAN: BASIN WIDE RESTORATION
PRIORITIZATION TO ENABLE ONGOING ADAPTIVE MANAGEMENT

Clint Alexander, ESSA Technologies Ltd., Canada
O-33 INTEGRATING QAQC INTO ADAPTIVE MANAGEMENT: REVISITING THE PLAN-DO-CHECK-ACT CYCLE

Brick Fevold, General Dynamics Information Technology, United States
Timothy Lewis, Craig Palmer, Molly Middlebrook Amos, Judith Schofield, Louis Blume
O-33 ECOLOGICAL RESTORATION DURING A TIME OF RAPID ENVIRONMENTAL CHANGE: PREPARING FOR AN UNCERTAIN,
QUICKLY APPROACHING FUTURE

Stuart Allison, Knox College, United States
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O-34 INVERTEBRATE AND WETLAND SPECIES RESPONSE TO RESTORATION AND GENERAL TOPIC
TIME: 12:15 EDT
O-34 POSSIBLE METHODS OF CALCULATING FISH HABITAT BANKING CREDITS IN SOUTHERN ONTARIO, CANADA

Heather Amirault, Stantec Consulting Ltd., Canada
Nick Gollan
O-34 SHORT-TERM RECOVERY OF GROUND-DWELLING INVERTEBRATES AFTER SOIL DISTURBANCE WITHIN ACTIVE
MEADOW RESTORATION

Daniel Slodowicz, University of Bern, Switzerland
Cécile Auberson, Elizabete Ferreira de Carvalho, Romain Angeleri, Marzena Staska, Jean-Yves Humbert, Raphaël Arlettaz
O-34 BEE COMMUNITY RESPONSE TO SEMIARID GRASSLAND RESTORATION: A REGIONAL STUDY IN THE PACIFIC
NORTHWEST, USA

Lauren Smith DiCarlo, Westfield State University, United States
Sandra DeBano, Skyler Burrows
O-34 COMPARING AMPHIBIAN HABITAT QUALITY AND FUNCTIONAL SUCCESS AMONG NATURAL, RESTORED, AND
CREATED VERNAL POOLS

Megan Rothenberger, Lafayette College, United States
Alison Baranovic , Mariuxi K Vera
O-34 ENVIRONMENTAL CONDITIONS OF MARINE TURTLE NESTING AND INCUBATING HABITATS WITH AND WITHOUT
COASTAL DEFENSE AND RESTORING ACTIONS

Eduardo Cuevas, CONACYT-Universidad Autónoma del Carmen, Mexico
Nancy Pérez-Morga, Pilar Angélica Gómez-Ruíz, Jesús J Guerra-Santos, Mariana M.P.B. Fuentes, Vicente GuzmánHernández, Eduardo Cuevas
O-34 RESTORING THE SPINY SOFTSHELL TURTLE HABITAT IN LAKE CHAMPLAIN REGION

Valérie René, The Nature Conservancy of Canada, Canada
Lyne Bouthillier, Nicolas Roy
O-34 NATURE WORKS! HELPING RESTORE POLLINATORS, ONE IN THE ZONE GARDEN AT A TIME

Michelle Kanter, Carolinian Canada Coalition,
Sarah Winterton, Jarmila Becka Lee, Ryan Godfrey, Pete Ewins

O-37 STREAM, SOIL AND WATER
TIME: 12:15 EDT
O-37 ENHANCED PHOSPHORUS CYCLING IN SOILS OF VEGETATED RIPARIAN BUFFER STRIPS

Christian von Sperber, McGill University, Canada
Sara Bauke, Wulf Amelung, Stefan Pätzold, Sheila Saia, Federica Tamburini
O-37 RESTORATION OF ALLUVIAL DYNAMICS IN THE OLD RHINE RIVER (KEMBS DAM): FAVORABLE OUTCOMES DESPITE
LIMITATIONS TO UPSCALING CAUSED BY OLD AND NEW PRESSURES

Leah BECHE, Electricité de France, Center for Hydropower Engineering, France
Agnès Barillier, Jean-René Malavoi
O-37 EXPLORING GROUNDWATER-SURFACE WATER INTERACTIONS WITHIN CHANNELIZED LOWLAND HEADWATER
STREAMS AS A MEAN TO PROMOTE NEW RESTORATION APPROACHES

Jean-Philippe Marchand, Concordia University, Canada
Pascale Biron, Thomas Buffin-Bélanger, Marie Larocque
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S-38 (PART 2 OF 3) RESTORATION OF MINE SITES
TIME: 12:15 EDT
S-38 ECOLOGICAL RESTORATION OF NORTHERN IRON MINE SANDY TAILINGS BY IRRIGATION NORCO: SCIENCES,
CHALLENGES AND SOLUTIONS

Christine Lethielleux-Juge, Irrigation NORCO, Canada
Normand Cossette, Thomas Jeanne, Richard Hogue
S-38 CHARACTERIZING THE MICROBIOMES OF NATIVE PLANTS GROWING ON DISTURBED MINE SITES: IN SEARCH OF
BENEFICIAL MICROBES TO ENHANCE REHABILITATION

Charles Greer, National Research Council Canada, Canada
Qinhong Cai, Stephanie Pacheco, Katrina Callender, Jessica Wasserscheid, Martin Beaudoin Nadeau, Hugo Thibaudeau
Robitaille, Daniel Tarte, Mariana Trindade, Stéphane Boudreau, Damase Khasa
S-38 AGROFORESTRY ON POST-MINING RESTORATION: FINDING THE MOST IMPORTANT ECOLOGICAL FACTORS

Degi Harja Asmara, Université Laval, Canada
Suzanne Allaire, Meine van Noordwijk, Damase Khasa
S-38 SYLVEN® AND MICROLIGNUM®: INNOVATIVE BIOTECHNOLOGIES FOR SUSTAINABLE ECOSYSTEM RESTORATION OF
INDUSTRIALLY DISTURBED AREAS

Evgeniya Smirnova, Viridis Terra International, Canada
Martin Beaudoin-Nadeau
S-38 SENEGALIA SENEGAL (L.) BRITTON. RESPONSE TO MICROBIAL AND MANURE AMENDMENTS FOR REHABILITATION OF
WASTE ROCK DUMPS IN THE MINING SITE OF ESSAKANE IN BURKINA FASO

Godar Sene, Université Cheikh Anta Diop de Dakar, Senegal
Damase P. Khasa, Kadidia B. Sanon
S-38 S-38 INNOVATE TO SUSTAINABLY RESTORE A MINING SITE: DRAWING INSPIRATION FROM NATURE

Hugo Thibaudeau Robitaille, T2 Environnement, Canada
Martin Beaudoin-Nadeau, Evgeniya Smirnova, Mariana Trindade, Léonie Côté, Roudy Jean, Damase P. Khasa

S-19 (PART 2 OF 4) IMPLEMENTING MARINE ECOSYSTEMS RESTORATION: NEW INSIGHTS FROM SHALLOW AND
DEEP ECOSYSTEMS
TIME: 12:15 EDT
S-19 EFFECTS OF RESTORATION ON ECOSYSTEM FUNCTIONING: A CASE OF A FUCOID FOREST

Cristina Galobart , Centre for Advanced Studies of Blanes (CEAB), Spanish National Research Council (CSIC), Spain
Enric Ballesteros, Raül Golo, Alba Vergés, Emma Cebrian
S-19 INSIGHTS ON THE EFFECTS OF EXTREME TEMPERATURE AND RADIATION ON CANOPY-FORMING MACROALGAE,
IMPLICATIONS FOR CONSERVATION

Sonia de Caralt, University of Girona, Spain
Jana Verdura, Alba Vergés, Emma Cebrian
S-19 SHALLOW FORESTS RESTORATION IN THE CONTEXT OF GLOBAL CHANGE

Margalida Monserrat, Université Côte d’Azur, CNRS, UMR 7035 ECOSEAS , France
Steeve Comeau, Luisa Mangialajo
S-19 SPATIAL PRIORITIZATION FOR FUCALEAN BROWN ALGAE FORESTS RESTORATION IN THE MEDITERRANEAN SEA

Erika Fabbrizzi, Stazione Zoologica Anton Dohrn, Naples, Italy University of Naples Federico II, Naples, Italy, Italy
Francesco De Leo, Laura Tamburello, Antonia Chiarore, Alberto Colletti, Marianna Coppola, Marco Munari, Luigi Musco,
Fabio Rindi, Lucia Rizzo, Beatrice Savinelli, Emma Cebrian, Jana Verdura, Silvia Bianchelli, Luisa Mangialajo, Ina Nasto,
Sotiris Orfanidis, K. Nadia Papadopoulou, Hazel Thornton, Roberto Danovaro, Simonetta Fraschetti
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S-27 THE NATURAL CAPITAL APPROACH: THE GAME CHANGER IN SHIFTING THE UN DECADE OF RESTORATION
FROM ASPIRATION TO REALITY
TIME: 16:15 EDT
S-27 ADVANCING NATURAL CAPITAL THINKING THROUGH ECOSYSTEM ACCOUNTING: OPPORTUNITIES AND BARRIERS

Carl Obst, IDEEA Group, Australia
Mark Eigenraam, Reiss McLeod
S-27 NATURAL CAPITAL ACCOUNTING TO INFORM PEATLAND RESTORATION IN IRELAND: LEARNINGS FROM THE
INCASE PROJECT

Catherine Farrell, Trinity College Dublin, Ireland
Jane Stout, Lisa Coleman, Daniel Norton, Carl Obst, Mark Eigenraam, Stephen Kinsella, Mary Kelly-Quinn,
Orlaith Delargy
S-27 THE RESTORATION OF NATURAL CAPITAL, ECOSYSTEM HEALTH, AND HUMAN HEALTH ARE MUTUALLY BENEFICIAL
AND SELF-REINFORCING

James Aronson, Missouri Botanical Garden, United States
Suzanne Dean, James Blignaut, Richard Dean
S-27 THE NATURAL CAPITAL PROJECT: COMBINING SCIENCE, TECHNOLOGY, AND PARTNERSHIPS THAT ENABLE PEOPLE
AND NATURE TO THRIVE

Gretchen Daily, Natural Capital Project, Stanford, United States

O-28 SAVANNAH
TIME: 16:15 EDT
O-28 FROM THE ASHES: PREDICTING THE NEED FOR RESTORATION IN FIRE-AFFECTED LANDSCAPES

Melinda Pickup, Greening Australia, Australia
Juan Pablo Riveros, Tein McDonald
O-28 BIOCRUSTS UNDER FIRE: POST-FIRE REGENERATION IN AN AUSTRALIAN SAVANNA

Wendy Williams, The University of Queensland, Australia
Madeline Dooley, Harry Cosgrove, Eli Zaady, Chongfeng Bu, Nicole Carter, David Eldridge, Susanne Schmidt
O-28 TROPICAL DRY FOREST RESTORATION AT BERENTY RESERVE, MADAGASCAR

Ariadna Mondragon, University of Minnesota, United States
Rubin Sagar, Vanessa Winchester
O-28 THE ROLE OF NITROGEN SOURCES IN ENHANCING DROUGHT RESILIENCE OF TROPICAL TREE SEEDLINGS

Vithya Krishnan, The University of Queensland, Australia
Nicole Robinson, Jennifer Firn, John Herbohn, Susanne Schmidt
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O-31 RESTORATION PROVIDING RESEARCH OPPORTUNITIES
TIME: 16:15 EDT
O-31 INDUSTRY RESEARCH COLLABORATION FOR ADVANCEMENT OF KNOWLEDGE AND PRACTICE IN ALBERTA’S IN
SITU OIL SANDS

Terry Osko, Circle T Consulting, Inc., Canada
O-31 GUIDELINES FOR EMBEDDED EXPERIMENTS IN ECOLOGICAL RESTORATION AND MANAGEMENT IN AUSTRALIA

Linda Broadhurst, CANBR/CSIRO, Australia
Suzanne Prober, Lucy Commander, Guy Boggs, David Bush, Martin Breed, Fiona Dixon, Peter Harrison, Sacha Jellinek,
Jasmyn Lynch, Paul Rymer
O-31 ENABLING THE STUDY OF MULTI-TROPHIC RESPONSES IN RESTORATION

Rebecca Hufft, Denver Botanic Gardens, United States
Nancy Shackelford, Margo Yousse, Kristofer Voss, Natalie Moreno, Alex Stacy, Amanda Miller
O-31 TREE SEEDLING PERFORMANCE AND SOIL DEVELOPMENT ACROSS A FOREST RESTORATION CHRONOSEQUENCE

Michaela Woods, University of Dayton, United States
Sarah Frankenberg , Joseph Juodvalkis, Mary Lloyd, Ryan McEwan
O-31 THE GREENCHANNEL: UNIQUE RESEARCH FACILITY FOR MANAGING AND RESTORING RIVERS

María Bejarano, Universidad Politécnica de Madrid, Spain
Alvaro Sordo-Ward, Paola Bianucci, Luís Garrote, Manuel Chazarra, Alejandro Baladrón

O-38 GENERAL COASTAL RESTORATION
TIME: 16:15 EDT
O-38 COASTAL RESTORATION AS COMPENSATORY MITIGATION FOR IMPACTS TO AQUATIC RESOURCES, MASSACHUSETTS
IN-LIEU FEE PROGRAM

Aisling O’Shea, Massachusetts Department of Fish and Game, United States
Elisabeth Cianciola
O-38 OFFSET VENICE: RETURNING THE LAGOON TO THE CENTRE OF THE DISCOURSE

Camilla Bertolini, Ca’ Foscari University Venice, Italy
Laura Onofri, Jane Da Mosto
O-38 EVOLUTION OF TIDAL FLATS IN THE NORTHERN PART OF THE PO DELTA (ITALY): A STRATEGY FOR FUTURE
BUILDING-WITH-NATURE MANAGEMENT

Riccardo Brunetta, University of Ferrara (Italy), Italy
Paolo Ciavola, Guido Selvi
O-38 ON THE USE OF LARGE-SCALE BIODEGRADABLE ARTIFICIAL REEFS FOR INTERTIDAL FORESHORE STABILIZATION

Beatriz Marin-Diaz, University of Groningen and Royal Netherlands Institute for Sea Research (NIOZ), Netherlands
Gregory S. Fivash, Janne Nauta, Ralph J. M. Temmink, Nadia Hijner, Valérie C. Reijers, Peter P.M.J.M Cruijsen, Karin
Didderen, Jannes H.T. Heusinkveld, Emma Penning, Gabriela Maldonado-Garcia, Jim van Belzen, Marjolijn J.A.
Christianen, Tjisse van der Heide, Daphne van der Wal, Han Olff, Tjeerd. J Bouma, Laura L. Govers
O-38 THE ECOLOGICAL ENHANCEMENT OF COASTAL AND MARINE STRUCTURES BY IMPLEMENTING BIO-ENHANCED
CONCRETE ELEMENTS INTO DESIGN

Andrew Rella, ECOncrete Inc., United States
Ido Sella, Shimrit Perkol-Finkel
O-38 DEVELOPMENT, IMPLEMENTATION, AND AVAILABILITY OF THE GULF OF MEXICO LIVING SHORELINES SUITABILITY
MODELS AND DECISION SUPPORT TOOL

Chris Boyd, Troy University, United States
Alexis Nank
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O-39 REEF AND MUSSEL RESTORATION
TIME: 16:15 EDT
O-39 INVESTIGATING THE LINKS BETWEEN ECO-CULTURAL CLAM GARDEN RESTORATION, SEDIMENT STRUCTURE, AND
BIVALVE PRODUCTIVITY

Emily Spencer, Resource and Environmental Management, Simon Fraser University, Canada
Skye Augustine, Natasha Salter, Anne Salomon
O-39 LET YOUR MUSSELS DO THE TALKING: USING MUSSEL MORPHOLOGY AND CLUMPING BEHAVIOUR AS INDICATORS
FOR RESTORED MUSSEL SURVIVAL

Al Alder, University of Auckland, New Zealand
Andrew Jeffs, Jenny Hillman
O-39 TESTING HABITAT SUITABILITY FOR MUSSEL RESTORATION AFTER LARGE SCALE DECLINE

Emilee Benjamin, The University of Auckland , New Zealand
Sean Handley , Trevyn Toone, Andrew Jeffs, Jenny Hillman
O-39 MEDIUM-TERM MONITORING REVEALS EFFECTS OF EL NIÑO SOUTHERN OSCILLATION CYCLES ON OYSTER
REEF RESTORATION

Jennifer Beseres Pollack, Texas A&M University-Corpus Christi, United States
Terence Palmer, Abby Williams
O-39 CONSERVING SHELLFISH REEFS A SYSTEMATIC REVIEW REVEALS THE NEED TO BROADEN RESEARCH EFFORTS

Trevyn Toone, University of Auckland, New Zealand
Rebecca Hunter, Emilee Benjamin, Sean Handley, Andrew Jeffs, Jenny Hillman

S-44 RESTORATION THAT ‘LEAVES NO ONE BEHIND’ IN THE CONTEXT OF THE SDGS: RECONCILING SOCIAL
EQUITY, LIVELIHOOD, AND ENVIRONMENTAL GOALS THROUGH RESTORATION INITIATIVES
TIME: 16:15 EDT
S-44 FACTORS INFLUENCING THE SOCIAL ACCEPTANCE OF LANDSCAPE RESTORATION INITIATIVES: LESSONS DRAWN FROM
CONSERVATION INITIATIVES ON PRIVATE LANDS

Jean-François Bissonnette, Université Laval, Canada
Louis Tanguay, Katrine Turgeon
S-44 MOBILIZING SOCIO-INSTITUTIONAL AND GENDER INCLUSION FOR SUCCESSFUL ECOLOGICAL RESTORATION

Remy Chhem, University of Ottawa, Canada
Marlène Elias
S-44 ON-FARM LAND RESTORATION AND INTRAHOUSEHOLD GENDER DYNAMICS: RISKS AND OPPORTUNITIES FOR GENDER
EQUALITY IN THE DRYLANDS OF EASTERN KENYA

Ana Maria Paez Valencia, World Agroforestry, Kenya
Ana Maria Paez Valencia, Tim Pagella, Christine Magaju, Esther Kiura, Leigh Winoweicki, Fergus Sinclair
S-44 ENVIRONMENTAL POLICY TENSIONS BETWEEN THE VIETNAMESE STATE AND UPLAND ETHNIC MINORITY LIVELIHOODS

Patrick Slack, McGill University, Canada
S-44 TEN GOLDEN RULES FOR SOCIALLY SUSTAINABLE ECOSYSTEM RESTORATION

Marlène Elias, Alliance of Bioversity International and CIAT, Italy
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S-20 PUBLIC SPACES, PUBLIC SCIENCE: INTEGRATING SCIENCE AND EXPERIMENTATION INTO DESIGNED
PUBLIC SPACES
TIME: 20:15 EDT
S-20 COMMON GROUND: EXPLORING DESIGNED URBAN LANDSCAPES THROUGH THE LENS OF EXPERIMENTAL
ECOLOGICAL RESTORATION

Nicholas Gellie, The University of Adelaide, Australia
Jacob Mills, Ann Kearsley, Johanna Barthmaier-Payne, Ben Sparrow
S-20 EXPERIMENTAL PLACE-MAKING: DESIGNING FOR BIODIVERSITY AND SOIL HEALTH IN URBAN PUBLIC LANDSCAPES

Ann Kearsley, Ann Kearsley Design + Rhode Island School of Design, United States
S-20 LANDSCAPES OF CHANGE: COMMUNICATION STRATEGIES FOR COMMUNITY ENGAGEMENT WITH ECOLOGICALLY
FUNCTIONAL PUBLIC SPACES

Johanna Barthmaier-Payne, Rhode Island School of Design + A Ton Design, United States
S-20 EXPLORING THE MICROBIOTA OF GREEN INFRASTRUCTURE

Jacob Mills, The University of Adelaide, Australia
Andrew Bissett, Martin Breed, Justin Brookes, Nicholas Gellie, Craig Liddicoat, Andrew Lowe, Emma Marczylo, Caitlin
Selway, Chris Skelly, Harrison Sydnor, Torsten Thomas, Philip Weinstein, Laura Weyrich, Sudesh Yadav, Vijay Yadav
(deceased), Jennifer Young
S-20 OPEN TECHNOLOGY ECOSYSTEM FOR AGRICULTURAL MANAGEMENT: LEARNING LANDSCAPES, GLOBAL
OBSERVATORY NETWORKS AND OPEN SCIENCE COLLABORATION

Dorn Cox, Wolfe’s Neck Center for Agriculture and the Environment/OpenTEAM, United States

S-28 US NATIONAL SEED STRATEGY: FIRST 5 YEARS AND WHAT THE FUTURE HOLDS
TIME: 20:15 EDT
S-28 GOAL 1: ASSESSING SUPPLY AND DEMAND FOR NATIVE SEED IN THE UNITED STATES

Kayri Havens, Chicago Botanic Garden, United States
S-28 GOAL 2: SCIENCE-BASED APPROACH FOR SELECTING THE RIGHT SEED FOR THE RIGHT PLACE AT THE RIGHT TIME

Lesley DeFalco, US Geological Survey, United States
Daniel Shryock, Sara Scoles-Sciulla, Todd Esque
S-28 GOAL 3: DECISION TOOLS FOR MANAGERS

Vicky Erickson, US Forest Service, United States
S-28 GOAL 4: FOSTERING PROGRESS AS A COLLABORATIVE EFFORT

Patricia De Angelis, U.S. Fish & Wildlife Service, United States
S-28 CASE STUDY: THE MID ATLANTIC REGIONAL SEED BANK: A CASE STUDY IN ACTUALIZING THE NATIONAL
SEED STRATEGY

Edward Toth, NYC Parks, Mid Atlantic Regional Seed Bank, Afghanistan
S-28 FUTURE: SEEDING THE FUTURE

Peggy Olwell, Bureau of Land Management, United States
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S-39 RESTORING MIGRATORY CORRIDORS: RENEWING AND RESTORING THE SOCIAL, CULTURAL, AND
ECOLOGICAL CONNECTIONS
TIME: 20:15 EDT
S-39 MODELS, MONITORING, AND MIGRATORY MONARCHS

Karen Oberhauser, University of Wisconsin, Madison, United States
S-39 MITIGATING ROAD CORRIDOR HABITAT CONNECTIVITY BARRIERS FOR INCREASED TERRESTRIAL ECOSYSTEM
CLIMATE CHANGE RESILIENCE: A PILOT PROJECT IN VERMONT

Paul Marangelo, The Nature Conservancy Vermont Chapter, United States
S-39 BEYOND HABITAT PROTECTION: RESTORING, REWILDING, AND BEAR-HUMAN CONFLICT PREVENTION TO IMPROVE
LANDSCAPE LEVEL CONNECTIVITY FOR GRIZZLY BEARS

Kali Becher, The Vital Ground Foundation, United States
S-39 RESTORING AND CONSERVING CONNECTIVITY IN CANADA

Daniel Kraus, Nature Conservancy of Canada, Canada
Andrea Hebb, Craig Harding, Kateri Monticone, Paula Noel, Cynthia Patry

O-29 LARGE-SCALE RESTORATION
TIME: 20:15 EDT
O-29 WATERWORKS: LESSONS LEARNED FROM RESTORATION AT MULTIPLE SCALES, IVES ROAD FEN, MICHIGAN, U.S.A.

Christopher May, The Nature Conservancy, United States
O-29 RESTORATION APPALACHIA: A VISUAL AND LITERARY ANALYSIS OF ECOLOGICAL DISTURBANCE AND RESTORATION
POTENTIALS IN THE CENTRAL APPALACHIAN COALFIELDS

Ellison Heil, Society for Ecological Restoration, United States
O-29 FROM INITIATIVE 20X20 TO 30X50

Luciana Gallardo Lomeli, World Resources Institute, United States
Luciana Gallardo Lomeli
O-29 NEW APPROACHES TO DRIVING ECOLOGICAL RESTORATION AT SCALE IN AUSTRALIA’S GREAT SOUTHERN LANDSCAPES

Blair Parsons, Greening Australia, Australia
Elisa Raulings, James McGregor, Stephen Foley, Ian Rollins
O-29 FOREST RESTORATION PRACTICES UNDER A SUSTAINABLE LANDSCAPE APPROACH: EXPERIENCES FROM THE
NORTHEASTERN PERUVIAN AMAZON (ALTO MAYO)

Percy Summers, Conservation International, Peru
Claudio Schneider
O-29 SCALING UP FEN RESTORATION IN CANADA: IN SIZE AND NUMBER OF PROJECTS

Line Rochefort, Peatland Ecology Research Group, Université Laval, Canada
Marie-Claire Leblanc, Bin Xu, Pete Whittington
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S-19 (PART 3 OF 4) IMPLEMENTING MARINE ECOSYSTEMS RESTORATION: NEW INSIGHTS FROM SHALLOW AND
DEEP ECOSYSTEMS
TIME: 20:15 EDT
S-19 ECOSYSTEM FUNCTIONING RECOVERY AFTER RESTORATION OF SEAGRASS POSIDONIA OCEANICA

Inés Castejón, Spanish National Research Council Mediterranean Institute for Advanced Studies, Spain
Jorge Terrados
S-19 ECOLOGICAL ENGINEERING IN A MARINE PORT FOR FISH NURSERY RESTORATION

Gilles LECAILLON, ECOCEAN, France
Anais Gudefin, Amélie Fontcuberta, Pierre Boissery, Mohamed Selfati, Hocein Baizairi, Philippe Lenfant
S-19 BIOMIMICRY, AN INNOVATIVE APPROACH TO REHABILITATE FISH NURSERY FUNCTION INSIDE MARINAS

Patrick Astruch, GIS Posidonie, France
Alice Lucken, Thomas Schohn, Elodie Rouanet, Laurence Le Diréach, Fabrice Javel, Eric Blin, Candice Belmont-Puissant,
Marc Bouchoucha
S-19 THE CORAL RESTORATION CONSORTIUM: SIX PRIORITIES TO ADVANCE THE SCIENCE AND PRACTICE OF
REEF RESTORATION

Tali Vardi, ECS for NOAA Fisheries, United States
Whitney Hoot, Jessica Levy, Elizabeth Shaver, R. Scott Winters, Anastazia Banaszak, Iliana Baums, Valerie
Chamberland, Nathan Cook, David Gulko, Margaux Hein, Les Kaufman, Ilsa Kuffner, Michelle Loewe, Petra Lundgren,
Caitlin Lustric, Petra MacGowan, Mikhail Matz, Miles McGonigle, Ian McLeod, Jennifer Moore, Tom Moore, Sandrine
Pivard, F. Joseph Pollock, Baruch Rinkevich, David Suggett, Samuel Suleiman, T. Shay Viehman, Tatiana Villalobos,
Virginia Weis, Phanor Montoya-Maya
S-19 RAPID AND ECONOMICALLY VIABLE CORAL REEF RESTORATION AT ECOLOGICALLY RELEVANT SCALES

Tim Gordon, Mars Incorporated, United States
David Smith, Noel Janetski, Alicia McArdle, Jos van Oostrum, Jamaluddin Jompa, Frank Mars

S-14 LEVERAGING THE POTENTIAL OF ASSISTED NATURAL REGENERATION FOR ACHIEVING THE GOALS OF THE
UN DECADE OF RESTORATION: AN ASSESSMENT
TIME: 21:15 EDT
S-14 CASES OF ASSISTED NATURAL REGENERATION IN BRAZIL: IT IS A MATTER OF FINDING THE LIMITING FACTORS

DANIEL VIEIRA, EMBRAPA GENETIC RESOURCES AND BIOTECHNOLOGY, Brazil
S-14 ASSESSING THE POTENTIAL FOR ASSISTED NATURAL REGENERATION OF TROPICAL FORESTS: A GLOBAL ANALYSIS
BASED ON SOCIAL AND ENVIRONMENTAL FACTORS

Robin Chazdon, University of the Sunshine Coast, Australia
Hawthorne Beyer, Brooke Williams, Matthew Fagan, Marina Schmoeller, Bronson Griscom, Starry Sprenkle-Hyppolite,
Nikola Alexandre, Renato Crouzeilles
S-14 ASSISTED NATURAL REGENERATION FOR SEMI-ARID AND ARID LANDS

David Bainbridge, DB Research, United States
S-14 NATURAL PROCESSES FOR THE RESTORATION OF DRASTICALLY DISTURBED SITESW

David Polster, Polster Environmental Services Ltd, Canada
S-14 USE OF ASSISTED NATURAL REGENERATION TECHNIQUES TO RESTORE FOREST ECOSYSTEMS IN A MAJOR TIGER
RESERVE IN SOUTH INDIA: A CASE STUDY

Ramesh Venkataraman, Junglescapes Charitable Trust, India
Hanumanth Coimbatore Ravindranath, Anand Krishnamurthy
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S-16 METHOD AND PRACTICE OF URBAN ECOLOGICAL RESTORATION
TIME: 21:15 EDT
S-16 LANDSCAPE SUSTAINABILITY SCIENCE AND ITS IMPLICATIONS FOR ECOLOGICAL RESTORATION

Jianguo (Jingle) Wu, Arizona State University, United States
S-16 PRACTICE OF NATURE-BASED-SOLUTIONS IN CHONGQING, CHINA

Yan Zhou, Land Consolidation and Rehabilitation Center, Ministry of Natural Resources, China, China
Ming Luo, Zihan Zhai, Manyi Li, Lei Ma, Shaohua Li
S-16 ECOLOGICAL THRESHOLDS AND INDICATORS DURING 14 YEARS OF URBAN FOREST DEVELOPMENT

Kiri Joy Wallace, Environmental Research Institute, University of Waikato, New Zealand
Bridgette Farnworth, Bruce D. Clarkson
S-16 URBAN GREEN INFRASTRUCTURE TO MITIGATING THE PARTICULATE MATTER POLLUTION OF THE AIR

Zhiqiang Zhang, Beijing Forestry University, China
Lixin Chen, Lu Zhang
S-16 FROM FORE TO FOREST FOR FINS AND FEATHERS: TRANSFORMATION OF A PRIVATE GOLF COURSE TO A PUBLIC
PARK THROUGH REFORESTATION AND STREAM, WETLAND AND MEADOW RESTORATION

Jennifer Grieser, Cleveland Metroparks, United States
Constance Hausman
S-16 ECOLOGICAL SPACE QUALITY AND ECOLOGICAL RESTORATION: A CASE STUDY IN THE PEARL RIVER DELTA URBAN
AGGLOMERATION, CHINA

Feng Li, Tsinghua University, China

S-25 TRANSBOUNDARY EFFORTS FOR FOREST LANDSCAPE RESTORATION: WORKING ACROSS THREE COUNTRIES
TO THE ATLANTIC FOREST CONSERVATION AND RESTORATION
TIME: 21:15 EDT
S-25 KEY LESSONS LEARNED FOR THE FUTURE OF FOREST LANDSCAPE RESTORATION OF UPPER PARANA ECOREGION/
ATLANTIC FOREST

Daniel Arrifano Venturi, WWF-Brazil, Brazil
Taruhim Miranda Cardoso Quadros, Claudia Amicone, Lucia Lazzari, Oscar Rodas, Anita Diederichsen
S-25 BEYOND TREE PLANTATION: ATLANTIC FOREST RESTORATION WITH MISIONES’S LOCAL COMMUNITIES

Lucía Lazzari, Fundación Vida Silvestre Argentina, Argentina
Jonatan Villalba, Lucía Lazzari
S-25 PARTICIPATORY CONSTRUCTION THE ATLANTIC FOREST RESTORATION PLAN IN THE UPPER PARANÁ ECOREGION

Ana Paula Silva, Mater Natura Instituto de Estudos Ambientais, Brazil
Letícia Araujo, Daniel Venturi, Taruhim Quadros
S-25 CONSERVATION OF JAGUARS IN THE TRI-NATIONAL CORRIDOR THE IMPORTANCE OF CORRIDORS FOR ONE OF THE
LAST POPULATIONS OF THE SPECIE IN THE ATLANTIC FOREST

Felipe Feliciani, WWF-Brazil, Brazil
S-25 TRINATIONAL ALLIANCE FOR THE ATLANTIC FOREST RESTORATION: STAKEHOLDERS’ ENGAGEMENT AS A PATH TO
FLR LONG-TERM SUCCESS

Taruhim Miranda Cardoso Quadros, WWF-Brasil, Brazil
Daniel Venturi, Claudia Amicone, Lucia Lazzari, Oscar Rodas
S-25 MATE PROJECT: MARKET ACCESS AND TERRITORIAL EMPOWERMENT

Oscar Rodas, WWF, Paraguay
Olivia Suárez, Lucas Mongelós
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O-40 COASTAL WETLAND, MANGROVES AND MARINE
TIME: 21:15 EDT
O-40 LONG-TERM ASSESSMENT OF ECOLOGICAL DEGRADATION OF A LARGE COASTAL WETLAND SYSTEM IN LOS ANGELES, CA

Karina Alvarez, The Bay Foundation, United States
Karina Johnston
O-40 BLUE CARBON IN NATIONAL GREENHOUSE GAS INVENTORIES: OVERCOMING CHALLENGES IN TROPICAL COUNTRIES

Valerie Hagger, The University of Queensland, Australia
Sigit Sasmito, Carly Green, Steve Crooks, Catherine Lovelock

S-38 RESTORATION OF MINE SITES
TIME: 21:15 EDT
S-38 IMPROVE EFFICIENCY OF MORPHOLOGICAL REHABILITATION OF GOLD MINED STREAMS: AN ADAPTIVE APPROACH
IN FRENCH GUIANA

Gabriel Melun, French Biodiversity Agency, France
Mikaël Le Bihan, Véronique De Billy, Marjorie Gallay, Mathieu Rhone
S-38 PRESCRIBED BURNING AS A TOOL TO SHIFT A RECLAIMED TAILINGS STORAGE FACILITY DOMINATED BY AGRONOMIC
GRASS TO A NATIVE PLANT COMMUNITY

Brandon Williams, Thompson Rivers University, Canada
Wendy Gardner, Lauchlan Fraser, Courtney Mason
S-38 PLANT DIVERSITY ON RECLAIMED MINE SITES USING COMBINATIONS OF REFORESTATION AND ORGANIC AMENDMENT
APPROACHES, IN QUEBEC (CANADA)

Alyson Gagnon, Université du Québec à Chicoutimi (UQAC), Canada
Jean-François Boucher, Pascal Sirois
S-38 COULD STEM CUTTINGS OF SALIX PLANIFOLIA BE USED FOR RECLAMATION OF MINE WASTE ROCK FROM NORTHERN
REGIONS? A GREENHOUSE STUDY WITH IRON WASTE ROCK FROM SCHEFFERVILLE

Roudy Jean, Université Laval, Canada
Damase P. Khasa, Stéphane Boudreau
S-38 OIL SANDS VEGETATION COOPERATIVE: A COLLABORATIVE INITIATIVE FOR SUSTAINABLE PLANT COMMUNITY
ESTABLISHMENT

Ann Smreciu, Wild Rose Consulting, Inc., Canada

S-19 IMPLEMENTING MARINE ECOSYSTEMS RESTORATION: NEW INSIGHTS FROM SHALLOW AND DEEP
ECOSYSTEMS
TIME: 21:15 EDT
S-19 CORAL RESTORATION AS A STRATEGY TO IMPROVE ECOSYSTEM SERVICES

Margaux Hein, MER Research and Consulting, Monaco
Tali Vardi, Elizabeth Shaver, Sylvain Pioch, Lisa Boström-Einarsson, Mohamed Ahmed, Gabriel Grimsditch, Ian McLeod
S-19 RESTORING COLD-WATER CORAL GARDENS ON THE MEDITERRANEAN CONTINENTAL SHELF

Maria Montseny, Institut de Ciències del Mar, Consejo Superior de Investigaciones Científicas, Spain
Cristina Linares, Núria Viladrich, Stefano Ambroso, Pol Capdevila, Jordi Grinyó, Andreu Santín, Marina Biel, Patricia
Baena, Elena Quintanilla, Janire Salazar, Alejandro Olariaga, David Díaz, Marc Carreras, Nuno Gracias, Narcís
Palomares, Klemen Isteni, Lluís Magí, Guillem Vallicrosa, Rafael Garcia, Josep-Maria Gili, Andrea Gori
S-19 STAKEHOLDER EXPECTATIONS FROM MARINE RESTORATION PROJECTS, THE CASE OF AFRIMED AND ALGAL FOREST
RESTORATION IN THE MEDITERRANEAN

Nadia Papadopoulou, Hellenic Centre for Marine Research, Greece
Luisa Mangialajo, Margalida M. Monserrat, Jean-Pierre Cottalorda, Christopher J. Smith, Silvia Bianchelli
S-19 MARINE RESTORATION NARRATIVES, DRIVERS OF CHANGE AND GOVERNANCE CONSTRAINTS IN 3 CASES
FROM EUROPE

Christopher J. Smith, Hellenic Centre for Marine Research, Greece
Jan P.M. van Tatenhove, Paulina Ramírez-Monsalve, Eira Carballo-Cárdenas, Nadia Papadopoulou, Ronan Long
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Thursday, June 24, 2021
S-10 IS FOREST RESTORATION, AT SCALE, AFFORDABLE?
TIME: 11:15 EDT
S-10 KEY BARRIERS TO OVERCOME FOR RESTORATION AT SCALE AND WHERE WE’VE SUCCEEDED

William Baldwin-Cantello, WWF-UK, United Kingdom
S-10 HOW TO BUILD AND USE THE EVIDENCE-BASE FOR RESTORATION

Robin Chazdon, University of the Sunshine Coast, Australia
S-10 WHAT DOES IT TAKE, A CASE STUDY: PUTTING THE PIECES BACK TOGETHER IN BRAZIL’S ATLANTIC FOREST

Alice Reisfeld, SAVE Brasil, Brazil
Barbara Cavalcante
S-10 HOW MUCH DO WE NEED? DEFINING THE TRUE COST OF RESTORATION IN THE 21ST CENTURY

Lauren Oakes, Wildlife Conservation Society; Dept. of Earth System Science, Stanford University, United States
S-10 POWERING OUR EFFORTS: SHAPING NEW FINANCE TO DELIVER FOR FORESTS

Bryna Griffin, BirdLife International , United Kingdom

S-24 TAKING UP THE CHALLENGE: WWF´S FIRST CONTRIBUTIONS TO THE UN DECADE ON ECOSYSTEM
RESTORATION
TIME: 11:15 EDT
S-24 STEERING WWF´S FOREST LANDSCAPE RESTORATION TOWARDS THE UN DECADE ON ECOSYSTEM RESTORATION

Anita Diederichsen, WWF, Brazil
S-24 WWF’S FLR IN AFRICA INITIATIVE: CATALYZING 9 AFRICAN COUNTRIES TO RESPOND TO THE BONN CHALLENGE
AND DELIVER TRANSFORMATIONAL RESTORATION BY 2030

Seif Hamisi, WWF Tanzania, Kenya
Lawrence Mbwambo
S-24 FOREST AND LANDSCAPE RESTORATION IN LATIN AMERICA: THE WWF-LEAD LANDSCAPE APPROACH TO
ENGAGEMENT AND SCALING UP IN THE REGION

Trevor Walter, WWF Chile, Chile
Anita Toledo Barros Diederichs
S-24 ENABLING FACTORS TO SCALE UP FOREST LANDSCAPE RESTORATION: THE ROLES OF GOVERNANCE AND ECONOMICS

Stephanie Mansourian, Mansourian.org/Univ. Geneva, Switzerland
S-24 TRILLION TREES: WORKING IN PARTNERSHIP TO ACHIEVE A VISION OF A WORLD WHERE FORESTS ARE
EXPANDING, NOT SHRINKING

James Gordon, WWF-UK, United Kingdom
S-24 UNDERSTANDING POSSIBLE ROLE OF BUSINESSES IN FLR. THE EXAMPLE OF TREE PLANTING BY BUSINESSES IN
FRANCE, SWITZERLAND AND THE UK

Daniel Vallauri, WWF, France
Stephanie Mansourian
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S-42 FIRST NATIONS SYMPOSIUM
TIME: 11:15 EDT
S-42 INDIGENOUS AND TEK-LED RESTORATION ENABLES SURVIVAL AT PRESENT THROUGH ADDRESSING OF PAST
DAMAGES: CASE OF FINLAND

Tero Mustonen, Snowchange Cooperative, Finland
Pauliina Feodoroff, Kaisu Mustonen
S-42 BLUEBERRY RIVER FIRST NATIONS RESTORATION FRAMEWORK

Mae Whyte, Blueberry River First Nations, Canada
Darian Weber, Jane Calvert
S-42 WALKING ON TWO LEGS: A PATHWAY OF INDIGENOUS RESTORATION AND RECONCILIATION IN
FIRE-ADAPTED LANDSCAPES

Sarah Dickson-Hoyle, University of British Columbia, Canada
Ronald E. Ignace, Marianne Ignace, Shannon M. Hagerman, Lori D. Daniels
S-42 CHIIXUU TLL IINASDLL: INDIGENOUS LEADERSHIP AND COLLABORATIONS FOSTER ECOLOGICAL RESTORATION FOR
PEOPLE AND PLACE IN GWAII HAANAS

Lynn Lee, Gwaii Haanas Parks Canada, Canada
Daniel McNeill, Pauline Ridings, Mike Featherstone, Daniel Okamoto, Nathan Spindel, Aaron Galloway, Gary Saunders, Emily
Adamczyk, Luba Reshitnyk, Ondine Pontier, Miranda Post, Robyn Irvine, Nadine Wilson, Vanessa Bellis
S-42 DECOLONIZING ECOLOGICAL RESTORATION THROUGH A REVIVAL OF INDIGENOUS RESOURCE MANAGEMENT: EXAMPLES
FROM HAWAII

Kawika Winter, He`eia National Estuarine Research Reserve, United States
S-42 COMBINING INDIGENOUS AND WESTERN SCIENCE APPROACHES TO RESTORE GRASSY BALDS IN THE SAN JUAN
ARCHIPELAGO, WASHINGTON STATE

Sarah Wheatley, Samish Indian Nation, United States
S-42 SWINOMISH PLACE-BASED SCIENCE, CULTURE, AND ENVIRONMENTAL EDUCATION: A SWINOMISH APPROACH TO
ENVIRONMENTAL AND RESOURCE ISSUES

Todd Mitchell, Swinomish Tribe, Dept of Environmental Protection, United States
Karen Rittenhouse Mitchell
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O-43 SOIL AND HYDROLOGY
TIME: 11:15 EDT
O-43 ADVANCING THE PRACTICE OF SOIL BIOENGINEERING IN ALBERTA THE BOW RIVER BIOENGINEERING DEMONSTRATION
AND EDUCATION PROJECT

Mike Gallant, Kerr Wood Leidal Associates Ltd., Canada
Norma Posada, Jonathan Slaney, Pierre Raymond
O-43 LONG-TERM RECLAMATION OUTCOMES AFTER USING VARYING DEPTHS OF SUBSOIL TO CAP SODIC OVERBURDEN

Kevin Renkema, Vertex Professional Services Ltd., Canada
Dean MacKenzie, Dan Kuchmak
O-43 SALVAGE AND RESTORATION OF BIOLOGICAL SOIL CRUST ON AN URBAN SUPERFUND SITE, MIDVALE, UT (USA)

Susan Sherrod, Biohabitats, United States
O-43 NATURAL COLONIZATION AND ACTIVE INOCULATION OF DISTURBED SOILS WITH BIOLOGICAL SOIL CRUSTS IN
NORTHERN CANADA

Katherine Stewart, University of Saskatchewan, Canada
O-43 MANAGING FLOOD FLOW CONNECTIVITY TO LANDSCAPES TO BUILD BUFFERING CAPACITY TO DISTURBANCES: AN
ECOHYDROLOGIC MODELING FRAMEWORK FOR DRYLANDS

Connie Maxwell, New Mexico Water Resources Research Institute, United States
Alexander Fernald , Daniel Cadol , Akasha Faist , J. Phillip King
O-43 EFFECT OF RECLAMATION PRACTICES ON SOIL WATER QUALITY

Amir Hass, West Virginia State University, United States
Tigist Geberehiwot, Jeff Skousen, Robert Cantrell
O-43 FINDING ONSITE RESTORATION SOLUTIONS FOR HYDROLOGIC ISSUES CAUSED BY OFF-SITE DEVELOPMENT: TWO
CASE STUDIES OF HARDWOOD SWAMPS IN ONTARIO, CANADA

Heather Beam, GEI Consultants, Canada

O-46 NONTROPICAL PEATLAND AND BOGS
TIME: 11:15 EDT
O-46 RESTORATION OF A SPHAGNUM-DOMINATED PEATLAND DISTURBED BY A ROAD: PLANT ESTABLISHMENT ON
INTRODUCED PEAT SUBSTRATE IS DRIVEN BY RESTORATION TECHNIQUES.

Christine Isabel, Université Laval, Canada
Marie-Claire LeBlanc, Line Rochefort
O-46 RECONSTRUCTING FIRE FREQUENCY IN PEATLANDS OF NORTHERN MICHIGAN

Dominic Uhelski, Michigan Technological University, United States
Evan Kane, Rodney Chimner
O-46 PEATLANDS OF ANTARCTICA

Julie Loisel, Texas A&M University, United States
Zicheng Yu, Dave Beilman
O-46 GRAND TOUR OF SCOTTISH BLANKET BOGS

Roxane Andersen, University of the Highlands and Islands, United Kingdom
O-46 PEATLAND RESTORATION AND MANAGEMENT AS A CLIMATE CHANGE ADAPTATION STRATEGY FOR THE NATURE
CONSERVANCY IN MINNESOTA, USA

Christian Lenhart, The Nature Conservancy, United States
Kristen Blann
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O-51 INVASIVE SPECIES, MANAGEMENT
TIME: 11:15 EDT
O-51 SYNTHESIZING RESULTS FROM A LANDSCAPE-SCALE ADAPTIVE MANAGEMENT PROGRAM FOR NON-NATIVE
PHRAGMITES AUSTRALIS

Kurt Kowalski, U.S. Geological Survey, United States
Samantha Tank, Erika Jensen
O-51 WETLAND WATERBIRD FOOD RESOURCES INCREASED BY HARVESTING INVASIVE CATTAILS

Andrew Monks, Loyola University Chicago, United States
Eric Dunton, Douglas Pearsall, Andrew Monks, Kurtis Himmler, Brendan Carson , Brian Loges, Dennis Albert
O-51 LOCALIZED PATTERNS OF BUFFELGRASS (CENCHRUS CILIARIS) INVASION: IMPLICATIONS FOR MANAGEMENT
AND CONTROL EFFORTS

Katherine Hovanes, University of Arizona, United States
Elise Gornish
O-51 SMOTHER CROPS INEFFECTIVE AGAINST ESTABLISHED PERENNIALS IN THE SOUTHEASTERN U.S.

Jennifer Franklin, University of Tennessee, United States
Jennifer Franklin
O-51 TIPPING THE TIPPING POINT: AFTER A REGIME SHIFT TO TYPHA OR PHRAGMITES DOMINANCE CAN MANAGEMENT
PUSH THE SYSTEM BACK TO A PRE-INVADED STATE?

Jason Martina, Texas State University, United States
Kenneth Elgersma, Deborah Goldberg, Sean Sharp, William Currie
O-51 TESTING THE EFFECTS OF PHYLOGENETIC AND FUNCTIONAL DIVERSITY ON INVADERS IN AN EXPERIMENTALLY
RESTORED TALLGRASS PRAIRIE

Adrienne Ernst, Northwestern University Chicago Botanic Garden, United States
Mary-Claire Glasenhardt, Andrea Kramer, Daniel Larkin, Hannah Marx, Andrew Hipp
O-51 A GLOBAL REVIEW ON CONTROLLING INVASIVE SPECIES IN ECOLOGICAL RESTORATION

Emanuela W A Weidlich, Universidade Federal de Santa Catarina, Brazil
Flávia G Flórido, Taísi B Sorrini, Pedro H S Brancalion

O-52 MINE RESTORATION
TIME: 11:15 EDT
O-52 A VALUABLE ECOLOGICAL RESTORATION MODEL IN COAL-MINED AREA IN XUZHOU, EASTERN CHINA: PANAN
LAKE PROJECT

Shaoliang Zhang, China University of Mining and Technology, China
Shi An, Huping Hou, Yongjun Yang
O-52 MONITORING THE DYNAMICS OF RESTORING THE BIOLOGICAL SOIL CRUSTS AFTER ACIDIC WATER
CONTAMINATION FROM THE MINING INDUSTRY

ELI ZAADY, Agricultural Research Organization,, Israel
Tal Kerem, Hiam Abu-Glion, Shimshon Shuker
O-52 DEMONSTRATING THE RETURN OF LOCALLY COMMON UPLAND PLANT COMMUNITIES FOLLOWING OIL SANDS
MINING IN NORTHERN ALBERTA, CANADA

Craig Farnden, Syncrude Canada Ltd., Canada
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O-54 POLLUTION; WETLAND
TIME: 11:15 EDT
O-54 WETLAND RECLAMATION AS A WETLAND REPLACEMENT OPTION AT A SURFACE COAL MINE IN CENTRAL
ALBERTA, CANADA

Corey De La Mare, Golder Associates Ltd., Canada
Shanon Leggo, Andrea Ortega, Ken Munch
O-54 RESTORATION OF A FEN AFFECTED BY AN OÏL SPILL

François Quinty, WSP Canada, Canada
O-54 USE OF BIOSURFACTANTS AND MICROBIAL DEGRADATION TO ENHANCE REMEDIATION OF CRUDE OIL
CONTAMINATED SOILS IN WETLANDS AND COASTAL MARINE ECOSYSTEMS

Mann Samuel Dido, Brandenburg University of Technology Cottbus-Senftenberg, Germany, Germany
Marion Martienssen
O-54 USE OF ORGANIC MATTER AMENDMENTS IN WETLAND MITIGATION: FIELD AND LAB STUDIES

Brian Scott, University of Maryland, United States
Andrew Baldwin, Stephanie Yarwood

O-42 COMMUNITY PARTICIPATION, SOCIOECOLOGICAL SYSTEMS AND GENERAL
TIME: 12:15 EDT
O-42 ECO-CULTURAL RESTORATION OF RIPARIAN WETLANDS IN CALIFORNIA: CASE STUDY OF WHITE ROOT (CAREX
BARBARAE DEWEY; CYPERACEAE)

Michelle Stevens, SWS and SER, United States
O-42 WASTELANDS TRANSFORMATION: ENHANCING ADAPTIVE CAPACITY OF SOCIAL ECOLOGICAL SYSTEMS, UNDER
THE GLOBAL CHANGE

Samia Sediri, UGA, France
O-42 A PARTICIPATORY PROCESS FOR ECOLOGICAL RESTORATION OF MANGROVES IN PANTANOS DE CENTLA BIOSPHERE
RESERVE (TABASCO, MEXICO)

Pilar Angélica Gómez Ruiz, CONACYT-Universidad Autónoma del Carmen, Mexico
Raúl Alejandro Betancourth Buitrago, Mariana Arteaga Cote, Juan Pablo Carbajal Borges, Sandra Laffon Leal
O-42 SOCIAL PARTICIPATION IN FOREST RESTORATION PROJECTS: INSIGHTS FROM A NATIONAL ASSESSMENT IN MEXICO

Eliane Ceccon, Universidad Nacional Autónoma de México, Mexico
Moisés Mendez-Toribio , Cristina Martínez-Garza
O-42 BRINGING NATURE BACK INTO OUR LIVES IN CITIES OF THE DESERT: A CASE STUDY FROM THE CANARY ISLANDS

Matias Hernandez-Gonzalez, Arrecife Natura, Spain
O-42 RECONNECTING WITH LAND: A PRIVATE RESTORATION PROJECT IN CHILEAN PATAGONIA

John Whitelaw, PPA Pichimahuida, Switzerland
Elena Sobakina
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O-44 RESTORATION TECHNIQUES
TIME: 12:15 EDT
O-44 RESTORING FIRE IMPACTED LAND IN THE MONCHIQUE NATURA 2000 SITE IN SOUTHWESTERN PORTUGAL

Justin Roborg-Söndergaard, Nova University Lisbon, Portugal
Miguel Jerónimo, António Galvão
O-44 TRAIL DEGRADATION IN CAPE BRETON HIGHLANDS NATIONAL PARK: AN ECOLOGICAL APPROACH TO
VEGETATION RESTORATION

Madeline Clarke, Saint Mary’s University, Canada
Jeremy Lundholm
O-44 DEVELOPMENT OF SOFT TAILINGS CAPPING TECHNOLOGY TO CREATE STABLE AND SUSTAINABLE BOREAL LANDSCAPES

Dani Degenhardt, Natural Resources Canada, Canada
Jessica Hudson, Christine Martineau, Kerry Peru, John Headley
O-44 ASSESSING THE SUCCESS AND COST-EFFECTIVENESS OF VARIOUS RESTORATION TREATMENTS

Landi Retief, Cape Peninsula University of Technology, South Africa
Mlungele Nsikani, sjirk geerts
O-44 FERTILIZATION OF SUBSTRATE SURROUNDING TRANSPLANTED LOW-ARCTIC TUNDRA SODS SIGNIFICANTLY
INCREASES BELOWGROUND BIOMASS DEVELOPMENT

Ian Hnatowich, University of Saskatchewan, Canada
Katherine Stewart

O-45 PEATLAND HYDROLOGY AND SOIL
TIME: 12:15 EDT
O-45 DRIVERS OF PLOT SCALE EVAPOTRANSPIRATION IN RESTORED AND UNRESTORED EXTRACTED PEATLANDS

Miranda Hunter, University of Waterloo, Canada
Colin McCarter, Ian Strachan, Maria Strack
O-45 FEN PLANT RE-ESTABLISHMENT IN RESTORED PEATLANDS ON FORMER IN-SITU OIL SANDS WELL PAD IMPROVES
WITH RESIDUAL MINERAL SOIL BASE AND PROPER ECOHYDROLOGICAL CONNECTIVITY

Meike Lemmer, Université Laval, Canada
Bin Xu, Maria Strack, Line Rochefort
O-45 MODELLING THE HYDROCHEMICAL TRAJECTORY OF A CONSTRUCTED FEN WATERSHED: IMPLICATIONS FOR
PEATLAND RECLAMATION

Owen Sutton, University of Waterloo, Canada
Jonathan Price
O-45 PEATLAND DRAINAGE ALTERS SOIL STRUCTURE AND WATER RETENTION PROPERTIES: IMPLICATIONS FOR
ECOSYSTEM FUNCTION AND MANAGEMENT

Clayton Word, Virginia Tech, United States
Daniel McLaughlin, Brian Strahm, Ryan Stewart, J. Morgan Varner, Trevor Amestoy, Frederic Wurster, Nick Link
O-45 PEATLAND RESTORATION EXPERIENCE IN LATVIA

Mara Pakalne, University of Latvia, Latvia
Liga Strazdina, Krisjanis Libauers
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O-47 NONTROPICAL PEATLAND AND BOGS, C FLUX
TIME: 12:15 EDT
O-47 ESTIMATING CHANGES IN BLANKET BOG CO2 FLUX DRIVEN BY PLANT FUNCTIONAL TYPE DURING EXTREME
DROUGHT USING UAVS

Henk Pieter Sterk, Environmental Research Institute, University of the Highlands and Islands, United Kingdom
Neil R. Cowie, Jason McIlvenny, Ben Clutterbuck, Roxane Andersen
O-47 HOW DOES LAND MANAGEMENT INFLUENCE FIRE RESILIENCE AND CARBON FATE IN BLANKET BOGS? THE FIRE
BLANKET PROJECT

Roxane Andersen, University of the Highlands and Islands, United Kingdom
Paula Fernandez-Garcia, Paul Gaffney, Peter Gilbert, Mark Hancock, David Large, Christopher Marshall, Dan Mayor,
Jason McIlveny, Don Monteith, Amy Pickard, Richard Sanders, Benjamin Williamson
O-47 EFFECTS OF INVASION BY BIRCH ON THE GROWTH OF PLANTED SPRUCE AT A POST-EXTRACTION PEATLAND.

Tania Garcia Bravo, University of Calgary, Canada
Maria Strack, Line Rochefort , Martin E Brummeell
O-47 INTEGRATION OF PEATLAND RESTORATION PROJECTS INTO CLIMATE-RELATED REPORTING IN RUSSIA

Tatiana Minayeva, Care for Ecosystems UG, Germany
Vladimir Korotkov, Andrey Sirin, Alexander Trunov, Ilya Filippov, Egor Dyukarev, Elena Lapshina
O-47 IMPACT OF PEATLAND SEISMIC LINE RESTORATION ON CARBON DIOXIDE AND METHANE FLUXES

Megan Schmidt, University of Waterloo, Canada
Scott J. Davidson, Maria Strack

O-48 PLANNING, GENERAL
TIME: 12:15 EDT
O-48 DEVELOPMENT OF A TOOL FOR IDENTIFYING CRITICAL RESTORATION ZONES OF RIPARIAN BUFFERS

Ge Pu, SUNY-ESF, United States
Lindi Quackenbush
O-48 PREDICTING RESTORATION SUCCESS IN IRISH CUTOVER RAISED BOGS

George Smith, Blackthorn Ecology, Ireland
William Crowley, John Cody, Francis Mackin, Hugh Cushnan
O-48 DEVELOPING A RESTORABLE WETLAND INDEX FOR MINNESOTA, USA

Will Bartsch, Natural Resources Research Institute University of Minnesota Duluth, United States
Lucinda Johnson, Katya Kovalenko, Kristi Nixon, Steve Kloiber
O-48 DEVELOPING A WETLANDS MANAGEMENT FRAMEWORK FOR NEW

Rebecca Swadek, NYC Parks, United States
Marit Larson, Georgina Cullman, Kristen King, Helen Forgione
O-48 TEN-YEAR STRATEGY FOR ECOLOGICAL RESTORATION

Tathiane Sarcinelli, Suzano, Brazil
Yugo Matsuda, Rafael Baroni, Rodolfo Mota, Bruna Pereira, Guilherme Neto, Clara Sant’Anna
O-48 ECOSYSTEM RESTORATION IN MEXICO: INSIGHTS ON THE PROJECT PLANNING PHASE

Cristina Martínez-Garza, Universidad Autónoma del Estado de Morelos, Mexico
Moisés Méndez-Toribio, Eliane Ceccon, Manuel R. Guariguata
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O-50 PASSIVE OR ACTIVE RESTORATION
TIME: 12:15 EDT
O-50 ASSESSING THE EFFECTIVENESS OF SEEDING AS A CHEAP LARGE-SCALE RESTORATION TOOL IN A
SEMI-ARID MEDITERRANEAN HABITAT

Alexander Caruana, Malta College of Arts, Science and Technology, Malta
Eman Calleja
O-50 COFFEE PULP ACCELERATES EARLY TROPICAL FOREST SUCCESSION ON OLD FIELDS

Rebecca Cole, ETH-Zurich, United States
Rakan Zahawi
O-50 HIGH-DIVERSITY SEED ADDITIONS ACCELERATE RECOVERY OF HERBACEOUS COMMUNITY DURING
WOODLAND RESTORATION

Andrew Kaul, Missouri Botanical Garden, United States
Noah Dell, Meg Engelhardt, Quinn Long, J. Leighton Reid, Michael Saxton, James Trager, Matthew Albrecht
O-50 VEGETATION RESPONSES TO ALTERED NUTRIENT POOLS ON SEISMIC LINES

Kimberly Kleinke, University of Waterloo, Canada
Scott Davidson, Maria Strack
O-50 RESTORATION OF NATIVE FOREST UNDERSTORY COMMUNITY IN CONIFER FORESTS OF THE WESTERN
CASCADE RANGE, USA

Rolf Gersonde, Seattle Public Utilities, United States
Bridget McNassar

O-53 ACTIVE MINES/LANDFILL/INFRASTRUCTURE
TIME: 13:30 EDT
O-53 THE EU EXTRACTIVE SECTOR COMMITS TO SPECIES PROTECTION WITHIN SPONTANEOUS TEMPORARY HABITATS IN
ITS ACTIVE QUARRIES.

Shane Sparg, BirdLife International, Belgium
Carolyn Jewell
O-53 CAN TEMPORARY HABITATS THAT DEVELOP DURING THE OPERATIONAL PHASE OF A QUARRY CONTRIBUTE TO
WIDER RESTORATION GOALS?

Carolyn Jewell, HeidelbergCement, Germany
Shane Sparg
O-53 TESTING DESIGNED GRASSLAND MIXTURES ON BRICK-BASED SUBSTRATES TO INCREASE ECOSYSTEM SERVICES
OF LANDFILLS

Markus Bauer, Technical University of Munich, Restoration Ecology, Germany
Martin Krause, Valentin Heizinger, Johannes Kollmann
O-53 CHARACTERIZATION AND GEOCHEMICAL BEHAVIOR OF AUTHIER LITHIUM MINE LITHOLOGIES FOR CONSTRUCTION
AND RESTAURATION PURPOSES

Iuliana Laura Calugaru, Centre Technologique Des Résidus Industriels (CTRI), Canada
Sara Magdouli, Simon Pierre Komtchou, Mehdi Zolfaghari, Rayen Tanabene, Maude Lévesque Michaud
O-53 PIPELINE IMPACTS AND RECOVERY OF DRY MIXED GRASS PRAIRIE SOIL AND PLANT COMMUNITIES

Sarah Wilkinson, University of Alberta, Canada
M. Anne Naeth, David Locky, Meghan Nannt, Candace Bryks, Caitlin Low
O-53 PIPELINE RESTORATION IN DIFFERENT ECOSYSTEMS THROUGHOUT ISRAEL

David Meninger, GeoTeva Environmental Consulting Ltd. , Israel
Tom Zylberberg, Reut Ein-Gil, Annette Penny
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O-49 STREAM, ECOLOGY
TIME: 12:15 EDT
O-49 DISPERSAL VS. ENVIRONMENTAL FILTERS: COMPARISON BETWEEN SOIL SEED BANKS AND STANDING VEGETATION
IN A SIDE CHANNEL OF THE LOIRE RIVER (FRANCE)

Corentin Gaudichet, UMR CNRS 7324 CITERES University of Tours, France
Séraphine Grellier, Sabine Greulich, Stéphane Rodrigues
O-49 EASTHAM GREAT POND HERRING RUN RESTORATION: RE-ESTABLISHING CONNECTIVITY ALONG THE COASTAL
RIVER CONTINUUM

Adam Finkle, Woods Hole Group, United States
O-49 ECOLOGICAL RESTORATION OF A LOWLAND STREAM: THE IMPORTANCE OF LONG-TERM BIOLOGICAL MONITORING

Alain De Vocht, Hasselt University, Belgium
Lien van Besien, Inez Goris
O-49 USING DRONES TO IMPROVE VISUAL STREAM ECOLOGICAL ASSESSMENT

Alexandra Evans, University of New Hampshire, United States
Kevin Gardner, Scott Greenwood, Bruce Pruitt
O-49 RIVER METABOLISM: A RELIABLE TOOL TO ENSURE ECOSYSTEM HEALTH AND EVALUATE RESTORATION EFFORTS?

Hugo Enrique Reyes Aldana, Helmholtz Center for Environmental Research UFZ, Germany
Daniel Graeber, Markus Weitere, Matthew Cohen, Ute Risse-Buhl
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PS - Poster Session
PS - «PROTEGER»: A SUSTAINABLE SOIL BIOENGINEERING PROJECT FOR RIVERBANK PROTECTION IN THE CARIBBEAN

André Evette, INRAE, France
André Evette, Lucie Labbouz, Marie Robert, Alain Rousteau, Régis Tournebize
PS - A MULTIDISCIPLINARY DIALOGUE TOWARDS AN ECOLOGICAL LANDSCAPE: LINKING PEOPLE, PRACTICES AND PROJECTS IN
ECOLOGICAL RESTORATION BEYOND BOUNDARIES

SWATI SAHASRABUDHE, BNCA, Pune, India
Peeyush Sekhsaria
PS - ACCOMPLISHMENTS OF THE U.S. NATIONAL NATIVE SEED STRATEGY

Molly L McCormick, US Geological Survey, United States
Amanda N Carr, Regan Murray, Margaret E Park, Patricia De Angelis, Peggy Olwell
PS - ALLELOPATHIC NATIVE PLANTS: A NOVEL TOOL IN FOREST RESTORATION

Emily Mullins, River Partners, United States
Alejandro Fierro-Cabo
PS - AN ALTERNATIVE PLANTING APPROACH AT ACREAGES SURROUNDING SASKATOON, CANADA

Aaron Balfour, Restoration of Natural Systems, University of Victoria, British Columbia, Canada
PS - AN INTEGRATED APPROACH VIA ECOLOGY, FLUVIAL GEOMORPHOLOGY AND NATURE-BASED SOLUTIONS AS A
RESTORATION PATH IN AN AMAZONIAN STREAM DISTURBED BY SILT AND CLAY

Rodrigo Felix, Federal University of Rio de Janeiro, Brazil
Kayza Pereira, Maria Silva, Bianca Silva, Reinaldo Bozelli, Marcos Figueiredo-Barros
PS - ANTS: BIOINDICATORS OF ECOLOGICAL RESTORATION IN SMALL ANDEAN FOREST PATCHES IN BELLO, COLOMBIA

Jaime Polania, National university of Colombia,
Jaime Polania
PS - APPLICATION OF DIFFERENT STRATEGIES FOR ERADICATION OF INVASIVE ALIEN PLANT SPECIES FROM NATURA 2000
SITES IN THE MALTESE ISLANDS

Joseph Buhagiar, University of Malta, Malta
Reeya Ghose Roy, Arthur Lamorier, Marco Iannaccone
PS - ASSESSING 10 YEARS OF TROPICAL PEATLAND REWETTING EFFORTS THROUGH TRENDS IN HYDROLOGY, VEGETATION AND
FIRE ENVIRONMENTAL MONITORING DATA

Andri Thomas, Borneo Orangutan Survival Foundation, Indonesia
Aldina Rahmadani, Ramadhan Ramadhan, Laura Graham, Amanda Sinclair, Yenni Vetrita, Grahame Applegate, Bambang
Saharjo, Mark Cochrane
PS - ASSESSING ECOLOGICAL RESTORATION PROJECT OUTCOMES TO SUPPORT COLLABORATIVE LEARNING AND INCREASE
EFFECTIVENESS OF RESTORATION EFFORTS

Judith Schofield, GDIT, United States
Louis Blume, Molly Amos, Craig Palmer, Brick Fevold, Elizabeth Benjamin, Tim Lewis
PS - ASSESSING THE INTRASPECIFIC VARIATION IN SPHAGNUM TRAITS ACROSS ECOLOGICAL SCALES

Tasha-Leigh Gauthier, University of Waterloo, Canada
Scott J. Davidson, Julie Messier, Kimberly Kleinke, Ellie Goud, Jonathan Price, Maria Strack
PS - ASSESSMENT OF THE LARGEST IMPACTS ON SOIL INFILTRATION FOR THE PRIORITIZATION OF URBAN STORMWATER
MANAGEMENT

Chase Bergeson, North Carolina State University, United States
Katherine Martin, Barbara Doll
PS - BELOWGROUND INTERACTIONS WHEN CONTROLLING INVASIVE SPECIES FOR RESTORATION: INSIGHTS IN THE ATLANTIC
FOREST COASTAL ZONES

Emanuela W A Weidlich, Universidade Federal de Santa Catarina, Brazil
Indiani Conti Della Vechia, João Paulo Ernzen, Maria Alice Neves
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PS - BIODIVERSITY AND SOCIETY NEXUS: A SOCIO-ECOLOGICAL ADAPTIVE MODEL TO IDENTIFY AREAS OF SUSTAINABLE
WATERSHED RESOURCE INTERVENTION IN THE CONTEXT OF CLIMATE CHANGE

Giancarlo Cesarello, Centre Eau Terre Environnement, Canada
Sonja Behmel, James Gordon, Isabelle Lavoie, Beatrix Beisner
PS - BIODIVERSITY OF URBAN STORMWATER RETENTION PONDS: ASSESSMENT OF DIVERSITY AND COMMUNITY COMPOSITION
USING A MULTI-TAXON APPROACH

Matisse Petit-Prost, Institut National de la Recherche Scientifique, Canada
Isabelle Lavoie, Monique Poulin
PS - BOG IN A BOX; IMPACT OF PEAT STORAGE ON VITAL BELOWGROUND PROCESSES

Iain Detrey, Environmental Research Institute, UHI, United Kingdom
Beth Mouat, Susan Waldron, Roxane Andersen
PS - BOG IN A BOX; SPENDING CARBON TO SAVE CARBON

Iain Detrey, Environmental Research Institute, UHI, United Kingdom
Beth Mouat , Susan Waldron, Roxane Andersen
PS - BOREAL WETLANDS TRAINING FOR PRACTITIONERS

Leanne Mingo, Ducks Unlimited Canada, Canada
Jessie Lavallee-Whiffen, Kylie McLeod, Bev Gingras
PS - BRINGING BACK THE HERDS: LIFE CAÑADAS, AN ECOLOGICAL RESTORATION PROJECT TO RECOVER THE DROVE ROADS
NETWORK OF MADRID

Paula Solascasas, Universidad Autónoma de Madrid, Spain
Francisco M. Azcárate, Violeta Hevia
PS - CARBON DYNAMICS IN RESTORED FRESHWATER WETLANDS: IMPLICATIONS FOR CLIMATE MITIGATION

Fiona Ellsworth, Kenyon College, United States
Siobhan Fennessy, Grace Gavazzi
PS - CARIBOU HABITAT RESTORATION TRIALS IN NORTHEASTERN ALBERTA

Shannon O’Dwyer, Golder Associates Ltd., Canada
Paula Bentham
PS - CHALLENGES OF MITIGATING VERNAL HABITAT AT AN INDUSTRIAL REDEVELOPMENT, ON THE DELAWARE RIVER, COASTAL
PLAIN REGION OF NEW JERSEY

Owen Zalme, Ramboll US Corporation, United States
Laura George, Thomas Newcomb, Hilary Cannarella
PS - CHAMELEON SOIL MOISTURE SENSORS: A POTENTIAL NEW TOOL FOR MONITORING TROPICAL PEATLAND RESTORATION
SUCCESS AND PEAT FIRE RISK

Aldina Rahmadhani, BOSF-Mawas, Indonesia
Nafila Idrus, Andri Thomas, Ramadhan Ramadhan, Laura Graham, Matt Driver, Richard Stirzaker, Samantha Grover
PS - CHANGE IN LAND COVER AND USE IN CRITICAL AREAS OF FOREST FIRES IN THE STATE OF MORELOS, MEXICO

Cristina Martínez-Garza, Universidad Autónoma del Estado de Morelos, Mexico
Iris Juan-Baeza, Roberto Marquez-Huitzil, Cristina Martínez-Garza,
PS - CHANGES IN TROPHIC STRUCTURE FOLLOWING OYSTER REEF RESTORATION

Melinda Donnelly, University of Central Florida, United States
Jessica Copertino, Giovanna McClenachan, Michelle Shaffer, Linda Walters
PS - CONTRIBUTION OF MICROBIAL ASSEMBLAGES TO NITROGEN CYCLING IN WETLAND RESERVE PROGRAM EASEMENTS

Nicholas Alexander, Middle Tennessee State University, United States
Donald Walker, Robert Brown, Shrijana Duwadi, Justin Murdock, Spencer Womble
PS - CORAL SEXUAL PROPAGATION OF JUVENILES IN VARYING AGGREGATION GROUP SIZES

Charlon Ligson, University of the Philippines, Philippines
Patrick Cabaitan, Peter Harrison
PS - CREATING HABITAT: A STATEWIDE EXPERIMENT FOR THE WESTERN MONARCH (DANAUS PLEXIPPUS)

Asia Jones, River Partners, United States
Kim Armstrong, Erin Hagen, Emily Mullins, Helen Swagerty, Cheryl Schultz, Angela Laws, Julie Rentner
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PS - CULTIVARS OF POPULAR RESTORATION GRASS DEVELOPED FOR DROUGHT DO NOT DIFFER IN PERFORMANCE OR DROUGHTRELATED TRAITS FROM OTHER ACCESSIONS

Magda Garbowski, German Centre for Integrative Biodiversity Research (iDiv), Germany
Danielle B Johnston, Cynthia S. Brown
PS - DEFINITION OF REFERENCE ECOSYSTEMS AND SUCCESSION TRAJECTORIES FROM VEGETATION INVENTORIES AS A TOOL
FOR ECOLOGICAL RESTORATION IN BOGOTÁ (COLOMBIA)

Diego Mauricio Cabrera Amaya, Jardín Botánico de Bogotá José Celestino Mutis, Colombia
PS - DELAYING AN ECOLOGICAL BURN AFTER CLEARING DENSE STANDS OF INVASIVE ALIEN ACACIA SALIGNA AS A STRATEGY
TO UP-SCALE RESTORATION EFFORTS

Duduzile Ngwenya, Stellenbosch University, South Africa
Patricia Holmes, Sjirk Geerts, Karen Esler
PS - DESIGN PROCESS FOR WELL-BEING: A POSITIVE PREVENTIVE STRATEGY THROUGH CONSERVATION OF LANDSCAPE
RESOURCES

Swati Sahasrabudhe, Dr. B.N. College of Architecture, India
Anupama Khatavkar
PS - DO’S AND DON’TS OF SUBTIDAL MUSSEL REEF RESTORATION

Al Alder, University of Auckland, New Zealand
Andrew Jeffs, Jenny Hillman
PS - ECOLOGICAL RESTORATION SITES ON DEGRADED HILLSIDES CAN HAVE THE POTENTIAL TO BE PLANTED TO BECOME
BEAUTIFUL INTRIGUING OUTDOOR EDUCATIONAL CLASSROOMS

Paul Melsom, Eagleowl on Lantau, Hong Kong

PS - EFFECT OF SEISMIC LINE RESTORATION METHODS ON NUTRIENT CYCLING IN A BOREAL ALBERTA FEN

Taylor Vodopija, University of Waterloo, Canada
Felix Nwaishi, Maria Strack
PS - EFFECTIVE RESTORATION STRATEGIES FOR DISTURBED SITES

David Polster, Polster Environmental Services Ltd., Canada
PS - EFFECTS OF FREEZE-THAW CYCLES ON BIOGEOCHEMICAL CYCLING OF PHOSPHORUS IN RIPARIAN BUFFER ZONES

Jacob Coppolino, University of Guelph, Canada
Susan Glasauer
PS - EFFECTS OF PLANT-DERIVED SMOKE ON SEED GERMINATION IN NEW ENGLAND, USA

Jessamine Finch, Native Plant Trust, United States
Alexis Doshas, Emily Fusco, Molly Molly Krofssik, Michael Piantedosi, George LoCascio
PS - ELIZABETH, NEW JERSEY WETLAND RESTORATION ‘ ECOLOGICAL UPLIFT IN AN URBAN SETTING

Michael Rehman, Princeton Hydro, LLC, United States
PS - ENHANCING ECOSYSTEM SERVICES THROUGH ECOSYSTEM RESTORATION AS PART OF CLIMATE CHANGE ADAPTATION

Irina Akhmedova, Yugra State University, Russian Federation
Evgeny Zarov, Alexander Kaverin, Ruslan Bolshakov, Mikhail Cherosov, Anne Tolvanen, Tatiana Minayeva
PS - ENVIRONMENTAL DEBT IN RIPARIAN PRESERVATION AREAS AND SOCIOECONOMICS IN SAO PAULO STATE, BRAZIL

Klécia Massi, Unesp, Brazil
Klécia Massi, Tatiana Mendes
PS - EVALUATING FOREST REGENERATION ON SEISMIC LINES IN FORESTRY CUTBLOCKS AND MATURE FORESTS USING AERIAL
IMAGERY AND GROUND-TRUTHED DATA

Angeline Van Dongen, Natural Resources Canda, Canadian Forest Service, Canada
Caren Jones, Casey Doucet, Amanda Schoonmaker, Jill Harvey, Dani Degenhardt
PS - EVOLUTIONARY HISTORY LOSSES IN ATLANTIC FOREST RESTORATIONS

Bruna Azevedo, University of São Paulo, Brazil
Débora Rother
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PS - EXPLORING THE POTENTIAL OF FINNISH HABITATS RESTORATION VIA CITIZEN-LEVEL BIODIVERSITY CONSERVATION
ACTIONS

Clara Lizarazo, University of Jyväskylä, Finland
Ilona Laine, Beñat Olascoaga, Panu Halme
PS - FINANCING FOR CONSERVATION WITHIN DEVELOPMENT PROCESSES

Lynette Munro, Cape Town Environmental Education Trust, South Africa
Anthony Roberts
PS - FOREST REGROWTH DIVERSITY AND HOW TO MAP IT

Marcos Kavlin Castaneda, University of British Columbia, Canada
Nicholas Coops, Naomi Schwartz, Jeanine Rhemtulla
PS - FOREST TRANSITION AND THE IMPORTANCE OF PARTICIPATORY LAND USE PLANNING FOR FAMILY FARMERS: HOW TO
MAKE FORESTS A GOOD BUSINESS?

Maria Otávia Crepaldi, NEA-PB/UFSB e ESALQ/USP, Brazil
Raíssa Tamassia Côrtes, Rodrigo Borges, Gabriela Narezi
PS - FORESTS FOR FUTURE: DEVELOPING FOREST LANDSCAPES FOR LIVELIHOODS AND CLIMATE ADAPTATION IN SOUTHWEST
ETHIOPIA

Stefanie Brandes, The Nature and Biodiversity Conservation Union (NABU) e.V., Germany
Ashebir Wondimu, Svane Bender
PS - FRANKLIN-98 LIVING SHORELINE PROJECT

Rick Harter, WSP USA, United States
Josh Adams, Nigel Temple, Evan Blythe
PS - FRESHWATER MUSSEL RESTORATION APPROACHES; A SYSTEMATIC REVIEW OF THE GLOBAL MUSSEL RESTORATION TOOLBOX

Roland Eveleens, Great Lakes Institute of Environmental Research, University of Windsor, Canada
Catherine Febria
PS - FROM BROWNFIELD TO GREENFIELD: RESTORING WETLANDS AND HABITATS ON FORMERLY CONTAMINATED SITES

William Young, SumCo Eco Contracting, United States
Martin McHugh
PS - GRASSLANDS NEED ACTIVE RESTORATION AFTER REMOVAL OF INVASIVE KING RANCH BLUESTEM

Charlotte Reemts, The Nature Conservancy, United States
PS - HOMING LEOPARDS, RESTORING ECOLOGICAL CONNECTIVITY OVER A CHINESE MOUNTAIN RANGE IN THE NAME OF ITS
APEX PREDATOR

Yiqing Wang, China Felid Conservation Alliance, China
Ziyu Ma, Yue Dong, Heng Zhang, Tianti Li
PS - HOW DO NATIONAL FOREST RESTORATION POLICIES UNFOLD ON THE GROUND IN RURAL BOLIVIA?

Meagan Rathjen, Purdue University, United States
Zhao Ma
PS - HOW PROJECT DRIVERS INFLUENCE USE OF SER PRINCIPLES FOR SUCCESSFUL RESTORATION IN THE KOOTENAY REGION
OF BRITISH COLUMBIA, CANADA

Zachary Moore, SER-WC, Canada
Rebecca Wilson, Emily Pejic
PS - HOW RESILIENT AND GENERALIST FRUGIVORES CAN SURROGATE SPECIALIZED ONES AS SEED DISPERSERS IN ECOLOGICAL
RESTORATION

Eduardo Rigacci, Unicamp (University of Campinas), Brazil
Cristiane Zaniratto, José Ferreira, Jasmim Oliveira, Maria Elisa Morandi, Jéssica Killing, Larissa Nunes, Laura Abreu, Natalia
Paes, Gabriel Felix, Wesley Silva
PS - IDENTIFYING AND DETECTING SPECIES AT SCALE TO PROTECT AND RESTORE ECOSYSTEMS

Elena Fernandez-Miranda, Dendra Systems, Great Britain
Nadine Nolan, Shuning Bian
PS - IMPACT OF EMERALD ASH BORER (EAB) ON THE ECOHYDROLOGY OF BLACK ASH WETLANDS

Thomas Pypker, Thompson Rivers University, Canada
Nicholas Bolton, Joshua Davis, Kathryn Hofmeister, Randall Kolka, Fengjing Liu, Noh Nam Jin, Joseph Shannon, Elisabeth
Stimmel, Matthew Van Grinsven, Joseph Wagenbrenner
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PS - IMPROVING ECOLOGICAL RESTORATION OUTPUTS AND OUTCOMES

Elizabeth Benjamin, GDIT, United States
Molly Middlebrook Amos, Louis Blume, Craig Palmer, Brick Fevold, Tim Lewis, Judith Schofield
PS - IN VITRO ASYMBIOTIC GERMINATION OF SOME INDIGENOUS TERRESTRIAL ORCHIDS OF THE MALTESE ISLANDS

Paul Muscat, University of Malta, Malta
Arthur Lamoliere, Marco Iannaccone, Joseph Buhagiar
PS - INFLUENCE OF DISTANCE FROM FOREST ON EARLY SPONTANEOUS VEGETATION SUCCESSION FOLLOWING SMALL-SCALE
GOLD-MINING IN THE SOUTHEAST PERUVIAN AMAZON

Jorge Santiago Garate-Quispe, University of Barcelona, Spain
Yoni Fernandez-Mamani, Sufer Baez Quispe, Margarita Soto-Benavente, Gorky Florez Castillo, Marx Herrera-Machaca, Emilia
Gutierrez Merino, Gabriel Velasquez-Ramirez,
PS - INVASIVE CATTAIL RESIDENCE TIME AFFECTS PLANT COMMUNITIES AND BELOWGROUND PROCESSES

Maggie O’Brien, Loyola University Chicago, United States
Drew Monks, Shane Lishawa, John Kelly
PS - KEY FACTORS FOR SUCCESS OF LIVING PLANTS IN SOIL BIOENGINEERING FOR RIVERBANK PROTECTION IN CALGARY

André Evette, INRAE, France
Delphine Jaymond, Mike Gallant, Pierre Raymond, Kathryn Hull, Alan Dodd, Camille Guilloteau, Marie-Anne Dusz, Norma
Posada
PS - LESSONS LEARNED FROM 20 YEARS OF HYPERABUNDANT WILDLIFE MANAGEMENT IN CANADAS NATIONAL PARKS

Heather Clarke, Parks Canada Agency, Canada
Emily Gonzales, Kyle Artelle
PS - LIFE NIEBLAS - REFORESTATION & CLIMATE CHANGE MITIGATION: TESTS, EVALUATION AND TRANSFER OF INNOVATIVE
METHODS BASED ON FOG COLLECTION

Vicenç Carabassa, CREAF, Spain
PS - LINEAR DISTURBANCE RESTORATION IN MOUNTAIN CARIBOU HABITAT: LESSONS FROM BC’S QUINTETTE PILOT PROJECT

Scott Schilds, Province of British Columbia, Canada
Marc Steynen, Joelle Scheck
PS - LITTER MIXING EFFECT ON DECOMPOSITION IN A 30 YEAR-OLD PARTIALLY DRAINED PEATLAND

Talal Asif, Université Laval, Canada
Iqra Naeem, Zhao-Jun Bu, Azim Mallik, Jin-Ze Ma, Line Rochefort
PS - LONG-TERM CHANGES IN THE ABUNDANCE OF INVASIVE ALIEN PLANT SPECIES DURING THE RESTORATION OF PANNONIC
SAND STEPPES

Nóra Sáradi, Szent István University, Faculty of Agricultural and Environmental Sciences, Institute of Crop P, Hungary
Bruna Paolinelli Reis, Yesenia Belén Llumiquinga, Katalin Szitár, Edina Csákvári, Anna Kövendi-Jakó, Katalin Török, Melinda
Halassy
PS - MANAGING MOOSE POPULATION IN FORILLON NATIONAL PARK TO PROTECT THE ECOSYSTEM

Pierre Etcheverry, Parks Canada,
Pierre Etcheverry, Mathieu Côté, Marie-Ève Murray
PS - MARSH PLANTS ENHANCE COASTAL MARSH RESILIENCE BY CHANGING SEDIMENT OXYGEN AND SULFIDE CONCENTRATIONS
IN AN URBAN, EUTROPHIC ESTUARY

Mary Alldred, SUNY Plattsburgh, United States
Jonathan J. Borrelli, Timothy Hoellein, Denise Bruesewitz, Chester Zarnoch
PS - METHODOLOGICAL CONTRIBUTIONS TO IMPACTS STUDIES OF THE USE OF TOOLS RELATED TO PERMACULTURE FOR THE
REGENERATION OF ECOSYSTEMS IN THE DESERTIFICATION PROCESS

Guillaume Moreau, The Institute of Environmental Sciences UQAM, Canada
Jean-Philippe Waaub
PS - MODELLING THE USE OF LANDSCAPE FEATURES BY CARIBOU TO GUIDE THE RESTORATION OF MINE SITES

Heather Short, Stantec Consulting Ltd., Canada
PS - MODERN MONITORING METHODS FOR MEADOW MENDING MASTERY

Jacob Kollen, California Department of Water Resources, United States
Patrick Jarrett, Austin Hall, Brooke Watkins, Matt Meyers
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PS - MONITORING CHANGES IN ICELANDIC FEN WETLANDS FOLLOWING RESTORATION

Sunna Askelsdottir, Soil Conservation Service of Iceland, Iceland
Olvir Styrmisson, Agusta Helgadottir, Johann Thorarensen
PS - MULTIPHASE MARSH RESTORATION AT GALVESTON ISLAND STATE PARK, TEXAS

Christian LaPann-Johannessen, PE, HDR, United States
Nicole Davis, PhD, Daniel Heilman, PE
PS - PEASANT TERRITORIES AND STEWARDSHIP OF NATURE IN NEOLIBERAL MEXICO

Alejandra Guzmán Luna, University of Vermont, United States
Bruce G. Ferguson
PS - PEATLAND VEGETATION RESPONSE POST-FIRE IN A CHANGING CLIMATE

Chris Newton, Royal Roads University, Canada
PS - PERFORMANCE OF SIDEROXYLON CAPIRI (SAPOTACEAE) IN ECOLOGICAL RESTORATION PLANTINGS A MEXICAN
DECIDIOUS FOREST

Eugenia Estefania Hidalgo-Contreras, Maestría en Biología Integrativa de la Biodiversidad y Conservación, Mexico
Valentina Carrasco-Carballido, José Flavio Márquez-Torres
PS - PERFORMANCES OF ALNUS FORMOSANA SEEDLING OF MUD PLANTING AND MULCHING IN TAIWANESE ABANDONED FARMLAND

Chiu Han-Yuan, Department of Forestry, National Chung Hsing University, Taiwan (Republic of China)
Chiu Ching-An, Ke Jhin-Sian
PS - PLAYA WETLAND RESTORATION PRIORITIZATION: ACCOUNTING FOR LEGACY EFFECTS OF HYDROLOGIC MODIFICATION
AND INTENSIFYING DROUGHT

Micah Russell, Western Colorado University, United States
Jennifer Cartwright, Gail Collins, Ryan Long, Jan Eitel
PS - POSITIVE PLANT-PLANT INTERACTIONS INCREASE RESTORATION SUCCESS FOR THORN SCRUB/THORN FOREST PLANT
COMMUNITIES IN SEMI-ARID SOUTH TEXAS

Edgar Vasquez, The University of Texas Rio Grande Valley, United States
Alejandro Fierro-Cabo, Sonia Najera
PS - POST-HOC ANALYSES REVEAL INCREASED DENSITY OF RARE PLANT INFLORESCENCE ALONG RESTORATION TRAJECTORY

Ashlynn Smith, Atlanta Botanical Garden , United States
Barbara Cory , Emily Coffey , Deborah Miller
PS - POTENTIAL APPLICATIONS OF THE MUTUALISM BETWEEN SMOOTH CORDGRASS (SPARTINA ALTERNIFLORA) AND RIBBED
MUSSEL (GEUKENSIA DEMISSA) FOR RESTORATION OF URBAN WETLANDS

Thomas Whaley, SUNY Plattsburgh, United States
Chester B. Zarnoch, Patricia Rafferty, Jolene Willis, J. Stephen Gosnell, Timothy J. Hoellein, Denise A. Bruesewitz, Christopher
Girgenti, Mary Alldred
PS - PRESCRIBED FIRE EFFECTS ON GRASSLAND SMALL MAMMAL COMMUNITY STRUCTURE IN EASTERN NORTH DAKOTA, USA

Lynda LaFond, University of North Dakota, United States
Jason Boulanger, Kathryn Yurkonis
PS - PRIORITY AREAS FOR RESTORATION IN PERMANENT PRESERVATION AREAS OF RURAL PROPERTIES IN THE BRAZILIAN
AMAZON

Denis Cruz, Alliance for Amazon Restoration, Spain
Sabrina Ribeiro, Gracialda Ferreira, Gustavo Schwartz, Andre Monteiro
PS - PROJECT UPSCULPT: WETLAND INSPIRED EDUCATIONAL ART THAT PROMOTES PRESERVATION

Pamela Lynch, Suffolk County Community College, United States
Cindy Roe, Rebecca Pearson
PS - PROPAGATION OF CORYLUS CORNUTA FROM SEED AND SOFTWOOD CUTTINGS FOR REVEGETATION OF DISTURBED SITES

Jessica Hudson, Natural resources canada, Canada
Kimberly Gould, Ann Smreciu, Dani Degenhardt,
PS - PROPAGATION OF SOME INDIGENOUS PLANT SPECIES OF THE MALTESE ISLANDS

Marco Iannaccone, University of Malta, Malta
Courtney Farrugia, Arthur Lamoliere, Joseph Buhagiar
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PS - RECONSTRUCTING CARBON FUNCTION IN BOREAL PEATLANDS

M. Graham Clark, McMaster University, Canada
Kelly Biagi, Elyn Humphreys, Sean Carey
PS - RECOVERY OF A NATIVE TREE AFTER INVASIVE TREE REMOVAL IN RIPARIAN SYSTEMS OF THE WESTERN US

Alexander Goetz, University of Denver, United States
Ian Moffit, Anna Sher
PS - RECRUITMENT OF WOODY MATERIALS TO ENHANCE THE RESTORATION OF LINEAR FEATURES IN CARIBOU HABITAT

Dani Degenhardt, Natural Resources Canada, Canada
Jessica Hudson, Hyejin Hwang, Devin Goodsman, Michael Cody
PS - REIMAGINING THE ROLE OF POLICY IN ECOLOGICAL RESTORATION

Ella Samuel, Northern Arizona University, United States
Rachel Mitchell, Daniel Winkler
PS - REMOVAL OF NITROAROMATIC COMPOUNDS FROM TRINITROTOLUENE (TNT) CONTAMINATED SOIL IN A LABORATORY
SCALE CONSTRUCTED WETLAND

Safia Ahmed, Quaid-i-Azam University, Islamabad Pakistan, Pakistan
Mahwish Ali, Fariha Hasan, Safia Ahmed
PS - RESPIRATION DYNAMICS IN POST-EXTRACTED PEATLANDS: INSIGHTS FROM A NATURAL BO

Tracy Rankin, McGill University, Canada
Nigel Roulet, Maria Strack
PS - RESTORATION AND MONITORING OF HYMENOCALLIS CORONARIA IN STEVENS CREEK, SOUTH CAROLINA

Andy Grunwald, Clemson University, United States
Althea Hagan
PS - RESTORATION INITIATIVES IN THE BAUXITE MINING ENVIRONMENT: CONTRIBUTIONS TO ATLANTIC FOREST
CONSERVATION IN SOUTHEAST BRAZIL

Luiz Henrique Elias Cosimo, Universidade Federal de Viçosa, Brazil
Sebastião Venâncio Martins, Wesley da SIlva Fonseca
PS - RESTORATION OF ABANDONED PEAT QUARRIES FOR CLIMATE CHANGE MITIGATION (LITHUANIA)

Jurate SENDZIKAITE, Lithuanian Fund for Nature / Nature Research Centre, Lithuania
Nerijus Zableckis, Leonas Jarasius, Zydrunas Sinkevicius
PS - RESTORATION OF BOREAL SEMI-NATURAL GRASSLANDS IN A COMPLEX FLOODPLAIN LANDSCAPE: SOCIAL-ECOLOGICAL
RESILIENCE AT THE FARM LEVEL

Solvita Rusina, University of Latvia, Latvia
Ivo Vinogradovs, Anna Marija Firere, Baiba Strazdina, Madara Kruzmane, Marta Ancane
PS - RESTORATION OF DEGRADED SAVANNAH WOODLAND IN NAMIBIA

manushka moodley , Forest Stewardship Council, South Africa
Progress Kashandula
PS - RESTORATION OF TREE COVER ON FOREST ROADS TO IMPROVE THE HABITAT OF BOREAL WOODLAND CARIBOU IN QUEBEC

Clémentine Pernot, Université Laval, Canada
Julie Barrette, Jérôme Rioux, Alison D. Munson
PS - RESTORATION TIMING AND DESIGN INFLUENCE FREE-LIVING AND PARASITE DIVERSITY IN A RESTORED TIDAL MARSH

Christopher Moore, East Carolina University , United States
Rachel Gittman, Brandon Puckett , Emory Wellman, April Blakeslee
PS - RESTORED URBAN ROAD VEGETATION OFFERS FLORAL RESOURCES FOR INSECT POLLINATORS AND CONTRIBUTES TO
CLIMATE REGULATION

Sandra Rojas-Botero, Technical University of Munich, Germany
Johannes Kollmann
PS - RICHNESS AND ABUNDANCE OF BATS AND BIRDS IN 12-YEAR-OLD RESTORATION SETTINGS

Cristina Martínez-Garza, Universidad Autónoma del Estado de Morelos, Mexico
Cristina Martínez-Garza
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PS - SAFEGUARDING SUCCESS: EXPLORING COMMUNITY ENGAGEMENT STRATEGIES THAT SUPPORT LONG-TERM RESTORATION
SUCCESS IN EUROPEAN WETLANDS

Stijn den Haan, Lund University, Sweden
Laszlo Pinter
PS - SCALING FARMER-BASED RESTORATION SOLUTIONS AT A WATERSHED LEVEL

Robert Morikawa, Plant With Purpose, United States
Jared White, Milmer Martinez Vergara, Corey Chin
PS - SCALING UP ECOLOGICALLY APPROPRIATE SEED SUPPLY IN CANADA: HOW THE NATIONAL TREE SEED CENTRE CAN HELP

Donnie McPhee, Natural Resources Canada, Canada
Melissa Spearing, Judy Loo
PS - SEASONAL BURNS IN LONGLEAF PINE FORESTS ALTER SOIL PROPERTIES BUT NOT MICROBIAL CHARACTERISTICS

Ajay Sharma, University of Florida, United States
Sougata Bardhan, Aaron Ericsson , John Willis
PS - SEED MORPHOMETRICS AS A TOOL TO SITE-SPECIFIC SEED SOURCING FOR POPULATION REINFORCEMENT

Arthur Lamoliere, University of Malta, Malta
Marco Iannaccone, Sandro Lanfranco, Joseph Buhagiar
PS - SEED VIABILITY, GERMINATION, AND EARLY SURVIVAL OF SPARTINA ALTERNIFLORA FROM THE BAY OF FUNY AND
NORTHUMBERLAND STRAIT FOR SALT MARSH RESTORATION

Lyle Vicaire, University of New Brunswick, Canada
Allen Beck, Myriam Barbeau
PS - SEEDS OF SUCCESS: CULTIVATING 20 YEARS OF PLANT CONSERVATION

Anna Lindquist, Chicago Botanic Garden, United States
Amanda Carr, Regan Murray, Peggy Olwell
PS - SOIL STOICHIOMETRIC CHARACTERISTICS OF INTACT, DRAINED AND RESTORED WETLANDS

Dan Dong, McGill University, Canada
Christian von Sperber, Irena Creed, Pascal Badiou, Tim Moore
PS - SPATIAL PLANNING FOR RESTORING POPULATIONS OF MARINE VERTEBRATES AND THEIR HABITATS: A CHALLENGING
MANAGEMENT TASK

Eduardo Cuevas, CONACYT-Universidad Autónoma del Carmen, Mexico
Raúl Lara-Menodza, Alberto Delgado-Estrella, Enrique Núñez-Lara, Abigail Uribe-Martínez, Eduardo Cuevas
PS - SPECIES DIVERSITY INDUCES IDIOSYNCRATIC EFFECTS ON LITTER DECOMPOSITION IN A DEGRADED MEADOW STEPPE

Iqra Naeem, Northeast Normal University, China
Talal Asif
PS - STREAM-BANK RESTORATION: NEW YORK NATIVE GRASSES,SEDGES AND FORBS IN GRAVEL

Kristine Boys, Cornell Botanic Gardens, United States

PS - TECHNIQUES AND EXAMPLE OF RESTORATION ON THE MEDITERRANEAN MOUNTAIN: CAMPANARIOS DE AZABA RESERVE

Carlos Sánchez Martínez, Fundación Naturaleza y Hombre, Austria
Juan José Pérez Marín
PS - THE CANADIAN CONSERVATION AND LAND MANAGEMENT KNOWLEDGE NETWORK: CONNECTING AND SUPPORTING
COMMUNITIES OF PRACTICE

Beverly Gingras, Ducks Unlimited Canada, Canada
Bonniee Drozdowski, Beverly Gingras, Kevin Kemball, Katalijn MacAfee, Shelagh Pyper

PS - THE FATE OF BIOLOGICAL SOIL CRUSTS AFTER FIRE: A META-ANALYSIS

Brianne Palmer, San Diego State University, United States
Rebecca Hernandez, David Lipson
PS - THE MEDIATION OF PLANT-MYCORRHIZAL FEEDBACKS BY PHOSPHORUS FERTILIZATION

Robert Ramos, University of Kansas, United States
Jim Bever
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PS - THE ONTARIO TREE ATLAS PROJECT: USING PARTICIPATORY SCIENCE TO MAP THE OCCURRENCE OF OVER 100 TREE
SPECIES IN ONTARIO, CANADA

Emma Davis, University of Waterloo, Canada
Sean Fox
PS - THE POTENTIAL OF THE SOIL OF OAK (QUERCUS HUMBOLDTII BONPL. 1805) MICROBIOTA IN COLOMBIA FOR
CONSERVATION AND RESTORATION

Jaime Polania, Universidad Nacional de Colombia,
Jaime Polania
PS - THE PREVENTATIVE FLOOD RESTORATION IN THE CALGARY URBAN AREA BASED ON SNAP ENVIRONMENTAL ASSESSMENT
SYSTEM

Liyuan Qian, Southwest Jiaotong University, China
Stefanakis Emmanuel, McGrath Heather , Huan Wu
PS - THE RESTORATION AND FORESTRY OBSERVATORY A PLATFORM TO MONITOR RESTORATION IN BRAZIL

Milena Ribeiro, The Nature Consernacy, Brazil
Marcelo Matsumoto, Marcelo Matsumoto, Cézar Borges, Julio Tymos, Luis Oliveira Jr, Laura Lamonica, Maiara Beckrich
PS - TROPICAL DRY FOREST SEEDLING GROWTH AND SURVIVORSHIP DEPENDS UPON FERTILIZATION AND IRRIGATION

Laura Toro-Gonzalez, University of Minnesota, United States
Francisco Torres-Romero, Jennifer S. Powers
PS - UNDERSTANDING THE INTERACTION BETWEEN HABITAT USE OF FREE-ROAMING HORSES AND THE ABUNDANCE OF
GREATER SAGE-GROUSE IN THE GREAT BASIN

Mikiah Carver, Brigham Young University, United States
Steven Petersen
PS - UNDERSTANDING THE ROLE OF TREE SPECIES DOMINANCE ON FOREST RESTORATION OUTCOMES IN THE TROPICS

María José Mata-Quirós, Osa Conservation, Costa Rica
Miguel Muñoz Mazón, María José Mata-Quirós, Hilary Brumberg, Eleanor Flatt, Ruthmery Pillco Huarcaya, Marvin Lopez
PS - USE OF NATIVE PINE SPECIES TO RECOVER DEGRADED AREAS AND INCREASE THEIR RESILIENCE IN THE COINTZIO MICROWATERSHED OF THE MUNICIPALITY OF MORELIA MICHOACÁN, MEXICO

María Elena Granados García, Universidad Michoacana de San Nicolás de Hidalgo, Mexico
Manuel Gutiérrez Castillo, María Elena Granados García, Juan Carlos González Cortés
PS - USE OF TARPAULIN AS A METHOD OF CONTROL UROCHLOA BRIZANTHA ON THE CROWN REGION OF SEEDLINGS IN NATIVE
TREE PLANTING IN CERRADO BIOME

Marina Morais Monteiro, Universidade Federal de Goias, Brazil
Thamyres Teixeira de Abreu, João Victor de Sousa Lima, Indiara Nunes Mesquita, Fabio Venturoli, Vladia Correchel
PS - USING BENTHIC BARRIERS TO CONTROL YELLOW FLAG IRIS (IRIS PSEUDACORUS)

Catherine Tarasoff, Agrowest Consulting Scientists, Canada
Kailee Streichert, Thomas Pypker, Wendy Gardner, John Church
PS - USING FLOATING TREATMENT WETLANDS TO REMOVE NUTRIENTS AND RESTORE MEADOW MARSH HABITATS IN WETLAND
SYSTEMS IN THE NORTHEASTERN UNITED STATES

Kevin Killigrew, The College at Brockport, State University of New York, United States
Rachel Schultz, Michael Chislock
PS - USING GOOGLE EARTH FOR PLANNING, IMPLEMENTATION AND MONITORING OF RESTORATION OF SITES DEGRADED DUE
TO INVASIVE ALIEN SPECIES IN AND AROUND A MAJOR TIGER RESERVE IN SOUTH INDIA

Kaustubh Moghe, Junglescapes Charitable Trust, India
Ramesh Venkataraman, Hanumanth Coimbatore Ravindranath
PS - VEGETATION FUNCTION AND DIVERSITY ON RECLAIMED SURFACE-MINED LANDS OF SOUTHEASTERN OHIO, USA

Douglas Spieles, Denison University, United States
Rebecca Swab
PS - VEGETATIVE COMMUNITY AND HEALTH ASSESSMENT OF A CONSTRUCTED JUNCUS-DOMINATED SALT MARSH IN THE
NORTHERN GULF OF MEXICO

Patrick Biber, The University of Southern Mississippi, United States
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PS - WESTERN FORBS: BIOLOGY, ECOLOGY, AND USE IN RESTORATION

Corey Gucker, Great Basin Fire Science Exchange, United States
Nancy Shaw, Anne Halford
PS - WETLAND CENTRE AT EVERGREEN PARK: CREATING A BOREAL WETLAND TRAINING, RESEARCH, AND DEMONSTRATION SITE
IN NORTH WESTERN ALBERTA

Kylie McLeod, Ducks Unlimited Canada, Canada
Catherine Brown, Leanne Mingo, Jessie Lavallee-Whiffen, Angie Kuysters
PS - WETLAND EFFECTS ON CLIMATE: A GLOBAL ANALYSIS

Vanessa Aparicio, Virginia Commonwealth University , United States
Scott Neubauer
PS - WETLAND VEGETATION COMMUNITY MAPPING WITH UAV VERY HIGH RESOLUTION IMAGERY

Tanya Iljas, University of Waterloo, Canada
Derek Robinson, Rebecca Rooney
PS - WETLANDS IN AGRICULTURAL LANDSCAPES AS HABITAT FOR AQUATIC WILDLIFE

Sarah French, University of Waterloo, Canada
James Devries, Dale Wrubleski, David McLachlin, Daniel McIsaac, Rebecca Rooney
PS - WHERE TO RESTORE: USING REGIONAL AND LOCAL SOIL MAPS TO IDENTIFY POTENTIAL PINE BARREN AND SAND PLAIN
HABITAT

Jeffrey Corbin, Union College, United States
Emma Flatland
PS - WITHERING WATERSCAPES: THE STORY OF THE EAST KOLKATA WETLANDS, INDIA

Abhinandan Bera, The Pennsylvania State University, United States
Charles Cole
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Short Video Session
SVS - ASSISTED NATURAL REGENERATION AS A FOREST RESTORATION METHOD

Ana Flavia Boeni, University of Sao Paulo, Brazil
Débora Cristina Rother, Ricardo Ribeiro Rodrigues, André Gustavo Nave, André Valentim Bonatto, Leonardo Andrade
Pimenta, Leandro Luiz Ferreira Abrahão
SVS - BIRD PERCHES FOR SEED DISPERSION IN DISTURBED DRY MOUNTAIN FORESTS: IMPLICATIONS FOR ECOLOGICAL
RESTORATION

María Fernanda Martínez-Gálvez, National University of Salta and National Council of Technology and Science Research
(Argentina), Argentina
María Fernanda Martínez-Gálvez, Johanna Croce, Carolina Trigo, Marina Díaz-Leguizamon, Andrés Tálamo, Enrique Javier
Derlindati
SVS - ESTABLISHING AN ECOLOGICAL WORKFORCE - DEVELOPING TRAINING AND QUALIFICATIONS CERTIFICATE FOR ON-THEGROUND LABORERS AND OPERATORS

Sally Bolger, HanfordFUND, United States
Sally Bolger, Bruce Wilson
SVS - HOLDING BACK THE SNOWPACK

Pedro Marques, Big Hole Watershed Committee, United States
SVS - INTRODUCING SEAGRASS RESTORATION PATH OF ENHALUS ACOROIDES (LINNAEUS F.) ROYLE IN THAILAND

Milica Stankovic, Prince of Songkla University , Thailand
Ratchanee Kaewsrikhaw, Janmanee Panyawai, Anchana Prathep
SVS - LIFE: EU FUNDING FOR ECOLOGICAL RESTORATION ACTIONS

Ana Nava, EU LIFE Programme CommTeam - on behalf of EASME (European Commission), Belgium
Robin Salter, Jan Sliva
SVS - LONG-TERM BURN SEASON EFFECTS ON AN UPLAND LONGLEAF PINE FOREST

Ajay Sharma, University of Florida , United States
John Willis
SVS - PRODUCING NATIVE PLANT MATERIALS FOR RESTORATION OF PARAMOS IN ECUADOR

Mayra Chiquin, Fondo Protección del Agua, Ecuador
Silvia Salgado, Tania Calle
SVS - RAISING UP PROVIDENCE ISLAND MANGROVES AFTER IOTA’S FURY

Alexandra Rodríguez Rodríguez, INVEMAR, Colombia
Ostin Garcés Ordoñez, Margarita Rosa Dussan Arquez, Isabela Katime
SVS - RESTORATION TECHNIQUES AND EXPERIENCES IN QUITO’S PARAMO AND CLOUD FOREST ECOSYSTEMS BY THE WORLD’S
FIRST WATER FUND FONAG AS MEMBER OF THE ACCIÓN ANDINA INITIATIVE IN ECUADOR

Juan Jose Herrera, FONAG, Ecuador
Silvia Salgado
SVS - RESTORING FOREST ROADWAYS TO BENEFIT THE THREATENED SOUTHERN MOUNTAIN CARIBOU

Sean Rapai, Chu Cho Environmental, Canada
SVS - SEED DISPERSAL NETWORKS IN TROPICAL FOREST: RESTORATION OF ITS STRUCTURE

Lukas Rodrigues Souza, University of São Paulo, Brazil
Débora Rother
SVS - WHERE IS THE INNOVATION IN THE BRAZILIAN ATLANTIC FOREST RESTORATION INITIATIVES? A PRELIMINARY STUDY

Joyce Sanches, Università Degli Studi di Padova, Italy
Aurelio Padovezi
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Applying remote sensing innovations to advance restoration governance
Pedro H. S. Brancalion
“Luiz de Queiroz” College of Agriculture, University of São Paulo
Upscaling ecosystem restoration will require a profound shift in the way this activity is
planned, implemented, and monitored. Existing methods and technologies are still
based on a plot-based restoration approach, with limited capacity to inform decision
makers and track progress over large spatial and temporal scales. There is an urgent
need to reduce the costs and increase the scalability of restoration methods, which
can be achieved, in many different situations, based on remote sensing innovations. In
this talk, I will describe how novel remote sensing tools have been used to scale up
restoration monitoring at the Brazilian Atlantic Forest and contributed to improve
existing restoration policies. I will explore how different remote sensing techniques,
including lidar and hyperspectral data, and different platforms to obtain data, like
drones, airplanes, and satellites, have been used to revolutionize the way forest
structure and diversity is measured. Remote sensing can rapidly become the main
strategy to monitor restoration over thousands or millions of hectares, and research
has achieved promising results in this direction.

Financial Mechanisms for Restoration at scale: Payment for Environmental Services Platform
Transaction
Rubens de Miranda Benini1
1

The Nature Conservancy Brasil, Brazil
rbenini@tnc.org

Ecosystem restoration is one of nature-based-solutions that can help tackling climate change, but still does not occur at the
scale to attend this urgency. It is necessary to reduce costs and engage landholders to restore lands. To reduce costs, it can be
applied conducting natural regeneration technique in many regions in the Atlantic Forest. In order to outreach landowners,
sometimes it is necessary to provide incomes.
To foster PES Programs in Brazil, it was organized a workshop with 59 experts. After that, we noticed that few landowners
received resources to restore their lands and the main bottlenecks to scale up PES are: lack of financial resources; high
operational cost (more costly than PES that reaches the landholders); lack of PES Public Policies; excessive bureaucracy;
juridical insecurity.
In order to address these challenges, a Task Force was formed to looking for scale up restoration, using PES as a tool. The key
conclusion was the urgency to create a National Policy and also to develop a PES transaction platform, aiming to bring a market
concept to several environmental services (water, climate and biodiversity), joining “sellers” and “buyers” in the same place,
reducing bureaucracy, providing legal certainty to both parties, developing an efficient monitoring system and decreasing
operational PES costs.
Currently, National PES Policy was created and the PES Platform is under development and until of the end of this year, the
first financial transactions for environmental services should be happen generating positive social and environmental impacts
on the ground.

From Atlantic Forest Biome to local: Strengthening local forest landscape restoration networks
Daniel Arrifano Venturi1, Ludmila Pugliese², Alex Mendes², Edson Santiami², Anita Diederichsen³
1
WWF-Brasil, Brasil
² Atlantic Forest Restoration Pact, Brasil
³ WWF-International, Brasil
danielventuri@wwf.org.br

The Atlantic Forest (AF) is one of the tropical forests with the highest priority and global potential for
restoration efforts. There is an urgent need for its recovery and investments must go beyond legal
compliance. Considering different motivations and scales of interventions of the institutions interested in the
forest landscape restoration (FLR) of the AF is crucial to guarantee that local institutions, especially the
implementers, are involved and are being strengthened to access the opportunities that will emerge for the
UN Decade on Ecosystem Restoration and play an active role in it.
In 2020, Atlantic Forest Restoration Pact (AFRP) supported an integrated effort with three local institutions
(AFRP regional Units) in different AF landscapes. These efforts aimed to strengthen their capacity, their
technical expertise, and their geospatial database aiming to increase their protagonist to support FLR local
networks as well as the planning and implementation of restoration projects in the field.
According to AFRP regional units and lessons learned on this process, there is still a need for the creation and
standardization of local geospatial databases in a collaborative way, so that they can be integrated on
national platforms. In addition, continued technical training and experiences sharing are necessary, as well
as a better connection between local implementers with a more diverse number of investors and sources of
funding. The AFRP needs to continuously strength the integration between multiple platforms and access
opportunities for local restoration networks – that is one of the goals of the Pact Challenge in this decade.

How we are preparing for the next decade: Atlantic Forest Restoration Pact Challenge
Ludmila Pugliese de Siqueira1,2, Alex Mends1,2,
2

1
Atlantic Forest Restoration Pact, Brazil.
Forest Sciences Department, “Luiz de Queiroz” College of Agriculture, University of
São Paulo, Brazil.
Ludmila.pugliese@gmail.com

Last year, even in the context of the COVID-19 Pandemic and over a denial political period, the restauration agenda in Brazil
strengthened, through the consolidation of key National and sub-national coalitions, including the The Atlantic Forest
Restoration Pact (PACTO), performing a strategic role in this context. The PACTO is recognized as a coalition with a
consolidated governance and is inspiring and collaborating with several initiatives, from on the ground activities, capacity
building, to public policy and financial mechanism. Since it was launched, in 2009, the PACTO has been driven by technical
and scientific basis, mobilization and engagement of a diverse group of stakeholders and sectors; development of a collaborative
platform for achieving restoration solutions; harmonization of regional socio-ecological specificities into a common vision.
Currently there are more than 300 institutions members at Pact, 17 Decentralized Units, 6 thematic working groups, and
innumerous articles that corroborate the movement achievements and outcomes. Additionally, the Pact´s Geodatabase platform
encompass beside the 1M Hectares of native forest recovery, more than 60,000 hectares of restoration projects, with detailed
information about it, including planting trees methods, monitoring process and partners and sponsors institutions. Currently we
are implementing the Pact Challenge, with the ambition of recording additionally more 1 M hectares by 2025, mainly focused
on the social and ecological drivers. To achieve that,we are implementing a pilot in 2 regions in the Atlantic Forest with good
lessons learned contribution for the Decade.

Restoration Planning - From Local to National Platforms
Miguel Calmon,1, Luciana Alves1, Mariana Oliveira1
1 WRI Brasil, Brazil
Miguel.calmon@wri.org

Over the last 20+ years hundreds of restoration projects and initiatives have been implemented in Brazil by NGOs, private
companies, governments, research institutions, and landowners. During this period Brazil also committed to restore 12
million hectares of degraded lands and forests by 2030, developed a National Plan for the Recovery of Native Vegetation
(PLANAVEG), and launched several regional initiatives to accelerate and increase the scale of forest and landscape
restoration.
Because most restoration efforts have been done at the project level, there is a need to plan and implement restoration at the
landscape level in order to achieve those ambitious goals. One of the challenges is the elaboration of action plans that
generate multiple benefits for stakeholders at the landscape level. Therefore, different approaches are needed.
The Restoration Opportunities Assessment Methodology (ROAM) and its set of tools, applied in several landscapes in Brazil,
not only showed to be an effective methodology to guide and enable restoration at the landscape level but also showed very
useful in planning restoration.
We present here the lessons-learned of two examples of restoration planning, based on the results of ROAM. The first one is
in the Paraiba Valley in São Paulo State and the second in two sub-watersheds (Itaunas and São Mateus) in the north of
Espirito Santo state. ROAM provided critical information and the enabling conditions to build effective restoration plans to
restore the productivity and functionality of those landscapes and to contribute to Brazil´s national plan and global
commitments.

Drill-seeding compared to broadcast-seeding improves a native bunchgrass establishment across
multiple sites and years
Lauren Svejcar1, Jay Kerby2, Bruce Mackey3, Chad Boyd1, Tony Svejcar4, Kirk Davies1
1

USDA-Agricultural Research Services, Eastern Oregon Agricultural Research Center, USA
2
The Nature Conservancy, USA
3
USDA-Agricultural Research Services, Pacific West Area- Statistician, USA
4
Eastern Oregon Agricultural Research Center, Oregon State University, USA
Lauren.Svejcar@oregonstate.edu

Restoration in dryland ecosystems is renowned for low establishment of seeded species. As such, evaluations of current
seeding methods are critical to understanding limitations and barriers to seeding success. Drill seeding is perceived as an
optimal seeding strategy in many dryland ecosystems, but broadcast seeding is more commonly used as a seeding method
due to physical and logistical constraints. For example, broadcast seeding may be conducted by aerial drops that are
uninhibited by topography, whereas drill seeding equipment may be constrained to specific slopes. Few studies have
quantified the differences between drill and broadcast seeding across spatiotemporal gradients. We compare two-year
survival of emergent Pseudoroegneria spicata (bunchgrass) seedlings in the Great Basin for drill versus broadcast seeding
methods across three planting years, three landscape aspects and two ecological sites (soil) using a 95% confidence interval
approach to avoid penalty of multiplicity. We found drill seeding had overall greater survival of seedlings compared with
broadcast seeding (2.7 times greater). However, differences varied by planting year, aspect and soil. Drill seeding had an
obvious expression of benefit on clay soils with flat and north aspects (10.1 and 4.6 times greater for drill than broadcast
seeding, respectively). In most conditions, drill seeding had greater survival than broadcast seeding, though in 2014 on south
aspects broadcast seeding had greater survival than drill seeding (2.7 times greater). The results of this study demonstrate a
need for precision restoration plans that account for spatiotemporal variation in addition to planting method in seeding
efforts.

Figure 1.

Figure 2.

Figure 1. Density of seedlings two-years after seeding. Least square means of counts were divided by seeded area for seedling density of both broadcast
(broad) and drill (drill) seeding methods. Bars represent 95% confidence intervals. Interactions between aspect (flat, north, south), planting year (2012, 2013,
2014) and seeding method (broad, drill) were selected using a Type III Test of Fixed Effects.
Figure 2. Density of seedlings two-years after seeding. Least square means of counts were divided by seeded area for seedling density of both broadcast
(broad) and drill (drill) seeding methods. Bars represent 95% confidence intervals. Interactions between soil (clay, loam), aspect (flat, north, south) and
seeding method (broad, drill) were selected using a Type III Test of Fixed Effects.

Global Arid Zone Project – Progress in global dryland restoration
Nancy Shackelford1,2, Gustavo Paterno3, Daniel Winkler4, Todd Erickson5, Katharine Suding2
2

1
University of Victoria, Canada
University of Colorado at Boulder, United States
3
Göttingen University, Germany
4
United States Geological Survey, United States
5
University of Western Australia, Australia
nshack@uvic.ca

Drylands are some of the most difficult areas to restore, but paradoxically have only seen a small fraction of terrestrial ecology
(6%) and restoration (<5%) studies. The Global Arid Zone Project, first conceived in 2018 and launched later that year, is
aimed at building a continuously growing restoration tool that collates existing data into a usable data center. By compiling a
unique global database on dryland ecosystem restoration, we hope to provide the ability to explore drivers of restoration success
at an unprecedented scale. Here, we present the first analysis of the database. Our results were assembled from datasets across
174 sites on six continents, encompassing 594,065 observations of 671 plant species. Findings provide reason for optimism.
Seeding in drylands had a clear positive impact on the presence of plant species. However, dryland restoration is also a risky
proposition: 17% of the projects completely failed, with no establishment of any seeded species, and consistent declines were
found in seeded species as projects matured. We also focus in on North American drylands, assessing changes in success
through time, evolutions in seed mix design, and overarching patterns of native versus exotic seed success.

Guiding restoration decision-making with modern, robust, and usable genetic information
Daniel E. Winkler1, Matthew R. Jones1, Rob Massatti1
1

U.S. Geological Survey, Southwest Biological Science Center, United States
dwinkler@usgs.gov

Government agencies worldwide have joined major restoration initiatives including the recent UN Decade of Ecosystem
Restoration, the largest-ever intergovernmental effort focused on restoring lands degraded by human activity. Although these
efforts are challenged by climate change, socioeconomic inequality, ethical questions, etc., in the context of native plant
restoration they are also challenged by limited understanding of effective ways to source and translocate genetically appropriate
restoration materials, as well as the effects of restoration on biodiversity. Here, we present recent work from the Genetics for
Western Restoration and Conservation (GWRC) research group, with the aim of guiding manager and practitioner decisions
about where to source seeds for native plant materials development and wildland restoration, while simultaneously providing
insightful information into the evolutionary histories and adaptations of common, workhorse restoration species. To inform
genetically based restoration decisions, we present POPMAPS (Population Management using Ancestry Probability Surfaces), a
novel method to delineate population boundaries across species’ ranges by combining empirical genetic and geospatial data.
Last, we discuss some of the inevitable limitations of sampling designs and challenges inherent in biological processes that
vary across and even within species, as well as ways to adjust restoration strategies and goals to meet current and future needs.

Innovative Restoration: Developing seed technologies for sagebrush steppe recovery
Olga A. Kildisheva1, Matthew Cahill1, Andrew Olsen1, Owen W. Baughman1, Jessica Griffen1, Magdalena Eshleman1,
Corinna Riginos1, Kevin Badik1, Jay Kerby2, Kirk W. Davies3, Stella M. Copeland3, Roxanne Rios3, Tony Svejcar4, Chad S.
Boyd3
1

The Nature Conservancy, USA
Self-employed, Pukerau, NZ
3
USDA Agricultural Research Service, Eastern Oregon Agricultural Research Center, USA
4
Oregon State University, USA
Olga.Kildisheva@tnc.org
2

The sagebrush steppe is one of the most ecologically imperiled ecosystems of North America. Historical destructive land use,
exotic species invasion, and frequent, large-scale fires are contributing to rapid landscape‐level conversion from native
perennial plant communities to highly degraded systems dominated by invasive annual grasses. Approximately half of the
sagebrush steppe has already been lost, and this loss is continuing at a rapid rate. While seeding efforts to re-establish native
plant communities have been ongoing for several decades, restoration failures can exceed 95% and germination and emergence
are often the most critical phases in determining plant establishment success. Failures are due to a number of barriers, including
competition from invasive annual grasses, freezing-induced mortality of newly emerged seedlings, drought, and many others.
As part of the Sagebrush Sea Program (a 6-state, multi-organizational partnership, facilitated by The Nature Conservancy), our
team is working with agency and industry partners to improve restoration outcomes through the development of seed
technologies involving seed pelleting and coating. These seed technologies, designed to target key restoration barriers to plant
establishment, may offer an opportunity to improve restoration outcomes across the sagebrush steppe and may be applicable
across a range of ecosystems that rely on seed-based restoration. In this presentation we will demonstrate the application of a
‘precision restoration’ framework for seed technology development and share findings from prototype evaluations in both
laboratory and field settings.

Insights into rangeland restoration outcomes from data-driven population models
Robert K. Shriver1, Caitlin M. Andrews2, Robert S. Arkle3, David M. Barnard4, Michael C. Duniway2, Matthew J. Germino3,
David S. Pilliod3, David A. Pyke3, Justin L. Welty3, John B. Bradford2
1

Department of Natural Resources and Environmental Science, University of Nevada, Reno, USA
2
Southwest Biological Science Center, U.S. Geological Survey, USA
3
Forest and Rangeland Science Center, U.S. Geological Survey, USA
4
Water Management Research Unit, USDA ARS, USA
E-mail: rshriver@unr.edu

Evidence that once healthy plant populations are slow or unable to recover after disturbance and seeding is widespread
throughout restoration ecology, particularly in water-limited regions like the Great Basin, US. While considerable attention
has been given to the role of abiotic conditions (e.g. moisture availability) and plant community composition (e.g.
competition), less is known about how endogenous changes to population structure following wildfire influence recovery
dynamics. Because recovering populations are dominated by young, small plants which may have lower survival and
reproductive rates, their population dynamics may be altered from pre- to post-disturbance conditions. Using data from 531
post-fire big sagebrush populations where seeding occurred, we parameterized structured-population models to explore how
changes in sagebrush population size-structure influence recovery dynamics. We find that shifts in population size-structure
from large to small plants, and resulting transient dynamics, could significantly impede recovery after disturbance. We
estimated that 500 of the 531 populations have the potential to grow and recover once a mature population size structure is
established (i.e. asymptotic population growth rate 95% CI overlap with 1). But, we estimate 88% of these 500 populations
declined, rather than grew, as they were re-establishing after post-fire seeding. Our modeling indicates that slow recovery
was likely driven, in part, by the demographic effects of a population that was composed predominantly of small plants with
low survival and reproduction. Our results suggest that alternative restoration approaches, such as planting some larger plants
in conjunction with seeding, may accelerate recovery.

Large-scale deployment of enhanced seeds using customised precision seeding machines improves
dryland restoration success
Todd E. Erickson1,2, Monte Masarei3, Andrew L. Guzzomi3, Elvan Ling3,1, Matthew D. Madsen4, Jeremy J. James5, Scott R.
Abella6, Miriam Muñoz-Rojas7,1,2, David J Merritt2,1
1

School of Biological Sciences, The University of Western Australia, Crawley, Western Australia, Australia

2

Kings Park Science, Department of Biodiversity, Conservation and Attractions, Kings Park, Western Australia, Australia

3

School of Engineering, The University of Western Australia, Crawley, Western Australia, Australia

4

Brigham Young University, Provo, UT, USA

5

Sierra Foothill Research and Extension Center, University of California, Browns Valley, CA, USA

6

School of Life Sciences, University of Nevada (Las Vegas), Las Vegas, NV, USA

7

Centre for Ecosystem Science, School of Biological, Earth and Environmental Sciences, UNSW Sydney, Randwick, New South Wales, Australia

The mining industry in Australia’s biodiverse, arid north-west is required to rehabilitate disturbed land with native
ecosystems that are comparable to pre-disturbed conditions. Due to relatively high plant density targets, and the scale of this
task (e.g. > 3,000 km2), the planting of tubestock is uneconomical and not favoured by the industry. Therefore, significant
effort has been placed on developing approaches and technologies that improve plant establishment via direct seeding.
Recruitment bottlenecks at the germination-emergence phase, however, often hinders seed-based rehabilitation programs in
this region. Difficult-to-alleviate seed dormancy mechanisms and restricted emergence potential when seeds are sown in
highly altered, rocky soil profiles have been frequently encountered. These seed-use shortfalls are further confounded by a
range of seeds that possess poor flow properties (e.g. densely haired seeds) which impede or block conventional direct
seeding machinery.
In this presentation, we will discuss some of our biological, technological, and precision-engineered seeding solutions that
have been developed over the past decade to overcome these seed-use shortfalls. Most recently, we have improved the flow
properties of problematic native seeds via flash flaming applications (i.e. rapid exposure of seeds to flames to remove
unwanted hairs), applied species-specific seed enhancement treatments (e.g. application of smoke cues through hydropriming), and precision sown these seeds using custom-built machinery designed to deal with rocky soil profiles. Combined,
we have increased seedling emergence potential for many of species from less than 5% to over 40%. These techniques show
promise for scalability across mined land in Australia and across the globe.

Please Step Away From the Model: Improving estimates of coniferous forest regeneration and
persistence by studying patterns and mechanisms in real life
M.D. Petrie1, J.B. Bradford2, R.M. Hubbard3
1

School of Life Sciences, University of Nevada Las Vegas, Las Vegas NV USA
US Geological Survey, Southwest Biological Science Center, Flagstaff AZ USA
3
USDA Forest Service, Colorado Plateau Research Station, Fort Collins CO USA
matthew.petrie@unlv.edu
2

Computational modeling-based research forecasts severe reductions in the persistence of semiarid coniferous forests in
western North America, resulting from declines in juvenile survival in both natural and post-disturbance landscapes. This
presents an interesting ecological situation where the importance of a process has been identified, yet very little is actually
known about it. In this presentation we will overview research that seeks to elucidate a set of important mechanisms
associated with biotic and abiotic controls on juvenile ponderosa pine survival. The first part includes extensive field surveys
to characterize the growth characteristics of juvenile ponderosa pines and other conifers, and attribution of tree cohort
development to climatic versus edaphic-environmental control. The second part is comprised of a manipulative field
experiment to better understand how small precipitation changes, microclimate, and population stress tolerance influence
juvenile ponderosa pine survival. We will then show how insights from this research can be used to improve estimates of
regeneration-associated forest persistence in scenarios of future climate change, and can also be used to direct forest
management towards the locations and actions that are most likely to be successful in the future. In total, this research will
illustrate how targeted research on fine-scale patterns and mechanisms may be used to substantially improve simulationbased understanding of the scope and scale of an ecological process that is expected to become more substantial and
problematic in a changing climate.

Re-emerging Strategies to Enhance Plant Establishment in Dryland Systems
Elise S. Gornish1
1

University of Arizona Cooperative Extension
egornish@email.arizona.edu

Many applied researchers have spent the past decade attempting to develop sophisticated restoration methods to arrest and
mitigate land degradation in dryland systems that result from climate change, invasion of non native species and land
transformation. Despite the promise of newly developed approaches, many techniques developed by academic researchers are
not actually useful in the field due to enormous logistic or monetary infeasibility of deployment at management-relevant scales.
As a result, ancient approaches to land management are regaining popularity for use in restoration programs. However, many
of these approaches have not been formally tested in a way to determine best management practices. In this talk, I will describe
recent research that explores the utility of several old-school land management approaches, including rock lunas, seedballs,
and fertile islands. I will describe when and how each approach might be employed as a successful strategy to address
restoration challenges in dryland systems.
This presentation is part of the accepted SER symposium entitled ‘Advancing restoration science to overcome dryland
regeneration failures’

Regeneration potential following tree die-off in dryland forests and woodlands
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Dryland ecosystems across the western US are currently experiencing warmer temperatures coupled with climate-driven
increases in disturbance. This may result in biome‐level vegetation shifts to alternate vegetation types if there is a failure of
trees to regenerate. Restoring these ecosystems in the aftermath of these large-scale disturbance events requires identifying
locations where landscape conversions are likely as well as the population bottlenecks limiting regeneration. Here we present
results from studies assessing where regeneration failure has occurred across broad physiographic gradients among populations
of piñon pine (Pinus edulis), a widespread dryland conifer in the U.S. Southwest. In addition, we assess how various population
processes, specifically seed cone production, seedling establishment, and juvenile survival vary across this broad physiographic
gradient to identify population bottlenecks. Our results suggest that regeneration failure is more likely in areas with hotter and
drier climatic conditions: piñon pine seed cone production, seedling establishment, and juvenile survival were all strongly
affected by physiographic factors that increase tree water stress. Establishment and survival were also highly dependent upon
overstory trees and shrubs for providing favorable microsites, particularly in areas with greater grass cover, suggesting that
seeding and planting efforts will have the greatest likelihood of success beneath nurse shrubs and trees. Following recent
disturbance events such as drought-induced tree mortality, regeneration failure is likely to occur in areas without sufficient
remaining overstory tree or shrub cover, especially at locations with high grass cover and hotter and drier climatic conditions.

RestoreNet: an emerging dryland restoration network to increase revegetation success
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Despite widespread demand for dryland restoration, there is often sparse information available to help land
managers and practitioners effectively establish native vegetation and stabilize soils at degraded sites. Restoration treatments
that help overcome barriers of suitable plant material, low and variable rainfall, high temperatures, infertile soils, and
invasive species can enhance plant and ecosystem recovery. RestoreNet is a restoration field trial network that systematically
tests restoration treatments across environmental gradients in the southwestern US. Digging pits and applying wood mulch
treatments increased total seedling density, with pits promoting the highest seeded species recruitment while limiting
unseeded non-native species establishment. Seeding increased total seedling density regardless of seed mix type, but seed
mixes with cooler-adapted species promoted greater seeded species density relative to warmer adapted mixes. Seedling
recruitment was tied to site, time, and environmental context. The positive effect of high precipitation was greatest in the
weeks immediately following seeding and in the first-year treatments were implemented. Outplanting greenhouse grown
individuals led to higher survival than seeding, and survival of these individuals was driven by traits that allowed for rapid
water acquisition during favorable periods at warmer sites. RestoreNet represents a growing opportunity to compare
restoration effectiveness across sites and infer appropriate treatments at new sites along environmental gradients before
suitable methods are needed following large-scale disturbance.

Restoration of ecosystem services to degraded landscapes can be facilitated through a trait-based
approach. Specifically, functional traits mediate responses to environmental constraints such as aridity,
soil degradation and grazing, as well as effects on ecosystem services like soil stabilization, weed
suppression and productivity. Using a trait-based approach, we established a suite of experimental
biodiversity-ecosystem functioning experiments across the Colorado Plateau as part of RestoreNet. We
demonstrate a clear functional basis to plant survival and performance, with strong interactions
between relevant traits and the local environmental stressors across experimental restoration sites.
Furthermore, we demonstrate the influence of functional traits on the simultaneous provisioning of soil
stabilization, weed suppression and productivity, and how tradeoffs and complementarity among these
ecosystem services are driven by trait-environment relationships. Lastly, we show that plant water use
strategies underpin these patterns, with important implications for site-specific species selection and
management objectives. We argue that the results of this research may be generalizable to many
dryland ecosystems, and that the general experimental approach, replicated across many sets of
environmental conditions and species pools, could help advance restoration theory and practice.

Seeding native species increases resistance to fire-induced annual grass invasion in
semiarid woodlands
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Symposium: Advancing restoration science to overcome dryland regeneration failures (Organizer: Seth Munson)
In the cold deserts of the western United States, the invasion of fire-adapted annual grasses such as cheatgrass
(Bromus tectorum) can initiate a grass-fire cycle that results in the progressive loss of native plant communities.
Invasion is often facilitated by fire, and given observed increases in the size and frequency of wildfires, there is a
pressing need to understand the ecosystem attributes associated with susceptibility to invasion and to identify
appropriate management responses. In this talk, we share lessons from a long-term experiment examining plant
community responses to fire and post-fire seeding treatments in a shrubland-woodland mosaic. We found that
resistance to post-fire cheatgrass invasion varied across the landscape, with the highest levels of invasion occurring
at lower elevation (warm/dry) sites and in plots with high pre-fire tree cover. Where resistance to invasion was low,
seeding perennial species after burning reduced invasibility. Importantly, seeding a functionally diverse mix of
native species was more effective at increasing perennial cover and inhibiting cheatgrass invasion than seeding a
mix of non-native perennial grasses commonly used in rehabilitation efforts. Our results are consistent with other
experimental research, yet differ from observational studies that have shown limited success from post-fire seeding
of native species. We integrate our findings with what is known from the available literature to discuss key factors
determining post-fire seeding treatment outcomes: landscape heterogeneity in plant community recovery, year-toyear fluctuations in weather conditions, post-fire grazing, and bet hedging strategies such as functional diversity in
seed mixes.

Seedling ontogenetic trait shifts: implications for restoration ecology
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Trait-based frameworks are increasingly utilized in restoration ecology to understand species responses to
environmental variation and to build community assemblages resilient to global change. Yet, ontogenetic trait variation within
species, particularly during early stages of development, remains understudied. We used a manipulative greenhouse experiment
to explore trait variation in early stages of development in 11 perennial plant species abundant across the western US. We
examined variability in key trait values (i.e., specific leaf area, root:shoot ratio, specific root length, and root dry matter content)
of 20 – 62-day-old seedlings grown under high and low levels of water availability. We also compared these to compiled trait
databases to assess how representative these readily available data sources are of seedling trait values. Seedling trait values
consistently differed from those of vegetatively mature plants and database values with variation dependent on stage of
development, plant functional type and species, and water availability. Overall, forbs experienced greater ontogenetic trait
shifts relative to grasses for all measured root-associated traits. Seedlings transitioned from fast-growing resource acquisitional
strategies toward more conservative, slow-growing strategies over time. Results suggest plant trait database values may be poor
predictors of early seedling trait values. Such mismatches in species trait information could result in inaccurate predictions of
community assembly outcomes or incongruities between seedling traits and environmental filters experienced by seedlings
during early stages of recruitment. Additional work is needed to characterize trait variation across plant ontogeny and will
support a predictive understanding of plant recruitment processes and outcomes of ecological restoration.

Soil microbial inoculation and seed biopriming technologies for restoring dryland ecosystems
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Dryland regions, which cover 40% of the global terrestrial area, and comprise a third of global biodiversity hotspots, are being
seriously affected by soil degradation processes. The need to develop cost-effective large-scale solutions to restore these
landscapes, is crucial to preserve biodiversity and achieve ecosystem functionality and sustainability. Indigenous soil bacteria,
including cyanobacteria from soil biocrusts, have shown promise as bio-fertilizers as they may promote seedling growth of
native plants, and fix carbon and nitrogen into the soil. However, these bio-inoculants have not yet been fully exploited for
ecological restoration. In this talk, I will present our most recent research on i) the effects of bio-priming seeds with indigenous
bacteria and cyanobacteria on plant growth of native plants used in dryland restoration; ii) the potential of cyanobacteria
consortia for restoring soil function on reconstructed soils; and iii) the development of novel methodologies for targeted
delivery of functional bacteria and cyanobacteria (i.e., via bio-encapsulation in extruded pellets). Our results have shown that
both bacteria and cyanobacteria promote germination and seedling growth of native arid species, including hummock grasses
and Acacia trees and shrubs. We also found that cyanobacteria inoculation can increase the levels of soil carbon and microbial
diversity and promote the formation of a functional soil biocrust. These biotechnological approaches for indigenous microbial
application in degraded drylands, are currently being applied in large-scale restoration programs across the Australian arid
zone.

The relative performance of restoration mixes that differ in evolutionary history
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Restoration mixes are often comprised of haphazard collections of species sourced from disparate locations, resulting in
communities differing in collection and increase methodology along with environment of origin. We asked if restoration
outcomes are more successful when communities are founded with collections sharing an evolutionary history (sympatric) or
if novel associations of species from different locations (allopatric) can be effective restoration mixes. Using 6 shrubs,
grasses, and forb species, we compared establishment, productivity, and resistance to invaders for sympatric and allopatric
communities. Each community type was planted into outdoor field containers and measured over three growing seasons,
invading the communities with Bromus tectorum in their final season.
Species and populations differed in every characteristic measured, and the variation in phenology and biomass among
populations was as great as variation among species. There were no overall differences in allopatric or sympatric
communities, but there were significant population x community type interactions. It was beneficial for species from some
locations to be planted with allopatric neighbors, while others benefited from being planted with sympatric neighbors, with
the greatest differences in the establishment year. Bromus tectorum biomass was negatively affected by plant age: plants that
established early grew the largest and had the most suppressive effect. Our results demonstrate community composition does
affect plant performance, but simply collecting sympatric communities is not sufficient to ensure high ecosystem services.
We are now conducting an ongoing experiment to learn how to efficiently combine seed sources to maximize community
performance based on performance and phenotypic traits.

Why and how adaptive management is key for overcoming dryland regeneration failures: examples
from sagebrush steppe.
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The challenges faced in breaking the annual grass-wildfire cycle in the vast sagebrush-steppe deserts of the western US are
among the significant in restoration ecology. Despite decades of restoration or rehabilitation interventions and associated
research, the area burned annually with inadequate recovery of perennials continues to expand, causing extensive habitat
degradation and creating species-conservation concerns. Most management interventions and published studies on this
restoration problem have focused on single-intervention treatments and report mixed to low success. More recently, the role
of temporal factors such as suitable weather events and their interaction with spatial factors such as soil patchiness are
recognized to influence post-fire recovery of perennials in sagebrush steppe. Post-fire restoration is more likely to succeed if
these heterogeneities in plant recovery are addressed using the “treat-observe-reflect-revise-repeat” cycle of adaptive
management, which requires a longer-term and more programmatic approach than is traditionally been used in restoring
burned sagebrush steppe. Several new studies provide examples of how active and passive management treatments can be
combined in these longer-term restoration efforts. However, pressing information gaps on how to optimize treatment
combinations still remain, such as on how to best combine rest from grazing, herbicides, and seeding treatments to increase
desirable perennials and reduce fire-prone annual grasses.

Building up the restoration dialogue: reflections on the state of ecosystem restoration practice and
policy in Canada
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2021 marks the beginning of the UN Decade on Ecosystem Restoration (2021 – 2030). With many ecosystems across Canada
and around the world degraded, ecosystem restoration provides a nature-based solution to human-caused ecosystem destruction.
For this research, specialist interviews were conducted with ecosystem restoration practitioners and policy makers from across
Canada in an effort to assess: (i) the current perception on the state of ecosystem restoration in Canada; (ii) existing barriers to
restoration; and (iii) what Canada can uniquely contribute to the global practice of ecosystem restoration.
A total of 69 participants were interviewed from nine provinces and two territories, originating from six employment sectors
(Environmental Non-Profit Organisations, Government, Private Industry, Academia, International Organisations, and
Parapublic Organisations). Participant selection was based on professional experience with ecosystem restoration practice or
policy in Canada, and recruitment was performed via directed and snowball sampling. All interviews were semi-structured and
conducted remotely.
Initial analysis of interview data highlights a slightly unfavourable perception of ecosystem restoration practice in Canada, with
participants emphasizing the developing nature of the field and its complex challenges. When questioned on barriers to
ecosystem restoration in Canada, most interviewees identified political will and financing as being top obstacles. Participants
recognized technical capacity and research and development as strengths that Canada can contribute to the international
restoration community. Reflecting on these results can contribute to building a dialogue between restoration practitioners and
policy makers and help develop policy that will support future ecological restoration practice and needs.

Charting the evidence landscape: A systematic map and bibliometric analysis of ecological
restoration in Canada
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This presentation discusses the use of bibliometric analysis (using the R package Bibliometrix) paired with a systematic map
to characterize and synthesize the body of literature for restoration ecology in Canada. Ecological Restoration Knowledge
Synthesis is a nationally-funded knowledge synthesis project that has involved a systematic literature review, interviews and
case studies to synthesize ecological restoration knowledge in Canada. Our review examined both peer reviewed and grey
literature using bibliometric analysis and systematic map methodologies.
We will demonstrate how we used the Bibliometrix package to draw conclusions about a selection of 3,013 peer-reviewed
journal articles. The analysis from Bibliometrix highlighted key clusters of literature including peatlands restoration and
reforestation. We then conducted a systematic map on studies that measured the outcomes of ecological interventions. The
bibliometric analysis process helped inform the scope of our systematic map by providing overall insights about the body of
literature.
The systematic map involved extensive literature searching and screening to track the exclusions and data extraction. The
extracted data was analyzed to produce graphs that give insight into the state of the research.
The resulting analysis blends Bibliometrix with a systematic map, resulting in a methodology that can be used to characterize
a wide body of subject-specific literature. This analysis also highlights specific gaps in the research that could be satisfied by
further synthesis involving meta-analyses of the studies in particular techniques or of evidence for interventions into specific
ecosystems.

Connecting and communicating ecological restoration success and barriers across practice and
policy realms: A synthesis of present knowledge
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Though ecological restoration holds promise as an effective approach to mitigate natural and anthropogenic drivers of
ecosystem change, barriers to information exchange can significantly influence restoration outcomes. Restoration knowledge
is held by researchers, practitioners, governments, and non-government organizations, and accessible repositories for
widespread restoration knowledge exchange are few. We combined in-depth case studies, interviews with restoration
practitioners and experts, and a comprehensive review of the published literature to generate a baseline for restoration science,
policy and action in Canada. Rather than merely accumulating knowledge, the “Ecological Restoration: Nature-Based
Solutions for Climate Mitigation and Engaging Canadians with Nature” Project has created publicly available data, and
endeavours to distribute these widely and accessibly. It highlights the importance of knowledge mobilization across political
jurisdictions and spanning Canada’s diverse ecosystems, and enables conversation about how best to ensure and grow
effectiveness. Our approach holds lessons for other jurisdictions seeking to improve understanding and awareness of
restoration.

Restoration of Wild Salmon in a Canadian National Park
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Populations of the anadromous Atlantic Salmon (Salmo salar) are endangered in the inner Bay of Fundy (eastern Canada). A
regional recovery strategy and action plan guide recovery actions by multiple partners across freshwater and marine habitats.
The main recovery approach is based on a captive breeding and rearing program aimed at the conservation of the populations’
genetic characteristics. More recently, a complementary approach has taken the form of a collaboration with aquaculture
industry to grow young salmon in marine net pens until maturity to be released back into rivers for spawning. Both of these
approaches are applied within Fundy National Park where two rivers provide critical habitat to the Atlantic Salmon. Using a
case study approach, we combine document review and interviews with key informants to trace a trajectory of the restoration
actions and outcomes for wild salmon in the national park and the role of restoration policies in the development of this
trajectory. Our presentation will offer insights on the effectiveness of restoration policies, the impacts of an adaptive
management framework, past and persistent challenges, and opportunities for improvement in restoration practice.

Sharing Knowledge: Collaboration in Garry Oak Ecosystem Restoration
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Some of the last remaining patches of Garry Oak ecosystems in Canada are found on southeastern Vancouver Island and nearby
areas in British Columbia. These ecosystems are imperiled from habitat loss and degradation fueled by land-use-change,
increased herbivory, reduction/removal of natural fire regimes, and invasive species. In Canada over 100 rare and at-risk species
are supported by these ecosystems, whose value to the community has spurred dedicated volunteers, restoration practitioners,
and academics to contribute to their protection and restoration for over 30 years.
We asked how restoration was being done in Canadian Garry Oak ecosystems, and what potential opportunities existed to
support restoration in this community. We used two approaches to address our question: developing a database of known
restoration projects and searching available grey and academic literature to identify restoration methods and projects. We also
conducted semi-structured interviews with restoration practitioners to access unpublished reporting on methodology.
We identified 110 restoration projects within Canadian Garry Oak ecosystems, supported by restoration practitioners, municipal
to federal government agencies, non-governmental organizations, and community volunteers. We found two main
organizations that collect and disseminate restoration knowledge within the community by publishing best practices, hosting
conferences, and managing a listserv. While good information exists on best practices and ecological research supports these
practices, formal restoration plans and post-restoration reporting were difficult to access or had not been created for many
projects. With limited budgets for restoration, the question remains: how can detailed restoration methodology be shared
between practitioners in a sustainable and budget-friendly way?

The exploitation and ecological restoration of peatlands in Canada: a history of cooperation
between industry and academia
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In Canada, peatlands cover approximately 113.6 million hectares. This represents 13% of the territory, and accounts for 90%
of wetland ecosystems found across the country. Peatlands provide many ecosystem services benefitting humans such as carbon
sequestration, and are one of the most cost-effective solutions to mitigate global warming effects. In North America, peatlands
are exploited to extract peat from which the horticultural industry is the main consumer. However, this industrial activity
requires peatlands drainage and vegetation removal which has adverse consequences on hydrology, biodiversity, and associated
ecological services loss. Without human intervention, the degraded peatland may witness several decades of bare soils before
a typical vegetation spontaneously re-implants. In light of this situation, the Peatland Ecology Research Group (PERG) was
created in 1992 at Université Laval, Québec, Canada. PERG collaborates with scientists from various horizons, including
academia, provincial and federal agencies as well as the Canadian peat industry. They collaborate on projects aiming towards
sustainable and integrated peatland management. For the past 30 years, PERG’s research team has developed peatland
restoration techniques and significantly contributed to improving knowledge about these specific wetlands. This case study
relates the cooperative and collaborative history of PERG and the Canadian peat industry through a multiplicity of peatland
restoration projects in the Canadian context and the related fundamental and technical knowledge resulting from this joint work.

Could exposure to biodiverse urban green spaces reduce the burden of pain?
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Pain is one of the leading causes of years lived with disability, and is often poorly managed. We argue that exposure to
biodiverse green spaces may reduce the high burden of pain. There is emerging evidence supporting the positive impacts of
green space exposure on human health, including for cardiovascular conditions, and mental health, however the impact of green
space exposure on pain outcomes is poorly understood. Green space exposure brings with it exposure to specific elements of
the environment (e.g. exposure to the sights and sounds of nature, the environmental microbiome, and biogenic volatile organic
compounds), and more generic factors (e.g. exposure to sunlight and negative air ions, and the promotion of both physical
activity and social interaction). Each of these elements of green space exposure may positively influence pain outcomes. For
example, there is emerging evidence that the environmental microbiome influences the human microbiome, and evidence
supporting an association between the individual’s microbiome and their pain outcomes. Furthermore, there are established
mechanisms that link the gut microbiota and pain outcomes. While the evidence in this area is in its infancy, there is sufficient
evidence to support increasing green space exposure, particularly biodiverse green spaces, to reduce the burden of pain.
Accessible biodiverse green spaces are therefore required in urban areas, and both conservation and restoration will play an
important role in their development and maintenance. Furthermore, multidisciplinary research is required to optimise these
green spaces, and both conservation biologists and restoration ecologists will be critical in this work.

Ecosystem repair reduces the burden of human disease
Philip Weinstein1, Jessica Stanhope2, Peter Speldewinde3
2

1
School of Public Health, The University of Adelaide, Australia
School of Allied Health Science and Practice, The University of Adelaide, Australia
3
School of Biological Sciences, The University of Western Australia, Australia
philip.weinstein@adelaide.edu.au

Hard scientific evidence has been accumulating for decades that interconnections between human health and ecosystem health
are real, and that disruptions to the former have adverse effects on the latter. Serious and indisputable examples include:
starvation from depletion of fish stocks; mortality from water-washed diseases and crop failures when land use and climate
change create desertification; and biodiversity loss, with erosion of ecosystem services (including provision of food, water,
fuel, and shelter; regulation of climate and disease suppression; and recreation and wellbeing). It is clear from observational
studies that disrupting ecosystems and losing ecosystem services adversely affects the health of human populations, and
scientists and policy developers have suggested that conservation and restoration will improve human health. What is lacking
is field-based evidence of improved human health outcomes from ecosystem restoration: data from such intervention studies
would provide stronger evidence to support the notion of causation, and provide a more powerful advocacy tool for investment
in supporting ecosystem health and human health concurrently. A recent example of such a study is of malaria in Borneo, where
infection rates decrease when native forest is restored. The bridge between environmental science and health is the study of
ecological linkage mechanisms that support the biological plausibility of the relationship (See Figure 1); for malaria in Borneo,
restoring biodiversity increases competition, predation, and dilution for malaria vector mosquitoes. With stronger evidence
from such intervention studies, governments will be better positioned to control their burgeoning health budget by crossdisciplinary investment in ecosystem restoration.

Figure 1. Ecological linkage mechanisms provide a bridge between environmental science and human health, and their study
supports the notion of causation.

Environmental and biodiversity predictors of health outcomes
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There is substantial evidence that environments with more greenspaces and higher levels of vegetation benefit human health
via higher levels of physical activity and improved mental health. Researchers are expanding this knowledge base by
investigating different health outcomes and other elements of healthy ecosystems (e.g., water, biodiversity).
This paper will present findings from several epidemiological studies assessing relationships between natural environments
and multiple health outcomes. All studies used secondary data that had information on participant residential addresses, sociodemographics (e.g., age, sex, income) and health outcomes. Geospatial measures of the natural environment (e.g., greenness,
tree canopy, water, species richness) were calculated around addresses. Health outcomes included: wellbeing, mental health,
food allergy, cardiometabolic (cholesterol, blood pressure, arterial structure/function, BMI), vitamin D, sleep, pregnancy/birth
outcomes, and physical activity. Linear/logistic regression models were fitted to assess the relationship between the exposures
and outcomes.
Preliminary results suggest consistent beneficial relationships between greenness and health across a range of outcomes (e.g.,
wellbeing, mental health, physical activity). Yet in some cases, greener areas were negatively associated with health (e.g., food
allergy). The links between biodiversity (species richness) and water and health were less clear, which may be due to limitations
with exposure data and measurement.
Healthy ecosystems are key determinants of human health. However, these relationships are not always in the expected
direction. Therefore, we need to better understand the importance of, and interaction between, different natural environment
predictors across a range of health outcomes to be able to maximise both ecosystem and human health.

Nature-based interventions and the microbiome: applying
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Ninety-five percent of Earth’s land could be degraded by 2050. This includes losses to macro-biodiversity and vital microbialmediated ecological functions. Furthermore, evidence suggests that the global trends of ecosystem degradation and both
infectious and noncommunicable diseases are intricately connected. Restoration should ideally be a socioecological endeavour
and there is much to gain by taking a systems thinking approach and applying integrated strategies to promote both ecosystem
and human health. An example is a nature-based health intervention, which aims to facilitate behavioural changes that benefit
health and wellbeing through the structured promotion of nature-based activities––such as restoration and biodiversity
conservation. Another approach is through studying and enhancing the environmental microbiome, which has important
implications for the functionality and resilience of ecosystems and human health. Here, I will present case studies of systems
thinking approaches and applications of integrated strategies in restoration and public health. I will showcase nature-based
interventions (sometimes called ‘green prescriptions’) and an exploration of environmental microbiome dynamics including
spatio-compositional factors of the aerobiome in urban green spaces. I will also present underexplored threats to the microbiome
–– and perhaps under-considered factors in restoration –– that is, anthropogenic sound and artificial light pollution. Considering
these factors and understanding how they interconnect could have important implications for ecosystems and public health. By
seeking interconnectedness and understanding feedback loops, larger things (flourishing ecosystems and healthy people) can
emerge from smaller parts.

Restoring health-promoting microbial biodiversity
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Maintaining a healthy immune system has never been more important with globally escalating rates of allergies, auto-immune,
and chronic inflammatory diseases, and in the face of novel viruses such as COVID-19. Evidence is growing of a critical role
for exposure to natural microbial diversity in building immune fitness, supplementing our human microbiome, and enhancing
protection against both infectious and non-infectious diseases. The human microbiome plays an active role in defending against
pathogenic organisms, while human and environmental microbiomes can trigger immune-signaling pathways (particularly via
the gut) with potential to impact the whole body – activating either defensive inflammation or tolerance of normally harmless
agents. The human microbiome is intimately linked to our health and establishes from an early age, largely from environmental
sources. Soils are of particular interest as a rich source of microbial diversity, and natural biodiversity in soils often associates
with the biodiversity of aboveground ecosystems. A number of recent studies are helping to build evidence of health-promoting
microbial diversity. These include: a large-area spatial epidemiology study linking ambient exposure to soils with typically
higher microbial diversity with reduced risk of infectious and parasitic disease; field-scale microbiome work indicating the
displacement of opportunistic and potential pathogenic bacteria with ecosystem restoration; and a pioneering mouse model
study that found the gut microbiome could be influenced by trace-level exposures to biodiverse soil dust and that such exposures
might supplement the gut with bacteria linked to reduced anxiety-like behaviour.

Restoring Microbial Ecosystems for Improved Human Health
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As the world’s population grows and cities expand, more people are shifting away from open, biodiverse spaces into urbanised
environments. 50% of the world’s 7 billion people live in cities, with an increase to 70% anticipated by 2030. Rates of species
extinction are now far higher than in the past 10 million years, driven in large part by increases in urban populations. This
biodiversity crisis is linked to rapid increases in non-communicable diseases (e.g. chronic inflammatory conditions). Rapid
urbanisation is at odds with human evolutionary history, which is deeply rooted in nature. Loss of macrodiversity following
urbanisation is linked to reductions in environmental microbial diversity. Exposure to biodiverse environmental microbiota is
important for healthy human immune system development and maintenance. Indeed, reduced exposure is thought to partly
explain the western pandemic of non-communicable diseases. Despite these values, urban green spaces continue to decline.
Can urban ecosystems be restored to serve a dual purpose of conserving native biodiversity and promoting public health at the
same time?

Mining in polar opposites – case studies from opposite ends of the earth
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The International Standards for Mine Site Restoration (the Mining Standards) aims to provide a unifying set of
principles and standards for all mine site restoration projects across the globe. This is no easy undertaking, as they
must be applicable to all climates and geographies, environmental conditions, extraction commodities, political
and social settings. The Kiruna mine located in Norrbotten, Sweden and the Karara mine in the Mid-west,
Australia are at polar opposites when it comes to the ecological restoration post-extraction. Kiruna, is an
underground iron ore mine with associated infrastructure located 145 km north of the Arctic Circle. Kiruna has a
subarctic climate with short, cool summers and long, cold snow-covered winters. Karara, is a large open-cut iron
ore mine and represents one of the largest iron ore reserves in Australia. Karara experiences a hot, arid climate
with low and erratic rainfall. Temperatures can reach above 50 oC on restoration sites.
Despite these climatic extremes, they also share many similarities. Both sites are need to work closely with the
Traditional Owners, have a long history of developing knowledge through research and are undertaking
restoration that aims to restore the native ecosystem that is informed by the reference. We show how each site is
working with the eight principles of the Mining Standards to deliver ecological restoration that is the best that can
be achieved, given the major challenged faced by the mining industry.

Principles and Standards for the ecological restoration of mine sites
Renee Young1,2, George D. Gann 3, Bethanie Walder 3, Junguo Liu 4, Wenhui Cui 4 and Kingsley Dixon 1
1
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3 The Society for Ecological Restoration, USA
4 SUSTech, China
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Mining companies are often required to return or transfer land impacted by their activities to government agencies,
communities, or other landowners in a condition that is suitable for the next agreed upon land use to commence,
generally in accordance with written regulatory agreements. In many cases this is the same general land use that
was present prior to disturbance, and often consists of a native ecosystem. In these instances, ecological restoration
approaches are required.
The Mining Standards present a robust framework for delivering high-quality ecological restoration of mine sites.
Such a framework enables acceptable and enduring environmental, social, and economic legacies for future
generations consistent with many international goals and conventions. They highlight the role that mine site
restoration has in connecting industry with social, community, and ecological productivity; as well as providing
recommended performance measures. Adapted from SER’s International Principles & Standards for the Practice
of Ecological Restoration, eight aspirational principles underpin ecological restoration in mining landscapes. In
combination, these principles support decision-making to achieve the best environmental and social outcomes for
a restored mine site by:
•
•
•
•
•
•
•
•

Engaging stakeholders throughout Life of Mine
Drawing on many kinds of knowledge,
Are informed by the native reference system, while considering environmental change
Supporting ecosystem recovery processes,
Are assessed by clear goals and objectives, using measurable indicators,
Seeking the highest level of recovery attainable,
Gaining cumulative value at large scales, and
Are a as part of a continuum of restorative activities.

Social license in mining – the secret sauce\
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2
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Ecological restoration of mine sites, as with all processes of land-use change, is most effective when the social
dimensions of that change are integrated throughout the process. Having evolved over 25 years of theory and
practice, the idea of ‘social license’ – alongside related concepts such as corporate social responsibility,
stakeholder theory, and community engagement – demonstrates that:
•
•
•
•
•

mining activities are more accepted by communities when those communities experience genuine
benefits in the short and long term;
perceptions of procedural fairness in decision-making strongly influence levels of community
approval;
the trust gained through genuine relationship-building is critical to long-term success;
optimum site outcomes result when expert knowledge combines with local knowledge gained
through community participation;
there is a moral obligation, as well as an instrumental justification, for involving affected
communities in decisions that affect them.

These key elements of social license to operate (SLO) – genuine benefits, procedural fairness, trust, community
participation, and a strong moral foundation – are now well understood in the literature. Yet, as seasoned social
practitioners, having both researched and applied our craft across many project and community contexts, we
regularly find that the concept and application of SLO remain challenging for many companies.
Drawing on various case studies, this paper/presentation explores what we believe to be the ‘secret sauce’ of SLO;
that is, the main ingredients required to develop and sustain collaborative, participatory, and trusting relationships
with stakeholders, and that deliver improved project and operational outcomes in the long-term time horizons
needed for ecological restoration.

The Mining Standards and towards a culture of best practice
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Increasing pressure on companies to maintain their social license to operate has meant that globally the mining
industry is lifting their environmental performance including on many occasions adopting the United Nations
2030 Sustainable Development Goals (SDGs) and contributing to the Decade on Ecosystem Restoration 20212030.
This increased awareness and actions to improve performance by the mining industry is, however, by no means
universal. The process of change within a mining company to progress towards a culture of environmental best
practice can often be a long process requiring ‘company champions’ to work diligently and continuously with
management. The International Standards for Mine Site Restoration (the Mining Standards) provides a framework
to help companies on that journey, specifically when the post mining land use is ecological restoration.
The best outcomes are achieved when trust is established between government (regulators), industry, community
and science and leveraging this to go beyond best practice (Fig. 1). It can be difficult to attain and is something
that is being grappled with globally, but when it is established, the best net environmental and social benefits can
be realized.

Fig 1. The trust model for delivering best practice ecological restoration post mining

The need for separate SER standards for the ecological restoration of mine sites
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In 2019, SER published the second edition of the International Principles and Standards for the Practice of Ecological
Restoration (International Standards), which are utilized to design, implement, monitor, and evaluate ecological restoration
projects at all scales and in all ecosystem types worldwide. However, mines and mining landscapes present unique challenges.
Hence, there is a need for a stand-alone document for the ecological restoration of mine sites that draws from the guiding
principles of the International Standards.
The Mining Standards focus on those topics pertinent to restoration in mined landscapes and present both established and
emerging knowledge from scientific research and on the ground practices in the mining industry. Specific challenges faced by
the mining industry include high levels of regulation, and the destructive nature of mining including the complete removal or
homogenization of the upper geological layers and topsoil materials, the loss of biological and ecological function, and the
destruction of plants, animals, and soil microbiota during the mining process. In addition, mining companies face increasing
pressures to maintain a social license to operate, which includes contributing to global sustainability and biodiversity
conservation goals, and tightening timelines to address projected mine closures. Because of changed conditions caused by the
destructive nature of mining, full recovery of the pre-mining native ecosystem may not always be achievable. Nevertheless,
the Mining Standards encourage aspirations to achieve the highest practicable ecological outcomes. Finally, integration of the
Mining Standards with existing company Environmental Management Plans is key to successful uptake by the mining industry.
[submitted as part of Symposium: The International Standards for Mine Site Restoration, new guidance for mining in the
decade of ecosystem restoration]

20:40:04 Hello, my name is Jennifer Dowdell.
20:40:08 I'm a senior landscape ecological planner, at Biohabitats.
20:40:11 I'll be describing our socio ecological approach to urban design and
planning with the focus today on equity inclusion and community based design.
20:40:24 I'll be discussing how communities use green networks as a catalyst for
reestablishing wildlife corridors and habitat nodes while prioritizing community
vitality.
20:40:33 I'll explore two case studies, one in Atlanta, GA and one in Baltimore, MD
where ecological principles are used as an underlying framework for urban planning.
20:40:43 First, I'd like to take this moment to pause and acknowledge that today, I
come to you from the traditional homelands of the Susquehennock peoples of the
Northern Chesapeake Bay.
20:40:54 We acknowledge the painful history of disposession and honor the ongoing
connection of the Susquehennock, past and present, to these lands and waters.
Wherever we're gathering today, we honor the traditional custodians of these lands.
20:41:10 The elders, past, present, and future. Their presence continues today.
20:41:18 This social ecological approach is based on the principles of landscape
ecology, biodiversity, and preservation of natural resources. We are thinking of
cities as systems and organisms and the benefits of ecosystem services.
20:41:31 We are also acutely aware of the immense importance of community residents
and community based design in this process.
20:41:38 And also the value of green space as public health measure; we're
considering environmental justice and ecological democracy.
20:41:45 We look to apply these principles.
20:41:48 Seeing the patterns and processes, corridors & patches that play out
across the landscape. We're looking to create a holistic and cohesive framework for
human vitality and natural resilience in the city.
20:42:02 And we're thinking at multiple scales in this approach, considering not
only the city but its relationship to the broader landscape, acknowledging that
ecology and natural systems don't adhere to political or property boundaries.
20:42:17 So our process is an iterative process of feedback loops between data
analysis and community input, we're exploring the potential for long term
resilience and responding to the unique character and culture of place.
20:42:31 As we think of urban ecological framework.
20:42:34 We're looking at community relationships in nature, that are used as a
catalyst for this planning process.
20:42:43 So first in our Baltimore City example we worked with the city planning
department, and we were looking at widespread vacancy as a springboard for
revitalization of community's reconnection and greening, we consider the ecological
and social legacy
20:42:57 of patterns and policies that have driven change here, and we use vacants
as the space to rethink open space, recreation, respite, habitat and community, and
thinking about economic development, access to public health and safety benefits.
20:43:15 In our Atlanta, Georgia project we worked with city planning to consider
how they could respond to projected population growth in a way that accommodates it
while preserving and protecting the significant tree canopy of the "city in a
forest", as it's known
20:43:30 Atlanta has close to 40% tree canopy coverage and is expecting and
increase of upwards of 1.3 million people within the city limits in coming decades.
Our task was to prepare a framework to respond to community needs like prioritizing

wellness retreat and adventure and
20:43:45 access and growth.
20:43:48 Many of us without even thinking can name the natural features that define
our relationship to our home city: a creek, a harbor, a favorite patch of woodland
a majestic tree we could draw from memory.
20:44:00 In some traditions, the connection of community to ecosystem is even more
explicit. When the Maori people of Aotearoa, or New Zealand, introduce themselves
in their formal greeting
20:44:13 they include the name of their mountain and their river, which grounds
them in their cultural & family heritage, as well as their kinship to nature and
their responsibility as guardians.
20:44:24 We have the opportunity to uncover the same sorts of relationships with
communities in our cities where we're working.
20:44:32 This approach reinforces the notion that urban communities have a
reciprocal relationship with nature. It focuses on the idea that biodiversity
serves as a strong surrogate for many benefits we take for granted in our
relationship to nature in our city.
20:44:47 We are seeking to create conditions for healthy and functional trophic
cascades and expansive food webs in the cities, that connect back to a community's
ability to access food and resources and creates a potential for dynamism to
respond to unexpected
20:45:00 events.
20:45:09 We consider the continuum of landscape typologies that exists within our
cities from forest remnants to street trees. Now the community's relationship to
nature is used as a catalyst for the planning process with integrated engagement
from the start, responding
20:45:18 to their needs while increasing ecological literacy.
20:45:22 This involves a variety of types of engagement and touch points and
relationships with our planning staff colleagues. We're thinking of access to
technical stakeholder advisory panels, as well as robust community meeting where we
as consultants are doing
20:45:36 doing a lot of listening. Our clients are really our collaborators in
this.
20:45:43 From the very beginning we start to develop an understanding of
community's connection to nature, their identity with nature, engaging all of their
senses and emotion, through these processes and different engagement activities
we're gathering the data
20:45:57 of the socio ecological relationships, their needs and desires. And we're
learning more than just what the data can tell us of the historic patterns and the
land use the city.
20:46:11 Through these different projects we document. The story. And that might be
narrative. It could be audio recording, drawings, and sketches, like we see here,
markups of our base mapping.
20:46:23 We're working with our base mapping and asking the community to show us
the patterns and processes, and the nature as they know it and how it defines the
city for them.
20:46:32 And then we map and document in planview, oftentimes in a way where we can
then access it in our GIS geospatial analysis, so that this these data points from
community engagement are also available to complement our geo spatial analysis.
20:46:49 So here we have further results of that engagement put into map form.

20:46:54 These sorts of inputs, allow for results that then can lead to helping
define a community's vision and goals for a project. Here is an example from our
Atlanta work that we can then inform in our later data analysis.
20:47:10 So then, jumping over to Baltimore. Here we see an example of that data
analysis that was then conducted to start to better understand the resources, past
and present, a play in the green network potential for the city.
20:47:25 And here we're establishing history and existing conditions of the natural
resources, further analysis in Baltimore, we looked to overlay historic planning
efforts, redlining history, as well as current data about revitalization zone
opportunities, to opportunities
20:47:44 to increase tree canopy based on studies by the Baltimore Ecosystem Study
and other areas where they can could provide opportunities to rebuild or restore
function across the city.
20:47:56 We further looked at this analysis to try to find hot spots where there
was definitely some suitability and engaging with the community to help consider
design opportunities at the community scale overlaying this opportunity for legacy
green network increase
20:48:11 in connection of the existing network.
20:48:17 Further gap analysis and least cost path analysis during the
prioritization phase provided further insight into creating the corridor
connections that can support community needs and increased ecological function
across the city and network his nose and
20:48:31 of nodes and corridors are developed to address ecosystem and habitat
function, considering streams and forest patches, and also considering the specific
needs and broader functional goals of both the community and ecological function.
20:48:46 We concurrently highlight the importance of balancing issues of
gentrification and community needs including jobs, with ecosystem function, and
connecting at the city scale.
20:48:55 So we returned to the community to share the results and elicit feedback
on the data analysis.
20:49:02 In the case of Baltimore, our team and City Planning Department then
applied the implementation potential at the site scale within the neighborhood
context.
20:49:11 So we developed pilot projects in a couple of key locations, really
building on existing very long term relationships with city planning staff in each
of these neighborhoods.
20:49:22 We took on the opportunity to look at the finely detailed opportunities
that communities could look at and design for in their own neighborhood to
integrate open space and recreation with green infrastructure and restoration
opportunities.
20:49:36 So here's our first pilot project in Sandtown, where the opportunity to
close the streets created a space for flexible programming integrated stormwater
management, increased native habitat and variety of different features like a water
feature and
20:49:52 an area for gathering and signs for messaging.
20:49:56 And the second pilot project area of very small parcel in this
neighborhood was where the community wanted a playground for small children, a safe
space for them to play, and for their families to watch over them.
20:50:10 At the same time, it was also envisioned as a memorial garden for the
first fallen female firefighter in Baltimore City.

20:50:17 This location benefits from the fact that there is a neighborhood partner
in the Bon Secours Medical System, who is willing and eager to help maintain this
space, and the community design center called Neighborhood Design Center who is
helping with design
20:50:31 refinement and support so that this implementation project can be
realized.
20:50:36 Both examples of our work in Baltimore City and Atlanta reflect a
socio‐ecological approach that is applicable for all urban areas experiencing
growth pressures, climate change impacts, and the legacy of environmental
injustice.

Forest restoration as a land use pattern: nature-based tourism in the Andean Choco Biosphere
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Forest restoration entails change in land use patterns. Land use change results from circumstance-specific combinations of
individual agency, institutional framework, and structural context. Nature-based tourism is recognized as an indirect economic
incentive for biological conservation, thus a potential driver for land uses that are favorable to forest restoration. This study
analyzes the influence of nature-based tourism on land use decisions aimed at forest restoration in the Mindo sector of the
Andean Choco Biosphere Reserve, in northwestern Ecuador. Semi-structured interviews were used to determine the main
decision variables explaining landowner participation in a local government-led forest restoration program. Results indicate
that improvement of tourism attractiveness was a main factor in the corresponding land use decision. Open interviews with
key informants allowed description of the institutional framework associated with nature-based tourism in Mindo, as well as
identification of institutional aspects most relevant to the relationship between tourism and land use. Finally, the structural
context within which land-use decisions operate in the region was established by means of historical document review, coupled
with analysis of land-use and socioeconomic indicators. Together, individual land use decisions aimed at forest restoration for
tourism purposes, taken within an institutional framework that is favorable to biological conservation, and immersed in a
structural context that is conducive to the sector’s consolidation as an income generator, make nature-based tourism a driver
for land use change and forest restoration in the Andean Choco Biosphere Reserve. The utility of approaching forest restoration
from the perspective of land use patterns is thereby demonstrated.

Is it possible to recover lands through impact investment? Improving nature-based solutions for
climate, soil, water, and food security
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Most part of the investments made in the recovery of native vegetation follows a logic of command and control or grants, with
continued need for financing. A new paradigm of investment in agroforestry business models, with focus on positive socioenvironmental impact, has emerged as the missing element for change the scenario.
In 2020, Palladium Brazil supported Fundo Vale to search business models based on the intentional creation of value of
recovered areas, designed on a commercially viable and financially sustainable market opportunity. We developed a
methodology for pipeline generation, considering the socio-environmental impact and the economic return of each initiative.
We assessed almost 60 initiatives that could recover areas with different productive and institutional arrangements, to create a
business plan for the recovery of 100,000 ha of degraded areas (beyond Vale's operational borders in Brazil) through positive
socio-environmental impact businesses. We selected 15 with potential to recover over 300 thousand hectares by 2030,
distributed in silvopastoral systems (~ 100 thousand ha), agroforestry (~ 100 thousand ha), silvicultural (~ 30 thousand ha) and
65 thousand ha of these three categories. As a proof of concept, more than a thousand hectares of different arrangements were
implemented. With this investment of US$ 1.07 billion, were estimated a potential removal of 1.2 t CO2e per year, the planting
of more than 50 native species and the generation of more than 40 thousand annual direct job positions, demonstrating it is
possible to recover areas with positive economic and social impacts.

The Role of Insurance in Financing Natural Infrastructure
Sage Melcer
Fellow, Insurance Bureau of Canada, United States

Since 1980, there has been $5.2 trillion in losses from natural disasters – over 70 percent of which was uninsured. Worldwide,
governments have traditionally held this risk by financing emergency services, restoring infrastructure, and supporting
households without private protections. Businesses also face higher risks from natural catastrophes, with losses manifested via
resource scarcity, supply chain shocks, and loss of business. However, increased loss events leave the public and private sectors
struggling with how to manage future operating uncertainty.
Additionally, climate change requires engineered protection enhancements – often resulting in increased costs with more
frequent repairs. Experts have realized that effectively integrating natural systems into disaster mitigation planning is a costeffective and sustainable way of reducing natural disaster risk and optimizing built infrastructure’s functionality. Investing in
nature-based solutions also improves the effectiveness of ecosystems, community facilities and quality of life. Unfortunately,
quantifying natural asset protection value is challenging as efforts to calculate current and future risk attenuation and exposure
lack standardization sufficient to compare value, efficacy, and justify investment.
The insurance industry is uniquely positioned to apply its expertise towards understanding risk potential, identifying and
integrating effective mitigators, and internalizing these assets to standardize their role in risk attenuation. Additionally, insurers'
role as a risk transfer agent can de-risk investment into natural systems by governments and businesses alike. This presentation
will discuss how nature-based solutions can be an economically and ecologically friendly approach to climate adaptation, and
how insurance can help public and private actors integrate these assets into their risk management strategies.

Towards a framework for Australia’s Restoration Economy
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This year, in 2021, the world embarks on a great challenge, to restore hundreds of millions of hectares across the globe over
the next ten years as a part of the UN Decade of Ecosystem Restoration (2021-2030). The commencement of The Decade aligns
with UN Biodiversity Conference (COP 15) which aims to achieve global agreements of a new set of goals for nature over the
next decade and deliver a framework with an ambitious plan to implement broad-based action to bring about a transformation
in society’s relationship with biodiversity and to ensure that, by 2050, the shared vision of living in harmony with nature is
fulfilled. Entwined in this is the inherent need to develop sustainable ‘green’ economies to support society. The restoration
economy defined as ‘the market consisting of businesses, investors, and consumers engaging in economic activity related to
restoration’ forms a critical component in achieving these goals.
The market is rapidly growing in Australia, with major private, philanthropic and government investments driving large-scale
restoration efforts, albeit rather haphazardly and without a coordinated and quality-controlled approach. A framework to inform
Australia’s Restoration Economy is presented that is applicable across industries with benefits to people, climate, biodiversity,
the economy and the environment (Fig 1). Critically this is presented in the context of a changing climate and applicability to
all Australians including rural and indigenous communities where economic disparity is most pronounced.

Figure 1. Conceptual model for Australia’s Restoration Economy.

How much do we need? Defining the true cost of restoration in the 21st century
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In the past year, tree planting organisations have doubled or even tripled their number of trees planted around the globe.
Marketing plans for $1/tree donations continue to attract individuals inspired by the chance to help. Corporate interest is also
growing fast, along with the number of organizations engaged in implementation, policy, and tracking outcomes. Positive
action for the climate and biodiversity is welcomed, as is the increasing investments in reforestation for a suite of benefits, such
as carbon sequestration. However, focusing on straightforward tree counts as a metric of success ignores other risks: displacing
people, negatively impacting livelihoods with the loss of agricultural lands, and trading biodiversity for carbon gains with
plantations. How then, do we begin to calculate the investment needed to ‘restore’ ecosystems, rather than simply ‘planting’ a
tree? What standards should guide project design, implementation, and monitoring to ensure the social and ecological outcomes
expected over time? As the U.N. Decade of Ecosystem Restoration launches forward in January 2021, organisations across the
world will continue scaling up planting efforts to meet the ambitious targets. Some initiatives will be driven primarily by carbon
interests, potentially overlooking negative trade-offs. Others will target multiple benefits, committing to improving local
livelihoods, health, and biodiversity, while also supporting the climate system. The trick, undoubtedly, will be in designing for
quality – both social and ecological – while not being cost prohibitive or delaying much-needed action.

How to build and use the evidence-base for restoration
Robin Chazdon1
1
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Effectively implemented restoration can help reverse ecosystem and land degradation that contribute to human suffering,
planetary climate crisis and biodiversity loss. But restoration interventions are usually performed ad-hoc, with limited
knowledge to deliver specific outcomes. Restoration practices are poorly documented, and often lack information on how social
or ecological outcomes were achieved and who benefitted. There is an urgent need to build an evidence-base to improve and
guide policy and practice.
This evidence base will emerge from an independent and freely accessible archive of restoration interventions and projects
based on detailed and verified case studies. These case studies will provide a foundation for learning and analysis of the full
scope of restoration activities, practices, to illuminate how specific interventions led to particular outcomes.
An archive of case studies will: (1) document activity and experiences of restoration practitioners and researchers; (2) provide
systematic, detailed, and informed data about restoration cases across a wide range of contexts, geographic regions, and
governance structures; (3) summarize lessons learned and outcomes from different types of interventions and contexts; (4)
create an engaged community of stakeholders, actors, and sectors in the restoration movement and provide a platform for
sharing experiences, knowledge, and resources; and (5) supplement remote sensing-based indicators of restoration outcomes.
Both positive and negative outcomes provide learning opportunities. I will present specific examples of how restoration case
studies will be used by many different groups, including practitioners, international agencies, government agencies, nongovernmental organizations, funding agencies, private sector partners, and the research community.

Key barriers to overcome for restoration at scale – and where we’ve succeeded
Will Baldwin-Cantello 1
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Large-scale ecosystem restoration potential is immense: political support has grown through global and regional
initiatives and 62 countries have pledged to restore lands under the Bonn Challenge, and counting. While pledges
can be made easily, delivering high quality ecosystem restoration is difficult. Likewise, the drive to restore forests
has also captured the public’s imagination, but perceptions of what is possible can exceed the ability of
programmes to deliver on the ground. Barriers include: lasting political will; competition with other land uses;
adequate and long-term finance; and the need for effective national and local institutions (from national strategies
to local extension services). Reviews of case studies highlight potential responses to these barriers including:
adapting strategies to local political motivating factors; moving from project by project implementation to
coherent cross-sector national policies; devolved responsibility to local authorities; effective incentive
mechanisms and; granting tenure security to rights holders and land users. Even where only some or none of these
factors exist, planned and unplanned natural regeneration of forests is also occurring at scale, particularly where
agriculture has retreated and/or protection measures are in place, offering another self-selecting route to large
scale delivery. The international community, including through the narratives and discussions under the UN
decade on ecosystem restoration, can play a role in balancing the clear opportunity presented by the corporate,
government and public interest in forest restoration, with the need for patience to deliver results that last.

Powering our efforts: Shaping new finance to deliver for forests
Bryna Griffin1
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Both local and global economic systems have long failed to sufficiently value and integrate the costs of public
goods, such as those services offered by functioning natural ecosystems. These market failures have led to an
undervaluing and destruction of much of the Earth’s ecosystems, even those on which economic sustainability
depends. Over the past decade, some advances have been made in creating financial mechanisms to support
conservation of forests and other ecosystems. Now, with the global awakening around the climate crisis, public
and private finance institutions are seeking to massively scale up “green” investments. There are new
businesses and funds being created to meet the demand for large scale, green investment in forest conservation
and restoration. But what does this really mean? What do these funds actually do? Will these new mechanisms
solve the market failures that created the problem in the first place? Looking at the history of conservation
finance, we find numerous lessons learned about what works and what doesn’t. Further, while on the surface
conservation and restoration share many similar attributes, there are key differences that must be taken into
account in order to shape how, and to what, forest finance will flow. In this session we will move beyond the
hype to examine what is really needed to create economic incentives, and “bankable business models,” for forest
conservation and restoration.

What does it take, a case study: putting the pieces back together in Brazil’s Atlantic Forest
Alice Reisfeld1, Barbarba Cavalcante1
1
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One of the most threatened forest ecosystems on the planet, yet biologically diverse, the Atlantic Forest supports ta high number
of endemic and threatened birds globally. Once one of the world’s largest forests, extensive deforestation has resulted in only
12% remaining. A third of South America’s human population live in the Atlantic Forest biome, and the forest has made way
for agriculture - both subsistence and industrial scale. As a result, much of the endemic Atlantic Forest fauna and flora is in
danger of extinction. The scale of the challenge to conserve the Atlantic Forest, demands a bold approach. Over the past 16
years, SAVE Brasil has been protecting fragmented pieces of forest in Serra do Urubu (Northeastern Brazil). However, it is
not practical to eliminate farming – crops, cattle, forest and people all go together – but sustainable agroforestry and commodity
production can be achieved. This is possible through three strategies: 1) community engagement, 2) promoting best practice
models within the corridors, and 3) building multi-stakeholder partnerships to develop sustainability strategies for scaling-up.
Through the protection of crucial forest, annual bird monitoring has confirmed populations of threatened species are stable.
Serra do Urubu is now a pilot area for the “Atlantic Forest Restoration Pact,” an initiative involving NGOs, businesses and
Brazilian universities, which aims to restore 15 million hectares of forest. SAVE Brasil’s strategy for the long-term restoration
of the forests of the Serra do Urubu region includes developing agro-forestry systems which help rebuild forest connectivity.

Accelerating Incentives: Identifying economic and financial incentives for forest and landscape
restoration in Latin America using Machine Learning
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As 2021 ushers in the United Nations Decade for Ecosystem Restoration, it is essential to understand what public economic
and financial incentives exist to support sustainable forest and landscape restoration. To date, Initiative 20x20, a coalition of
17 Latin American countries, has committed to place 500 million hectares under restoration and conservation by 2030.
Understanding the public policies in these countries that turn those commitments into action, though, is very labor-intensive,
requiring decision makers to read and analyze thousands of pages of documents that span multiple sectors, ministries, and
scales that lie outside of their areas of expertise. In order to highlight incentives across ministries, the paper presents a case
study of policies across Chile and El Salvador. The case study uses Natural Language Processing (NLP) to mine policy
documents and to classify existing incentives according to land use type, geography, incentive instrument, as well as alignment
with forest and landscape restoration goals. The model performed well when compared to a human analyst, identifying the
relative frequency of credits, direct payments, and fines that exist as the primary policy instruments in these countries. Tax
deductions, supplies, and technical assistance are much less used among most of the countries and that, oftentimes, the policy
documents describe economic incentives for restoration in vague and intangible terms. Using a standardized approach to
generate incentives data could provide an evidence-based and transparent system to find complementary between policies and
help remove barriers for implementers and policymakers and enable a more informed decision-making process.

Identification of Private Investment Opportunities in the Restoration of Forest and
Agricultural Landscapes in Latin America
Maria Franco Chuaire1
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Twenty-two Initiative 20x20 financial partners have announced their intention to invest USD$2.4 billion in Latin
America to support restoration and avoided deforestation activities. Even though most of them are already investing
and looking to expand their portfolios in the region, oftentimes they run into significant barriers, such as the absence
of a robust portfolio of investment opportunities, high risk perception, and/or high transaction costs. The resources
and willingness are present, but the former are flowing slowly due to a fragmented market were the preference of
funders are not clear to the general public; and project developers have little contact with funders and do not know
what they can do to make their projects attractive. To help breach the gap, Initiative 20x20 partners are working on
multiple fronts to help identify promising restoration initiatives and businesses, support their incubation and
acceleration, and connect them with potential sources of financing. Through in-country Portfolio development in
Colombia, Peru and Ecuador, they are identifying restoration opportunities at different scales that can attract private
investment. Besides compiling these opportunities in a database of easy access for financial partners, they are
developing detailed factsheets for prioritized projects and designing and implementing training plans with mentorship,
business development and pitching components. This effort is complemented by other regional and global initiatives
such as the Land Accelerator, a program that seeks to increase restoration entrepreneurs’ impact through refining their
business model and operations, helping them access appropriate financing, and supporting business introductions; and
TerraMatch, an online global platform that connects people who are restoring land with potential funders.
Keywords: Restoration, finance, incubation, acceleration, investment, entrepreneurs, business, mentorship

Initiative 20x20: The road traveled supporting NDC's and a path to follow in landscape
restoration
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Initiative 20x20 was launched in 2014 with a goal to initiate restoration processes on 20 Mha by the end of 2020. At
COP 25 and in the context of results achieved, Ministries from the region set the goals for the next stage of this road
at 50 M ha by the end of 2030 with 30 M ha included in the 2030 NDC goals. Many of the countries in the region
have shown an indication to put forward new aspiring goals in 2021 by including restoration targets into the updated
NDCs for mitigation and adaptation. This presentation will focus on how restoration as a nature-based solution is
contributing to achieving multiple development goals in the region and how regional platforms are helping to provide
technical assistance, facilitate private funding, and maintain the political dialog and relevance.
Keywords: Restoration, Policy, Climate Change, NDC

Integrating Policy as a means to leverage large scale restoration across Latin America
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The UN Decade for Ecosystem restoration offers a unique opportunity to reach the Paris Accord targets to mitigate and adapt
to the effects to Climate Change. A key question that needs to be addressed is What is the existing policy enabling environment
for forest landscape restoration in Latin America that contributes to the implementation of the Decade’s objectives? This
presentation will provide a snapshot of policy frameworks for restoration designed to address biodiversity, climate, and
desertification priorities. Based on that, options for policy integration, cooperation and coherence will be discussed as key
pillars for championing restoration at scale across countries.

The Restoration investment Ecosystem in Latin America
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In Latin America, 18 countries have pledged about 50 million hectares to restore as part of the Bonn Challenge and
Initiative 20x20 platforms. Many governments have developed robust plans and strategies to prioritize areas for
restoration under multiple environmental, social, and economic objectives. But once these processes are finished,
restoration often stalls. Why?
The implementation of restoration requires financial resources from the public and private sectors in a coordinated
effort to implement the desired activities and materialize expected results. To ensure additionality and the permanence
of restoration, these activities must generate multiple benefits to the landowners and do not have to come at the expense
of the degradation. Landowners could be communities, individuals, or companies. In many countries, resources from
the public sector are scarce, making it difficult to implement sustainable practices and investments. On the other hand,
the private sector faces many barriers related to the long-term nature of investments in restoration, the high levels of
perceived risks, and the difficulties in finding bankable projects with landowner aggregation. In this presentation, we
will discuss practical experiences from the public and private sectors to overcome some of those barriers. These
experiences are showing the path to a sustainable future that would make possible the restoration at the scale required
by the climate change challenges and in response to global initiatives such as the United Nations Decade on Ecosystem
Restoration 2021-2030.
Keywords: Restoration, finance, incubation, acceleration, investments

Restoring Lebanon’s Biodiversity Through the Integration of Ecological Restoration Research,
Policy and Practices
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Lebanon is one of the most forested countries by total percentage in the middle east. However, the decline of Lebanon’s forests
coupled with climate change, poses serious threats to natural resource management, national identify, water security, rural and
urban livelihoods. In response to these threats, the Lebanon Reforestation Initiative (LRI), launched by U.S. Forest Service
International Programs (USFS IP) in 2010, through the support and funding of the United States Agency for International
Development (USAID), aimed to expand, manage, and protect Lebanon’s forests and landscapes through a community-based
approach.
Knowing that healthy ecosystems are essential to provide the services that humans and the natural environment require there
is an obvious gap in research related to available data that is highly important for conservation efforts, habitat restoration and
restoring ecosystem services critical for the development of sustainable traditional land use practices. LRI has built on its
previous successes since 2011 and broadened its scope of work within the field of ecological restoration, integrating the
ecological, social and economic aspects into developing sustainable restoration strategies. LRI is focusing on 1) fauna-flora
research and identifying new data collection and monitoring tools to be integrated in improving restoration strategies; 2)
community-based restoration to ensure economic opportunities to underserved local communities such as eco-tourism and
agroforestry activities; 3) developing a forest ecosystem services valuation study that values and spatially maps a select set of
forest services across Lebanon and 4) continuing to increase restoration efforts throughout Lebanon.
LRI was successful in 1) developing studies aiming to make the case for the targeted protection and expansion of valuable
forest landscapes, 2) developing an economic sector model for underserved rural communities focused on conservation and
restoration and 3) improving understanding of ecological restoration and its practices in different habitats in Lebanon. LRI’s
long-term object is to create a link between economic governance, natural resource management and social inclusion strategies,
having a positive impact on biodiversity and leading to more sustainable traditional land use and decreased economic stress on
the vulnerable rural communities.
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Restoring the Bossou‐Nimba Corridor for the Conservation of Chimpanzee Population
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The Mount Nimba Nature Reserve, a UNESCO World Heritage Site, is considered a Biodiversity Hotspot
and is home to unique and rich flora and fauna. Among them, are the Western Chimpanzees (Pan
troglodytes verus), that were listed Critically Endangered by IUCN in 2016. In Eastern Guinea, the most
critical and fastest decline was observed in Bossou. The “Institute de Recherche Environnementale de
Bossou” (IREB) attributes this alarming decline mainly to the increase forest fragmentation, which
isolated the forested area of Bossou from the larger forested habitat of the nearby Nimba mountains.
Moreover, continued degradation of the forest constitutes a threat to natural resources of the area,
which currently serve not less than 100,000 people in over 20 communities.
This project, with the technical support of the United States Forest Service (USFS), focuses on
developing an integrated conservation strategy for managing the Bossou forest reserve, targeting the
survival of the Western chimpanzees, through ecological restoration‐based solutions, community led
wildfire management, and also prioritizing the improvement of local communities’ livelihoods. A primary
pilot was established in the highly degraded Bossou‐Nimba corridor, which, if successfully restored, has
the potential to revitalize the western chimpanzee population, and to serve as a model for community
wildlife and forest management for other areas of West Africa. The pilot aimed at improving native
nursery and outplanting practices, and activities were planned to directly respond to the current
ecological, social and economic needs. To date, more than 15,000 native species were planted and
monitored in the corridor, involving 3 communities neighboring the corridor. Practices and knowledge
were disseminated by local practitioners to increase restoration efforts within the corridor and achieve
harmony between ecosystems and communities through restoration‐based solutions.

Reviving the Badia’s Ecosystems
Through Restoration Ecology Science and Knowledge Transfer
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Jordan’s Badia which represents 80% of Jordan’s area characterized by hyper-dry climate, is a unique socio-ecological
dryland system as its natural ecosystems are severely degraded due to demographic and natural challenges.
Unfortunately, previous restoration efforts were challenged due to knowledge barriers and limited community
engagement.
The Watershed and Development Initiative (WADI) is a Jordanian NGO established in 2018 and funded by US Forest
Service, International Programs (USFS IP) to improve and implement ecological restoration programs in Jordan.
USFS IP developed a comprehensive intervention plan based on its vast experience generated in the U.S. and
worldwide throughout the years. Restoration plans were customized to local conditions WADI experts supported in
their successful implementation and transferring the knowledge and experience to local communities, nongovernmental, and governmental institutions across Jordan. The value chain approach uses state-of-the art science to
propagate high-quality native seedlings, linking nursery operations to restoration planning, provides capacity building
and continuous technical support, and applies a user-friendly M&E system to document and improve processes and
techniques.
The activities created 20 annual full-time jobs, thousands of seasonal jobs, co-established four nurseries with annual
production capacity of 310,000 seedlings, engaged communities across Jordan with emphasis on women and youth,
proved the importance of community-led restoration, developed measured criteria for seedlings’ quality of main
species, and developed traditional and GIS-based measures to assess and monitor restoration success. The approach
resulted in raising survival rate of planted seedlings to above 70%, compared to 20% reported previously, with no or
limited irrigation needs post-planting which renders restoration programs more feasible to implement, considering
that Jordan is the 2nd poorest country in the world in water per capita.
An ecological restoration approach was developed and proven to be easily scalable to restore Jordan’s Badia and other
degraded ecosystems, and provides a myriad of economic, social, and environmental benefits especially among
marginalized groups and underserved communities.
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Can SER Ecological Restoration Standards become the “Green Standard” for Ecological
Restoration?: Development of Standards in International Law
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The implementation of “generally accepted international regulation and standards”(GAIRS) changes behavior.
GAIRS have played an important role in the international practice of marine law and labor regulation. As the Global
Decade for Ecological Restoration is launched, there are many questions about how States might demonstrate
implementation of the legal duty to ecological restoration embodied in numerous treaty obligations. While the
Convention on Biological Diversity (CBD) does not explicitly reference GAIRS, it would be possible to develop a
mechanism to allow for the development of international standards for ecological restoration that could be
implemented domestically by Parties to the CBD. Using the International Plant Protection Convention as a model,
this presentation will argue for the adoption of a protocol to CBD to allow for the development of international and
regional standards to support the harmonization of ecological restoration work particularly for transboundary
projects. The presentation will explain some history of adopting previous CBD protocols and annex. International
restoration standards currently advanced by the Society for Ecological Restoration could be translated into
“generally accepted international standards” but this will require additional action from States either in the form of a
protocol or an annex to the CBD.

Abstract
In the past decade or so, eco-restoration has slowly moved to the forefront of the consecutive EU
biodiversity strategies. However, in spite the ambitious pledges, progress towards landscape-wide
restoration is notoriously slow in the majority of the EU Member States. This is remarkable since many
of the existing EU environmental directives contain binding obligations which effectively urge Member
States to prioritize restoration programs for, amongst others, habitats and species which are currently
at an unfavourable conservation status. Frustrated at the slow rate at which policy makers address ecorestoration, environmental NGOs increasingly contemplate whether more activist litigation strategies, as
have emerged in the specific context of climate change, can be used as a lever for compelling EU
Member States to practice what they preach in the field of eco-restoration. As of today, several national
courts have adjudicated several restoration-based claims. With mixed results so far. This paper looks
into recent case-law developments and analyzes to what extent restoration-based legal actions before
national courts might be useful to ensure better compliance with existing and future eco-restoration
targets. This paper outlines the major opportunities but also threats and obstacles that arise in this
respect. Can we expect courts to step in and order national authorities to adopt more comprehensive
restoration programs in the face of imminent extinction scenarios? By answering this and other
questions, the potentialities for strategic litigation in the field of eco-restoration are identified within the
context of the European Union.

Europe’s ‘man on the moon moment’ for ecological restoration
An Cliquet1
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Ecological restoration has been firmly grounded in policy and legislation from the European Union (EU). With the new EU
Biodiversity Strategy and the EU Green Deal ecological restoration is seen as a cornerstone of EU policy for the next decade.
Previous commitments on restoration have not been met and there is a lack of concrete legally binding targets and quality
standards in EU legislation. The new EU biodiversity strategy puts forward the development of restoration legislation. This
creates unique possibilities for imposing binding targets and obligations for high quality restoration on EU member states. The
new law, if well drafted and enforced could be a game changer for both biodiversity protection in the EU, as well as contributing
to adaptation and mitigation of climate change in the EU through an upscaling of ecological restoration. This paper discusses
the preferable contents of such a new restoration law, its relationship with existing EU legislation (including the Birds and
Habitats Directives and the Water Framework Directive), the role of standards in the new law and policy and the possible need
for additional sectoral and habitat specific guidelines and standards for restoration. This paper will look at other EU
environmental legislation that includes references to standards or best available techniques, as a source of inspiration to include
standards in the new EU restoration law and policy.
Reference number:
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Beyond Net Gain: ‘Restorative Inputs’ and Legal Standard in International Law
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The concepts of net gain and no net loss have been dominant in ensuring that we approach development in a sustainable way.
In a recent review of the most important environmental legislation in Australia (the Environment Protection and Biodiversity
Conservation Act 1999 (EPBC Act)) offsets were confirmed as a strategy for avoiding no net loss. The concept of the offset
in the EPBC Act review was underpinned by a commitment to sustainability. This paper will explore the concepts of net gain
and no net loss as it used in international law instruments to argue that these concepts are ethically neutral, if not harmful, as
they don’t account for the major drivers of anthropogenic harm and change, and also don’t support active recovery strategies.
These concepts don’t really mobilise and seek to add complexity to ecosystems over time, and presume that simple costbenefit assessment will ensure neutral and sustainable impacts on the environment (prioritising transactional responses). This
paper will explore how adding complexity through ‘restorative inputs’, which is included as part of principle 8 of the SER
2019 International Standards, can help us move beyond the net gain paradigm. It is arguable that restorative inputs is a
standard within principle 8 for achieving cumulative gain and contributes to the complexity that can help manage
unpredictability. This paper will use the Ramsar Convention on Wetlands to explain and explore the potential of restorative
inputs to achieve something different than the no net loss strategy of the regime.

Restoration and adaptive governance for social and ecological wellbeing
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This paper argues that the ontological and epistemological foundations of environmental law, which continue to disaggregate
and commodify the “natural” world, can hamper restoration efforts at the landscape level. Law and governance arrangements
for ecological restoration is still emerging globally with efforts to date largely concerned with the rehabilitation or remediation
of discrete geographical areas, or the creation of services such as carbon sequestration. Such approaches largely reduce
ecosystems to their components, undermining an appreciation of the overall complexity of these systems and result in the
prioritisation of certain restoration goals over others. As ecological restoration is an adaptive, reflexive and systems approach
guided by site characteristics and the relationship of the site with socio-ecological systems, it should necessitate long-term law
and governance perspectives that are adaptive, account for uncertainty and imperfect understandings of ecosystem
interrelationships and feedbacks.
This paper examines adaptive governance in the context of ecological restoration. Adaptive governance recognises uncertainty
as a structural and constant inevitability in complex systems and undertakes ongoing and continuous monitoring, evaluation
and adjustment. It also recognises that legal regimes reflect values, narratives, and worldviews and aims to integrate multiple
types and sources of knowledge and values. These characteristics accord well with an ecological restoration practice that
recognises the complexity of ecosystem function and a plurality of values, not just those limited to natural resources and
ecosystem services, but also aesthetics, sense of place, cultural heritage, recreation and economics. This paper argues that the
development of restoration governance must situate itself in values-led decision-making processes and we examine the
normative values behind the SER 2020 principles to unpack how they assist the governance of restoration.

Scaling Up Ecological Restoration:
Environment and Resource Management Law Unfit for Purpose
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Over the past several decades, nations have increasingly adopted internationally recognized environment
and resource management principles into domestic environmental law and policy. There are currently at
least 11 such principles that are widely recognized or emergent and relevant in the context of ecological
restoration: polluter pays principle, precautionary principle, pollution prevention, sustainability,
intergenerational equity, inherent/intrinsic value, ecosystem approach, cumulative effects, ecological
integrity, environmental rights and environmental justice, and rights of Indigenous Peoples.
In preparation for the Decade on Ecological Restoration, in 2019 the UN identified barriers to achieving
restoration objectives. One barrier is “the relative scarcity of legislation, policies, regulations, tax
incentives and subsidies that incentivise a shift in investments towards large scale restoration and
production systems, value chains and infrastructure that do not degrade ecosystems.”
This presentation will review Canadian domestic law as a case study to assess whether the suite of
internationally-recognized environment and resource management principles incorporated into domestic
law to date are sufficient to achieve the objectives of the UN Decade on Ecological Restoration.
It will be the conclusion of this presentation that domestic legislative and regulatory reform is necessary to
catalyze the scale of restoration envisaged by the UN Decade on Ecological Restoration and a broad
prescription for reform will be provided. It is anticipated that this prescription will be equally relevant to
reform in other nations.

Assessing the potential for assisted natural regeneration of tropical forests:
a global analysis based on social and environmental factors
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Background and objectives: Assisted natural regeneration of forest is a proven cost-effective restoration strategy for climate
change mitigation, biodiversity conservation, and livelihood enhancement. But the potential for natural regeneration varies
spatially, emphasizing the need to identify and map areas estimated to have a high potential for assisted natural regeneration.
As a collaborative project between Conservation International and the International Institute for Sustainability-Australia, we
modelled the probability of natural regeneration at a high-resolution (30m) in tropical and subtropical forests (between ±25°
latitude) globally.
Methods: Using machine learning, specifically a LightGBM model using the platform driverless H2O, we generated predictions
of natural regeneration potential (ANR potential) with high classification accuracies (c. 88 - 93%). We trained this model using
sample deforested locations where natural regeneration did or did not occur between 2000 and 2012 and 41 biophysical and
socioeconomic covariates that reflect processes known to influence land use, management, and forest regeneration processes.
Results: Predictors of ANR potential varied across the three major regions we modelled. In the Neotropics, forest density and
elevation were important predictors of ANR potential, whereas in the Afro-tropics, the most important predictor variables were
distance to forest and biome. In the Indo-Malayan tropics, although biophysical variables such as forest density were also
important, the human development index (a socio-economic variable) was the most important variable explaining the
occurrence of natural regeneration.
Conclusion: Our model and results provide important insights for supporting decisions on spatial planning of cost-effective
forest restoration across the tropics and subtropics.

Assisted Natural Regeneration for Semi-arid and Arid Lands
David A. Bainbridge 1
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Resources for restoration of ASAL lands are limited and restoration planning must be based on low cost intervention.
Traditionally planning has focused on structure, How many kg of seeds or plants of which species should be applied per
hectare? but repairing function, How does water flow through the site?, is often more important. Restoring function can speed
natural regeneration. It is also important to determine what economic or cultural drivers led to mismanagement? How can
economic incentives be used to sustain local community participation? Payment for ecosystem services may be an option.
Carbon sequestration may also provide funding for restoration work.
Low cost strategies include modified grazing or farming practices, fencing (even just small exclosures), and roughening the
soil surface to retain rainwater with pitting, swales, rock lines, or microcatchments, and protecting natural seedlings. These
can make a big difference. If more funding is available resource islands may be created using locally collected seeds and
perhaps a few nursery grown seedlings, in small fenced plots with rainwater catchments and super-efficient irrigation to
support seedlings.
Assisted regeneration of ASAL can aid ecosystem recovery, even when it may seem hopeless, and should be adopted and
used more widely.

Cases of assisted natural regeneration in Brazil: It is a matter of finding the limiting factors
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One of the most exciting and accountable challenges restorationists face is choosing a restoration method for a degraded site.
Research and practice are often focused on natural regeneration (passive restoration) and whole-site seeding or seedling
planting (active restoration), however between those extremes there are infinite possibilities for triggering, conducing and
accelerating natural regeneration, all called Assisting Natural Regeneration.
Here I develop an acknowledged and intuitive framework for designing a restoration method: A method is a set of interventions
that reduce restrictions and strengthens the potential of natural regeneration.
Framework application: In the Amazon, harrowing and weeding shifted stable exotic pastures into a high-quality forest
succession. In that case, pioneer seed rain was high, landscape forest cover was 37%, and the exotic grass stably dominated the
sites. Preparing soil for pioneer seedling establishment triggered a fast canopy development and attracted late-successional
species. In the Cerrado, sites degraded to bare soils, with dry climate and rare, but torrential, rains, were restored with water
retention swales every 2m, following the topography. In the swales we seeded trees, but the ground was covered by native
grasses that dispersed by runoffs from surroundings.
These and other examples show that assisted natural regeneration may reduce the cost of restoration, where the mainstream
option is whole-site planting; or enhance the ecological outcomes, where the mainstream option is passive restoration.
Restorationists reach the decade of restoration with a good restoration toolbox, but with opportunities for developing naturebased methods for tropical ecosystems.

Amazon: Harroing + weeding intervention
after 3 years

Cerrado: Swales (2m spacing) intervention
after 1 year
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Beijing, as one of the world’s most populated city, is home to rich biodiversity. Situated on two major flyways for
internationally migratory birds like Beijing swifts, it also provides habitats for small mammals like leopard cats and badgers.
However, fast establishment of urban parks and other green spaces in Beijing does not show sufficient consideration on
biodiversity. Birds, insects and other wildlife are losing shelter and food resources due to the loss of mixed landscapes such
as cropland, bushes, and natural meadow.
Supported by Beijing Municipal Forestry and Parks Bureau and Beijing Forestry Carbon Administration, our pilot project
explores nature-based solutions in managing greenspaces in urban areas to restore biodiversity. In Wild Duck Lake Wetland
Park, in response to the shrinkage of the cropland habitat, crops were planted to supplement food source for the wintering
great bustards and common cranes; in Beijing Olympic Forest Park, under-canopy habitat enrichment through bush planting
and brush pile building was experimented, and fallen leaves were left on ground to preserve wintering habit for animals and
insects, as well as restore soil fertility; in Beijing Jingxi Forestry Farm, gaps were opened in formerly-planted monoculture
forests, allowing under canopy plants to regrow naturally to increase biodiversity. Citizens are engaged in monitoring, field
surveys and habitat-restoration activities to increase public awareness and understanding of urban biodiversity. We are now
monitoring the pilot sites to assess outcome. We plan to produce guidelines for nature-friendly greenspace management to
provide reference for other cities facing similar challenges in ‘lifeless’ greenspaces.

Natural Processes for the Restoration of Drastically Disturbed Sites
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Natural processes have been ‘restoring’ disturbed sites (landslides, volcanic eruptions, shoreline erosion, etc.) for millions of
years. By understanding how these natural systems operate they can be applied to sites humans disturb (mines, industrial
developments, etc.). Natural systems initiate recovery using pioneer species such as Willows (Salix spp.), Balsam Poplar
(Populus balsamifera L.) or Alder (Alnus spp.). The seeds of these species are designed to travel long distances and use
commonly occurring conditions to get established. Balsam Poplar and Willows have light fluffy seeds that at some times of
the year look like snow. They land on puddles or other water bodies and are blown to the wet mud at the edges of the puddle
or on the shore of the waterbody where they germinate and grow. By creating these conditions on a mine site these species
can be encouraged to establish on sites that being reclaimed. The cost of these treatments are a fraction of traditional
reclamation costs and because the resulting vegetation is appropriate to the area and the site where it establishes, natural
processes can provide effective strategies for the reclamation of mining disturbances. Examples in the presentation are drawn
from the author’s field experience.

Urban Rewilding for Urban Ecological Network Connection: An Example of Ecosystem
Restoration Project in Shanghai Urban Biodiversity Education Base
Taoran Guo, Bingqin Shan
Abstract
Urban rewilding is to restore the original structure and function of biological communities in
fragmented urban habitats, and enable the stability and ecological succession of native communities
with low human intervention. In the context of urban surroundings, it includes urban biodiversity
restoration for certain sites through two paths: one is the natural succession from urban wastelands
to wildlife habitats, i.e. the passive urban rewilding; and the other is the active urban rewilding
guided by human intervention, meaning that humans conduct systematic ecosystem restoration
based on the natural laws of ecological succession. Here, we discuss the design principles and
technical methodologies in active urban rewilding by the example of Shanghai Urban Biodiversity
Education Base project. Aiming to restore urban biodiversity and enrich the technical and theoretical
research of urban wilderness construction and Nature-based Solutions (NbS), this project has
conducted habitat division, native species introduction, natural community construction, ecological
benefit assessment, etc. In a year and a half, 260 native plant species, 255 insect species, 7 amphibian
and reptile species, 71 bird species, and 6 mammal species were recorded within the 1.7 ha. project
site, showing higher biodiversity and density of animal populations than unrestored artificial forests
surrounding. Along with the spontaneous progressive succession of the plant communities, the
project has achieved good results. The technical approaches in the project can be broadly applied in
design and construction of country parks, wildlife habitats, ecological corridors / networks, and
environmental education bases. Further wildlife habitat research is conducted in the restoration site,
and will be used for the identification and connection of urban ecological networks.

Use of Assisted Natural Regeneration techniques to restore
forest ecosystems in a major tiger reserve in South India: a case study
Ramesh Venkataraman1, CR Hanumanth2, K Anand1,2 (10 pt)
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Junglescapes has been restoring degraded forests in a large tiger reserve in South India since 2008. The restoration sites consist
of dry deciduous and thorn scrub ecosystems. Degradation factors include anthropogenic pressures and invasive alien species,
resulting in soil erosion, high run-offs and denuded vegetation with low diversity of around 30 species. Initial restoration efforts
were focused on introduction of saplings, mainly of tree species. Low rainfall levels of 600-800 mm a year along with fewer
rainy days resulted in poor survival and growth rates of saplings.
In 2010 the strategy was changed to assisted regeneration, focused on revival of natural processes. Rain water harvesting was
undertaken through trenches, small water bodies and swales. This resulted in improved water retention, soil alleviation, reemergence of grasses and natural recruitment of pioneer species. Resultant increase in faunal presence facilitated seed dispersal
from adjacent areas. Removal of invasive species opened up the forest floor for native vegetation. Both gully and sheet erosion
were addressed. A ‘natural juvenile support’ methodology helped accelerate growth of naturally recruited plants. Significant
ecosystem recovery is observed with over 70 tree species and 90 shrub species, including successional, recorded till now. We
observe successional species appearing even without proximate seed sources, indicating that assisted natural regeneration
facilitates regeneration from both local plant material as well as long-range seed dispersal. Assisted regeneration, combined
with targeted species introduction based on gap-analysis, provides a low-cost and robust methodology that can enable tackling
larger restoration areas given the same resources.

Ecological Space Quality and Ecological Restoration: A Case Study in the Pearl River Delta
Urban Agglomeration, China
Feng Li
Research Center for Ecological Restoration, School of Architecture, Tsinghua University, Beijing 100084, China
Feng_li@tsinghua.edu.cn

Ecological space quality (ESQ) and ecological restoration is very important to urban sustainable development and management.
Most previous studies have lacked a comprehensive model for evaluating ESQ and are thus unable to provide effective support
for decision-makers. Based on the purpose of policy and needs of the public, this paper constructs a comprehensive adaptive
evaluation model for mapping ESQ using the Pearl River Delta (PRD) urban agglomeration, China as an example, and the
analysis uncovers the driving forces of urbanization indicators of ESQ change. From 2000 to 2017, the overall ESQ was
considered as good, but the overall value decreased slightly, from 52.8 to 51.5. ESQ in the central PRD exhibited a notable
downward trend, while coastal cities exhibited an upward trend.
There was an approximate negative correlation between ESQ and the urbanization indexes, except for education level and the
proportion of primary industry. In the PRD, rural population density, the proportion of primary industry, and education level
were the important drivers of magnitude and direction in most cities, but their impacts differed across cities. The ecological
management lacked control of in areas good and moderate ESQ, and this was the main factor resulting in the decline of regional
ESQ. By quantifying ESQ and the spatially explicit urbanization drivers, the potential for ecological restoration and
management in the urban agglomeration is also discussed.

Ecological thresholds and indicators during 14 years of urban forest development
Kiri Joy Wallace1, Bridgette Farnworth1, & Bruce D. Clarkson1
1
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Successfully reconstructing functioning forests from early-successional tree plantings is a long-term process requiring continual
monitoring to gauge progress and hone management. However, many projects lack quantitative follow-up, sometimes leading
to failure. Here we present a 65-ha urban restoration project in Aotearoa New Zealand where forest has been undergoing
reconstruction on public retired pasture land since 2004. Such projects are becoming common due to emphasis on restoring
urban nature, so by studying them we improve management and develop urban restoration theory.
We measured key components of forest development in 25 plots (100m2 each) across a 14-year chronosequence including:
canopy openness, native tree basal area, non-native herbaceous ground cover, leaf litter, dead trees, native tree seedling
abundance and richness, and epiphyte colonisation. Linear regression models revealed statistically significant relationships
between all these ecosystem attributes and forest age. Using breakpoint analysis we also identified several important ecological
thresholds after planting, when canopy closure occurred (9.6 years) reducing understorey light, and a subsequent drop in nonnative herbaceous weeds (100% to 25%; 10.9 years). With these ecosystem changes, important indicators of functioning forests
appeared, like leaf litter accrual (0% to 95% cover), increased tree deaths (0 to 15), and juvenile native plant recruitment. For
example, spontaneous native tree seedling regeneration increased both in abundance (0 to ~150 per 4m2) and species richness
(0 to 13), and epiphytes colonised (0 to 3 individuals).
These results contribute to ecological theory regarding forest developmental thresholds and ecological indicators while also
highlighting timelines and informing future restoration management.

From Fore to Forest for Fins and Feathers: Transformation of a Private Golf Course to a Public
Park through reforestation and stream, wetland and meadow restoration
Jennifer M. Grieser1, Constance E. Hausman, PhD1
1
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Jmg2@clevelandmetroparks.com

Cleveland Metroparks acquired Acacia golf course (62.7 ha) in 2012 with the directive to restore Acacia Reservation into a
natural area. The private golf course had been in operation since 1921. This was an important land acquisition in a highly
urbanized area of the eastern suburbs of Cleveland, Cuyahoga County, Ohio, USA and situated at the headwaters of Euclid
Creek, a direct tributary to Lake Erie, one of the Great Lakes.
In 2013 Cleveland Metroparks developed an Ecological Restoration Master Plan that served as a map for stream restoration,
wetland creation and meadow establishment as well as a tool for garnering significant external funding. Formerly a maze of
underground irrigation pipes and tile drainage, a primary goal of the plan is to restore the natural hydrology of the site to the
extent possible. In addition to conducting their own land management activities (ie. reforestation, prescribed burns, tile
breaking, invasive plant management), Cleveland Metroparks hired a design-build consultant/contractor team to restore three
tributaries and create five headwater wetland swales. Channelized Euclid Creek was transformed to a meandering base flow
channel. Springs and seeps were daylighted and spread out into wetland pockets that hydrate the landscape and provide an
aquatic and terrestrial oasis.
Eight years later the Park District has documented 465 species composed of 237 plant species, 60 species of fungi and 168
species of animals. Meanwhile well over 100,000 people visit this popular park every year, showcasing the progress of
restoration in this urban setting.

Landscape sustainability science and its implications for ecological restoration
Jianguo (Jingle) Wu1
1
2

School of Life Sciences and School of Sustainability, Arizona State University, Tempe, AZ 85287, USA
Center for Human-Environment System Sustainability, Beijing Normal University, Beijing, 100875, China
E-mail: Jingle.Wu@asu.edu

Ecological restoration is now more urgent and more crucial than ever before because of the myriad human influences on the
environment, pervasively from city centers to rural regions, remote hinterlands, and protected areas. To achieve the goals of
biodiversity conservation, environmental protection, and sustainable development in the Anthropocene, ecological restoration
is indispensable for reconstructing destroyed ecosystems, repairing damaged ecosystems, rehabilitating degraded ecosystems,
and creating/shaping novel ecosystems. All ecological restoration practices take place in landscapes that are spatially
heterogeneous, often with multiple natural and human ecosystems interacting with each other. No restoration site is an island;
nothing restored by humans is “natural”; and no restored ecosystems are actually “restored” if not sustainable. For any
ecological restoration to be sustainable, a landscape perspective is needed – from restoring a local population to restoring a
regional landscape. Calls for a landscape approach to restoration were made more than 20 years ago, but there is still a scarcity
of landscape-based principles to guide restoration practices. Here I present the recent advances in landscape sustainability
science (LSS), which should help develop frameworks and guidelines for sustainable ecological restoration. Based on
landscape ecology, sustainability science, and the Millennium Ecosystem Assessment’s ecosystems-human wellbeing
framework, LSS aims to understand how the relationship among biodiversity, ecosystem function, ecosystem services, and
human wellbeing is affected, and affects, the dynamic landscape. I argue that ecological restoration must have landscape
sustainability as an ultimate goal if it is to be successful longterm, while few landscapes can be sustainable without successful
ecological restoration.

Practice of Nature-based-Solutions in Chongqing, China
Yan Zhou1, Ming Luo1, Zihan Zhai1, Manyi Li2, Lei Ma2, Shaohua Li2
1
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2

Chongqing Institute of Geology and Mineral Resources, Chongqing, 401120, China
zhouyan053991@163.com

As a municipality of middle and western China, Chongqing is a representative city of rapid urbanization.
Chongqing has unique ecological background characteristics, such as the integration of mountains, cities
and rivers. The three types of natural elements, mountains, valleys and rivers, constitute a complex
development space where multiple ecosystems coexist and interact, and human live. Affected by factors
such as geographical pattern and historical development, Chongqing is faced with the problems of heavy
pressure on resources, and unbalanced development between human and environment. It is necessary to
carry out urban ecological restoration systematically. This article introduces Chongqing's practice in
urban ecological restoration, such as systematic planning of conservation and restoration projects,
scientific layout of green infrastructure based on the concept of close to nature, building a symbiotic
ecological self-purification system, and establishing an intelligent supervision platform. The relevance
between the practices of Nature-based-Solutions criterions about design by scale, societal challenges,
biodiversity, and adaptive management is discussed. Through urban ecological restoration, Chongqing
successfully reconstructed urban landscape suitable for floods, improved urban ecosystem services,
strengthened the effectiveness of supervision and management. Therefore, societal challenges including
disaster prevention and mitigation, water security, environmental degradation, and biodiversity loss were
effectively solved. The case of Chongqing not only provides new ideas for solving the problems of socialeconomic-natural complex ecosystem, but also contributes Chinese-style Nature-based Solutions for
urban ecological restoration.

Urban green infrastructure to mitigating the particulate matter pollution of the air
Zhiqiang Zhang, Lixin Chen, Lu Zhang
Beijing Forestry University, P.R. China
Zhqzhang@bjfu.edu.cn

Abstract: Developing urban green infrastructures has been widely accepted during the past decade to combat the urban air
particulate matter pollution. However, it is still a challenging effort to select appropriate vegetation species and configure
efficient communities based on the mitigation effects and influencing factors. Here, we present our research on the species
difference on the PM detention under open air condition and simulated rainfall condition in Beijing, China. We found that
PM detention on the foliage of vegetation were highly species dependent and closely related to the trichome density and
groove area ratio. In addition, leaf shapes and venation patterns were also related to the PM2.5 accumulation on the leaves.
Under simulated rainfall condition, significant differences (P<0.05) in PM removal amount and rate were found not only
between different species within the same rainfall pattern, but also between different rainfall patterns for the same species.
PM removal rates from the leaf surface were significantly correlated with rainfall intensity (P<0.01). Different size PM
cumulative removal rate exhibited an exponential loss with rainfall duration (P<0.01).

Species(Liana) Species (Shrubs)

Species (Trees)

Fig. 1 Research questions and methodology

Cotinus coggygria
Amygdalus persica var. persica
Toona sinensis
Taxus cuspidata var. nana
Quercus variab ilis
Broussonetia papyifera
Diospyros kaki
Amygdalus trilob a
Phyllostachys praecox
Prunus davidiana
Ginkgo b ilob a
Koelreuteria b ipinnata
Armeniaca sib irica
Acer truncatum
Magnolia soulangeana
Aesculus chinensis
Crataegus pinnatifida
Metasequoia glyptostrodoides
Eucommia ulmoides
Populus tomentosa
Rob inia pseudoacacia
Syringa reticulata
Liriodendron chinense
Pinus tab ulaeformis
Fraxinus pennsylvanica
Magnolia denudata
Catalpa speciosa
Ulmus pumila

Fig. 5 PM removal against rainfall
intensity, leaf coarseness and rainfall
duration

Fig. 3 Relationship between foliar PM2.5 accumulation and
trichome density (a) and groove area ratio (b).
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Fig. 2 Species comparison of accumulation of different particulate fractions

Fig. 4 Differences in foliar PM2.5 accumulation between different
leaf shapes (a) and venation patterns (b) (Bonferroni test, α=0.05).

Bridging Cultures- Ethical Space for Indigenous Voices

Abstract
The practice of ecological restoration has grown in recent decades, yet the profession is still developing
methods of how to best work with Indigenous Peoples. This event is looking at how can we begin to
bridge and break down barriers to meaningful engagement with Canada’s Indigenous Peoples. Strive
together to be inclusive of both knowledge systems (western written and Indigenous oral histories) to
create a conservation and restoration frameworks that has more focus on positioning practitioners to
restore the damages to Mother Earth and their commitments through the Treaty making process.
This program is meant to be interactive as best we can in a virtual setting, topics that will be introduced
in the presentation will include:
•
•
•
•

Ethical Space,
Two-eyed Seeing,
Co-governance and
Achieving Nation to Nation success.

One sentence summary of event
An interactive event looking at how we can all learning to create space for the inclusion of Indigenous
Knowledge Systems.

Proposed program for the event: Symposium: a 40 minute interactive workshop. 10 minute
Q&A closing.

Lecture with audience participation 40 -50 minutes
Gary Pritchard – Canada; 4 Directions of Conservation Consulting Services, Curve Lake First Nation,
Ontario. Canada

Speaker: Cara R. Nelson
Educational Requirements for Ecological Restoration
With increasing investment in ecological restoration, there is a corresponding need for trained
professionals who are ready to tackle the complex problems of ecosystem repair. The Society for
Ecological Restoration set forth a set of education and knowledge requirements for certification as a
Professional Ecological Restoration Practitioner. To assess the extent to which B.S. programs in
restoration meet the educational requirement for certification, I searched 320 institutions in North
America to determine if they offered degrees in ecological restoration and, for those that did, evaluated
degree requirements. I found 29 B.S. degree programs in restoration. On average, these programs
greatly exceeded certification requirements in the biological sciences (B.S. program average = 24;
certification requirement =15), physical science (B.S. average = 20; certification = 15), and resource
management and conservation (B.S. average = 17; certification = 12). Quantitative science requirements
were, on average, 1 credit short of the 9 credits required for certification, indicating that students
graduating out of some programs may benefit from additional raining in monitoring and sampling
design. The extent to which B.S. programs meet the 6-credit certification requirement for ecological
restoration and restoration ecology is less clear: B.S. programs on average require 4 credits in these
subjects, but also on average require an additional 3 credits of field learning. These field-learning credits
likely are focused on the science and practice of restoration, which would bring the average program to
7 credits in this area. My findings suggest that those universities who offer programs in ecological
restoration have adapted their curricula to meet the changing needs in this field. However, some
important topics (like sampling designs) require additional emphasis. In addition, the number of
available academic programs is still too low, given that ecological restoration is now a dominant activity
in natural resource management.

Restoration Practices in Gujarat state, India
Jagruti Y. Rathod
India has all different states with different climatic conditions, political changes and cultural
and aesthetic values. Gujarat is one of the industrial, cultural states of India. It comes under
semi-arid conditions; it has longest coastlines, desert, evergreen forest and is full of natural
resources. As a human nature Gujarat is one of the 3rd largest states who pay tax and it is the
industrial hub of India. However, some conservation and restoration practitioners try to
conserve or protect the natural ecosystem with traditional knowledge and seeds banks.
According to me, the execution of ecological systems focuses on products or services desired by
people, with emphasis on marketable products. Resource managers learn just enough about
ecosystems to maximize the production of these commodities.

This presentation will give you brief idea about the very few people who are actually engaged
with the restoration activity like , Agroforestry, environment regeneration, Ecological
Landscape, Grassland restoration (Banni Grassland), land (Soil) restoration (Organic farmers)
, work with indigenous people, indigenous seed bank, native plant species nursery, Wetland ,
mining restoration, compilation of Traditional knowledge.
This is the beginning of restoring the natural ecosystem in Gujarat state of India.

SER’s certification program for ecological restoration practitioners: Opportunities and challenges
around the world
Christian Lenhart1,2
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The practice of ecological restoration has grown in recent decades, yet the profession is still developing. The Society for
Ecological Restoration’s (SER) Certified Ecological Restoration Practitioner (CERP) program began in 2017 and now has
over 500 certified restoration practitioners, primarily in North America with pockets of activity in Europe, Australia and
Asia. One of the major benefits of certification is that it helps to raise the standards for ecological restoration projects by
identifying qualified professionals who follow a process and use criteria for doing good restoration work as exemplified by
SER’s International Standards for Ecological Restoration. Certification benefits funding organizations by increasing the
probability of getting good restoration work done, in part by paying attention to the whole restoration project life cycle. In
many developed nations, the field of ecological restoration is well established, so the growth of the restoration profession
requires more work distinguishing restorationists’ skills and values from related professions. Globally there is a need to
diversify the restoration profession to include under-represented groups and regions and increase involvement by indigenous
communities. The need for ecological restoration will only increase in the years to come. There will be continued demand for
well-trained restoration professionals and certification to improve our ability to address global challenges such as climate
change and land degradation.

Training and certification needs for ecological restoration in Puerto Rico.
Robert J. Mayer
Center for Conservation and Ecological Restoration, Universidad de Puerto Rico - Aguadilla, Puerto Rico
robert.mayer@upr.edu

The Archipelago of Puerto Rico is located on the eastern Caribbean and consists of 4 islands with a combined area of 5,800
km2. It has many coastal habitats that include coral reefs, coastal dunes, lagoons, salt flats, ponds, freshwater swamps, mangrove
and coastal forests. Most of these habitats were severely degraded by recent storms and could benefit from ecological restoration
measures designed to put them back into their historical trajectory.
The restoration of habitats in Puerto Rico presents many challenges in balancing conservation and development and the
government does not offer effective protection for them.
Puerto Rico would greatly benefit from the training of a new generation of certified ecological restoration practitioners that
could improve wildlife habitats and increase the resilience of coastal communities to future storms and climate change.
The University of Puerto Rico at Aguadilla is actively working on several restoration projects on the island and working on the
creation of an MOU with the Society for Ecological Restoration (SER), curriculum alignment to train new CERPITs, and on
the creation of an official SER student association. Visits to other UPR campuses and other local institutions of higher learning
will introduce students to ecological restoration, inform them of volunteer and training opportunities in our ecological
restoration projects and promote the creation of more student chapters of SER on the island. This will be the first step to increase
the number of ecological restoration projects in Puerto Rico and the rest of the Caribbean.

Biomimicry, an Innovative Approach to Rehabilitate Fish Nursery Function inside Marinas
Astruch Patrick1, Lucken Alice2, Schohn Thomas1, Rouanet Elodie1, Le Diréach Laurence1, Javel Fabrice2, Blin Eric2,
Belmont-Puissant Candice2, Bouchoucha Marc3
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Abstract
Ports and marinas occupy an increasing part of the world's coastline. That’s why the mitigation of their impacts has become
during the last decades a major issue in coastal marine ecology. Today, many harbour managers aim to improve water quality
and many works support the idea that their “grey” structures can be modified structurally to increase their quality as a nursery
for juvenile fish. It would allow the contributing to the maintenance of populations while ensuring their primary functions. This
has been achieved through myriad techniques, including manipulating building materials or pegging complex artificial
microstructures. Here, we explored the efficiency of biomimetic micro-structures called ReFISH® and inspired by seagrass
meadows.
The study was conducted in 2017 within the marina of Bormes-les-Mimosas (French Riviera, France). An underwater visual
sensus monitoring was conducted inside the marina on ReFISH equipped and bare docks and outside on two natural habitats
(P. oceanica meadow and rocky reef).
Fish juvenile densities and taxonomic richness were higher on ReFISH than on control and natural sites. Juveniles fish
assemblages and behaviour changed over time according to biologic preferences of species (settlement, recruitment). This
suggests that fish species can adapt their behaviour to artificial habitats especially when they mimic natural habitats features.
Therefore increasing the use of ReFISH in marinas can considerably enhance their suitability for juvenile fishes. We argue here
for a consideration of the whole harbour configuration for further ecological restoration program using an ecosystem-based
approach.
Key words: artificial nursery, juvenile fish assemblage, harbour ecological functioning, ecological enhancement
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Coral restoration as a strategy to improve ecosystem services
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In 2019, the United Nations Environment Assembly requested that the United Nations Environment Programme
(UNEP) and the International Coral Reef Initiative (ICRI) define best practices for coral restoration. Guidelines
led by the UNEP were prepared by a team of 20 experts in coral reef management, science, and policy to
catalogue the best-available knowledge in the field and provide realistic recommendations for the use of
restoration as a reef management strategy. Here, we provide a synthesis of these guidelines. Specifically, we
present (1) a case for the value of coral reef restoration in the face of increasing frequency and intensity of
disturbances associated with climate change, (2) a set of recommendations for improving the use of coral reef
restoration as a reef management strategy, tailored to goals and current methods. Coral reef restoration can be a
useful tool to support resilience, especially at local scales where coral recruitment is limited, and disturbances
can be mitigated. While there is limited evidence of long-term, ecologically relevant success of coral reef
restoration efforts, ongoing investments in research and development are likely to improve the scale, and costefficiency of current methods. We conclude that coral reef restoration should not be seen as a “silver bullet” to
address ecological decline and should be applied appropriately, with due diligence, and in concert with other
broad reef resilience management strategies.

ECOLOGICAL ENGINEERING IN A MARINE PORT
FOR FISH NURSERY RESTORATION
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Abstract:
In intact marine coastal ecosystems, natural mortality rate of juvenile fish is about 90%, but without suitable
habitats, the mortality can reach 100%. Unfortunately, shoreline infrastructures (harbors) are increasingly
prevalent, directly affecting the Essential Fish Habitats of juvenile. Mitigating these impacts is crucial to
restore the connectivity and life cycle of aquatic populations. Ports are often perceived as nature-depleted
zones with few opportunities for life to develop due to habitat homogenization. However, their ecological
functions can be enhanced thanks to complex artificial habitat like the Biohut®. By providing
simultaneously food and shelter to the young fish and crustaceans, this micro-habitat enables them to
survive and grow during this critical life-stage. The talk will highlight the fact that Biohut present an
extraordinary marine biodiversity comparable to natural zone or even more important for some crucial
specie (eg: groupers.). Artificial habitats can maximize ecological functions in the short term, when natural
zone optimizes them in the long term.
Those results are based on six recent scientific publication. The talk will then try to explain the main reasons
why Biohut are so successful. Indeed, some soon-published results on bioacoustics monitoring are
highlighting one of the possible reasons as the food web within the oyster shells essential inner substrate of
the Biohut is probably the second major reason.
To conclude, Biohut® (bio) mimic the major ecological functions of a fish costal nursery. They are now
used as a remediation tool in 28 harbors in France and start to be exported and also begin to be used in the
freshwater ecosystems.

Ecosystem functioning recovery after restoration of seagrass Posidonia oceanica
Castejón-Silvo Inés1, Terrados Jorge
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Seagrass Posidonia oceanica meadows are declining throughout the Mediterranean coasts. This slow-growing, engineering
species creates habitat for at least 700 identified taxons and provides for invaluable services such as carbon sink or coastal
protection. The restoration techniques of P. oceanica are incipient and most of published experiences describe small-scale trials
that test plant survivorship after replantation under different experimental conditions. This is the first medium scale (i.e. 12800
fragments of rhizome of adult P. oceanica planted in a 2Ha surface) transplantation experience. We joined previous published
evidences to maximize plant survivorship and, for the first time in this ecosystem, we designed a monitoring program to
evaluate not only plant survivorship but also ecosystem functioning recovery. Transplant survival rate is evaluated yearly. A
quarter of the transplants were morphologically characterized before transplantation and their vegetative development over
time is followed in situ yearly. Additionally, some transplanted fragments are sacrificed yearly to assess root development and
nutrient content changes since planting. Epifauna community associated to transplanted area is followed yearly since 2018 and
compared with the community in the nearby natural (control) meadow and the non-replanted area. After 18-30 months
fragments survival rate was between 97-99%. There were not morphological differences between initial and sacrificed
fragments nor in the associated epifauna community among non-transplanted and transplanted area. A reduction in rhizome
nitrogen content occurs in transplants. These results are hopeful but also indicate that transplantation is in an early stage and
does not provide a significant change in ecosystem services (habitat provision)yet.

Effects of restoration on ecosystem functioning: a case of a fucoid forest
Galobart, C.1; Ballesteros, E.1; Golo, R.2; Vergés, A.2; Cebrian, E.1
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Canopy-forming brown macroalgae, such as kelps and fucoids, are considered the “trees” of the oceans. They play a central
role in primary production and provide habitat structure, food and shelter for many other species. However, they are in decline
in many places around the globe and, in consequence, restoration initiatives are becoming a major focus of their conservation
and management. Despite the efforts, marine restoration science is still facing several challenges: recovery outcome is usually
assessed only considering the target species, most results are based on short-term periods (one year on average), and it is often
assumed that once the main species are reintroduced, they will lead to the return of the ecosystem processes and functions.
However, recent studies have stressed the need of including estimations of biodiversity and ecosystem functions to properly
evaluate restoration success. In this sense, trait-based ecology facilitates the analysis of the relationship between community
assembly and ecosystem functioning.
Here, taking advantage of a midterm (10 years) restored population of the fucoid Gongolaria barbata, we studied the change
in community functional components by comparing restored, non-restored and reference communities. A major finding is that
the functional diversity recovers in restored sites, becoming equivalent to reference habitats. Restored and reference
communities are characterized by harboring high variability of species functional traits whereas the non-restored area was more
homogenous in terms of functional entities. These results suggest that the restoration of the canopy-forming macroalgae is the
first step to achieve the recovery of the overall ecosystem functions.
Funding: This project has been financially supported by the Horizon 2020 EU Research and Innovation Program under grant
agreement No. 689518 (MERCES) and European Union’s EMFF program under grant agreement
EASME/EMFF/2017/1.2.1.12/S4/ 01/SI2.789059 (AFRIMED). CG has been funded by Fundación Tatiana Pérez de Guzmán
el Bueno predoctoral fellowship.

Insights on the effects of extreme temperature and radiation on canopy-forming macroalgae,
implications for conservation
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Fucalean brown algae are dominant canopy-forming species that create extensive, dense, and highly productive ecosystems in
the subtidal rocky shores of the Mediterranean Sea. Regrettably, these assemblages are suffering an intense regression in
many Mediterranean regions attributed to pollution, habitat destruction, overgrazing by sea urchins, and recently, to ocean
warming. Analyze the impacts of climate change on fucoid species will be crucial for future conservation plans. In this study,
we investigate the effects of extreme temperature and radiation conditions, expected in the context of global warming, on
different species of the order Fucales. We compare specific responses of Ericaria crinita an species that inhabits sheltered
and low wave-exposed rocky shores with E. mediterranea that inhabits exposed or moderately exposed zones.
We performed laboratory experiments to study the effects of temperature and radiation on germlings and adults of both
species. We conducted six different treatments combining three temperatures (21º, 24º, and 28ºC) with two radiations (PAR
and PAR+UV). The number of released zygotes, survival, and growth were measured in germlings. Changes in biomass and
photosynthetic yield were measured in adults. Our results show that the response against temperature and radiation is speciesspecific. While adults of E. mediterranea are more affected than E. crinita at 28ºC, germlings of E. mediterranea show
higher survival and growth than E. crinita germlings, which are highly affected by extreme temperatures and UV radiation.
We can conclude that areas with low hydrodynamic conditions inhabited by E. crinita are more vulnerable to the future
warming scenario.
Funding: This project has been financially supported by the Horizon 2020 EU Research and Innovation Program under grant
agreement No. 689518 (MERCES) and European Union’s EMFF program under grant agreement
EASME/EMFF/2017/1.2.1.12/S4/ 01/SI2.789059 (AFRIMED).

Population of E. crinita in North-Western Mediterranean subtidal rocky reefs.
(photo by Jana Verdura)

Is it possible to restore algal forest on large areas? The French experience
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The restoration of algal marine forests has been developing for about thirty years. In the Mediterranean, this work has only
focused on Fucales of the genus Ericaria and Gongolaria (synomym Cystoseira). In France, three large-scale restoration
projects have been carried out on Ericaria amentacea to re-vegetate areas where the species had disappeared and where the
supposed disturbances had ceased. We used 3 different approaches, one of transplantation thousands of whole individuals
partially protected against herbivores, one of simply using hundred of fertile branches and a last one using with fertile
branches with an eco-design of the adapted receiving dike. The results show that whatever the approach there was
recruitment and new individuals developed. However, the speed of colonization is very slow, a few individuals per year and
these young recruits are subjected to significant predation by the herbivorous fish Sarpa salpa. In the absence of herbivore
management, one can reasonably wonder whether the restoration of marine forests makes sense in the Mediterranean if
predation by herbivores is not controlled. On marine infrastructures, new eco-designed housing techniques could provide a
solution to this problem.
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Abstract:
Macroalgal beds dominate the shallow benthic Mediterranean habitats where they play
a pivotal ecological role. Among them, the canopy-forming Cystoseira sensu lato species
represent the highest structural complexity level and provide unique habitats with
ecological services comparable to terrestrial forests. Canopy-forming algae are in
decline in many coastal areas where, among other impacts, overgrazing by herbivorous
can lead to the loss of these diverse habitats shifting towards degraded barren grounds.
Once established, low productive barren grounds are considered stable states
maintained by several positive feedback mechanisms that prevent the recovery of
marine forests. To revert this global decline, local ecosystem conservation tools such as
the No-take zones (NTZs) and active restoration strategies are widely proposed to speed
up the recovery of impacted ecosystems. Here, we tested the success of forestation
techniques to promote functional and productive Cystoseira s.l. forests in degraded sea
urchin barren grounds by combining different restoration strategies (active, passive, and
combined actives with passive strategies) inside and outside the Mediterranean NTZ of
the Medes Islands. Forestation success was assessed in 6 barren grounds (3 inside and
3 outside the NTZ) one year after the following three-step protocol: 1) sea urchin
population eradication, 2) seeding with Gongolaria elegans, and 3) enhancement of G.
elegans recruitment. Successful forestation was achieved after combining active with
passive restoration strategies, which improved the associated benthic community and
the cover of G. elegans. Our results encourage forestation of barren grounds to shift
from less productive habitats to complex macroalgal forests, highlights the effectiveness
of combine active with passive restoration strategies and the important role of marine
reserves.
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We are in the UN Decade on Ecosystem Restoration and UN Decade of Ocean Science for Sustainable Development, we aim
at “prevent, halt and reverse the degradation of ecosystems worldwide”. This is particularly urgent for marine ecosystems,
which are subjected to unprecedent levels of human impact. Restoration has been a key action in the Aichi Biodiversity
Target and in the UN Sustainable Development Goal 14: “conserve and sustainably use the oceans, seas and marine resources
for sustainable development” by addressing target 14.2 to “by 2020, sustainably manage and protect marine and coastal
ecosystems to avoid significant adverse impacts, including by strengthening their resilience, and take action for their
restoration, to achieve healthy and productive oceans”. Ecosystem restoration in marine ecosystems has taken its first steps in
the last years in EU projects as MERCES and AFRIMED, gaining new scientific knowledge for several marine ecosystems,
as seagrass, macroalgal forests, coral forests, stony corals and deep-sea. Today, new scientific results, technologies and
protocols are available, but a concerted effort is required to scale up the effort on a wide geographical area and at basins
scale, across different marine ecosystems, from the coastal vegetated habitats to the dark deep ocean, also to face global
climate change. There is the need for integrated environmental management actions for the preservation and restoration of
habitats and key species based on the best scientific knowledge. Marine ecosystem restoration can stimulate and enhance
social awareness about the need of marine restoration measures, promoting and putting in place economically and
ecologically sustainable restoration actions.
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Drivers of change challenge existing marine conservation narratives (having emphasis on
closures and MPAs) by building on the possibilities of assisted recovery through active
restoration actions for example by transplanting or by increasing connectivity corridors. New
restoration opportunities can be created to assist or speed up the recovery of nature.
Besides ecological insights, understanding legal and governance constraints is of critical
importance. With renewed and more ambitious restoration targets and a more involved
society, new governance arrangements emerge. Making use of different marine restoration
narratives, coalitions of public and private actors conceptualize problems in different ways,
and by that, they try to influence the design of activities and the rules of the game. This
article discusses three cases: the restoration of two keystone natural sedimentary and hard
biogenic habitats in the Mediterranean hosting the fan mussel (Pinna nobilis) and the red
coral (Corallium rubrum), and artificial habitats concerning the Rigs-to-Reefs debate, in the
context of North Sea oil and gas decommissioning. The analysis shows how discourses shape
the arrangements that currently govern the protection and management of two emblematic
and endangered species in the Mediterranean (one of which is still harvested and the other
one while being protected is now at the brink of extinction) and the decommissioning of
obsolete oil and gas structures in the North Sea. For each case, we analyze the constraining
conditions of the “active restoration” narratives, also providing recommendations on how to
strengthen the restoration element in policies and legislation.

Present patterns and future trends of Mediterranean forests. What do we know about their
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Marine ecosystems are changing globally under the influence of human pressures and climate change. In the Mediterranean
Sea, these threats are affecting canopy-forming fucacean algae including the genera Cystoseira, Gongolaria and Ericaria,
which are ecosystem-engineers hosting high biodiversity and providing valuable ecosystem services. In the last decades, a
steep decline in their abundance has been reported, mainly linked to habitat destruction, pollution, overgrazing, and climate
change.
Although much research on the topic has been conducted, a specific literature overview of the issue at the basin scale to
prioritize conservation actions is lacking. Through scientific literature review, exploitation of unpublished data, and expert
judgement, we aim to provide a refined picture of the ecological status and stressors affecting macroalgae forests populations
at the Mediterranean Sea scale.
There was an uneven distribution of available information on Fucales among ecoregions, as well as on the main stressors
actually driving populations decline. The ecological status of Cystoseira forests is poor in most regions, and fewer data are
available in the southern Mediterranean Sea. Data from the Eastern Mediterranean show that climate change and herbivores
are the major concern factors, whereas in the Western and Central Mediterranean canopy forming fucalean populations have
been historically threatened by overgrazing, eutrophication and habitat destruction. The compilation of this information
represents a baseline of the current knowledge of fucalean forests that is of great interest to ensure the viability of Cystoseira
forests by providing assertive actions based on the ecological traits threats of each region.
Funding: This project has been financially supported by the Horizon 2020 EU Research and Innovation Program under grant
agreement No. 689518 (MERCES) and European Union’s EMFF program under grant agreement
EASME/EMFF/2017/1.2.1.12/S4/ 01/SI2.789059 (AFRIMED).
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In response to the increasing pressure on coral reefs and impacts this had on its regional workforce, Mars embarked on a
research and development project spanning 10 years to develop a cost-effective low-tech solution to restore the vast coral rubble
beds that characterize many Indo-Pacific reefs. The key outcome was the Mars Assisted Reef Restoration System (MARRS).
Utilizing locally sourced materials, MARRS involves several steps grouped into local construction and deployment. These
steps are completed by different groups of trained individuals from the local community. A dedicated team of reef builders
install Reef Stars as a web-like structure rapidly covering an area over 1000 m2 in 3-5 days. Importantly each step of MARRS
has been dissected and efficiencies made resulting in the very rapid deployment capability we report. Over 25,000 Reef Stars
and 375,000 coral fragments have been deployed around the islands of Badi and Bontosua within the Spermonde Archipelago,
Indonesia. Coral cover has increased from <10% to >60% in under 3 years and fish biomass has more than doubled. Within
this presentation we will report our latest findings and we will show evidence of how the MARRS system kick-starts natural
ecological processes of recruitment and succession. Finally we will describe our approach to scale-up achieved through our
train-the-trainer program which has led to the technique being deployed across multiple sites in Indonesia as well as the MesoAmerican reef system, The Great Barrier Reef and the Maldives involving different partners from government agencies, NGOs
and critical industries.

Restoration actions under Covid-19 pandemia: possible positive effects on the success
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In the Mediterranean Sea, the algal forests composed by fucalean brown seaweeds of Cystoseira, Erikaria, and Gongolaria form
one of the most complex, productive and vulnerable shallow-water habitats. These forests are rapidly regressing with negative
impact on the associated biodiversity and ecosystem functioning. In this study we carried out a pilot restoration action of
Gongolaria barbata (former Cystoseria barbata) along the Monte Conero coast (Western-Central Adriatic Sea, Mediterranean
Sea), under different conditions of human impact (i.e., presence of a harbour, hurbanization and tourism) and natural
characteristics (i.e., different levels of exposure). To perform the experiment, we took advantage of the lockdown imposed
during the Covid-19 pandemic, which possibly contribute to the healthy-donor population of G. barbata to grow in a large
rock-pool near Ancona town and to efficiently recruit with lower human pressures during the spring months. The new recruits
were found also on many small boulders, which were used for transplanting in the selected sites. The experiment is still ongoing
and the first results confirms that this approach is feasible (thus allowing to avoid any laboratory cultures). We observed
different grow rate levels depending on the experimental site, with the maximum observed in the site farthest from the city,
with possible positive effects also on the associated benthic fauna and possible implications in assessing restoration thresholds
along gradients of human pressures.
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Cold-water coral (CWC) gardens, dominated by the gorgonian Eunicella cavolini dwell on the continental shelf of the Cap de
Creus marine area (northwestern Mediterranean Sea), providing heterogenous habitats supporting a diverse associated fauna.,
Life-history traits of CWC (long lifespans, slow growth and limited recruitment) make them very vulnerable to threats, mainly
coming from fishing activities. Given their limited recovery capacity, interest to preserve and restore CWC ecosystem is
steadily growing. To date, only few restoration actions at local scales have been carried out with these species, mainly due to
technical and economic limitations driven by their depth distribution. The general aim of this study was to explore the feasibility
of novel active ecological restoration techniques for CWC gardens. In a first pilot study, gorgonians recovered from bycatch
of local artisanal fishers, were transplanted to artificial structures deployed at 85 m depth. The results demonstrated a high
survival of the transplants. Following, field experiments and modelling approaches were combined to develop and technically
validate an innovative large-scale and cost-effective restoration method. Finally, in a large-scale restoration action, 460
gorgonians were successfully reintroduced at 80-100 m depth. The results showed the establishment of a new gorgonian
population, which will potentially evolve toward a comparable natural population in terms of size and spatial structure, if
natural recruitment will occur. Moreover, an economic evaluation was performed, also confirming the cost efficiency of this
method aimed at enhancing the recovery of impacted CWC gardens.

Shallow forests restoration in the context of global change
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Marine forests loss is a worldwide phenomenon that is particularly evident in the Mediterranean Sea. The consequent loss of
ecosystem functions and services, and the lack of evidence of natural recovery highlight the need of restoration actions. It is
however essential to consider the role played by external factors such as climate change and herbivores because they could
compromise the outcome of future restoration actions.
Here, we studied the effects of ocean warming and herbivory on the recruitment and survival of early life stages of Cystoseira
compressa to assess the potential of restoring this species under ongoing global change. C. compressa branches were collected
in June 2019 and the emission of gametes from mature conceptacles was stimulated to foster recruitment. The effect of
temperature on recruits was assessed during a four months laboratory study where recruits were maintained at 24, 28 and 32
°C. Simultaneously, herbivory pressure was assessed during a cage exclusion in situ experiment on both juveniles recruited in
vitro on artificial substrates (same technique as in the laboratory experiments) and natural recruits.
Higher temperatures negatively affected the survival of C. compressa, while the grow rate was comparable in the three
temperatures. Herbivores affected negatively the density of recruits after two months, while no clear benefice of recruitment
enhancement was observed, likely because of the presence of neighbor reproductive adults. Our results show that global and
local drivers can influence Cystoseira sensu latu recruitment and have to be taken into account in restoration actions.

Figure 1: Effects of temperature on the survival of C. compressa during the laboratory experiment.
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In the marine environment, the processes of site selection and spatial planning have received scarce attention. Yet, beyond
applying the most effective restoration techniques, spatial prioritization is critical to guide marine restoration efforts at large
scale.
The loss of fucalean brown algae forests across the Mediterranean Sea is largely affecting the status of coastal ecosystems with
severe effects on the associated ecosystem services. Introducing spatial prioritization to identify areas conducive to the forests
recovery is strategic to support more effective restoration actions.
We adopted a multi-criteria analysis, overlaying three levels of information relevant to select areas where fucalean seaweeds
restoration is likely to be effective: 1) absence areas, areas where the algae were present in the past and regression areas,
obtained by comparing the current and historical forests distribution; 2) suitable areas for hosting fucalean species, obtained by
developing a Habitat Suitability Model; 3) biotic, abiotic and socio-economic variables to assess the feasibility of restoration
activities.
Our analysis allowed the prioritization of 242 sites spread across the Mediterranean basin and classified them into 5 priority
classes: very low, low, moderate, high and very high priority. Within the highest priority class, only 10 sites were indicated as
the best candidates for pilot restoration actions for these brown algae forests.
Our results highlighted the large number of constraints in finding areas feasible for restoration and the high potential of
introducing the spatial planning principles in marine restoration initiatives.
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The increased awareness of the importance and opportunities of restoring degraded habitat foster the interaction among
scientists (providing the necessary knowledge), decision-makers and managers (looking for healthy and productive habitats
in their regions/countries) and the private sector (that can provide the tools for large scale actions). In order to firmly
interconnect science, management and business in the framework of the restoration of marine forests, AFRIMED is engaging
with stakeholders, creating a business club and organising dedicated products and events. The development of a shared vision
of the management of marine forests will help implement relevant strategies/initiatives, create “buy-in” from local
communities, develop partnerships and promote the multitude of benefits it provides while preparing the ground for future
investments in marine coastal restoration.
As a first action in this framework, an anonymous survey was designed aiming to identify the expectations of stakeholders,
including AFRIMED partners (https://forms.gle/8QVTfMQYntCsYoGp7). Additional information collected concerned
demographics, stakeholder type and specific role or expertise. Preliminary results showed a high participation of scientists,
followed by consultants, NGOs and national/local government. Such contributions highlighted the importance of producing
relevant knowledge on restoration techniques, by the way of experimentation in pilot projects, and supporting EU policies
and initiatives in line with the global objective of the restoration of degraded habitats in Europe. Networking and sharing best
pracices will further increase awareness and promote restoration and sustainable use of the ocean creating an inclusive forum
in the framework of the blue growth.

The Coral Restoration Consortium: six priorities to advance the science and practice of reef
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Coral-reef restoration is a rapidly growing movement galvanized by the accelerating degradation of the world’s tropical coral
reefs. The need for faster, better, more scientifically-based restoration practices coalesced in the creation of the Coral
Restoration Consortium (CRC) in 2017. In March 2020, the CRC Leadership Team met for a biennial review of international
coral-reef restoration efforts and a discussion of perceived knowledge and implementation bottlenecks that may scalability and
efficacy. We established six priorities that the CRC adopted as its foci of effort for the coming years:
1.
2.
3.
4.
5.
6.

Increase restoration efficiency, focusing on scale and cost-effectiveness of deployment;
Scale-up larval-based coral restoration efforts, emphasizing recruit health, growth, and survival;
Develop guidance to ensure restoration of threatened coral species takes place within a comprehensive
population genetics management context;
Promote a holistic approach to coral reef ecosystem restoration;
Develop and promote the use of standardized terms and metrics for coral reef restoration; and
Support coral-reef restoration practitioners working in diverse geographic locations.

These priorities are not intended to be exhaustive nor is it implied that solving these items alone will be sufficient to restore
coral reefs globally; rather they are topics in which the CRC believes it can make timely and significant contributions that will
facilitate the growth of coral-reef restoration as a practical conservation strategy. The intent is for these collective actions to
provide tangible local-scale impacts to off-set international declines in coral cover due to both local and global stressors
including climate change. This talk will cover the specific activities that the CRC is engaged in as well as the research gaps
identified under these priorities.

Common ground: exploring designed urban landscapes through the lens of experimental
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Ecological restoration, landscape architecture and urban design share a common ground in being applied to cultural landscapes
that have been affected, influenced, or shaped by human involvement yet the language, knowledge and practice of these
disciplines is often quite exclusive. We believe that establishing green space should essentially be seen as creating a scientific
laboratory which provides a unique opportunity to explore hypothesis, refine practices and inform decision makers regardless
of if it is done in a natural, peri-urban or urban setting. In his seminal book Biophilia E. O. Wilson, who was once touted as
“Darwin’s natural heir” posited that “humans possess an innate tendency to seek connections with nature and other forms of
life” and thus he introduced the world to the Biophilia hypothesis. A hypothesis that since its launch in 1984 has influenced
our perception of cultural landscapes and can in many ways help to frame future collaboration between disciplines because it
has resonated in both the social and life sciences. By discussing the utility of embedded experiments and innovative monitoring
used in ecological restoration to assess ecosystems, their services and human health we highlight the versatility of such
approaches and suggest alternate cross disciplinary applications. In particular, we propose a framework of strategic robust
experiments (e.g. hypothesis testing) and long term monitoring borrowed from ecological restoration that could be embedded
early in landscape architectural projects to help assess the functionality of design features and therefore support a more
salutogenic approach to human health in the urban environment.

Experimental Place-Making: Designing for Biodiversity and Soil Health in Urban Public
Landscapes.
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The living systems of public landscapes in urban environments have the potential to deliver critical public health benefits and
ecosystem services, including carbon sequestration, stormwater management, mitigating the urban heat island effect and
microbiome rewilding, supporting the development of healthy human immune systems. All of these ecosystem services are
linked to establishing diverse vegetation and implementing construction and land management practices that promote and
maintain healthy soils. However, conventional urban design practices typically lead to simplistic, static public landscapes with
minimal ecological function, landscapes intended to be maintained with low skills and at low costs. Landscapes designed to be
ecologically functional, where plants species reproduce, modify their physical environment and provide habitat resources will,
by definition, be experimental, both in terms of their constructed living systems and their cultural significance. They will look
different from traditional public spaces, their physical forms, plantings and appearance will be in flux as they are managed for
ecological succession and integrate volunteer vegetation dispersed from surrounding properties. These changes in design and
land management practices will also result in a significantly different landscape aesthetic, changing how people interact with
and experience their public landscapes. Developing robust communication frameworks to engage local communities and
municipal staff in the experimental process is critical to the success of an ecologically designed public landscape.
This presentation will feature case studies where urban design parameters are expanded to include pilot projects testing planting
and soil remediation strategies for ecological function, public education, social engagement and improved public health
outcomes.

Exploring the microbiota of green infrastructure
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Urban public health is suffering from epidemics of non-communicable diseases related to depauperate human microbiota. The
Microbiome Rewilding Hypothesis states that revegetation to create rewilded urban green spaces should create exposure to
nature-like microbial communities, and that these will benefit public health through co-evolutionary pathways of microbiallymediated immune training and regulation. Evidence for the mechanistic pathways of microbiota mediating human health is
expanding rapidly. Meanwhile, insight into creating healthy exposures to environmental microbiota is also growing, such as
designs of nature-based childcare facilities and “nature-play” programs. Despite this, there is a lack of evidence for using largescale urban habitat restoration to create beneficial, permanent microbial communities. Throughout my PhD, we investigated
the effect of revegetation on microbial communities in urban green spaces, as well as the influence of varying school
environments on children’s microbiomes. These investigations were done by analyzing soil, leaf-surface, and human
microbiota with high-throughput marker-gene sequencing, e.g., bacterial 16S rRNA gene regions. Here, I will present our three
main findings: [1] that revegetated green space soil microbiota can become more similar to remnant areas than to lawns; [2]
that rare bacterial genera are important for defining soil communities in urban green spaces of three disparate cities; and [3]
exposure to various indoor and outdoor environments within school grounds can influence the skin microbiota of children.
Therefore, we conclude that urban revegetation can create soil microbial communities that are nature-like and influential to
human microbiota. However, embedded experiments are needed to effectively merge microbiome rewilding with design
principles.

Landscapes of change: communication strategies for community engagement
with ecologically functional public spaces
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Public landscapes designed for enhanced ecological function will represent a significant break with the forms, textures and
planting strategies of traditional parks. Public recognition and support for this shift will be crucial for the success of resilient
urban landscapes that contribute to the fight against climate change. Public space designed to respond to the climate crisis can
be characterized as landscapes of change. Managed succession and regenerative practices create resilient landscapes and the
potential for exciting new cultural experiences, but without inclusive communication strategies, these unfamiliar experiences
are often too complex and unsettling for unanimous acceptance from a broad audience. The communication around socioecological regenerative systems in public space often requires that community members, stakeholders, and maintenance
teams understand the importance of the quantifiable ecological and cultural factors that contribute to the qualitative spatial,
visual, and placemaking experiences. For example, the relationships among soil quality, bio-diversity, social equity and
public health can be difficult concepts to understand within a bigger system.
This presentation will explore an inventory of case studies and research that demonstrates a diversity of communication
methods used to effectively inform community led design and decision making by interdisciplinary working teams. These
methods include; visualization techniques, community engagement methods, and education addressed to a broad range of
backgrounds. This research can provide valuable insight into how communication can empower communities and clarify the
roles of landscape architects and scientists to advocate for ecologically resilient meaningful public space.

Open Technology Ecosystem for Agricultural Management: Learning landscapes, global
observatory networks and open science collaboration
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The public surge of interest in regenerative agriculture invites us to stretch the definition and boundaries of
landscape and ecological management to bridge ecological, social and economic function, and new forms of
public science. The global urgency to address and adapt to and mitigate climate change using natural climate
solutions, such as soil based carbon capture, and to improve ecosystem services such as water quality and
quantity, habitat and fire mitigation also highlights the scale and scope of effort that will be required to transform
landscape function at scale. Agricultural transformation calls for ambitions, and innovative participatory
approaches that will require new tools, technologies that bridge disciplines and support new forms of system
science translated to adaptive management from the micro-biome to the biosphere.
New tools open the
possibility for everyone everywhere to leverage global knowledge and also serve as research site. The rapidly
changing nature of technology,also poses development challenges to navigate and adapt global knowledge to local
management. I will present an overview of the Open Technology Ecosystem for Agricultural Management
community to illustrate a participatory approach that applies ecological principles to technology and research and
development. OpenTEAM’s membership includes national and international agricultural networks and also
provides support for technology interoperability to advance site specific data driven management decisions and
creates a non-rival circulatory system of ideas, information and inspiration to help democratize the code for
regenerative landscape management.

Enhancement of biodiversity in intensively used agricultural sites by sowing native seed mixtures
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Against the background of the continuing biodiversity decline, the successful establishment of a diverse native vegetation in
intensively used agricultural sites, such as vineyards and cereal fields, is of high importance.
We tested several high-diversity mixtures of native wild plants and their effects on wild bee species richness in vineyard interrows and edges of cereal fields, four to five years after sowing. In two vineyards, mixtures with about 40 native forbs were
used and compared with two vineyards sown with a low-diversity mixture (ryegrass, white clover). At the field edges, perennial
wildflower strips (WFS) with seed mixtures containing 30 native forbs were implemented within agri-environmental schemes,
(10 sites), comparing them to cereal fields without WFS (10 sites). Wild bees were sampled five times per year from April to
August on transects (2x160-m² in the vineyards, 5x200-m² in WFS per cereal fields).
Wild bee species richness was highest on sites sown with 30-40 native forbs (84 bee species on WFS, 59 bee species on
biodiversity vineyards), low on sites sown with a low-diversity conventional mixture (23 bee species), and extremely low on
cereal fields (11 bee species). We found that the occurrence of wild bee species was mostly affected by local site conditions,
such as the number of sown and spontaneously established forbs, pollen and nectar supply, and cover of bare soil.
Based on our results, recommendations for the use of diverse native seed mixtures by farmers and winegrowers were developed.

Biodiversity vineyard with flower-rich inter-rows, sown with
43 native forbs, four years after sowing.

Perennial wildflower strip at the edge of a cereal field,
sown with 30 native forbs, four years after sowing.

Forb Common Garden Research to Inform Seed Transfer Guidance for Restoration
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As landscape-scale disturbances increase, understanding how to restore plant communities is of critical importance.
Part of incorporating native plants into restoration is understanding the level of flexibility they display when moved
away from their location of origin. Some species are more flexible to novel conditions than others, and many aridland species display population-level variation in performance. Common gardens are a tool for examining variation
in performance across the range of a species, and the best way to develop seed transfer guidance for restoration.
While past common garden work conducted by the Great Basin Native Plant Project (USFS – Rocky Mountain
Research Station and BLM – Plant Conservation and Restoration Program) has focused on dominant perennial
grasses, their current work focuses on native forbs. We selected three species of forbs common across the Great
Basin and known to be of interest for restoration due to their value as forage and cover resources for wildlife. To
allow for population genetics work to occur alongside the common garden study, both seeds and plant tissue were
collected for some species. In this talk, I will discuss the technical aspects of carrying out a large-scale common
garden project and present preliminary results for the first year of plant performance. A project of this scale also
requires many partners to coordinate resource acquisition, land use, and garden monitoring. The end product will be
a spatially-explicit restoration tool for land managers that will inform the appropriate selection of seed for particular
restoration projects, as well as multiple research publications.

Herbaceous understory regeneration from seed in ancient woodlands of temperate Europe
Cristina Blandino1, Eduardo Fernández-Pascual1,2, Rosemary J. Newton1, Hugh W. Pritchard1

2

1
Royal Botanic Gardens, Kew, Wellcome Trust Millennium Building, Wakehurst Place, Ardingly, West Sussex RH17 6TN, UK
Departamento de Biología de Organismos y Sistemas, Universidad de Oviedo, C/Catedrático Rodrigo Uría, 33006 Oviedo/Uviéu, Spain

European ancient woodlands are subject to land use change and herbaceous understory species can be threatened because of
their poor ability to colonize isolated forest patches. The regeneration niche can determine the species assembly of a community
and seed germination traits are important descriptors of it. We analysed ecological records for 208 herbaceous species regarded
as indicators of ancient woodlands in Europe, collated data on seed germination traits, reviewed plant regeneration strategies,
and measured internal seed morphology traits. The relationship between plant regeneration strategies and ecological
requirements was explored for 57 species using ordination and classification analysis, revealing three germination strategies.
Species growing in closed canopy areas tend to have morphological seed dormancy, often requiring darkness and low
temperatures for germination. Their shoots emerge in early spring, thus avoiding the competition for light from canopy species.
These species are separated into two groups: autumn and late winter germinators. The third strategy is defined by open-forest
plants with a preference for gaps, forest edges and riparian forests. They have physiological seed dormancy, germinating in
light and at warmer temperatures, with seedlings emerge in spring or summer. Seed germination traits are fundamental to
determining which species are good or poor colonizers and could provide a more detailed understanding of species distribution
patterns than adult plant traits. Seed dormancy type, temperature stratification and light requirements for seed germination are
all important drivers of forest floor colonization patterns and should be considered when undertaking ecological recovery
initiatives in temperate woodland understories.

Propagation of Great Basin Native Annual Forbs for Restoration
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With their high reproductive capacity and disturbance-oriented life history strategies, Great Basin native annual
forbs have the potential to be more successful in colonizing burned sagebrush sites than the later seral species that
are commonly used in restoration. However, seed of native annual forb species is usually not commercially
available, and information on how to increase seeds of these species in agricultural settings is limited to nonexistent. We present our progress in starting a small native annual forb production program and testing strategies to
increase six species over four years. We found that seeds of native annual forbs can be wild-collected and
propagated without irrigation. Low-tech harvest methods including vacuuming or sweeping off landscape fabric, or
collecting and drying entire plants, can work for small-scale increases. For seed cleaning, a variety of sieves are key,
and a seed blower can be helpful. Our results demonstrate that seed production of native annual forbs can be
achieved without specialized equipment or irrigation. For most species, we were able to increase seed sufficiently so
that it could be sown in larger agricultural-increase fields. We have also extended this work by testing the
establishment of annual forbs in post-fire restoration projects.

Restoring native grasslands and grassy woodlands: an Australia perspective
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Australian grasslands and grassy woodlands are among the countries most threatened ecological communities. Both typically
occur in arable landscapes where agricultural practice and modification have resulted in their degradation or destruction.
Remnants mostly exist as small and fragmented populations, often with poor genetic health. In Australia restoring understory
communities presents many challenges, among them, a small and under resourced seed supply sector, limited access to wild
seed, unfavorable soil weed seed and nutrient conditions, and an historical bias towards low diversity woody restoration by
funders which has resulted in a paucity of investment towards the capacity and technology required to restore species-rich
understory communities in highly modified landscapes.
This presentation will explore the issues faced regarding understory restoration in Australia. It will also highlight advances in
knowledge and practice over recent decades that have provided compelling evidence that complex, species rich communities
can be restored to arable landscapes, and that these can be functional and resilient over time. It will explore the issues of project
scale, site preparation (i.e., treating high weed and nutrient loads), seed resources (i.e., seed production approaches), and
seeding approaches (showing examples of restoration outcomes).
Native grassy communities have been globally impacted by human influences, and practitioners in many countries seek to halt
or reverse their loss through restoration. There are some differences but many commonalities between these floras in different
countries and regions, and the experiences gained by Australian practitioners are likely to be of some value to those sharing
similar goals across the globe.

Testing the consistency of local adaptation in seven co-occurring species for use in trait-based
restoration
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Local adaptation is common in natural populations, and trait/environment relationships can be used to select appropriate seed
materials for restoration projects. Further, describing plant traits adaptive in disturbed and invaded environments can optimize
seed source selection for restoration. We collected seeds from common forbs, grasses, and shrubs from 16-24 locations with
similar abiotic conditions. We then planted seeds in multiple common gardens, including three highly invaded field sites and
in a greenhouse setting, measuring survival in restoration scenarios and seedling characteristics in the greenhouse, including
seed size, emergence timing, and root length. We asked whether similar trait/environment relationships have evolved for
multiple species in the same geographic location and which potentially adaptive traits were predictive of survival.
Seed provenance significantly impacted success in competitive restoration settings, and all species showed trait/environment
relationships consistent with local adaptation. Both environment of origin and phenotypic traits predicted success in competitive
environments, with generally greater predictability from environmental factors. Trait/environment relationships varied among
species with notable commonalities: for almost all taxa, seed weight, days to emergence, and root mass were associated with
the environments of origin and restoration success. Several collection locations had plants with high survival rates across taxa,
suggesting that site conditions can select favorable restoration traits across the entire plant community. The results of this work
provide a trait-based approach for selecting seed sources for restoration and demonstrate that some locations might contain
populations of above-average performance across multiple taxa, which could be used to better select seed sources for
restoration.
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Count on Us. WWF Global Contribution to FLR Challenge
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WWF has been working on Forest Landscape Restoration (FLR) since 2000, when along
with IUCN we defined “forest landscape restoration” as “a planned process that aims to
regain ecological integrity and enhance human well-being in deforested or degraded
landscapes”. From that moment worldwide pilots on forest landscape restoration have
been implemented with partners. Since 2018, WWF has been actively looking back and
collecting lessons which are seeking to share it widely through a set of publications as
“lessons from the field”. As we embark on the UN Decade on ecosystem restoration as a
partner we find now a strategic moment to disseminate as much as possible these lessons
learned with a strategic look on how to promote adaptive management, to contribute to
other projects and to promote FLR upscale aiming towards increasing the organization
contribution on the achievement of the 350 million hectares of forest landscapes by 2030
globally shared goal. Stakeholders have been a core component of this learning process
and the moment and a lesson learned framework has been adopted. The WWF lessons
learned publication series, is now composed of a total of eight landscapes. Continuing our
lessons learned series symposium from SER 2019, we are at this time bringing new cases
studies from Malaysia, Mexico, New Caledonia, the Lower Danube and a Trinacional
one, covering Brazil, Paraguay and Argentina.
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Lessons learnt from 12 Years Restoring the Orangutan’s Habitat: the Bukit Piton Forest
Reserve in the Malaysian State of Sabah
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Situated in Malaysia, Sabah (Borneo Island), the Ulu Segama-Malua landscape covers about 240,000 ha area of
lowland rainforest and sustains the largest population of critically endangered orangutans (about 3400 individuals).
At the north, 12,000 ha of isolated and heavily degraded Bukit Piton Forest Reserve has marked as an important
orangutan habitat, supporting about 200 orangutans. In 2007, WWF and partners began forest restoration efforts and
monitor the orangutan population. The restoration project under WWF completed in 2019, whereby 2,218 ha has been
planted with approximately 346,000 trees. Records of orangutan using planted trees were captured as early as 5 years
after planting multiply over the years, showing positive improvement after restoration. The estimate funds were
contributed in the 12-year programme amounted to over EUR 5 million, funded by private companies and WWF.
Nine key lessons learnt: 1. Pressures surrounding the landscape need to be monitored closely. 2. Protection and
restoration complement each other and can produce quick results for endangered species. 3. Restoring habitat for a
specific species can help to focus the interventions. 4. Unexpected challenges raise the cost of restoration and increase
timeframes. 5. Choosing both fast and slow growing tree species can be an effective means of reaching different
objectives. 6. Laws of supply and demand affect seedling availability for some native species. 7. Long term
maintenance after planting is crucial. 8. Restoration contributes to the enhancement of high conservation values. 9.
Payments (funding support) by companies can support long term restoration.

Lessons learnt from 15 years of watershed management and forest restoration: the CopalitaZimatan-Huatulco (CZH) landscape in Mexico
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The watersheds of CZH are located in the south of Mexico’s state of Oaxaca. They include 26 of the country’s 34 vegetation
types, with an altitudinal range from 0 to 3,500 m. Threats to the landscape include deforestation, fire, slash and burn on steep
slopes for maize cultivation, reduction in water availability, and water contamination by domestic and agricultural sources.
Starting in 2004, with funding from Fundación Gonzalo Río Arronte (FGRA), WWF began work in these watersheds. Three
phases can be identified. The third and current phase, also funded by corporate companies (Caudalie, AXA, and IKEA), aims
to consolidate work to date and enhance restoration work for the benefit of people and nature.
Over time, a continuum of restorative practices have been integrated into the communities. Seven municipalities with 29
communities are implementing activities related to sustainable water use: each year water consumption is reduced by 76,000
m3, 8,600 m3 of water are treated through biofilters, 6,200 m3 of water are re-used and 700 m3 are stored. The holistic approach
for the determination of environmental flows resulted in the proposed annual allocation of 875 million m3 (62% of mean annual
runoff) for ‘water for nature’. In total, reforestation covered 2,625 ha across 18 of CZH’s 20 municipalities, and 27 different
tree native species were planted. These were all produced agro-ecologically. The project has reached 6,433 direct and 22,196
indirect beneficiaries improving their sustainable livelihoods. The project also favoured the emergence of sustainable rural
entrepreneurship.

Lessons Learnt from 16 years of Restoring the Atlantic Forest at a Trinational Level: The Upper
Paraná in Argentina, Brazil and Paraguay
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Straddling Argentina, Brazil and Paraguay, the Upper Paraná Atlantic Forest (UPAF) ecoregion hosts a quarter of the remaining
highly fragmented Atlantic Forest. Main threats are conversion to agriculture and pasture land. The ecoregion vision identified
restoration at the core of the interventions. In both UPAF and the Serra do Mar, over 5,300 ha of Atlantic forests have been
planted in eight watersheds since 2006 with WWF support. In Paraguay, the rate of deforestation has decreased between 82 to
95% since the baseline in 2003, thanks to the zero-deforestation law, first enacted in 2004; WWF supported restoration (planting
and natural regeneration) of almost 15,000 ha. Jaguar numbers increased in the ecoregion by 160% between 2005-2018.
Collaboration with local communities and actors has been essential for WWF and Vida Silvestre. Key lessons learnt are: 1
Lasting convening power of ecoregional planning with a shared biodiversity vision. 2 Transboundary FLR planning is effective
for conservation, while implementation is decided at the national/local levels. 3 Implementation at multiple scales contributes
to it. 4 Restoration is one of many landscape interventions. 5 Addressing the underlying drivers of deforestation is an essential
component of FLR. 6 Diverse and innovative restoration strategies are needed in the context of ongoing deforestation. 7 Social
movements, networks, partnerships, alliances and stakeholder platforms play a mobilizing and multiplier role for FLR.8
Permanent dialogue helps to maintain momentum and establish trust. 9 Strong civil society organizations are required.

Lessons learnt from 20 years of floodplain forest restoration in the Lower Danube
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The Lower Danube extends along 1000 km across Bulgaria, Romania, Moldova and Ukraine before it flows into
the Black Sea. Decades of human modification of the natural landscape have left the islands, the river and its banks
degraded. These modifications included conversion to agriculture, hybrid poplar plantations, introduction of nonnative invasive species, infrastructure, and pollution.
Riparian forests, along the banks of the Danube are important habitats for wildlife, protect the riverbanks from
erosion and act as a filter for water quality.
In 2000, a joint declaration was signed by the Environment Ministers of Bulgaria, Romania, Ukraine and Moldova
to establish a Lower Danube Green Corridor. This agreement commits the four countries to ensure preservation
and restoration of valuable landscapes in lower Danube. Throughout the following two decades a series of projects
have been implemented within this overarching framework.
WWF’s involvement in forest landscape restoration in the region started at the turn of the 21st century. Activities
focused on capacity building, policy work, removal of dykes and sources of degradation, trials on small plots to
determine best methods for restoring the forest dynamics (field interventions, site preparation, removal of invasive
species, active restoration).
In this complex, multi-country context, where the fate of forests is not only dependent on humans, but also on the
hydrological cycle, a number of lessons are highlighted. Lessons learned reflect various aspects of restoration from advocacy and transboundary collaboration through on-the field practical experience and application of
innovative restoration approaches to consideration of local socio-economic aspects.

S22 –
Working Principles, Metrics, Challenges for Successful FLR Field Implementation
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Knowledge and experiences on forest landscape restoration (FLR) gathered by scientists, implementers and
organizations are of upmost importance. Since 2018, WWF has been actively collecting lessons through a specific
learning process. An “Experiences in Forest Landscape Restoration” series composed of an analysis of seven longterm (over 10 year-old) projects from Asia, Africa, South America and Europe took place. Today, as we are about
to embark on the UN Decade on Ecosystem Restoration (2021-2030), the purpose of this presentation is to
synthesise the findings, data and lessons, that have been collected through this series. Based on our results, we will
discuss FLR working principles, metrics used for monitoring and evaluation, and lessons learnt. We highlight
some key challenges for the Decade (monitoring, complexity, gaps). How to best define the landscape to restore?
What kind of activities are the most frequently needed in FLR implementation? What kind of key performance
indicators (KPIs) are used or needed to report to donors, to demonstrate and monitor impacts of FLR? This analysis
across seven landscapes leads to 81 lessons learnt and 14 meta-lessons.

Enabling Factors to Scale Up Forest Landscape Restoration: The Roles of Governance and
Economics
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Abstract
A WWF and IUFRO study of 10 long term and large scale forest restoration initiatives reveals some of the key governance and
economic factors that support restoration. This study entitled "Enabling factors to scale up forest landscape restoration: the
roles of governance and economics" highlights key factors at the national or sub-national scale that motivate the initiation of
forest restoration, enable its implementation at scale and sustain it. It is based on a literature review and interviews across 10
countries. The report features examples of how these enabling factors have played out in the case study countries, and finds
that approaches have to be context-specific to be successful. Fourteen key findings and 13 recommendations emerged from this
research.

Forest and Landscape Restoration in Latin America: the WWF-lead landscape approach
to engagement and scaling up in the region
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The scale of global forest loss is staggering. The protection and sustainable management of
ecosystems, as well as halting deforestation and conversion are well agreed upon
measures. However, the current area of natural ecosystems is not enough to bend the curve for
biodiversity, climate and human wellbeing. WWF is catalysing the concordant, key acceleration
of forest and landscape restoration (FLR), already underway, to recover these values in degraded
and deforested landscapes through an internal platform called the FLR Transformation Initiative
in Latin America. Countries in the region have made commitments to restore over 50 million
hectares though the 20x20 Initiative, contributing to the Bonn Challenge goal. Yet, there is a gap
between discourse and action. Enabling conditions are lacking, spanning a wide range of areas,
from political will to on the ground capacity, from financial resources to plant availability. WWF
works across Latin America with in-country presence in 14 countries addressing historical
drivers of ecosystem degradation, governance, markets and finance, shifting these paradigms for
transformative change to scale up action in our region. Our Initiative integrates other key
strategies, such as protection, sustainable use and reducing conversion. WWF´s presence,
landscape approach and stakeholders engagement works to catalyse and leverage opportunities
across scales for the local to the national to the regional to international. Relatively stable sociopolitical frameworks in the region, though not always inclined to restoration, provide a platform
with decision-makers where FLR can prosper supported by this multi-stakeholder landscape
approach.

Steering WWF´s Forest Landscape Restoration towards the UN Decade on Ecosystem
Restoration
Anita Diederichsen1
1 WWF Brazil
anitadiederichsen@wwf.org.br

WWF´s Forest Practice has outlined three forest conservation outcomes and one of them is to achieve 350
million hectares of forest landscapes under restoration by 2030. Clearly, it is understood that this can only be
achieved by positioning the WWF´s networks as part of joint efforts with a wide set of stakeholders and with
on the implementation of effective strategies towards the Bonn Challenge goals. WWF has been, since 2000,
working with partners around the world to help create and accelerate forest landscape restoration (FLR). Aiming
to upscale our organization impact and engagement, we joined the AFR100 Initiative, the Initiative 20x20, the
Global Partnership on Forest and Landscape Restoration and about to join the UN Decade on Ecosystem
Restoration. Complementary, we are developing internal initiatives to regionally structure our country work
around FLR, named FLR in Africa Initiative and the Transformational Initiative in FLR in Latin America
focusing around strengthening policy and enabling governance; enabling finance and markets mechanisms and
delivering FLR on the ground. An active community of practice and innovation has been created with more
than 250 employees. Across the network a diverse set of actions are developed, for instance, the Trillion Tree
joint venture with WCS and Birdlife, and several studies and publications. We expect that during the next 10
years our work will continue to play a strategic role in the global FLR agenda and directly contribute to the UN
Decade on Ecosystem Restoration.

Trillion Trees: working in partnership to achieve a vision of a world where forests are expanding,
not shrinking
Anna Kitulagoda1, Bryna Griffin2, Leonie Lawrence3, John Lotspeich4
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4

Trillion Trees, UK

Ecosystem restoration holds the promise of helping address the world’s biggest challenges: limiting dangerous climate change,
tackling the biodiversity crisis, and securing sustainable livelihoods of a growing global population. Thus far, 62 countries have
now pledged to restore lands under the Bonn Challenge initiative, with restoration pledges covering over 170 million hectares,
and countries are continuing to sign up. However, while pledges can be made easily, delivering high quality ecosystem
restoration is difficult in practice. The participation of diverse stakeholder groups and a long-term vision of sustainability in
the landscape – backed by appropriate finance – is critical for ecosystem restoration to reach its potential.
Trillion Trees is a joint venture by three of the world’s largest conservation organisations, founded on the ambition to help
protect and restore one trillion trees by 2050. We contribute to the global effort on forest restoration – alongside priority efforts
to halt deforestation and improve protection of forest landscapes – with the aim to emphasise multiple benefits that can be
delivered through restoration when done well. This presentation will draw on the experiences of working in tropical forest
landscapes, to outline the importance of bringing together partnerships to deliver ecosystem restoration, and framing restoration
initiatives within a wider vision of sustainable landscapes.
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Understanding possible role of Businesses in FLR. The example of Tree Planting by
Businesses in France, Switzerland and the UK
Daniel Vallauri1 & Stephanie Mansourian2
1 WWF, France
2 Mansourian.org, University of Geneva, Switzerland
dvallauri@wwf.fr

Today, companies are pledging to plant millions, billions and even a trillion trees. Trees serve many purposes
including eco-marketing. There is much appeal in the positive act of planting a tree. We carried out research among
the Global Fortune 500 companies with headquarters in France, Switzerland and the UK to understand, characterise
and quantify, where possible, their tree planting initiatives. We carried out a comprehensive desktop review, and
interviewed two companies, two funding instruments, one project developer, one enabler and one implementer.
Our findings show that overall a total of 58 out of 62 companies fund tree planting. A total of at least 190 million
trees were reported to have been planted between 2000 and 2018 by the 58 companies analysed. There are several
other actors along the ’tree planting chain’ including brokers that act as intermediaries between the companies and
those carrying out tree planting, financial mechanisms, verifiers and certifiers in the case of certified schemes, and
implementing NGOs or communities on the ground. A typology is proposed based on the findings. Our research
highlights that there is little or no evidence that companies pay enough attention to the ultimate purpose of tree
planting, to the landscape within which these efforts take place, or to the role of trees in a wider perspective: the
emphasis is clearly on the number of trees planted. Four recommendations are proposed to channel available
funding, infrastructure, social and environmental responsibility and energy towards tree planting that contributes
to real Forest Landscape Restoration projects.

Title:
WWF’s FLR in Africa Initiative: Catalysing 9 African countries to respond to the Bonn Challenge and
deliver transformational restoration by 2030
Abstract:
Land and forest fragmentation and degradation have reached alarming levels as global forest loss
between 2015 and2020 has occurred at 10 million hectares (ha) per year with a net forest loss of 7 million
ha per year from 2010-2020. In Africa, net forest loss exceeded 4 million ha per year between 2000 and
2005 and approximately 3.9 million ha per year between 2010 and 2020. WWF is setting up a
transformational Forest Landscape restoration in Africa Initiative, seeking to unlock large scale
implementation of AFR100 commitments in 8 countries namely Cameroon, DRC, Kenya, Madagascar,
Mozambique, Tanzania, Uganda, Zimbabwe and seeking to add a new commitment from Zambia. The
initiative is premised on working on three pillars; governance, policy and institutional frameworks, finance
and market enablers and delivering large scale implementation on the ground to strengthen the existing
political momentum on restoration in the selected countries with the goal of enabling governments in
target countries to deliver with partners at least 50% of their AFR100 commitments by FY 2027. The
Initiative seeks to strategically contribute to the Bonn Challenge and the UN Decade on Ecosystem
Restoration in 9 countries. Details of the initiatives’ areas of action and innovations are presented and
discussed.

Beyond tree plantation: Atlantic Forest restoration with Misiones`s local communities
Claudia Amicone1, Jonatan Villalba1, Lucía Lazzari1
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Misiones`s (Argentina) maintains half of its original Upper Parana Atlantic Forest distribution. However, it`s loss and
fragmentation is an important issue that can affect biodiversity, ecosystem functioning, and diminish ecosystem services for
human well-being. Seeking to improve local communities’ livelihoods, recover watersheds` forests, and establishing
biological corridors, in 2008 Fundación Vida Silvestre Argentina started a restoration project with local farmers in Andresito
and recently in San Pedro. These are key areas to restore, as they connect remaining core areas of the Optimal Landscape for
Jaguar Conservation. Since quality and quantity water was one of the main problem to be addressed by the families, from
2015 work focused on improving water access for domestic and agricultural use. As to offer an alternative sustainable
income, we helped a group of local farmers to produce and sell vegetables under better agricultural practices, connecting
them directly with hotels and restaurants. From 2019, aiming to increase sapling availability and building capacities on local
communities, we are working with Agricultural Family Schools to consolidate tree nurseries through support, technical
advice and students and teachers` training. This can increase awareness in future land use decision makers (small scale
farmers), and generate a potential economical income to the school. As a result of more than 10 years we have achieved 308
ha directly restored (101 families), and built 10 water supply systems and 31 springs upgraded (281 families). Forest
Landscape Restoration is not just about planting trees, it`s a social agreement and needs to be addressed with a landscape
approach.

Conservation of jaguars in the tri-national corridor - The importance of corridors for one of the
last populations of the specie in the Atlantic Forest
Felipe Feliciani1 , Daniela Rode², Alberto Esquivel³
1
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³ WWF- Paraguay

Solitary, beautiful and elusive, the jaguar is the biggest native feline to roam the Americas. Their historic distribution once
ranged from southwestern United States to southern Argentina, but over the past 50 years the jaguar has lost over half of their
original habitat, and several populations are considered critically endangered, including the population from Atlantic Forest.
The lands originally covered by the Atlantic Forest are today predominantly a human-modified landscape, and the jaguars have
significantly decreased in this region. WWF Brazil, WWF Paraguay and Fundación Vida Silvestre Argentina drives the
conservation efforts of this landscape. The objectives of the program is that the jaguars populations increase; At least two jaguar
corridors are consolidated and habitat fragmentation is reduced; Deforestation is reduced, the availability of jaguar´s prey is
improved; The number of human-jaguar conflict incidents is reduced and; Poaching levels are reduced. The project is
implemented partly by the coordinating institutions and partly by local partner institutions. Studies are carried out to monitor
the populations of jaguars and their prey, as well as surveys and monitoring of conflict areas, and actions to mitigate them. The
data resulting are used to guide the planning processes of restoration programs, prioritizing areas of use of jaguars, especially
when they enable the connection between protected areas. The latest results from population censuses are encouraging, as well
as the reduction in cases of conflict, and the trend is that with the next years we will have even better and even richer results to
expand conservation impacts.

Key lessons learned for the future of forest landscape restoration of Upper Parana
Ecoregion/Atlantic Forest
Daniel Arrifano Venturi1, Taruhim Quadros¹, Claudia Amicone², Lucia Lazzari², Oscar Rodas³, Anita Diederichsen4
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Between 1998 and 2003, WWF-Brasil, WWF-Paraguay and Fundación Vida Silvestre Argentina brought together more
than 70 institutions and experts to define an ‘ecoregion vision’ for the Upper Paraná Atlantic Forest (UPAF), producing
a solid document that was to serve as the foundation for future interventions. Four implementation phases followed, with
restoration at the core of the interventions.
Both institutions have collaborated with numerous actors, from national governments to local farmers and indigenous
communities, as well as other NGOs, private sector and scientific bodies. Capacity building has centred on improving
knowledge about both the ecosystem and ways of restoring it. Tenure, policies, informal decision-making processes and
linking global targets to on the ground action have been important governance issues explored and addressed in forest
landscape restoration (FLR) in the UPAF.
Key lessons learned emerged from this work and are inspiring the Trinational Alliance for the Atlantic Forest Restoration
(TAFR). TARF is a multisectoral movement, created in 2019, that aims to promote the articulation of different actors
and public, private and civil institutions in Argentina, Brazil and Paraguay in favor of restoring the UPAF.
The future of UPAF depends on articulated investments and actions, aligned with this integrated vision, between
institutions interested in FLR in the three countries. Based on TARF´s stakeholders, these efforts need to support
continued capacity building and technical exchange, forest restoration implementation and monitoring based on strong
geospatial databases, strengthening of restoration supply chain and creation/strengthening of institutional arrangements
that can upscale co-investments and the impacts on UPAF.

Mate Project: Market Access and Territorial Empowerment
Oscar Rodas1, Olivia Suárez2, Lucas Mongelós1,2
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Climate Change and Policy Director, WWF, Paraguay
2
Project Officer, WWF, Paraguay
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The MATE Project, financed by the German Federal Ministry of Economic Cooperation and Development (BMZ) and
led by WWF in Paraguay, responds to the need to take advantage of the agroforestry systems implemented in the
Atlantic Forest of the Upper Paraná and to generate opportunities for the cultivation and industrialization of yerba
mate and medicinal plants, thus giving added value to the production of beneficiary rural families and promoting
access to local and international markets that demand products that are safe, environmentally friendly and biodiversity
friendly; and climate-smart.
The project has sought to strengthen the productive independence of the rural and indigenous populations, especially
women and young people, by training them and facilitating their work with a friendly approach in an area of very high
local and international demand (yerba mate), with an added value that allows for more competitive prices.

Participatory construction the Atlantic Forest Restoration Plan in the Upper Paraná Ecoregion
Ana Paula Ferreira da Silva¹, Letícia Nunes Araujo¹, Daniel Arrifano Venturi², Taruhim Miranda Cardoso Quadros²
¹Mater Natura - Institute of Environmental Studies, Brazil
²WWF-Brazil, Brazil
ana.bio.silva@gmail.com

Ecological restoration has been gaining ground as a strategy to mitigate impacts resulting from landscape fragmentation. In
2020, with the partnership of local actors and various specialists, the Atlantic Forest Restoration Plan in the Upper Paraná
Ecoregion was built, from the perspective of restoring the forest landscape, and with the objectives of forming corridors for
biodiversity, increasing the extent of restored areas and foment the production chain restoration. The Ecoregion covers the
border areas between Brazil, Paraguay and Argentina, where efforts for institutional articulation in Network take place.The
Plan's, covers an area is 2,816,120 hectares. The adopted methodology provided for wide social participation, two initial faceto-face workshops were held to present the project and indicate areas for restoration, with thematic virtual workshops on longdistance trails and ecotourism as an opportunity for restoration; species conservation; and use of GIS techniques in the
elaboration of restoration. And virtual meetings for prospecting areas. The result of the project, even in a virtual way due to the
pandemic scenario, was the prospection of almost 700 hectares for restoration and the involvement of 155 people representing
61 institutions. Some of these areas are located in Conservation Units, settlements and private properties. Ecological restoration
will foster ecotourism activities, environmental education, the public use of protected areas, the implementation of agroforestry
systems, the recovery of headwaters and areas of permanent preservation, as well as the connectivity of areas. In 2021, the Plan
enters a new phase, the restoration of 60 hectares in a pilot project!

Trinational Alliance for the Atlantic Forest Restoration: stakeholders’ engagement as a path to
FLR long-term success
Taruhim Miranda Cardoso Quadros1, Daniel Venturi1, Claudia Amicone2, Lucia Lazzari2, Oscar Rodas3
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Considered a hotspot for tropical restoration (Brancalion et al., 2019), the Upper Paraná Atlantic Forest (UPAF) ecoregion is a
strategic territory situated in the Atlantic Forest transboundary region, where Brazil, Argentina and Paraguay meet. Since the
2000s, institutions have concentrated efforts in this region to halve deforestation and favor conservation in this highly
fragmented landscape. Created in 2019, the Trinational Alliance for the Atlantic Forest Restoration (TAFR) arose from the
necessity of one ecoregion common vision that connects planning at regional, national, and international level. It is a
multisectoral movement that aims to promote articulation of different actors and public, private, and civil institutions in
Argentina, Brazil, and Paraguay in favor of restoring UPAF. Although still in its initial phase, the TAFR already engaged 45
institutions from the tree countries. To tackle major challenges within the UPAF, these institutions are willing to collaborate to
public policies strengthening at national and trinational levels, and to favor information exchange. Advances include
stakeholder engagement, that has been promoted even in the COVID challenging period, whereas 127 actors engaged in the
first virtual TAFR workshop. Also, the Geospatial group is creating an integrated vision for the landscape by using geospatial
intelligence to favor landscape connectivity and has already identified an area of 1.65M hectares that legally need to be restored.
The TARF focuses on bold strategies that include lasting institutional arrangements and connects multiple scales, creating a
pathway to successfully achieve the ambitious restoration goals in the UN Decade on Ecosystem Restoration.

Growing Natives for Seed
Jerry Benson
BFI Native Seeds, LLC., USA
jbenson@bfinativeseeds.com

For several thousand years, we have focused on growing plants solely for human purposes in an
agricultural/horticultural paradigm. Now we are growing plants for Nature’s purposes as well as our own and we
are embracing an ecological paradigm. The shift in purpose and genetics between the two outlooks is large. Native
plants are not agronomic crops and may not be grown with the same expectations as with modern agricultural
systems. Modifying these expectations for native seed production means that pricing of the production becomes
complex when yield maximizations is not the goal. A transition in cultural method and decision-making must take
place in a partnership between producers and end-users. Where ecological function is the objective, disengaging
project outcomes from the production process will not work. The complex work of restoration now becomes more
so, as those stakeholders must learn to embrace the seed production process.
“Better Seed Through Genetic Preservation”, has been the motto for our firm from the beginning. Shifting our focus
from an agronomic paradigm to an ecological one creates success on a scale in restoration projects never
experienced. Grasping the difference in purpose and genetics between the two ideas is critical for the producer.
Field production of native seeds requires a difference in purpose and genetics between the two ideas is critical for
the producer. Field production of native seeds requires a diverse knowledge base of botanical skills, native plant
community characteristics, agricultural techniques, and seed harvest and processing experience. End-users and
producers must have a unified communication chain rather than a disintermediated commodity production process.
The final pieces of this complex puzzle of restoration now must find market functions that can support the technical
weight of a whole-system approach, not simply yield per acre, nor largest restoration site size, but sustainable and
robust plant communities into the future.

Metrics for seeding success revealed from intensive monitoring of the 2015 Soda megafire
Matthew J Germino1, Cara Applestein1, Matt Fisk1 (10 pt)
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Seeding of burned sagebrush steppe rangelands in the western US is among the largest restoration efforts underway
globally, but success in successfully regenerating desired perennials has been mixed. Monitoring of the large areas burned
and treated has been sparse. Here we show considerable insights from the first intensive measurement of megafire that
received extensive seedings, plantings, and other restoration efforts such as herbicide applications and rest from grazing –
all applied in an adaptive management framework. Up to 2000 management monitoring plots and >500 additional research
plots were monitored annually for 5 years over 113,00 ha following the 2015 Soda Wildfire, using a newly developed
monitoring approach that enabled sampling many sites in a short time period. The intensive monitoring revealed more
establishment than has typically been reported in previous studies, and the fine grain of the monitoring revealed critical
heterogeneity in seeding outcomes. Adequate monitoring and consideration of these “hot spots” in time or space for plant
recovery in devising metrics for seeding success may lead to different perspectives on the outcomes of restoration seedings.
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Title: Native Seed Production Tools to Procure, Increase and Distribute Source Identified Seed via Seed Transfer
Zones at an Ecoregional Scale in the Western, U.S.
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ABSTRACT
The United Nations Sustainable Development Goal 15 covers the period from 2020 to 2030 calling for an increase
in funding and native plant materials to implement projects to restore ecosystems and reverse land degradation and
biodiversity loss. Globally, however, a shortage of native plant material still exists, frequently precluding successful
restoration efforts. Providing seed supply chain options through seed selection and procurement programs relies on
information sharing and coordination in project planning to increase the availability of native seed. A seed
acquisition model in the Western US is helping to meet long-term Source Identified native seed needs necessary to
create diverse, resilient systems to adapt to climate change and environmental disturbances. The Native Grass and
Forb Seed Increase Indefinite Delivery Indefinite Quantity (IDIQ) Contract is designed to provide restoration
practitioners with genetically appropriate native seed by Seed Transfer Zone (STZ). The seed development process
begins with seed collections made using the Seeds of Success protocol. This seed is processed, stored, managed, and
sent out for certification through the BLM's partnership with the US Forest Service Bend Seed Extractory and the
Oregon State Seed Certification Program. These Source Identified seed lots are then distributed to a vendor for seed
increase. Since the inception of this seed procurement tool in 2019 vendors have been awarded over 5 million USD
in seed production contracts and seed lots are planned for delivery starting in 2021.

Resiliency and Regulation: Creative Native Plant Revegetation
Lynda K. Moore
US Forest Service, Pacific Northwest Region Restoration Services Team, Portland, Oregon, United States

Regulatory agencies often require specific revegetation benchmarks as a component of a construction project’s environmental
permitting for soil stabilization, scenic viewshed requirements, stream bank stabilization, etc. Past practices had mostly focused
on the use of quickly germinating annual plants that may or may not have been native to the project area. Over the past two
decades, our unit has established strong partnerships with federal, state, and local agencies to de-couple the revegetation
activities from the construction contracts of their projects. Here I will discuss our unique partnerships that have greatly increased
the use of native plants, collected at hyper-local levels, to revegetate highly disturbed sites. Through this innovation, we
facilitate both resilient native plant communities and regulatory needs. I will provide three project examples of how, with a
little creativity, native revegetation efforts can work together with regulatory requirements.

Title: Restoration plant material development in the Great Basin region of the United States – A
History and Comparison of Research Approaches
Author: Francis Kilkenny, USDA Forest Service, Rocky Mountain Research Station
Abstract:
The Great Basin region of the United States has a long history of large-scale revegetation and
restoration seedings that require seed amounts well in excess of what would be available through
direct wildland collections. To meet this seed need a number of research programs have arisen
that develop plant materials suited to agronomic production and large-scale use. A few of these
programs have existed for nearly a century. For much of this time only a handful of approaches
to plant material development were implemented, focused primarily on selecting for sources and
traits that supported seed production and ungulate forage value. However, additional
development approaches have been established more recently that broaden the range of options
for seed producers and restoration practitioners. These include more systematic source selection
through the use of seed transfer zones and phylogeography, and a greater focus on traits that
support long-term population persistence and growth in the wild. This talk will focus on the
history of plant material development in the Great Basin and compare across approaches within
the context of current production and restoration goals.

Seeds of Success: a conservation and restoration investment in the future of US lands
Sarah Barga1,2, Peggy Olwell3, Fred Edwards4, Leah Prescott1,5, Elizabeth Leger1
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Seed collection programs curate valuable genetic material to support native plant restoration, land management, and
research. Collections include plant species important for wildlife, pollinators, and indigenous people. It is important
to assess seed collection efforts to ensure they will support current and future needs. Seeds of Success (SOS) is a
national program, led by the Bureau of Land Management, whose seed collections provide opportunities to
understand change in natural populations and that are a critical repository of native plant genetic material for
conservation and future use (Figure 1). We assessed the efforts of the SOS program by asking how many SOS sites
have burned since seed collection and performing an in-depth analysis of 14 native forb species that are included in
the SOS collections and are important for restoration. We identified 662 fires burning on 631 collection sites, as well
as an increase in the burning of collection sites starting in 2011. Our focal species analysis found that many
collections come from the warmest and driest portions of their range; however, further work could improve the
alignment of the environmental conditions at collection sites with conditions at locations of planned or implemented
restoration seeding activities. Appropriately selecting priority species and populations for seed collection and
restoration is important for achieving conservation objectives and the future health of US lands depends on our
present seed collection and seed banking activities.

Figure 1. The Seeds of Success program trains conservation scientists to wild-collect seeds of native plants and
prepare vouchers for herbaria

Advancing natural capital thinking through Ecosystem Accounting: opportunities and barriers
Carl Obst1, Mark Eigenraam1, Reiss McLeod1
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Natural capital thinking provides a framing for linking economic and human activity to the environment. It can place in context
both our dependence on the environment and our impacts on it and do so in a way which supports links to standard approaches
to decision making. Thus, natural capital thinking encourages us to see the economy and society in which we live as nested
within the environment and hence the environment must be an integral part of the way in which we take decisions.
While the general principles of and motivations for natural capital thinking are long established, they have not been described
in a consistent way and many well motivated initiatives have not gained sufficient traction such that natural capital thinking
has been mainstreamed. The System of Environmental-Economic Accounting - Ecosystem Accounting (SEEA EA) is gaining
prominence as a broadly accepted conceptual and methodological framework to record and analyze people’s use of ecosystems.
Through its origins in official statistics, SEEA EA provides a means to institutionalise natural capital thinking and embed a
common language around natural capital thinking. In turn this provides the opportunity to draw together the variety of initiatives
and achieve a level of awareness and scale that has not been possible to date.
This presentation works through the evolution and framing of the SEEA EA and its links to the general body of work on natural
capital thinking. From this base it then provides examples of how SEEA EA has been applied to decision making and hence
demonstrates the potential of common approaches to natural capital thinking to contribute to the mainstreaming integrated
decision making about the environment. Finally, the presentation considers a range of opportunities to advance natural capital
thinking using the SEEA EA framing as the starting point including in the corporate sector and through the consideration of
multiple capitals. Barriers to advancement are also considered.
SER2021@conferium.com

Natural capital accounting to inform peatland restoration in Ireland: learnings from the INCASE
project
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The INCASE (Irish Natural Capital Accounting for Sustainable Environments) project is piloting the UN System of
Environmental and Economic Accounting (SEEA) – Ecosystem Accounting (EA) at catchment scale in Ireland.
This involves collating a range of environmental data to map contrasting catchments, each of which comprise a diversity of
ecosystems including grasslands, croplands, peatlands, heathlands, woodlands, forests, coastal, freshwater and urban systems.
As human pressures increase as a result of growing population / density and/or changes in land-use, there are resultant effects
on ecosystems. Mapping the extent, type and condition of ecosystems in each catchment, and relating the stocks of natural
capital to the flows of services and benefits over accounting periods can inform better decision making and support sustainable
development. An emerging feature of the work to date, is the worsening ecological condition of peatlands as a result of longterm use for energy and fuel, and as land for agriculture and afforestation.
In Ireland, agriculture remains the predominant land-use, having a significant influence on both ecosystem extent and condition
nationally, while dependent on EU policies and global markets. National climate policy highlights the carbon costs of increasing
the intensive nature of agricultural practices, and this is reflected in policies relating to afforestation and peatland restoration
targets to offset national agricultural GHG emissions.
We explore how natural capital (ecosystem) accounting can inform policy trade-offs between agriculture, forestry, peatland
use and climate action to effect restoration of degraded peatlands for climate, water and biodiversity.
Submitted as part of the SER 2021 Symposium:
The Natural Capital Approach: the game changer in shifting the UN Decade of Restoration from aspiration to reality

The Natural Capital Project: combining science, technology, and partnerships that enable people
and nature to thrive
Gretchen Daily1
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The Natural Capital Project initiative is centred at Stanford University, and operates as a partnership between the Chinese
Academy of Sciences, the University of Minnesota, the Stockholm Resilience Centre, The Nature Conservancy, and the World
Wildlife Fund. This interdisciplinary team of academics, software engineers, and real-world professionals work to make valuing
natural capital easier and more accessible to everyone. The ultimate objective is to improve the well-being of all people and
nature by motivating greater and more targeted natural capital investments by integrating the values nature provides to society
into all major decisions,.
Starting with listening, we work with decision-makers to develop nature-based solutions. We use iterative engagement that
begins with stakeholders and their needs, so the new science and tools that we develop are immediately relevant and can be
incorporated into existing decision processes. We work in a wide array of places and sectors, developing nature-based solutions
to problems as varied as: building resilience to climate and coastal hazards in Belize and the Gulf Coast states of the United
States; guiding development planning in China, British Columbia, The Bahamas, and Myanmar; managing corporate risk in
global sourcing decisions for Unilever; informing impact assessment and permitting for the Colombian Ministry of the
Environment; making smart transportation loan decisions by the Inter-American Development Bank across Latin America;
targeting investments in forest restoration for IUCN and country governments in Africa.
In addition to developing the evidence for the power of natural capital approaches to transform decisions, we create software
(such as the InVEST tool), build capacity through learning exchanges and trainings, and engage leaders to accelerate the uptake
and magnify the impact of successes. We present examples and case studies of how our work is informing ecological restoration
across a range of projects along with some learnings to date.
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After several international discussions seeking to link the concept of natural capital to the
science and practice of ecological restoration, a large group of natural and social
scientists, associated with SER, published Restoring Natural Capital: Science, Business and
Practice (Island Press) in 2007. Restoring Natural Capital (RNC) is a process consisting of
four elements, 1) ecological restoration and rehabilitation of degraded ecosystems, both
natural and cultural; 2) reduction of the negative impacts of production systems and 3) of
cities, resource extraction and transport; and, equally critical as all the foregoing, 4)
promotion of education and communication to increase awareness of the importance of
natural capital and ecosystem services. From this RNC group we evolved the concept of
a “family of restorative activities”, to provide guidelines for the large-scale restoration
that the UN Decade on Restoration, and other international initiatives, propose. This
‘family’ maps well onto the Restorative Continuum, as described in SER International
Principles and Standards for the Practice of Ecological Restoration. Because of the
multiple, yet connected, benefits derived from restoration we then developed a
transdisciplinary, multi-cultural framework (Ecohealth), focusing on the interface of RNC
and human health. The RNC approach, and the related concept of ecosystem health, in
synergy with essential input from public health professionals and medical doctors, as well
as urban and landscape planners, can make both the UN Decade on Ecosystem
Restoration and UN Decade for Action on the Sustainable Development Goals, much more
effective and attractive, both to broad publics and to policy makers. We present several
case studies from Africa, Australasia and elsewhere, and discuss the need for networking
to create an agenda for action for the future.

Submitted as part of the Symposium “The Natural Capital Approach: the game changer
in shifting the UN Decade of Restoration from aspiration to reality”.

The Mid Atlantic Regional Seed Bank: A Case Study in Actualizing the National Seed
Strategy
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The Mid Atlantic Regional Seed Bank (MARSB) is a program of the NYC Greenbelt Native Plant Center (GNPC)
the nation’s oldest and largest municipal native plant nursery. It has been a production nursery since 1994 and a bulk
seed producer since 2006. It has operated as an Active Seed Bank for short- to mid-term storage since 2006 and has
been a partner of Seeds of Success since 2008. In 2012 it created MARSB to fully participate within SOS as a regional
seed banking partner. Many of these programs and other activities of MARSB closely align and further the objectives
of the National Seed Strategy (NSS) and demonstrate how a partner can serve as a regional seed banking hub to
facilitate cooperative native plant material (NPM) development and related goals.
Since its inception MARSB has partnered with federal, state, tribal, local and nonprofit groups across the midAtlantic states on regional seed collection and banking efforts. It has participated in a 3-year coastal seed collection
program, collected ash, viburnum, orchid, and hemlock seed for research and conservation, has held numerous seed
collection workshops for participating regional partners and to develop a cadre of volunteer seed collectors. In 2017
it conducted a comprehensive survey of NPM users east of the Mississippi. In 2021 it will begin systematic
ecoregional seed collection of 18 keystone species across NY State for NPM development by state agencies and
others. I will discuss the development efforts that formed MARSB, what has worked and what its future goals are.

Seeding the Future
Peggy Olwell1
1
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We have seen significant progress in implementing the National Seed Strategy from 2015-2020. Over 440 partners invested
more than $160 million in about 500 projects across the United States. Over 235 scientific reports and articles were written on
native seed development and use. Almost 9,000 native seed collections were made. Thousands of native seed crops were
developed in more than 32 eco-regions, and 21 regional seed partnerships were engaged in native seed development. Over 17
million sagebrush seedlings were grown and planted. Ultimately, over 10 million acres of land were restored to resiliency.
Challenges to fully implement the Strategy continue to exist, such as the shortage of botanical expertise in both state and federal
government agencies to drive the effective implementation of the Strategy and the shortage of farmers who want and know
how to grow locally adapted native seed. Additionally, botanical education and training are declining at universities. However,
we have reason to be hopeful here in the US. We are coordinating research-driven native seed production; we have the National
Academy of Sciences conducting a National Assessment of Native Seed Needs and Capacities; and we have a United Nations’
Decade on Ecosystem Restoration. I anticipate more federal government agencies will be involved in implementing the
Strategy; I anticipate more proactive communication on the Strategy, both internal to agencies and external to farmers and seed
growers. Stronger collaboration and training are key to harnessing momentum to get the right seed in the right place at the right
time.

Assessing supply and demand for native seed in the United States
Kayri Havens1
1
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The U.S. National Seed Strategy for Restoration and Rehabilitation, released in 2015, fosters interagency
collaboration between federal agencies related to the acquisition and use of native seed for restoration. The Seed
Strategy was drafted by the Plant Conservation Alliance, a group of 12 federal agencies and 399 non-federal
cooperators. The first of the four goals in the Seed Strategy is to identify and quantify seed need and availability in
the U.S. Federal agencies often turn to the National Academies of Sciences, Engineering, and Medicine (NASEM)
for impartial scientific advice to inform policy-making. The Bureau of Land Management asked NASEM to conduct
a national assessment to improve efforts to increase the diversity and quantity of native seeds in the marketplace,
which are often in short supply, particularly in bad fire years. In 2020 NASEM released their interim report
describing the structure of the supply chain, factors increasing the need for native seed, and plans for gathering
additional data about drivers of purchasing choices and capacity of the native seed market. The major findings will
be reviewed in this presentation, including observations that there is often minimal overlap between the seed that is
desired and the seed that is available for restoration, and that seed choices do not always support restoration success
and outcomes do not always inform choices.

Science-based Approach for Selecting the Right Seed for the Right Place at the Right Time
Lesley A. DeFalco1, Daniel F. Shryock2, Sara J. Scoles-Sciulla1, Todd C. Esque1
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Large-scale environmental degradation requires science-based solutions for guiding ecological restoration. A goal of the U.S.
National Seed Strategy is to provide genetically appropriate seed and improve technologies for native seed production and
restoration. Ecoregions across the U.S. share approaches to meet these goals, yet challenges unique to each impose distinctly
different methods. The Mojave Desert is perhaps the most challenging to restore because of myriad human-caused
disturbances and the infrequent combinations of precipitation and temperature that limit natural regeneration, likely
accentuated with a warming/drying climate. Through our diverse partnerships, we first identified priority plant taxa for
restoring habitat for the Mojave desert tortoise – an umbrella species for the ecoregion – and summarized life-history,
pollinator associations, and propagation techniques for informing seed collection, storage, and production. For select species,
we use marker-based landscape genetics to delineate seed zones and provide seed transfer guidelines defining appropriate
planting areas for different populations. For other species, we developed a generalized and accessible web application,
Climate Distance Mapper (https://usgs-werc-shinytools.shinyapps.io/Climate_Distance_Mapper), which matches seed
sources to restoration sites under current and future climates. As we incorporate other species, landscape genetic models
increasingly illustrate that temperature gradients are key drivers of genetic variability in the ecoregion, even across
contrasting growth forms. In parallel with landscape genetics, multiple common gardens are uncovering fitness costs
associated with seed transfer and providing insights into the strength of locally adaptive responses. Furthermore, novel
seeding and outplanting approaches using adapted plant materials are determining how seed predation and seedling herbivory
can affect restoration outcomes.

US National Seed Strategy Goal 3: Decision Tools for Managers
Vicky J. Erickson
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Goal 3 of the US National Seed Strategy addresses development of tools to enable managers in making informed decisions in
all phases of restoration, from seed planning, selection, and production through project implementation and monitoring. This
presentation focuses on Goal 3 progress in a critical but often overlooked facet of successful restoration: seed sourcing tools
and protocols for ensuring the availability and use of adapted planting material for current and projected future climates. Over
the last decade, land managers and researchers have collaborated in genetic studies of key restoration species to create speciesspecific seed zones within which plant materials can be moved with little risk of maladaptation. For the many restoration
species still lacking empirical seed zones, generalized provisional seed zones have been developed using climate data (e.g.,
winter minimum temperature and aridity) along with ecoregional boundaries to delineate areas that have similar climates but
differ ecologically. SeedZone Mapper (https://www.fs.fed.us/wwetac/threat-map/TRMSeedZoneData.php) is a dynamic online catalogue of available seed zone information, providing end-users quick access to maps and GIS data for seed sourcing
and outplanting activities. To ensure seed sources are well-adapted to changing climate conditions, the Seedlot Selection Tool
(https//seedlotselectiontool.org/sst) and the Climate Smart Restoration Tool (climaterestorationtool.org/csrt/) are powerful new
analytical tools for matching seed sources with planting sites under near- and longer-term climate projections. This snapshot
of Goal 3 accomplishments illustrates the utility of the National Strategy in advancing effective seed planning and use and
improving the availability of adapted seed supplies in the US commercial market.

Fostering progress as a collaborative effort
Patricia De Angelis, Ph.D.1
1
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The fourth goal of the National Seed Strategy is aimed at strengthening existing interactions and broadening
connections to support a collaborative and ongoing informed effort. Key elements of this goal include developing
internal and external communications for various audiences; incorporating Strategy actions into agency policies and
programs; and reporting progress on implementation to agency leadership and other collaborators. To support common
messaging across multiple federal agencies and hundreds of partners, a small interagency team of outreach specialists
developed a Communications Toolkit aimed at two broad audiences – public-facing outreach and federal in-reach that
could be tailored to agency employees and leadership. Capitalizing on existing programs and products and focused on
key actions and outcomes that will benefit all partners, the plan helped coordinate additional communications activities
and products among the partner agencies and with new audiences outside our traditional fields of study or partnership
base. Success stories, lessons learned, and recommendations for improvements are fundamental to building
momentum and gauging progress. Incorporating Strategy actions into agency policies and programs is among our
biggest challenges and greatest accomplishments. Tracking progress and maintaining momentum is both complicated
and informed by engaging with new partners, responding to changing national priorities, and adjusting to agency staff
turnover. Building on our successes and addressing challenges will be integral to informing next steps.

A Declaration of the Rights of Wetlands: Improving Wetland Conservation and Restoration to
Meet Climate and Biodiversity Crises
C. Max Finlayson1, Gillian T. Davies2,3
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Despite establishment of the Ramsar Convention on Wetlands (1971), and many wetlands conservation and restoration efforts
at national and sub-national levels, wetland loss and degradation continue apace, and are part of a larger trend in ecosystem
and biodiversity loss and degradation. The current paradigm for conservation of wetlands is failing to meet stated goals. In the
context of climate destabilization, the need to reverse these trends is urgent. Often led by local and Indigenous peoples, a global
rights of Nature movement is shifting the ethical and legal paradigm for the human-Nature relationship. As wetland and
restoration professionals, how can we respond to larger trends? A group of wetland and climate scientists, through the SWS
Climate Change & Wetlands Initiative and Ramsar Section, proposes a Declaration of the Rights of Wetlands with the goal of
shifting our relationship with wetland ecosystems. Acknowledging inherent rights of wetlands and their legal personhood, as
Indigenous people have done for millennia, and as many scientists and philosophers have done throughout history, returns to
values and modes of thinking that modernity has typically pushed to the margins. In reconsidering our place in the community
of beings making up the Earth community, we can restructure our relationships with wetlands. By embracing relational values
with Nature, such as reciprocity, gratitude, responsibility, and acknowledgement of the personhood of Nature we shift decisionmaking away from exploitation, depletion, degradation and loss, and towards real conservation, restoration, re-wilding and
remembering our integrated and relational presence as a part of Nature.

Cultural, local community and Indigenous peoples’ issues for a Declaration of the Rights of
Wetlands
Matthew Simpson1 & 2 and Dave Pritchard3
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Much of the recent growth in contemporary formal recognition of the rights of nature draws on improved understandings
about the belief systems and traditional practices of ndigenous peoples and local communities (IPLCs). The cultural and
linguistic heritage of IPLCs contributes to the world’s diversity. Their knowledge and practices have enhanced
respect for the environment and natural resources, often offering models of sustainable approaches to water security, food
security, health and well-being. Rights of wetlands can be an important component of enlightened and holistic approaches
of this kind, which see the human species as part of the ecosystem rather than apart from it. Increasing evidence suggests
that land demarcated as Indigenous Lands protects the natural environment through reduced rates of wetland degradation
and deforestation, less habitat conversion and lower greenhouse gas emissions compared to surrounding areas.
Traditional knowledge and management practices often play a significant role in protecting crucial habitats and the socioecological systems they support. The United Nations Declaration on Rights of Indigenous Peoples addresses the most
significant issues affecting indigenous peoples - their civil, political, social, economic and cultural rights. A declaration of
wetland rights needs to fit with this philosophy, and to support the wisdom and rights of IPLCs with respect to the
landscape and their relationship with wetlands. This paper sets out some key ingredients of the required approach.

Notes of Struggle: Legal and Ethical Strategies to Recognize Nature as a Living Being
Patricia Gualinga1
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Patricia Gualinga is an Historic Leader of the Sarayaku, a Kichwa speaking people of the Ecuadorian Amazon. She
has been one of Sarayaku’s most clear and prominent voices at the UN, the Vatican, the Paris Climate Accord
meetings and many other international fora. In this presentation Patricia will discuss the Sarayaku’s struggle to
achieve the recognition of the Amazon as a Living Forest. From grassroots organizing in the Amazon, to lobbying of
legislators and meetings in the Vatican, this presentation will discuss the range of strategies the Sarayaku people
have deployed to bring about the awareness of the Amazon as a Living Forest and support the creation of legislation
that recognizes the right of key ecosystems to exist insulated from human presence and interference. Patricia will
discuss ways in which the Sarayaku have used modern communication technology to create international networks
and educate and communicate with local and global publics, while staying connected to their ancestral knowledge,
culture, and daily practices in the heart of the Amazon. The presentation will analyze the key lessons from
successful and less successful efforts and reflect on possible new avenues for effective local to global collaboration
and action. This talk will also provide fertile ground for out of the box brainstorming for effective international
collaborations to make the Living Forest and the Rights of Nature integral to the strategies for restoring and
preserving global ecosystems.

The Living Forest Worldview
Patricia Gualinga1
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Patricia Gualinga is an Historic Leader of the Sarayaku, a Kichwa speaking people of the Ecuadorian Amazon. She
has been one of Sarayaku’s most clear and prominent voices at the UN, the Vatican, the Paris Climate Accord
meetings and many other international fora. Her presentation will focus on Sarayaku’s Declaration of the Living
Forest and highlight its relevance to the protection and restoration of wetlands. During the presentation, Patricia will
discuss the Sarayaku People’s ancestral knowledge of the Forest as a multidimensional ecosystem constituted by
both physical and non-physical intelligences and address subtle aspects of deeper ecological damage that are not yet
clearly understood. She will also discuss the moral and epistemological reasons why key ecosystems have the right
to exist in perpetuity, free of human presence and interference. This novel call to consciousness and action grounded
on ancestral knowledge of Nature’s beingness, presents a fresh paradigm for a balanced and respectful relationship
between humans and Nature and the pursuit of ecological and wetland restoration and conservation.

The Rights of Wetlands in support of a safe climate and effective wetland restoration – The
charter model
William R Moomaw1
Wetlands are an integral component of the global ecosystem connecting through gas exchange with the atmosphere.
They remove and keep large quantities of carbon dioxide out of the atmosphere, and respire both carbon dioxide and
methane. Wetlands support major biological diversity including migratory birds linking local wetlands to global
biodiversity. As has been demonstrated by practices of indigenous peoples, providing rights to wetlands is a
successful path for maintaining their important climate and biodiversity functions. The accelerating rate of climate
change from feedback loops and the loss of biodiversity requires new approaches to wetland protection.
The Universal Declaration that wetlands have a fundamental right to exist and be restored builds upon previous
declarations based upon the charter model. We will examine two examples, the World Charter for Nature (WCN)
1982 and the World Charter (WC) 1999, and demonstrate how they contribute to developing a declaration of the
rights of wetlands.
WCN contains strong statements on the value of Nature, and defines five principles for conserving it. The Earth
Charter is a civil society initiative proposed by Maurice Strong and Michael Gorbachev in 1987, and endorsed by
UNESCO and many societal groups including indigenous peoples and some representatives from government
including mayors and other officials. It provides a template for recent proposals like the Green New Deal in the
United States and the Green Deal in Europe. Like those efforts, at creates a global order that links environmental
conservation with socio-economic issues. Neither charter explicitly grants rights to Nature.
This analysis seeks to determine how these two charters can contribute to a useful structure for a Universal
Declaration of the Rights of Wetlands.
(272 words)
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The rights of wetlands in the context of the Intergovernmental Panel on Biodiversity & Ecosystem
Services: biodiversity loss and threats to human well-being
M. Siobhan Fennessy1
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Wetland biodiversity is declining in every region of the world, significantly reducing the provision of benefits that contribute
to human well-being. The Americas Regional Assessment of the Intergovernmental Science-Policy Platform on Biodiversity
and Ecosystem Services (IPBES) details the critical relationship between biodiversity, ecosystems, and the ability of nature to
provide benefits, while recognizing a diversity of world views and multiple values of nature. The Americas are diverse, hosting
40% of the world’s most biodiverse countries with three times more “biocapacity” per capita than the global average. However,
the increasing demand for food, water, and other material goods has increased consumption and intensified land use, continuing
a pattern of widespread degradation and destruction of wetlands with regional wetland losses ranging from 20-60% of total
wetland area since 1970. The result is the loss of the benefits wetlands provide to food and water supplies, climate regulation,
and adaptation to hazardous and extreme events, with a 50% decline in the freshwater supply per person. Overall, there has
been a substantial decline in nature’s contribution to people (NCP, a broader term than ecosystem services). Of the 18 NCP
evaluated across different wetland types, 66% are in decline, with 30% declining strongly. The intrinsic value of nature is at
the heart of the IPBES framework, recognizing the links between biodiversity, nature’s contributions to people, and quality of
life, with efforts to incorporate local and indigenous knowledge. The declaration of wetlands rights reflects this, acknowledging
the importance of wetlands as a universal heritage.

Why could a Declaration of Rights of Wetlands support wetland wise use?
Nick Davidson1,2
1

Institute for Land, Water, and Society, Charles Sturt University, Australia
2
Nick Davidson Environmental, UK
arenaria.interpres@gmail.com

We face a recognised global biodiversity crisis. Wetlands are not exempt. In 1971, 50 years ago, the Ramsar
Convention on Wetlands was established by governments because of then increasing concerns over wetland loss
and degradation – and its impacts on wetland-dependent species. But since 1970 the area of wetlands has
progressively continued to decline, through deliberate drainage and conversion, in all parts of the world.
Deterioration in the state of our remaining wetlands is becoming progressively more widespread, including for
designated Wetlands of International Importance (Ramsar Sites). Populations of freshwater species have declined
since 1970 far more than species depending on other biomes. For wetlands, the world’s governments have not
met their 2020 Aichi Targets for biodiversity. Nor are they on track to deliver the 2030 UN Sustainable
Development Goals (SDGs) for wetlands. Yet governments are just continuing “business as usual”: in 2021 they
are preparing to adopt yet another set of goals and targets, for 2030 – and the draft targets are very similar to
previous targets. Sectoral nature conservation actions and protected area approaches for wetlands have failed to
deliver, and will likely continue to fail: the drive for economic growth, rather than truly sustainable development,
continues to over-ride achieving wetland wise use. So, we all need to change our mindsets and approaches and
develop new paradigms to achieve such wise use. That's what we are here to explore and discuss in this
symposium.

Biodiversity and Environmental Conditions along Seismic Lines in the Peatlands of Northern
Alberta, Canada
Anna Dabros1, 2, Jaime Pinzon1, and Quinn E. Barber
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Linear features such as seismic lines built for oil and gas exploration in northern Alberta, Canada, can have direct impacts on
environmental conditions (e.g., soil moisture and thermal dynamics, and permafrost), ecosystem functions (e.g. climate
regulation), and biodiversity (vegetation recovery and composition, and invertebrate diversity). Removal of vegetation to
construct seismic lines in peatlands contributes to higher soil moisture compared to the adjacent ecosystem. High moisture
makes soils more prone to compaction and subsidence, which further affects moisture and thermal regimes. Within
permafrost regions, these impacts may contribute to permafrost thaw and damage. These factors lead to changes in species
composition and hinder natural regeneration and vegetation recovery. As such, seismic lines prevail many years after
construction, particularly in peatlands, and evidence suggests that they will not recover through natural regeneration and
ingression alone. Additionally, edge influence extending from the seismic line into the adjacent peatland may magnify the
overall linear footprint and potentially further reduce the capacity for natural regeneration. However, there is ongoing
research on the potential of wildfire to “erase” seismic lines and effectively reset the system to early successional stages. We
will discuss various research projects across northern Alberta, where we assess the impact of seismic lines, including edge
influence, on biodiversity of plants and invertebrates, and on environmental variables. As well, we will discuss our findings
on the effects of wildfire on seismic line regeneration in wetland ecosystems.

Building boreal wetland crossings to maintain wetland function
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Wetlands are prominent throughout Canada’s boreal, and are important ecosystem features because of the numerous
ecosystem services (e.g., carbon sequestration, groundwater recharge, recreation value) and the habitat they provide. Because
of their prominence, wetlands in many cases overlap with areas of interest for forestry, oil and gas, utilities, and other
industries. Resource roads associated with these activities are often built through wetlands and these wetland crossings may
have environmental impacts. Appropriate design, construction, operations, and monitoring is important not only to avoid and
minimize these impacts, but also to maintain the performance and safety of the crossing. While resource road wetland
crossings have been a longstanding focus, the growing body of research documenting the types and extent of impacts has
been important for raising awareness of the issue with industry, government, and other decision-makers. In recent years,
increasing legal (e.g., wetland policies), certification (e.g., sustainable forest management certification) and social license
requirements have served, alongside the growing body of research, as motivators for incorporating wetlands into resource
road planning, construction, maintenance, and decommissioning. In this talk we will highlight the importance of research to
document and improve understanding of the environmental impacts of boreal wetland crossings, provide examples of projects
we have collaborated on to develop and share best management practices for better wetland crossings, and highlight ongoing
knowledge gaps. Incorporating wetland knowledge into road developments is key for achieving common goals of
maintaining wetland function, improving road performance, reducing maintenance and reclamation costs and improving road
safety.

Contrasting restoration methods for peatland impacted by roads:
Burial Under Peat Method vs. peatland initiation on mineral substrate
Kathy Pouliot1, Line Rochefort1, Pascal Guérin1, Alexandre Beauchemin2
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A restoration project has been conducted on two sites where access roads to power lines were constructed over a peatland.
Mineral roads in peatlands change the nature of the substrate and influences the water table level and the physicochemical
characteristics of the water and peat. These changes can impact the composition of the plant communities. We examined
whether the Burial Under Peat Method is effective to restore peatland conditions. The method should meet restoration goals
by: 1) confining the nutrients potentially released by the mineral material; 2) conserving an elevation similar to the adjacent
peatland; and 3) re-establishing typical peatland vegetation. At both sites, water sampled at various depths and distances to
the buried road presented similar nutrient concentrations to the means measured in the undisturbed reference ecosystems. The
surface elevations observed in the restored areas show that the compaction and levelling is an effective way to re-establish
and keep elevations similar to the surrounding peatland. The return of peatland plant communities varied depending on the
site, mainly due to local factors. Ultimately, the results of this project show that the Burial Under Peat Method complies with
restoration objectives. Furthermore, it is cost-effective in comparison to completely remove the mineral material.
Recent research projects study alternative restoration techniques to the Burial Under Peat Method on a Sphagnum-dominated
peatland impacted by a clay road in Northern Alberta. Among the techniques tested, the Moss Layer Transfer Technique is
initiated on mineral substrate and on different peat thickness.

Impact of seismic lines on peatland microbial community and carbon cycling
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Global focus on greenhouse gas emissions is currently at its peak due to overwhelming concerns over climate change.
Peatlands, one of nature’s efficient and functional systems for carbon storage, are threatened by both natural and
anthropogenic disturbances. The extensive network of linear disturbances in the Canadian boreal region; such as
seismic lines (created for geologic exploration) and roads could alter the carbon dioxide (CO2) and methane exchange
in peatlands, as well as long-term carbon storage. We investigated microbial interactions driving carbon flow in
peatlands by assessing changes in microbial communities and functional diversity and determining soil respiration
rates. Peat samples from seismic lines and surrounding undisturbed areas were transported from four different wooded
peatlands in Peace River, Alberta, including bog and fen and wide and narrow seismic lines. The MicroRESP
technique was implemented using 15 carbon sources and Milli-Q Water as a control with samples run in triplicate.
There were differences in CO2 production rates from substrates between bogs and fens. Shifts in substrate use on lines
relative to undisturbed areas indicate that key microbial players are dependent on the type of disturbance introduced
to peatlands. Future work will link these results to field greenhouse gas flux measurements and changes in local
microclimatic conditions to better understand the drivers of peatland carbon cycling on seismic lines.

The effect of resource access roads on hydrology and carbon exchange in two boreal forested
peatlands
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Dense peatland coverage makes Canada’s boreal region a significant carbon reservoir and a key component of global
greenhouse gas cycling. However, many of these peatlands have been fragmented by > 215,000 km long road network, and
the fragmented peatlands may experience various changes leading to impact on carbon storage potential. To investigate the
impacts of roads on hydrological variations and carbon dynamics, we performed a multi-year study (2015 - 2017) in a forested
bog and a shrubby fen in northern Alberta. In general, we observed ponding conditions on the upstream and drying of the
downstream areas closer to the road when culverts were not placed within ~ 15 m of the plots at bog site. Consequently, in
2016, the ground layer of the bog was a source (1.9 g CO2 m-2 d-1) and the fen was a sink (-19.1 g CO2 m-2 d-1) of CO2. In 2017,
the ground layers of both the bog and fen were sinks of CO2 (-1.4 g CO2 m-2 d-1 and -10.6 g CO2 m-2 d-1, respectively). Due to
the orientation of the road relative to the local slope of the peatland, the hydrologic effects of the road were lower at the fen.
Variation in carbon fluxes relative the road was also small at fen site, but there was an overall reduction in carbon sink function
due to plant community disturbance, likely related to road construction. In our presentation, we will also discuss how we can
minimize the road associated impacts in peatlands.

Beyond window dressing – native plants in the floodplain
Meghan Q.N. Fellows1, Alex Darr1, Chris Ruck1, Jonathan Witt1, Charles Smith1
1

Department of Public Works and Environmental Services, Fairfax County, Virginia, US
meghan.fellows@fairfaxcounty.gov

The number and scope of stream restoration projects has increased substantially over the past decade. Although early efforts
attempted to treat the stream corridor as a whole ecosystem; practice and crediting protocols have focused on channel-centric
approaches. The predominant approach now appears to arrest rates of erosion through designs that stabilize the streambanks,
such as natural channel design (NCD); based on the conceptual framework for understanding stream processes, called the
Stream Functions Pyramid (Harmon et al. 2012). However, Castro and others (2019) suggest that biological (e.g. plant) aspects
of the floodplain, are key to establishing and maintaining higher level stream functions. Floodplain residence time, bacterial
and fungal community, and plant nativity all contribute to aspects of stream corridor ecosystem function. The presentation will
detail different approaches, and the ecological significance of each, Fairfax County, Virginia is applying to projects restoring
floodplain complexity and function in an Urban Piedmont setting. Approaches follow traditional best practices including
preservation, conservation, enhancement and restoration providing a toolbox of options. These new approaches led to the
development of a county-specific restoration wheel to track restoration success.

Floodplain restoration requires dual intervention in biophysical and governance systems
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Floodplain restoration is increasingly used as a tool to achieve multiple benefits for human communities in addition to restoring
ecological functions in stream and riparian ecosystems. To ensure long-term outcomes, restoration of the biophysical
environment must be accompanied by a critical evaluation of the regulatory and development processes that have led to
degradation of the stream environment in the first place. This presentation reports on the preliminary outcomes of mixedmethods research examining the social and governance factors key to the success of river-floodplain restoration in several
communities of the Northwest and Northeastern United States. Floodplain restoration is often constrained by availability of
open-space and local concerns for flood and erosion hazards, as well as larger regulatory and permitting barriers. While these
social and governance factors are challenging to work within, some communities have found creative ways to utilize national
policy programs alongside local regulatory practices to advance restoration projects that achieve hazard risk reductions and
restore degraded ecosystems. I will present examples from communities with a focus on the use of voluntary property buyouts
following flood events as a mechanism for large-scale floodplain restoration. These examples prompt a conceptual discussion
of watershed restoration as a process that requires intervention in both biophysical and governance processes to achieve
meaningful and long-term outcomes.

Improving riparian restoration by getting water out-of-the-channel and into the floodplain: science to
improve technique
Greg Noe, Sara McMillan, Changwoo Ahn, Kathy Boomer, and Cliff Hupp

Many riparian ecosystems are degraded from a long history of reductions in hydrologic connectivity,
both unintentional (e.g., deposition of legacy sediment) and intentional (e.g., channelization and
artificial levees). Research on how hydrologic connectivity impacts nutrient and sediment inputs and
retention could aid practitioners to better design riparian ecosystem restorations, particularly for the
goal of improving water quality functions. In order to assist in guiding the design of stream restoration,
we report rates of inputs and internal cycling of sediment and nutrients made across multiple studies of
floodplains in the eastern, southeastern, and south-central United States, representing variability in
natural and restored hydrologic connectivity to surface water inundation. We measured large spatial
variation in sediment and nutrient trapping among natural floodplains, explained by the rate of trapping
increasing with longer duration of surface water inundation as well as by the characteristics of the
upstream drainage area. Restoring hydrologic connectivity, either through building floodplain surfaces
during urban stream restoration or creating notches in artificial levees, also increased sediment and
nutrient trapping (but without large phosphate losses). Furthermore, greater rates of sediment and
nutrient inputs to floodplains stimulated greater rates of soil nutrient cycling and denitrification. In
conclusion, our measurements made among a diversity of floodplains suggest that stream restoration
approaches that increase hydrologic connectivity and riparian flooding (getting water out of the
channel) will generate greater water quality benefits.

Linking edge habitats to stream channel restoration, examples from urban and rural landscapes
Matthew Hubbard, PWS
Whitney, Bailey, Cox & Magnani, LLC, Towson, MD, USA
mhubbard@wbcm.com

This presentation will show installed examples from urban and rural stream restoration projects to increase functional uplift
focusing on stormwater treatment bars in the urban environment and pit and mound microtopography in non-constrained
environments.
A stormwater treatment bar is a best management practice developed to address the challenge of perched pipe outfalls within
stream banks. The stormwater treatment bar is used to promote filtration, storage, hyporheic exchange, and carbon/vegetation
contact for stormwater flow in highly constrained urban stream restoration sites. Videos and photos of the installations will be
presented to show the practice during installation, post-construction and during runoff producing precipitation events. Pit and
mound microtopography can be developed a multiple scales and elevations to promote vegetation diversity, reduce invasive
species, increase floodplain surface area, increase hydrologic retention time, create habitat diversity, and to promote storage of
organic material and sediment on floodplains. Example photos will be utilized to show piedmont and coastal plain sites during
construction, during storm events, and post-construction vegetative establishment. The goal is to provide participants with
example approaches for discussion or application that are adaptable to increase uplift at pipe outfalls in urban stream sites and
increase floodplain function at reconnected stream restoration sites.

Renewing Our Rivers: Lessons learned, principles, and strategies for stream restoration
Mark K. Briggs1, W.R. Osterkamp2 (10 pt)
1

RiversEdge West and University of Arizona, U.S. (8 pt)
2
U.S. Geological Survey (retired), U.S. (8 pt)

How can we bring back the world’s damaged rivers and streams for benefit of native species and people? Part of the answer
is to make sure we take stock of lessons learned from past restoration efforts. The other part of the answer is to incorporate
into restoration planning hard-earned restoration principles as well as the most current science and thinking on how to protect
and restore damaged riverine ecosystems in the context of a rapidly changing climate. Based on a decade of research and
written by stream restoration experts from Australia, Mexico and U.S., Renewing Our Rivers: A Guidebook to Stream
Corridor Restoration combines these key elements and brings seasoned restoration practitioners to readers, providing startto-finish guidance, resources, lessons, and tools required to effectively bring back a degraded stream or river. In this
presentation, we will review central findings of this decade-long research effort. Lessons learned from stream restoration
efforts in Australia, Mexico, and the U.S. will be highlighted. In addition, we will review strategies for adapting stream
restoration efforts to the consequences of rapid climate change as well as strategies for managing and protecting streamflow
for the benefit of native species and riverside human communities. Finally, it is essential that stream restoration responses
have long-term temporal windows. We will conclude by presenting examples of stream restoration efforts that formed the
sociopolitical and economic partnerships needed to take their initial stream restoration gains into the long-term for greater
impact.

The Vermont Functioning Floodplain Initiative: Identifying Reconnection Opportunities in the
Vermont Sector of the Lake Champlain Basin to Improve Water Quality, Flood Resiliency, and
Habitat
Roy Schiff1, Evan Fitzgerald2, Kristen Underwood3
2
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Connected and naturally functioning floodplains reduce flood risk, protect water quality, enhance fish and wildlife habitat, and
store carbon. The Vermont Functioning Floodplain Initiative (FFI) is a new framework to highlight the roles floodplains play
and create a way to understand floodplain conditions. Tools are now being developed under the FFI to reconnect rivers to their
floodplains in the Vermont sector of the Lake Champlain basin to realize the benefits of connected floodplains. Our
interdisciplinary team of consulting engineers and scientists, researchers from the University of Vermont, and scientists from
the State of Vermont have created mapping and decision-support methods to (1) identify the current level of floodplain
connection; (2) select reconnection projects; (3) prioritize project type and location; and (4) quantify the potential effectiveness
of floodplain connectivity projects. These tools will lead to improved river-floodplain connection in the future, and will engage
stakeholders to illustrate the importance of connected floodplains and to allow project planning. This collaborative work
leverages Vermont Stream Geomorphic Assessment data for over 2,300 miles of river collected over the last 15 years and
ongoing floodplain research projects at University of Vermont. The level of connectivity, project selection, and tracking of
implemented reconnection projects will eventually be housed in a web-application. The app will allow users to plan,
implement, and track floodplain restoration projects, river corridor protection easements, riparian buffer plantings, water quality
improvement projects, and habitat enhancement projects – all to improve the connection between rivers and their floodplains.

Agroforestry on Post-Mining Restoration: Finding the Most Important Ecological Factors
Degi Harja Asmara1, Suzanne Allaire2, Meine van Noordwijk3,4, Damase Khasa1
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Agroforestry has a great potential as an environmentally sustainable practice in ecological restoration. The challenges with
restoration on degraded post-mining land are the low productivity of soil and high potential contaminants. Herein we evaluated
the potential of phytobial remediation by testing a mixture of woody and herbaceous species, microsymbiont and biochar
amendments, and growth spacing conditions. The aim was to find the most significant ecological factors for improving the
plant performance and accelerate the restoration processes.
The experiments with agroforestry multispecies and multifunctional approaches were conducted using greenhouse and field
trials, including the Nelder plot design. The field trails were established on gold post-mining sites in the AbitibiTémiscamingue region, Northwest Quebec, Canada, on two types of waste materials: fine tailing and waste rock. We used a
mixture of tree species (Alnus crispa, Picea glauca, Populus tremuloides, Salix arbusculoides) and herbaceous species (Avena
sativa, Festuca rubra, and Trifolium repens). The biochar amendment and microbial inoculation were applied on both
greenhouse and field trials.
We found the positive effect of plant density which is potentially affected by an improvement of microclimate conditions. The
differences of microbial inoculation between the greenhouse and field trials on the plant’s growth performance was also
suspected as the result of differences in macro and microclimate conditions. Biochar’s effect on soil albedo and temperature
can be more important in the studied climate and may hinder its impact on other soil properties. We suggest that microclimate
improvement is an important factor for facilitating and accelerating the phytoremediation processes.

Title:
Characterizing the Microbiomes of Native Plants Growing on Disturbed Mine Sites: In Search of Beneficial Microbes to
Enhance Rehabilitation
Charles W. Greer1,2, Qinhong Cai2, Stephanie Pacheco2, Katrina Callender1, Jessica Wasserscheid1, Martin BeaudoinNadeau3, Hugo Thibaudeau Robitaille4, Daniel Tarte4, Mariana Trindade5, Stéphane Boudreau6, Damase Khasa6
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Abstract:
The remediation and rehabilitation of mine sites presents a number of challenges, one of which is revegetating waste
rock and tailings materials, often contaminated with heavy metals and organic contaminants, and depleted of beneficial
soil microbes. Revegetation of mine wastes reduces the mobility of inorganic contaminants and enhances the
biodegradation of organic contaminants, leading to ecosystem recovery. Although mine wastes are typically poor
substrates for plant growth, certain plants often encroach these areas. In this study, an inventory of native plants growing
on a northern mine site was conducted to characterize (using environmental DNA sequencing) plant microbiomes
(microbes inhabiting the surface and interior of the plants) towards determining whether certain microbes possess
beneficial traits, facilitating plant survival and growth on these disturbed sites. Once potential microbes have been
identified from the sequence data, a high-throughput method for isolating specific microbes (iChip) is used to obtain
individual isolates as potential inoculants for native plants.
Individual bacterial isolates (92) with previously described beneficial effects were obtained, comprising the genera
Massilia (30.4%), Pseudarthrobacter (20.7%), Ralstonia (14.1%), Pseudomonas (17.4%), Arthrobacter (8.7%),
Polaromonas (2.17%), Rugamonas (4.35%), Sphaerotilus (1.09%), and Mucilaginibacter (1.09%). The current focus is
on Polaromonas jejuensis which grows at low temperatures and produces ACC deaminase, an enzyme involved in
reducing biotic and abiotic stress caused by ethylene in plants, and Ralstonia eutropha which has been found to reduce
metal accumulation in plants. Selected isolates are being developed into inocula for native plants, and their plant growthpromoting effects will be explored in more detail.

Could stem cuttings of Salix planifolia be used for reclamation of mine waste rock from northern
regions? A greenhouse study with iron waste rock from Schefferville
Roudy Jean1, Damase P. Khasa1, Stéphane Boudreau1
1
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The iron ore mining operation in Schefferville (Québec, Canada) produces a large volume of mine waste rock requiring active
reclamation. As willow species are often used for the reclamation of such mine tailings, our objective was to develop an
approach using stem cuttings of Salix planifolia for the reclamation of these waste rocks. Firstly, in a greenhouse experiment,
we assessed the survival and performance of S. planifolia cuttings planted horizontally and vertically in overburden and waste
rock from Schefferville. Peat moss was used as a control substrate. After 7 weeks, we observed that cuttings planted in
overburden and peat moss had greater survival, higher shoot production and biomass than the ones in waste rock. Also,
horizontal cuttings had a greater survival than the vertical ones.
Based on the results of this first experiment, we conducted a second experiment with stem cuttings inoculated with Heliotiales
sp, Meliniomyces sp, and Phialocephala fortinii isolated from the roots of S. planifolia and planted horizontally in sterilized
and not sterilized waste rock. After 15 weeks, root length and biomass as well as aboveground biomass were significantly
higher for the cuttings inoculated with the three fungal isolates compared to the control ones.
These promising results are important for the reclamation of the mine waste rock from Schefferville region. Horizontal planting
of stem cuttings of S. planifolia with native endophytic fungi could initiate plant colonization on these substrates. However,
additional studies are needed to better understand how endophytic fungi promote the performance of S. planifolia cuttings.
Keywords: Willow species, horizontal planting, vertical planting, native endophytic fungi, overburden, waste rock
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Figure 1. Photos of some experimental units (A) at the beginning and (B) at the end of the second experiment

Ecological restoration of northern iron mine sandy tailings by Irrigation NORCO: sciences,
challenges and solutions
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Since more than 23 years, Irrigation NORCO restores sandy iron mine tailings in the northern regions of Fermont in Québec,
and Labrador City and Wabush in the province of Newfoundland & Labrador. Amongst the various agronomic technologies
developed by Irrigation NORCO over the years, the leading one is based on the initial spreading of a mulch of hay and
broadcast spreading of organic fertilizers, followed by the direct sowing of a mixture of seeds from adapted herbaceous
annual, biennial and perennial plant species. This technology guarantees the sustainable initiation of the soil genesis process,
of utmost importance, and re-greening of these immense areas, despite hostile climatic conditions, where strong winds
combined with the sandy mineral substrate impede any spontaneous revegetation. Success is visible as soon as the first
sowing is lifted, transforming the almost lunar landscape of this artificial desert into an oasis of greenery and life.
Since 2014, we have recorded emergence and cover rates of successive plant species on the revegetated parcels. We have
observed the first sowed grasses followed by spontaneous grasses then by the first woody species, naturally evolving towards
the climax of the region, the boreal forest, according to the ecological successions described in the literature under the same
latitudes in Canada1. In parallel, we have observed the underground root symbioses, particularly the arbuscular mycorrhizal
fungi (AMF) symbiosis of grasses, to follow the installation of AMF networks. High levels of mycorrhization of perennial
species were observed from the 3rd year post-revegetation, associated with a very low diversity of AMF species, even after 23
years. The presence of underground mycorrhizal networks, associated with roots of the most resilient perennial species,
assures the sustainability of this restored ecosystem.
–------------Depuis plus de 23 ans, l'entreprise Irrigation NORCO végétalise les résidus sableux des mines de fer de la région de Fermont
et de Labrador City, dans le nord du Québec et à la frontière du Labrador. Parmi les diverses technologies agronomiques
mises au point par Irrigation NORCO au fil des années, la plus significative est basée sur la mise en place d’un paillis de foin
suivi par l’épandage d'amendements organiques puis par le semis direct de précision d’un mélange de semences d’herbacées
adaptées. Cette technique permet d'amorcer durablement le processus de pédogenèse, qui est d’une importance cruciale, et de
reverdissement de ces immenses étendues, malgré des conditions climatiques hostiles, où les vents violents et l'aridité du
substrat minéral empêchent toute végétalisation spontanée. Le succès est visible dès la levée des premiers semis, transformant
le paysage quasi lunaire de ce désert artificiel en oasis de verdure et de vie.
Depuis 2014, nous avons enregistré les taux d'émergence et de recouvrement des espèces végétales successives au sein des
parcelles végétalisées. Nous avons observé les premières herbacées semées suivies des herbacées spontanées puis des
premiers ligneux, le tout évoluant vers le climax de la région, la forêt boréale, selon les successions végétales décrites dans la
littérature pour les mêmes latitudes au Canada 1. En parallèle, nous avons observé les symbioses racinaires souterraines, en
particulier la symbiose de champignons mycorhiziens arbusculaires (CMA) des herbacées, afin de déterminer la progression
du développement des réseaux souterrains des CMA. Des taux élevés de mycorhization des espèces pérennes ont été observés
dès la 3ème année de végétalisation associés à une très faible diversité des espèces de CMA, même après 23 ans de
végétalisation. Ces réseaux mycorhiziens souterrains, associés aux racines des vivaces les plus résilientes, assurent la
durabilité de l'écosystème recréé.

1Young, I.W.R., Naguit, C., Halwas, S.J., Renault, S., Markham, J.H., 2013. Natural Revegetation of a Boreal Gold Mine Tailings Pond
Restoration Ecol. 21, 498–505. https://doi.org/10.1111/j.1526-100X.2012.00913.x.

Improve efficiency of morphological rehabilitation of gold mined streams: An adaptive
approach in French Guiana.
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Alluvial gold mining began on the Guiana shield in the middle of the 19th century. During the three last decades,
a particular socio-economic context led to ongoing gold-rush in French Guiana, as well as in all of its border
countries (Brazil, Surinam) and more widely in the Amazon region. By deforesting, destroying bed channels,
washing soils and polluting rivers and alluvial floodplains (mercury and high suspended load), gold mining is
one of the main anthropogenic pressures and causes major environmental disturbances on physical habitat and
associated biota. In French Guiana, the National Forestry Office (ONF) has recently estimated that 30,000 ha of
rainforest as well as 3,300 km of watercourses were directly affected by gold mining. If illegal small-scale mines
are massively involved in those impacts, authorized mining exploitations (width stream < 7.5 m) also contribute
to a significant environmental degradation.
Within this context, our study aims to help legal operators to achieve a morphological rehabilitation of mining
sites after exploitation in order to reduce anthropogenic impacts of gold mining. For that, we first develop a stepby-step method - from bed channel reconstruction to revegetalisation of sites - to recover functional efficiency of
fluvial patterns. Then, this method is implemented directly on mining sites and a scientific monitoring
partnership is currently carried out to finely describe morphological adjustments of the streams after
rehabilitation works. This adaptive management approach will allow to measure the effectiveness of
rehabilitation, and the possibility and ways to adjust actions in this tropical environment.

Improving land restoration strategies through the study of soil and plant-associated microbiomes
Christine Martineau1, Karelle Rheault1,3, Abdul Samad1, Dani Degenhardt1, Marie Guittonny2, Évelyne Thiffault3, Armand
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Soil and plant-associated microbial communities harbour extended and diverse metabolic capacities. They can degrade
contaminants and promote plant growth and tolerance, leading to successful establishment of vegetation under harsh conditions
such as those prevailing in some mine waste environments. In return, plant root exudates can promote the growth of
microorganisms that could enhance mine waste remediation. The success of this integrative approach is highly dependent on
the characterization of microorganisms and plants involved in bioremediation processes and the optimal conditions for their
growth and function.
In this presentation, the importance of characterizing soil and plant-associated microbiomes in bioremediation processes will
be highlighted through examples from phytoremediation experiments conducted on various types of mining waste, including
soft tailings generated by various oil sands operators in Alberta and acid generating waste rock from gold mine extraction in
the Abitibi-Témiscamingue region. Microbial communities from plant roots/shoots and from the mining residues have been
characterized using a metabarcoding approach, and links between plant growth parameters, microbial communities and
chemical properties of the tailings have been assessed using multivariate analyses. Results indicated that plant growth can lead
to significant shifts in bacterial and fungal community structure and composition, going from lithotrophic communities that
dominate mine waste environments to heterotrophic communities involved in nutrient cycling. We conclude that close
monitoring of microbial communities during the restoration process can be useful to track ecosystem recovery trajectory and
develop sustainable restoration strategies.

Innovate to Sustainably Restore a Mining Site: Drawing Inspiration from Nature
Hugo Thibaudeau Robitaille1, Martin Beaudoin-Nadeau2, Evgéniya Smirnova2, Mariana, Trindade3,
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The restoration of mines in northern Canada presents numerous challenges. Site remoteness, high
transportation costs and harsh weather limiting plant growth reduce the number of restoration methods
that can be used efficiently.
Since 2016, T² Environnement and ViridisTerra have established several experimental trials aimed at
developing an innovative low-cost and -input ecological restoration strategy adapted to arctic harsh
environment conditions for TSMC iron ore mine sites in Northern Quebec/Labrador. The trials are located
on the waste dumps generated by the mining activities. Numerous treatments of different methods,
technologies, and techniques were set up in order to select those best suited to the edapho-climatic
characteristics of the mine sites: low-input site preparation methods, different types of amendment and
various planting methods combined with the use of different indigenous tree, shrub, and grass species.
In parallel, a fungal inoculant was developed in collaboration with Université Laval. A total of 456
culturable fungi were isolated from healthy native plant roots and 376 of them were successfully identified
and associated to 106 taxa based on rDNA internal transcribed spacer analysis (ITSF-1 and ITS-4). Nine
out these potential fungal isolates were tested in vitro and in vivo, respectively, for their morphophysiological performance under abiotic stress conditions of high iron concentrations.
The results of 2018 and 2019 field trials will be presented at the conference along with the main outcomes
of the inoculant development.
These scientific and technical advances allow us to envision their immediate application in the field for
the regreening of arctic mine sites.

Mulching with Rameal Chipped Wood to facilitate plant spontaneous colonisation
on mine waste rocks, in a boreal forest context
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In Canada, mines contribute to the fragmentation of the boreal forest ecosystem. After mine closure, waste
rock (WR) areas must be revegetated to facilitate the return of ecological services in order to quickly meet
legal and social expectations. Restoring forest ecosystems on WR areas using spontaneous colonisation
through primary succession can take decades. Addition of a mulch of rameal chipped wood (RWC) could
improve physico-chemical properties of WR, facilitating plant colonisation.
A randomly complete blocks design was installed in 2017 on a WR area of a closed gold mine in AbitibiTémiscamingue (QC, Canada), including four treatments: scarified WR (control), 2 cm RCW mulch layer
over WR, 10 cm sand layer over WR with or without 2 cm RCW mulch layer. For 4 years, we monitored the
natural plant colonisation and several soil physico-chemical properties determining the plant colonisation
success.
Six boreal tree species colonised the area (Pinus banksiana, Betula papyrifera, Abies balsamea, Picea spp.,
Acer spp., Salix spp.). Herbaceous species were mostly early primary successional species and there was no
alien species. The number of tree individuals/m2 and the herbaceous total cover were not significantly
different between WR treatment and the RCW treatments. At this stage of our experiment, the use of RCW
mulch did not significantly increase early successional plant colonisation of WR.

Keywords: afforestation, adaptative approach, spontaneous succession

Oil Sands Vegetation Cooperative (OSVC): A Collaborative Initiative for Sustainable Plant
Community Establishment
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The OSVC is an Alberta oil sands industry enterprise under the auspices of the Canadian Oil Sands Innovation Alliance
(COSIA). It addresses the numerous revegetation challenges faced by industry in attaining the goal of reestablishing diverse
functioning native plant communities on altered sites. Prior to the OSVC, plant material availability and knowledge were
limited and pursued in an ad hoc manner by individual oil sands operators. Through cooperation among members, the OSVC
aims to increase capacity of plant materials and expand and share knowledge required to optimize the use of these valuable
resources. Since 2009, the OSVC has commissioned expansive annual seed harvests and, to date, has harvested over 231 million
seeds representing 50 individual species. Development of seed orchards and stooling beds are planned to reduce reliance on
wild harvests and increase sustainability of natural refugia. Seeds are registered by, banked and deployed according to strict
Government of Alberta standards that ensure genetic fitness and adaptability. Members guide the direction of pertinent, cutting
edge research in the areas of seed science, seed storage and longevity, propagation and establishment of boreal native species.
Information is openly shared to further reach reclamation objectives. In cooperation with harvesters, Indigenous groups,
ecologists, seed scientists and nursery professionals, the OSVC has improved the supply chain from harvest to plant production.
Establishment of plants on reclaimed sites is being enhanced by building on joint successes.

Plant diversity on reclaimed mine sites using combinations of reforestation and organic
amendment approaches, in Quebec (Canada)
Alyson Gagnon, Pascal Sirois et Jean-François Boucher
Université du Québec à Chicoutimi, Québec, Canada

Mining activities generate residues during the ore concentration process which results in large tailings storage facilities in
Quebec, Canada. According to the guidelines of Quebec’s Mining act, a minimal revegetation by using grasses or shrubs is
required to reclaim tailings. It is hypothesized that the reclamation of mine tailings using planted woody species and soil organic
amendments will increase vegetation diversity, compared to the minimal requirements with sown grasses. Experimental designs
were established on tailings impoundments at Mont-Wright (iron ore, 52°46’N, 67°20’W) in 2015, and at St-Honoré (niobium
ore, 48°32’N, 71°08'W) in 2012. The objective was to determine among the different reclamation methods – combinations of
planted woody species with soil organic amendments (papermill sludge biosolids (PMS), chicken manure, or topsoil) – which
one increased the most plant community diversity on both sites, considering their respective climate contexts. Results show
that at St-Honoré, PMS mixed with topsoil enhanced the total percent plant cover, and reduced evenness (J’) and diversity (1D). Plantations of woody species had no significant effect on diversity indexes (total percent cover, S, J’, and 1-D). At MontWright, PMS mixed with chicken manure brought in the highest total plant cover, while the combination of chicken manure
with topsoil, and the single application of topsoil and PMS, resulted in the highest values of evenness (J’) and diversity (1-D).
Overall, PMS and topsoil were generally comparable as soil amendments in both mine sites studied, in their capacity to promote
plant community diversity.
Les activités minières génèrent des résidus lors du procédé de concentration du minerai, ce qui résulte en de nombreux parcs à
résidus miniers au Québec, Canada. Selon la loi sur les mines, une remise en végétation minimale avec des poacées ou des
arbustes est requise pour restaurer ces parcs. Une hypothèse est que la restauration des résidus miniers en utilisant des espèces
ligneuses et des amendements organiques pourrait établir une plus grande diversité végétale comparé à la remise en végétation
minimale exigée. Des dispositifs expérimentaux ont été mis en place sur les parcs à résidus minier du Mont-Wright (mine de
fer, 52°46’N, 67°20’O) en 2015 et de St-Honoré (mine de niobium, 48°32’N, 71°08'O) en 2012. L’objectif était de déterminer
parmi les scénarios de restauration testés - combinaisons d’amendements organiques (biosolides de papetières (BPs), fumier
de poulet et humus forestier) - lequel résultait en une diversité végétale supérieure sur les sites considérant leur contexte
climatique. Les résultats montrent qu’à St-Honoré, les BPs combinée à l’humus forestier ont augmenté le pourcentage total de
recouvrement de végétation. Les plantations d’arbres n’ont pas eu d’effet significatif sur les indices de biodiversité (pourcentage
total de recouvrement, S, J’ et 1-D). Au Mont-Wright, l’humus forestier combiné au fumier de poulets, ainsi que l’application
seule d’humus forestier et de BPs ont résulté en une équitabilité (J’) et une diversité (1-D) supérieure. En conclusion, les BPs
et l’humus forestier sont généralement comparables dans leur capacité à promouvoir l’établissement de communauté végétales
diversifiées sur les sites étudiés.

Prescribed burning as a tool to shift a reclaimed tailings storage facility dominated by agronomic grass to a
native plant community
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Mine reclamation and closure plans have historically focused on returning disturbed lands to a vegetative community, often
without consideration of the pre-existing natural vegetation, resulting in sites dominated by non-native agronomic species.
Regulatory standards and community stakeholders now place more value on ecosystem function and native biodiversity. Once
established, agronomic grass communities often dominate, restricting native species, and enter a stable state with little
successional advancement. Large scale disturbances, notably fire, have historically structured grasslands and can alter
successional trajectory. We tested the effects of prescribed burning in a 24-year old mine-reclaimed, agronomic-dominated
closed tailings storage facility as a means of shifting an agronomic community to a native grassland. A variety of factors
including fuel loads and moisture levels affect fire severity and the biotic recovery following disturbance. Our objectives were
to test the effects of prescribed burning in the field and in a controlled greenhouse experiment to assess: a) plant biodiversity;
b) soil nutrients; and c) native plant ecosystem reclamation. Fire severity was modified within the greenhouse trial at three
levels (high, moderate, low) and held constant (moderate) in the field. Fire severity adjustments were made via modifying the
fuel load and time of burning per treatment. Plant community composition shifted as a result of the burning treatment. Greater
effects were found in the greenhouse trial, likely due to better control of the burn, such that native species colonization was
observed. Our experiment provides a novel approach in mine reclamation.

Revegetation of mine sites with native flowering plants attracting pollinators
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The mining sector is searching ways to contribute to biodiversity conservation. A regional initiative was developed in
Northwestern Quebec by local operating mines and other partners aiming at favoring the reestablishment of insect pollinators.
Pollinator populations are indeed declining due to exposure to pesticides and habitat losses, among other factors. A research
project was developed to revegetate mine sites with native and pioneer flowering plants known to attract bees and butterflies.
First, a database of native flowering plants able to establish on mine sites of the Canadian boreal region and attracting pollinators
was set. This work relied on a literature review regarding flowering pioneer plants found on mine sites, roadsides, and urban
brownfields, as well as on field surveys of colonizing vegetation on regional mine sites. Second, the database results were used
to construct nine experimental settings on several mine sites. These experiments were designed in a complete block design with
four repetitions to test several treatments: standard revegetation seeding with agronomic herbaceous species and mineral
fertilizer, seeding mixture of native selected plants improved or not with an organic amendment or a nurse legume species, and
a mixture of seedlings of native selected plants. Short-term results (first growing season in 2019) of the plant establishment
success (plant cover and seedling survival) will be presented. This project opens new avenues to add ecological value to
rehabilitated mine sites.

Senegalia senegal (L.) Britton. response to microbial and manure amendments
for rehabilitation of waste rock dumps in the mining site of Essakane in Burkina
Faso
Hendi H. YONLI1,4; Godar SENE2*; Damase P. KHASA3; Kadidia B. SANON1
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Abstract
Senegalia senegal (L.) Britton. is a multipurpose and widespread mycorhizobial legume of the SubSaharan likely to colonize disturbed mining sites due to its adaptive capacity to dry lands. Multiyear
experimental trials using this species were conducted in a nursery and seedlings were outplanted on waste
rock dumps in Essakane in northeastern Burkina Faso. The inoculation of two arbuscular mycorrhizal
(AM) fungi (the native Glomus aggregatum DAOM2277128 strain and the commercial Rhizophagus
irregularis DAOM197198 strain) and one Mesorhizobium plurifarium ORS3588 strain were studied on
waste rock dumps with two doses (25 and 50%) of manure amendment to determine whether the
microbial inoculation improves the growth and survival rates of seedlings. Inoculation under manureenrich substrates did not consistently increase plant height and dry mass between treatments. The overall
trend was that plants inoculated with G. aggregatum alone or concurrently with G. intraradices and/or
Mesorhizobium plurifarium ORS3588 showed the best increase in these variables. Nevertheless, under
unamended substrates, inoculation with G. aggregatum and its combination with M. plurifarium and/or
R. irregularis significantly enhanced the root colonization rates, plant growth and survival. However,
inoculation with R. irregularis or with M. plurifarium alone did not show any increase in these
parameters, even though nodulation was significantly improved by the later treatment. Data also showed
that manure-enrich soils harbored less nodulation and root AM colonization but increased significantly
the plant growth and dry mass in both the nursery and mine field conditions. Plant survival, however,
was reduced in manure-enrich soils. Our results support the general conclusion that microbial inoculation
and manure-enrich substrates could be an option for mining site rehabilitation using S. senegal. However,
data suggested that the addition of manure amendments should be approached with caution as high rates
may induce further stress in plant symbioses and inhibit their performance in waste rock dumps.
Key words: arbuscular mycorrhizal fungi, legume nodulating rhizobia, manure amendment, Senegalia
senegal, waste rock mining, restoration

SYLVEN® and MICROLIGNUM®: innovative biotechnologies for sustainable ecosystem restoration of
industrially disturbed areas
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The mining industry is an economic engine, which contributes considerable portion in Canadian GDP and
in goods exported abroad. However, exists a serious drawback of mining industry all over the world: big
scale environment destruction by physical perturbation or contamination. Therefore, sustainable
restoration is crucial for public acceptability and successful development of the mining sector in the
country. During long time seeding with gramineae species was a common and low-cost way of mine
reclamation. This method results in creation of boreal prairie, non-native for the boreal zone. Moreover,
post-operational monitoring of seeded sites demonstrated that this method is not sustainable on the long
term because the grass cover deteriorates with time. New concept of disturbed land restoration highlights
the importance of preserving the continuity and biodiversity of natural boreal ecosystems with all their
functions and resilience. From this point, it is important to find the technologies, which will optimise and
accelerate the natural ecosystem regeneration processes on disturbed areas.
The last 4 years, Viridis Terra has been invested in R&D for the development of new patent-pending
technologies called SYLVEN® and MICROLIGNUM® accelerating ecological restoration by emulation of
natural succession. These biotechnologies allow the establishment of natural ecosystems with highdensity indigenous tree and shrub communities on industrially disturbed lands. The technology consists of
direct sewing of arborescent species and introduction of living woody material on disturbed sites such as:
waste rock impoundment, fine tailings, overburden and sand with or without heavy metal contamination
and acid mine drainage. During this presentation, we will present the results of some projects in Canada,
where SYLVEN® and MICROLIGNUM® technologies were applied.

Thinking about the future: why setting closure objectives early is important. Agnico Eagle’s
approach to closure and rehabilitation.
Josée Noël1
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Agnico Eagle celebrated its 60th anniversary in 2017. Long lasting companies in the mining business can be proud of their
achievement. But having been active for a long time also enhances the probabilities of having to manage legacy sites, which is
the case for Agnico Eagle. The company began its activities in Cobalt, Ontario, mining silver from 1957 to 1989; then operated
the Eagle-Telbel gold mine in Joutel, Québec, from 1974 to 1993. Based on the experience of its legacy sites, and on the
different trends in mine closure and rehabilitation developed since the 1990’s, Agnico Eagle developed a vision and corporate
standards for thinking, planning, developing and realizing successful mine closure and rehabilitation. The presentation will put
the emphasis on the importance of closure objectives and integrated early planning and design for closure. Examples of how
these principles are applied to past and current projects will be discussed.
Suggested Topic & Theme: Policy and Planning; Setting appropriate goals

Beyond habitat protection: Restoring, rewilding, and bear-human conflict prevention to improve
landscape level connectivity for grizzly bears
Kali Becher1
1
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Based in Missoula, Montana, The Vital Ground Foundation is a land trust focused on protecting private lands that connect
larger wild strongholds, building lifelines for grizzlies and all things wild. We also work outside of the traditional land trust
model of land protection; this talk will cover two case studies focused on how we collaborate with other organizations to rewild
and restore habitat and the importance of supporting community led efforts to prevent conflicts between bears and humans, key
aspects of improving overall habitat permeability. Through protecting and improving these connections, species can move more
easily across the landscape, whether to access different food sources seasonally or to expand their range into different
ecosystems.
The first case study focuses on a project in a key corridor connecting genetically isolated grizzly bear populations near a rural
town in northwest Montana. The property is a partially developed subdivision and an old homestead. Our efforts at the property
are focused on removing the existing developments and restoring the highly altered ecosystems - including forests, grasslands,
and riparian areas - in order to benefit habitat connectivity for multiple species. We’ll discuss opportunities as well as challenges
faced as part of this project. The second case study focuses on our work to support living with wildlife practices and increase
social tolerance for grizzly bears, examples of the social aspects of rewilding. As grizzly bears’ range expands and distinct
populations are connected, they will need to pass through more developed valleys, increasing the risk for conflicts.

Mitigating Road Corridor Habitat Connectivity Barriers for Increased Terrestrial Ecosystem Climate
Change Resilience: a pilot project in Vermont
Author:
Paul Marangelo; Senior Conservation Ecologist; The Nature Conservancy – Vermont Chapter, 575
Stonecutters Way, Montpelier, VT 05602; 802-2229-4425x119; pmarangelo@tnc.org
Maintaining and restoring regional-scale habitat connectivity is a frequently cited strategy for promoting
climate adaptation for terrestrial biodiversity, as many taxa will need to respond to anthropogenic
warming by attempting large scale range expansions across a network of connected habitats otherwise
intersected and fragmented by road corridors and associated land uses. The Staying Connected
Initiative (SCI) has worked since 2009 to address landscape-scale connectivity conservation needs across
the bi-national Acadian/Northern Appalachian ecoregion by developing multiple approaches to conserve
a network of connected habitat. In Vermont, SCI is now increasingly focused on implementing on-theground connectivity restoration projects, both to ameliorate road corridor fragmentation to increase
terrestrial climate resilience and connectedness and, with a primarily focus on wide-ranging terrestrial
species, improve individual-level habitat access needs. Towards this end, SCI has initiated a pilot project
to enhance/restore connectivity across a busy state highway in Vermont. By combining site-scale road
infrastructure modification with habitat restoration techniques such as reforestation, wetland
creation/restoration, and hedgerow planting , the project seeks to 1) restore site-scale connectivity
across a road corridor through habitat enhancement and modification of existing bridges and culverts;
and 2) incorporate additional values (flood resilience and water quality) to engender broad-based
project support amongst interested local parties. Relying on a novel integration of theory from a coarsefilter terrestrial climate change resilience framework with site-scale taxa-oriented project design
considerations, the project demonstrates an approach to ameliorate connectivity fragmentation from
road-corridors to better connect habitat networks capable of supporting climate-related range
expansion needs of multiple taxa.

Models, Monitoring, and Migratory Monarchs
Karen S. Oberhauser
University of Wisconsin-Madison, USA
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Monarch butterflies (Danaus plexippus) have undergone considerable population declines over the past decade, and the
governments of Mexico, Canada, and the United States, as well as conservation organizations and concerned individuals are
working to conserve the migratory phenomenon of this charismatic insect. Given limited resources, understanding where to
focus conservation action is key for widespread, migratory species like monarchs. Multiple monitoring efforts, many of them
citizen science projects, have resulted in data that can be used to address this need. Models that assess factors that are likely
to be driving monarch numbers suggest that habitat loss and temperature conditions in the breeding range are the most
important drivers of the eastern North American monarch population, although other factors throughout the migratory cycle
are also likely to contribute to population variation. To support planning for continental-scale monarch habitat restoration, my
colleagues and I used a spatially explicit demographic model that simulates the multi-generational annual cycle of the eastern
monarch (see figure). Improving monarch habitat in the north central or southern parts of the monarch range yields a slightly
greater increase in the population growth rate than restoration in other regions. However, combining restoration efforts across
multiple regions yields positive population growth with smaller simulated improvements in habitat per region than singleregion strategies. These findings suggest that conservation investment in projects across the full monarch range will be more
effective than focusing on one or a few regions, and will require international cooperation across many land use categories.

Restoring and conserving connectivity in Canada
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While Canada contains some of the world’s last areas of wilderness, the southern region of the country has been significantly
altered by habitat conversion and fragmentation. Loss of connectivity is impacting ecological functions, increasing the
extinction risk of threatened and wide-ranging wildlife, and limiting the capacity of species and ecosystems to adapt to climate
change. Protecting and restoring connectivity in southern Canada is critical to maintain biodiversity nationally and in adjacent
regions of the U.S. Our recent analysis of terrestrial connectivity across southern Canada and the northern U.S. supports
conservation efforts by highlighting corridors between existing protected areas and large habitat blocks. Many of these key
areas for connectivity are well-known (such as Yellowstone to Yukon), but other important sites currently have a limited
conservation response. The results of our analysis will be presented along with several case studies of on-going efforts to restore
and conserve ecological corridors. These case studies from across Canada include connectivity projects that will maintain
wildlife migrations, reduce in-breeding, and facilitate range shifts. The case studies will each include a summary of lessonslearned and suggested best practices for the planning and implementation of connectivity conservation and restoration in
Canada including ecological, social and political factors.

Ecology and Management of Lowland Northern White-Cedar
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Northern white-cedar (Thuja occidentalis L.) is a common tree throughout northeastern and north-central U.S. and adjacent
Canada. Though a minor component of upland forests, cedar is a dominant species on lowland swamps and seeps with moving
groundwater. Yet over-browsing by white-tailed deer (Odocoileus virginianus), competition from other trees and shrubs, and
harvesting to meet commercial demand for cedar products have caused undesired species shifts. Our investigations of lowland
cedar revealed characteristics important to compositional and structural sustainability. These sites typically have water table at
or near the surface, organic soils, pronounced microtopography, highly decayed downed logs, and a moss-covered forest floor.
These attributes facilitate cedar regeneration and growth through seed germination and branch layering (rooting).
Based on our observations, we are evaluating the potential of irregular shelterwood cutting (thinning and small gaps) for
sustainable management of lowland cedar. Construction of permeable roads, winter harvesting, designating machinery trails in
areas of low microtopography, avoiding damage to residual trees and downed logs, and laying tree tops and branches in trails
are recommended. Where regeneration must be supplemented, seedlings should be planted on elevated microsites and protected
from browsing. Mechanical (brushsaw) regeneration release is warranted if competition is high. In all cases, some proportion
of overstory cedar trees should be retained for multiple rotations for seed and ecological memory. In areas where cedar is
uncommon or deer populations are high, harvests are unlikely to have favorable outcomes.

Photo: Excavation of small cedar in
swamps and seeps in Maine, Vermont,
and Michigan, U.S. revealed that many
originated as layers (rooted branches) of
seedlings and saplings pushed down by
ice and snow. In this photo, researchers
hold 7 stems (shown by yellow flagging)
that appeared to be separate seedlings
when viewed aboveground, but which
originated from rooted branches of a
single buried sapling. Sites on which
asexual reproduction predominates are
unlikely to successfully regenerate if
silvicultural methods are oriented toward
seed germination only.

Modifying Hydrologic Management of Arkansas Game and Fish Commission Greentree
Reservoirs for Long-term Habitat Sustainability
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Bottomland hardwood forests (BLH) once were the dominant landcover in wetlands of the southeastern United States.
Historical coverage in the lower Mississippi River Alluvial Valley (MAV) was estimated at 19-25 million acres, but these
habitats have been reduced by about 75% today. Mallards evolved to respond to the natural hydrologic pattern of variable BLH
flooding in late fall and early winter. Early conservationists – primarily duck hunters – saw value in these unique wetland
habitats. In the 1930s, landowners around Stuttgart, Arkansas, created the first greentree reservoirs (GTRs) by constructing
levees to consistently provide waterfowl habitat and hunting opportunity. The Arkansas Game and Fish Commission (AGFC)
constructed GTRs assuming their management imitated natural flooding and would not have negative impacts on plant
communities. Research now highlights negative effects as a result of the artificial hydroperiods created by GTR management,
including increased overstory tree mortality and low regeneration rates of seedlings and saplings of desirable species. Current
GTR evaluation, restoration and management planning has shifted focus to the emulation of natural hydrologic regimes across
a complex of wetlands rather than providing consistent public hunting opportunity at the expense of long-term system integrity.
Our GTR evaluation team has focused on analyzing individual GTR infrastructure, management and ecological setting. We are
using hydrogeomorphic analysis principles to define forest communities based on forest inventory plot data assigned to
elevation using LiDAR imagery. We can relate inundation levels to forest communities in order to adapt restoration and future
management to the requirements of key species and communities.

Multi-objective conservation and restoration planning in urban landscapes
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Human activities have led to the degradation of wetlands, impinging on their capacity to deliver essential ecosystem services
to society. Wetland restoration now appears as an essential strategy to recover the supply of these ecosystem services,
particularly in regions of high agricultural or urban development. The cost and limited resources available for restoration call
for cost-efficient systematic planning approaches. Here, we aimed to develop a framework to prioritize wetlands for
protection and restoration accounting for their complementary roles at maintaining ecosystem services to local beneficiaries
in the agglomeration of Quebec City, Qc, Canada. We quantified anthropogenic pressures within existent wetlands and used
those to estimate restoration costs. We modeled the supply and demand of nine key ecosystem services associated with
wetlands. As additional sites for restoration, we mapped historical wetlands that were fully converted to other land uses over
time, using Landsat images. Using the systematic planning software Marxan, we prioritized sites to achieve a range of
conservation targets. We show how restoration can help, or even allow, meeting conservation targets. Despite higher costs
compared to protection, restoration was part of optimized solutions, substituting protection interventions of pristine sites.
These results highlight the importance of considering cost-benefit ratios of the different conservation interventions
(protection VS restoration), as well as the demand for ecosystem services by society. Finally, we show how keeping a dual
perspective on restoration priorities, by accounting for both their intrinsic value and cost-efficient complementary role within
an integrated plan, brings more transparency to prioritization outcomes.

Point Pelee National Park Marsh Restoration
(The Open Marsh, Healthy Marsh Partnership)
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Established in 1918, Point Pelee National Park is located in Southwestern Ontario and consists of 15 km2 mainland peninsula
as well as Middle Island (18.5 hectares). The park is home to over 60 federally listed species at risk. Approximately 72% of
the park’s mainland is comprised of marsh habitat and 19 species at risk are dependent upon its continued presence. Since the
late 1950s, the overall percentage of open water habitat in the marsh has decreased by 10 percent (100 hectares) due to habitat
alterations, reducing overall habitat biodiversity for all marsh species, including species at risk.
The objective of this project is to increase open water and edge habitats in the marsh through removal of invasive floating
cattail mats and invasive Phragmites to restore habitat diversity for species at risk where the park can influence recovery.
Planning involved an Open Standards workshop to review threats to the marsh and develop a Community of Practice on marsh
management, as well as contacting wetland managers from various organizations within Canada and the USA to discuss
management methods. This process provided a foundation for the project’s conservation and restoration planning.
The park is proposing to use an aquatic vegetation cutter and aquatic weed harvester to recreate open water areas, and use “cut
to drown” techniques and herbicide application for treatment of Phragmites in species at risk areas of concern. As such,
preliminary management of Phragmites began in summer 2020, expanding on previous small-scale Phragmites removal work
within the park, and will continue as the project proceeds. Creation of open water areas in order to increase habitat diversity
within the marsh will proceed in 2021.

A tool to assess and restore multiple ecosystem functions
and services in human-impacted ecosystems
Kierann Santala1, Françoise Cardou1, Denys Yemshanov1, Isabelle Aubin1& coll.
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Successful restoration must address multiple goals for ecosystem service delivery and ecosystem functionality. This is
particularly true in highly impacted socio-ecological systems, such as industrial landscapes, where practitioners aim to kickstart ecosystem recovery towards desired ecosystem states by balancing local ecological imperatives, uncertainty associated
with climate change and the socio-economic and environmental values of stakeholders. We present a tool to assist managers in
developing restoration strategies that can accommodate these multiple goals. We use the case of Cu-Ni smelter damaged forests
of Sudbury (Canada) to demonstrate how this tool allows managers to identify species mixtures that optimize the delivery of
targeted ecological functions and services, as captured by functional traits, under a set of economic and logistical constraints.
Following a plant community engineering approach, we use an economic optimization model to generate different costeffective combinations of species that optimise desired restoration goals. These virtual plant assemblages can serve as a
“thinking tool” to inform planting strategies.
What should we plant now so future forests will provide the desired ecosystem services? In the Sudbury system, stakeholders
prioritized a range of ecosystem services that included rapid vegetation cover growth and soil building. Importantly, the weight
attributed to each ecological goal or economic constraint led to contrasted optimal plant assemblages. This finding demonstrates
the need to balance competing objectives in developing species mixtures for restoration, and functional traits can help us capture
these tradeoffs. We discuss potential application of this approach to other socio-economic systems.

Closing forest roads to restore caribou habitat: assessing the effects on boreal caribou, alternate
prey and predators
Mathieu Leblond1, Rebecca Lacerte2, Martin-Hugues St-Laurent2
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Anthropogenic activities and their impacts on boreal caribou have received considerable attention from wildlife ecologists for
more than two decades. A general consensus emerging from this body of knowledge is that concrete actions such as active
habitat restoration will be required if we hope to save dwindling caribou populations living in heavily disturbed areas. In some
regions of eastern Canada, intensive forestry activities have led to the creation of dense forest road networks, which predators
such as wolves often use to efficiently patrol caribou ranges. In collaboration with the Essipit First Nation, we evaluated the
efficacy of 4 forest road treatments to restore caribou habitat in Akumunan, east of the Saguenay region, Québec, Canada.
Preliminary results suggest that 3 years after treatment, closed roads planted with spruce trees had a higher density of
herbaceous plants compared to roads that were only closed to traffic. Interestingly, environmental conditions surrounding
treated sites seemed to have a strong effect on regeneration, potentially more than treatments per se. A network of 230 game
cameras installed across our experimental design also allowed us to evaluate use of closed forest roads by boreal caribou, grey
wolves, black bears, and moose; these results will be discussed during the presentation. Results from this study will help to
identify efficient strategies to forest road restoration in regions where forestry activities are believed to be the main driver of
boreal caribou declines.

Defining and quantifying the reclamation and restoration economy in Alberta
Nicolas Mansuy 1
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Achieving restoration targets may not be possible without a significant impact on economic activities coming energy, mining
and forestry companies that currently contribute to landscape degradation and landscape fragmentation. However, missing from
this debate has been a detailed accounting of the economic output and jobs that are actually created through restoration and
reclamations activities. In order to fill these gaps, we have developed and conducted a survey to define and quantify the
reclamation and restoration (R&R) economy using the province of Alberta as pilot study. The survey composed of 22 questions
was circulated among the restoration practitioners in the province such as extractives industries, private consultants, academia,
federal and provincial governments as well as NGO’s. The specifics goals of the survey was to have a better understanding
of the revenues, expenditures, and the jobs for each type of R&R activities as well as identify the keys players in the supply
chain. The presentation will highlight the preliminary results as well as the challenges of conducting such project. The study
will also help demonstrate the critical role of reclamation and restoration in ensuring that Alberta can achieve sustainable
resource development and multifunctional landscape.

Is mounding contributing to the successful restoration of seismic lines in the in-situ oil and gas
landscape in Alberta, Canada?
Jaime Pinzon1, Anna Dabros1, Dani Degenhardt1, Katalijn MacAfee1
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The oil and gas exploration leaves a significant footprint on the landscape, predominantly in much of northern Alberta, where
thousands of kilometers of seismic lines dissect various ecosystems throughout the boreal forest. In particular, treed peatlands
are of interest, as natural recovery is minimal, having an important contribution to forest fragmentation. Efforts are in place for
mitigating this footprint through human intervention, with the expectation that treatments will successfully restore disturbed
sites. Mounding is a commonly used technique and the objective of this study is to assess early responses following treatment
application and provide knowledge on whether it contributes to improving site conditions. Environmental and biodiversity data
were collected from two areas in which mounding has been applied, with additional data from untreated sites and the adjacent
undisturbed forest. Results show that mounding increased topography and influenced ground temperature and moisture,
providing better conditions for natural regeneration and establishment of planted tree seedlings. In terms of biodiversity,
mounding influenced species composition compared to untreated sites; however, assemblages in treated areas were also
different from those typical of undisturbed conditions. Given the short time post-treatment at these sites (0-6 years), it is still
too early to provide evidence of successful restoration, and therefore long-term monitoring is necessary to evaluate recovery
trajectories and provide an assessment on whether this technique is effective for restoring linear disturbances. Nonetheless,
these results are relevant as they contribute to a better understanding of short-term effects following mounding and inform the
industry about restoration efforts.

Example views of treated (left) and untreated (right) lines in a treed peatland south of Grande Prairie, AB. Lines at this
location were mounded in the winter of 2018-2019. Tree seedlings were planted and seeded pucks installed in the summer
of 2019. Note the shallow water table on both images, and the raised substrate resulting from the ground preparation (left).
Data loggers (center of each image) were installed to monitor ground temperature and volumetric water content; additional
loggers were installed in the adjacent forest. Vegetation quadrats and pitfall traps were used to assess the composition of
vascular and non-vascular plants, and ground invertebrates, respectively, at each treated, untreated and forested sites.

Knowledge extension on techniques for active restoration in response to cumulative impacts to
caribou habitat
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Boreal Caribou, an iconic species in Canada’s boreal forest, are facing numerous threats that have resulted in population
declines across its ranges. Threats include anthropogenic disturbances such as extractive natural resource development and
forestry. This is compounded by the increasing impacts of climate change. All these factors combined, also known as
cumulative effects, have a detrimental impact on caribou habitat, as well as caribou conservation and recovery.
Efforts are underway to develop tools and techniques to improve return to forest cover of disturbed sites, especially in Alberta’s
oil sands region with the ultimate goal of improving caribou habitat. The extent of legacy disturbances in the boreal forest is
vast, however, and if forest habitat restoration objectives are to be met at landscape scale, there is a need to significantly build
workforce capacity. In addition, participation in habitat restoration is of specific interest to indigenous communities.
We present several restoration tools and techniques and novel ways to share this information with end-users, such as land
managers and reclamation workers. We’ll be highlighting industry-led successes, as well as strong collaborative initiatives to
move the yardstick when it comes to successful restoration and its role in caribou habitat improvement.
Lastly, we will provide some examples of successful restoration examples, that will clearly outline the difference in restoration
techniques, based on site conditions and intended outcomes.

Preferred Presentation Format: oral presentation
Presentation Title: Timber harvesting and climate change are predicted to reduce
future habitat suitability for boreal caribou in Quebec
Authors: Yan Boulanger, Mathieu Leblond, Jesus Pascual Puigdevall & Martin-Hugues
St-Laurent

Abstract: Most boreal populations of woodland caribou in Canada are declining. These
declines are likely the result of widespread anthropogenic pressures, yet climate change is
expected to exert an increasingly negative influence on caribou populations in the coming
decades. It is still unclear how human activities and climate change will influence habitat
suitability for caribou at the supra-regional scale, and how important these agents will be
relative to each other. In this study, we modelled boreal caribou habitat suitability across
most of the commercial forest in Quebec for the period 2020-2100 under three climate
scenarios (baseline, Representative Concentration Pathways [RCP] 4.5 and 8.5) and two
harvest scenarios (no harvest and ecosystem-based forest management) using the
LANDIS-II forest landscape model. Our analyses showed that timber harvesting was the
dominant agent explaining future variations in habitat suitability in Quebec, although
climate change is also expected to decrease habitat suitability, especially under RCP 8.5.
Climate-induced decreases in habitat suitability were mostly related to an increase in
natural disturbances at the expense of old conifer and mixed stands. Caribou habitat
suitability by 2100 also varied spatially, with the northeastern part of the study area
appearing as a potential “cluster” of suitable habitat for caribou regardless of climate and
harvest scenarios. Slowing down harvest activities in areas where habitat suitability is
currently high could contribute to maintain high habitat suitability even under more intense
climate change scenarios. Our results also suggest that regions with currently very low
habitat suitability may not improve unless active habitat restoration is performed.

Keywords: Climate change, forest landscape model, Quebec, woodland caribou, habitat
suitability
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Situated in the Peace River region of northeastern British Columbia, Canada, Blueberry River First Nations (BRFN) is an
Indigenous community that is prioritizing reciprocal restoration on their traditional lands that extend over 3.8 million hectares.
There is a heavy presence of industrial activity on the landscape going back decades, including land degradation and legacy
sites from forestry, agriculture, and oil and gas development. BRFN is developing a restoration framework to identify and
prioritize community areas for restoration across the landscape to maintain the well-being and cultural continuity of the
community and revitalize fragmented and critical ecosystems. This includes establishing evidence-based thresholds for
ecosystem recovery and identifying priority areas for restoration across the landscape.
Our presentation will showcase three BRFN restoration projects and identify how they fit into the proposed restoration
framework. Critical to our success is establishing partnerships among industry, Indigenous governments, other levels of
government, land users, and non-profits. We will demonstrate our framework planning process and identify preliminary
obstacles such as funding limitations along with how the framework will work with complementary processes such as regional
land management planning initiatives. Indigenous communities are leaders in so-called “voluntary” restoration efforts, that is,
restoration projects not mandated by current legislation; sharing knowledge and experience will grow the broader network of
restoration practitioners who work in and with Indigenous communities.

Chiixuu Tll iinasdll: Indigenous Leadership and Collaborations Foster Ecological Restoration for
People and Place in Gwaii Haanas
Lynn C. Lee1, Gwiisihlgaa Daniel McNeill2, Pauline Ridings3, Mike Featherstone4, Daniel K. Okamoto5, Nathan B. Spindel5,
Aaron W. E. Galloway6, Gary W. Saunders7, Emily M. Adamczyk8, Luba Reshitnyk9, Ondine Pontier9, Miranda Post1, Robyn
Irvine1, Gulxa taa’a gaagii ng.aang Nadine Wilson1 and SGiids Kung Vanessa Bellis2
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Indigenous societies and governance systems worldwide are based on relationships, knowledge and practices reflecting a
deep history of interdependence between people and place that sustains biological and cultural diversity. Using the Chiixuu
Tll iinasdll kelp forest restoration project along 3-kilometers of coastline in Gwaii Haanas National Park Reserve, National
Marine Conservation Area Reserve, and Haida Heritage Site, in Haida Gwaii, British Columbia, Canada, we demonstrate
how Indigenous leadership and collaborations can restore balance in social-ecological relationships while advancing
conservation and restoration goals. Here, relationships between indigenous Haida, sea otters, and ecosystems adapted and
persisted for millennia until the maritime fur trade disrupted Haida culture and extirpated sea otters almost 200 years ago.
Loss of sea otters, voracious shellfish predators, freed macroinvertebrates from top-down control. Kelp forests today are
diminished in abundance, depth and area from intense grazing by hyperabundant urchins, impacting marine ecosystems,
species at risk, and culturally important species by reducing habitat, primary productivity and coastal protection. We
mimicked sea otter predation by removing and cracking >75% of urchins on site, providing traditional foods, guuding.ngaay
(red urchin) and styuu (green urchin), to Haida communities. Subtidal monitoring showed remarkable increase in kelp depth
and density 6-9 months post-restoration, yet great year-to-year variation, highlighting importance of continued maintenance
and monitoring to understand ecosystem dynamics. We also demonstrated correlations between urchin removals and
increased red urchin growth rates, gonad mass, and metabolism. Gwaii Haanas’ cooperative management partners offer a
transformative path forward in conservation and restoration for and by local communities.

Combining Indigenous and Western Science Approaches to Restore Grassy Balds in the San Juan
Archipelago, Washington State
Sarah Wheatley1
1

Samish Indian Nation Department of Natural Resources, USA

The Samish Indian Nation Department of Natural Resources works with Washington State Department of Natural Resources,
Skagit Land Trust, Washington Conservation Corps, and Samish Tribal citizens to restore grassy bald ecosystems in the San
Juan Islands. Grassy balds and prairies are rare in western Washington due to early conversion to European agriculture; the
remaining sites are threatened by conifer encroachment due to lack of maintenance by clearing and burning. With Samish
culture and Indigenous science as a guide, this project quantifies the ecological integrity of these ecosystems and uses the
data to inform strategic restoration.
We used the Ecological Integrity Assessment (EIA) format, which consists of three “levels” designed to help prioritize
restoration efforts where they are most likely to succeed. First, remote sensing is used to locate areas of interest. Second, a
rapid assessment is performed in each identified area to determine broad-scale characteristics. Using data from this rapid
assessment, areas with the best potential for restoration are chosen. Third, these areas are assessed using a detailed,
quantitative method appropriate to the ecosystem.
For each bald selected using the EIA method, we created and followed a site-specific restoration plan. Early monitoring
shows success in each restored site. Plans for continued restoration and research include post-restoration monitoring;
expansion to other balds and prairies; and sharing knowledge back to the greater Samish community and partners.
This project demonstrates that the use of scalable, practical, standardized research methods, Indigenous management
priorities, and interagency collaboration can lead to successful restoration of imperiled ecosystems.

Indigenous and TEK-Led Restoration Enables Survival At Present Through Addressing of Past
Damages: Case of Finland
Tero Mustonen1, Pauliina Feodoroff1, Kaisu Mustonen1
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Background
Climate change is affecting the Sámi disproportionally worse than other regions of the world. Given that Sámi economies and
livelihoods as well as culture are all fully dependent on reliable cryosphere (snow and ice) conditions and safety, climate
change that warms up the North boreal ecosystems has cascading local and regional impacts.
This is why the Skolt Sámi living in NE Finland have joined forces with Snowchange Cooperative and their Landscape
Rewilding Programme to rewild critically important habitats to increase resilience.
Objectives
In this paper we review success and failures of the first five years of Landscape Rewilding Programme in Sápmi, Sámi
homeland. We demonstrate how Indigenous knowledge- led rewilding of both aquatic and terrestrial ecosystems has been
able to respond to climate change impacts and paves a road ahead on survival under rapid changes.
Methods
We explain success by identifying river Vainosjoki, subject to man-made alterations in 1960s to 1970s as a fully restored
ecosystem using Sámi knowledge. Secondly we review community-based observations and expanding the work to boreal
peatlands and forests to increase land-based ecosystem actions. Ecosystem baselines are explored using oral histories,
cultural indicators and culturally-appropriate land use and occupancy mapping.
Results
We demonstrate how salmonid fish spawning locations and juvenile fish habitats become healthy through Indigenous led
restoration.
Conclusion
Landscape Rewilding Programme seems to deliver on those most critical aspects involved in restoration – engaging in
practical terms with Indigenous knowledge as led by Indigenous peoples AND delivering in scale new solutions to an urgent
problem.

Swinomish Place-based Science, Culture, and Environmental Education: A
Swinomish Approach to Environmental and Resource Issues
Todd Mitchell & Karen J.R. Mitchell
The Swinomish People have long standing traditions of protecting, honoring, and
thanking Mother Earth for the gifts that nourish our people. The culture of the Tribe is
intrinsically tied to the health of the environment that sustains the habitat for our
important natural resources and the cultural practices they support. While some of our
work is directed at addressing immediate and specific environmental or ecological
concerns, our objectives focus on the long-view of sustaining the Swinomish culture.
We use the place-based knowledge and indigenous science of our ancestors combined
with scientific research to develop innovative ways to protect our resources not just
for now but for the next seven generations. For Swinomish, it is not enough to simply
work for the survival of a species or habitat: we strive to protect and preserve
resources and their place in Swinomish culture.
This presentation will discuss: what is place-based science, traditional ecological
knowledge, and indigenous science; how that ancestral knowledge from our elders is
collected, used and protected through data stewardship and sovereignty; using that
knowledge that practices honorable community engagement within the tribe and with
collaborators and allies; the connection of Swinomish culture to our lands,
environment, and treaty-reserved rights; case study(s) of Tribally designed and lead
placed based-science, research, and habitat restoration on the Swinomish
Reservation; our environmental education efforts of bringing Swinomish specific
indigenous science curriculum to the Tribal youth in the Community.

Walking on two legs: a pathway of Indigenous restoration and reconciliation in fire-adapted landscapes
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Worldwide, Indigenous peoples are leading the revitalization of their cultural systems and practices as well as the restoration
of ecosystems in which they are based. At the same time, a major driver of ecological restoration, particularly throughout
western North America, is the recent and rapid increase in the socio-economic and ecological impacts associated with ‘megafires’. As such, ecological restoration is increasingly promoted alongside conservation as key for achieving multiple
biodiversity and human wellbeing objectives and is now seen as a global policy priority. However, while there is increasing
recognition of the important roles of Indigenous peoples in achieving global conservation targets, we argue that the critical and
active roles of Indigenous peoples in advancing the theory and practice of ecological restoration have received insufficient
attention. Drawing on our diverse experiences conducting research with and for (our) Indigenous communities in British
Columbia (BC), Canada, we will present the framework of ‘walking on two legs’ to guide restoration scientists and practitioners
in upholding respectful and reciprocal relationships with Indigenous peoples, and to advance a paradigm shift towards
Indigenous-centred and Indigenous-led restoration. Situating our discussions in interior BC and the traditional territory of the
Secwepemc Nation, Secwepemcul’ecw, we consider how this framework could be applied to scale up restoration initiatives
and ‘restory’ these fire-adapted and fire-affected landscapes. Finally, we will explore how these shifts towards Indigenous
restoration paradigms offer an opportunity to advance reconciliation with Indigenous peoples, revitalize Indigenous knowledge
systems and decolonize restoration.

Improving and verifying ecological restoration outcomes: Recently published EPA guidance
Judith Schofield1, Louis Blume2, Molly Middlebrook Amos1, Craig Palmer1, Brick Fevold1, Elizabeth Benjamin, and Tim
Lewis1
2
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Ecological restoration practitioners face unique challenges associated with controlling and documenting the quality of
ecological monitoring data that are used to 1) define pre-restoration conditions, 2) implement restoration activities correctly,
and 3) assess post-restoration success. The U.S. Environmental Protection Agency and the Interagency Ecological
Restoration Quality Committee are pleased to announce the recent publication of the Application of Quality Assurance and
Quality Control Principles to Ecological Restoration Project Monitoring (EPA-905-K19-001, April 2019) to address these
unique challenges and improve project outcomes.
This guidance is intended to assist ecological restoration practitioners with developing and implementing effective QA/QC
strategies. If designed and implemented properly, these QA/QC strategies can improve the quality of the data collected,
increase the certainty of project decision making, and ultimately save time and money. This document provides guidance on
how to 1) apply basic QA/QC concepts, 2) establish quality goals and objectives, 3) implement QA/QC practices to achieve
quality objectives, 4) monitor the quality of data collection activities, 5) verify and validate the quality of data collected, 6)
incorporate quality management principles into data analysis and reporting activities, 7) apply adaptive management
approaches, and 8) implement best practices for information management.
This presentation will provide an overview of the guidance document and introduce key concepts to control and document
the quality of ecological monitoring data to support sound decisions.

International principles and standards for the practice of ecological restoration: an overview
James G. Hallett1
1
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Ecological restoration is recognized as a global imperative for reversing environmental degradation. When implemented
effectively, restoration can deliver ecosystem services, benefit people and their local communities, enhance biodiversity, and
support mitigation and adaptation to climate change. Declaration of 2021-2030 as the UN Decade on Ecosystem Restoration
challenges all of us to ensure the promise of restoration. Although many restoration projects achieve their goals, a significant
number of projects are not successful in delivering desired outcomes. Many factors contribute to the effectiveness of restoration
including design, implementation, and monitoring of projects, as well as an understanding of ecosystem dynamics. To provide
a framework for achieving desired outcomes of restoration projects, SER published its International Standards for the Practice
of Ecological Restoration in 2016, and a revised edition in 2019 followed extensive international consultation. The revised
Standards articulate eight core principles for ecological restoration, incorporate concepts related to traditional ecological
knowledge, describe the process of creating reference models, and introduce a social benefits wheel to accompany the existing
ecological recovery wheel – enabling practitioners and decision makers to assess the ecological and social benefits of
restoration. The Standards also identify the relationship between ecological restoration and other restorative activities through
the “restorative continuum.” The SER Standards offer a framework to help individual restoration projects as well as global
restoration initiatives achieve their intended goals while addressing the many challenges for effective implementation.

Determining Restoration Potential within Protected Areas in Haliburton County, Ontario
Robert Monico1
Sustainability Studies Graduate Program, Trent University, Canada

In Canada, protected areas become established to preserve both natural and cultural heritage. Ecological restoration
helps the managers of protected areas respond to challenges presented by climate change impacts, and other factors that
threaten ecological integrity. Many protected areas require restoration on sections of the property, due to previous land use.
Ecological Land Trusts which manage properties face the problem of restoration needs that arose before they managed their
protected areas and need to prioritize those projects. This is relevant to community organizations, such as the Haliburton
Highlands Land Trust (HHLT), as it works to secure areas of ecological significance and protect lands to assist in the
biodiversity crisis.
The objective of this project is to develop criteria that can be used to determine and assess the potential for
restoration projects within protected areas. The criteria will allow restoration priorities to be identified in terms of need and
potential success. The criteria could also be used as a preliminary screen for auditing restoration actions in a protected area.
The project involves conducting document reviews, interviews with restoration practitioners, and hosting a focus group with
the HHLT directors to evaluate the results of these methods by testing the applicability in Haliburton with one of their
protected areas. The results of these interviews and focus group will be used to gain insight from their experience assessing
various methods, tools and techniques focusing on the restoration wheels shown in the SER International Principles and
Standards for the Practice of Ecological Restoration, Second Edition.

Understanding and using the Ecological Recovery and Social Benefits Wheels from the
SER Standards
Alexis Gibson1 and Bethanie Walder1
1
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High-quality restoration projects seek the greatest level of recovery possible and aim to engage stakeholders in the
process; however, movement towards ecological and social goals may be slow and difficult visualize or
communicate. To give practitioners, land managers, and regulatory authorities a tool to visualize changes across
ecological and social factors, the Ecological Recovery Wheel and Social Benefits Wheel are part of the SER
International Principles and Standards for the Practice of Ecological Restoration. Both wheels are based on a fivestar rating system and can serve as a method to track and visualize progress relative to baseline conditions
simultaneously across multiple ecological or social attributes. The wheels offer a flexible system for interpreting
monitoring data that is consistent across projects and easily shared with stakeholders or funders. Importantly, the
wheels can be adapted to include relevant factors of interest in a restoration project or for work in any ecosystem. In
this presentation, we will expand on the ways these tools can be used, best practices for using the five-star system,
and discuss available options for developing wheels using your own data.

Environmental Policy Tensions Between the Vietnamese State and
Upland Ethnic Minority Livelihoods
Patrick Slack1
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In Socialist Vietnam, the state is increasingly imposing environmental reform through ecological restoration and protection
programs. Upland ethnic minorities in northern Vietnam have been increasingly subjected to interventions ranging from
afforestation/reforestation, agricultural intensification, and market integration for the past three decades. State policies have
aimed to ‘modernise’ or ‘enlighten’ ethnic minorities and their ‘backwards’ livelihood practices with the façade of addressing
poverty, food insecurity, and environmental degradation (Michaud, 2009; McElwee, 2016). One policy, funded by the German
development agency (GIZ) and initiated in 2015, established a nature reserve, while also funding village-level forest patrols,
restricting non-timber forest product cultivation, and promoting alternative income sources (including silviculture), aiming to
protect old growth forests for natural succession. However, the establishment of this reserve and other provincial government
policies have ended up limiting a key livelihood strategy (the cultivation of black cardamom) that ethnic minority farmers have
used to fund much of their modernised life and have arguably improved closed-canopy forest cover doing so (Turner and Pham,
2015; Slack, 2019). In addition to these policies, extreme weather events have devastated this crop, leaving farmers vulnerable
and without reliable income sources. Rooted in four months of ethnographic fieldwork during 2018 around the new forest
reserve in Lào Cai province, I aim to explore the forest policy tensions that have arisen in these borderlands. In this paper, I
highlight the local conflicts that have precipitated, the increasingly vulnerable livelihood security that upland ethnic minorities
are subjected to, and the duality of community perceptions regarding forest policies.

Québec RE3 Conference, Québec City, 2020
Factors influencing the social acceptance of landscape restoration
initiatives: Lessons drawn from conservation initiatives on private lands.
Jean-François Bissonnette, Université Laval
Louis Tanguay, Université du Québec à Montréal
Katrine Turgeon, Université du Québec en Outaouais
Private lands are increasingly targeted for ecological restoration and conservation
initiatives in high income countries. However, the fragmented nature of private land
tenure along with the large number of landowners and heterogenous
socioeconomic profiles pose major challenges for pro-biodiversity land
management initiatives. Landholders’ attitude toward conservation initiatives
range from rejection to acceptance. Some initiatives will be met with resistance
while others with consent and adherence. Most research dealing with social
outcomes of conservation or restauration initiatives address geographically
specific cases and few studies have attempted to derive general trends out of
existing studies. Attempting to fill this gap, we performed a systematic literature
review of conservation initiatives in high income countries. Based on this review,
we developed a typology of factors that influence the acceptance of conservation
and restoration initiatives on private land. The purpose of this review was to
develop a comprehensive typology to support conservation program design and
help identify which factors may be acted upon to improve the social acceptance of
such initiatives. The two-level typology we propose suggests general trends which
can support conservation effort planning and by extension restoration actions. Our
results show that although conservation proponents have little power over
structural factors, however, they can seek to improve the perceptions of their
actions and shape social and institutional interactions in order to make
conservation measures more easily accepted among landowners.

Mobilizing socio-institutional factors and gender inclusion for successful ecological restoration
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Landscape degradation is a pervasive and critical problem that occurs in all parts of the terrestrial world. However,
environmental change and degradation disproportionately affect poor and low-income communities because of increased
exposure and vulnerability. Many hopes for ecological, social and economic benefits have been placed in restoration in
developing countries, yet key aspects of restoration in these contexts remain under-explored and under-recognized, notably
institutional and gender aspects. This research develops an empirical knowledge base about how social differentiation factors
ecological restoration and how interventions can better support sustainability, social inclusion and gender equality. To do so,
the paper has investigated a cross-country sample of seventeen restoration projects in Cameroon, Peru and the Philippines. For
each project, we have conducted interviews with project staff and community leaders, and non-mixed gender focus group
discussions with community members who participated and were affected by the restoration initiatives, to understand
perceptions and experiences on the ground. The research distills lessons learned and good practices. Our evidence shows that
synergies among local level natural resource management projects, institutional fit (including land tenure arrangements), equal
voice and inﬂuence in strategic decisions for women and men and substantial land and forest-based economic benefits are
decisive for projects' success. In conclusion, based on the study’s findings, we propose a conceptual framework articulated
around the concept of social equity, that we suggest, can support analyses of the social and gender inclusiveness and justness
of ecological restoration interventions.

On-farm land restoration and Intrahousehold Gender Dynamics : risks and opportunities for
gender equality in the drylands of eastern Kenya
Mary Crossland1, Ana Maria Paez Valencia2, Tim Pagella1, Christine Magaju2, Esther Kuira2, Leigh Winoweicki1 and Fergus
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In the context of a project that tested land restoration options selected by communities across different conditions and locations,
we examined the trial of two on-farm restoration practices: tree planting and planting basins; with over 2,500 farmers in the
eastern drylands of Kenya. With the objective of identifying synergies and mitigating potential trade-offs between land
restoration and gender equality, the study combined results from household surveys, interviews and focus group discussions,
to assess changes in women and men’s time use and labour, control over resources and benefits, and decision-making dynamics.
Our findings revealed that although restorative practices may increase women’s labour burden these can still be seen as
worthwhile, as farmers, especially women, may value costs and benefits differently and perceive that the benefits outweigh the
labour requirements. Furthermore, changes in social norms around the gender division of labor in the studied communities are
creating opportunities for women to take up restorative practices. However, gender-division of reproductive labor remains
unchanged.
The study also found that decisions regarding the uptake of new technologies are largely made jointly between husband and
wife, and a trend towards more joint decision-making is observed in recent years, influenced by women’s increased
participation in innovation processes and broader societal changes, particularly the outmigration of rural men.
This study confirmed that efforts to restore agricultural land at the farm scale require a context-specific understanding of intrahousehold dynamics and that a gender-responsive design and implementation can help identify restoration options and
approaches that enhance women’s empowerment.

Ten golden rules for socially sustainable ecosystem restoration
Marlène Elias, Matthew Kandel, Stephanie Mansourian, Ruth Meinzen-Dick, et al.

The UN Decade on Ecosystem Restoration (2021–2030) frames restoration as a momentous naturebased solution for achieving all of the Sustainable Development Goals. Yet, a critical void lies at the
heart of this agenda: the lack of attention to social and political dimensions of nature and
restoration initiatives. This gap has important implications not only for equity, but also for the
sustainability of restoration. This presentation offers ten golden rules for enhancing the
sustainability of ecosystem restoration by thoroughly considering and addressing socio-political
dimensions of the landscapes under restoration. The contribution responds to similar guidance (di
Sacco et al. 2020) that only superficially engages, if at all, with the socio-political issues that lie at the
heart of restoration. The ten golden rules synthesize findings from a special issue titled
““Restoration for Whom, by Whom?”, that brings together case studies and learnings across
geographies for socially inclusive restoration. The ten golden rules draw attention to: 1) recognizing
the diversity of stakeholders; 2) understanding the socio-historical context, 3) examining and
strengthening tenure rights, 4) engaging communities as agents of change, 5) addressing the
multiple dimensions of equity, 6) emphasizing quality (over quantity) in restored ecosystems, 7)
equitably distributing costs and benefits and mitigating risks, 8) recognizing diverse forms of
evidence and knowledge, 9) questioning dominant discourses, and 10) practicing inclusive and
holistic monitoring, learning and evaluation. This attention to power relations, distributional issues,
and historical factors can help enhance the voice and agency of marginalized actors, and enhance
the equity and sustainability of restoration.

A Rewilding Theory of Change
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Rewilding has the potential to create transformational change in social-ecological systems, with long-term goals of restoring
complete, self-sustaining ecosystems and ecocentric societal values. Since the emergence of the concept in North America in
the 1990s, the concept of rewilding has evolved and grown in complexity, becoming more difficult to define, apply and
evaluate. As a result, the IUCN Commission on Ecosystem Management commissioned a Rewilding Task Force (now the
Rewilding Thematic Group) to establish a globally recognized definition and principles for rewilding (Carver, Convery,
Hawkins et al., forthcoming). To inform this work, we surveyed 60 international rewilding “pioneers” to trace the evolution of
the concept and establish the common intentions of rewilding in research and practice. This oral presentation presents the
results of this survey, giving a brief history of the concept, and proposes a rewilding theory of change based on the results.
While this theory of change establishes that rewilding intentions are shared, it allows for adaptability and complexity in socialecological systems, recognizing that the most effective rewilding interventions will differ across systems based on the current
social-ecological conditions. Rewilding requires and promotes transformational ecological and social change, the application
of rewilding therefore requires innovative and interdisciplinary approaches. By creating this theory of change we hope to
provide a focus for remaining debates and a framework for planning, monitoring and evaluating rewilding, enabling researchers
and practitioners to affect vital change.

Challenges during restoration implementation: learning from a country-wide assessment
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Outcomes from restoration projects are fundamental for scaling up ecological restoration actions. We evaluated technical
aspects of the interventions, restoration results (ecological and socio-economic) and monitoring practices in 75 restoration
projects in Mexico using a digital survey composed of 137 questions. We found that restoration projects in terrestrial
ecosystems generally relied on actions included in maximal (86%) and minimal (78%) interventions while in wetlands, the
preferred restoration strategies were intermediate (75%) and minimal intervention actions (63%). Only a third of projects (38%)
relied on collective learning as a source of knowledge to generate ecological restoration techniques (traditional management).
In most of the projects (73%), multiple criteria (more than two) were considered when selecting plants used for restoration; the
most frequently used criterion was that the species were within to the restoration zone, native or naturalized, e.i. a circa situm
criterion (88%). In 48% of the projects, the biological material (e.g., seeds, seedlings) required for restoration were gathered or
propagated by project implementers rather than purchased commercially. Most of the projects recovered less than 50% of
biodiversity and ecological services. Most of the projects led to improved individual relationships (64%). The analysis revealed
a need to implement restoration strategies that are cost-efficient, the application of traditional ecological knowledge and the
inclusion of indigenous people and local communities in restoration programs at all stages—from planning through
implementation, through monitoring. Cautious and comprehensive planning of national strategies must consider the abovementioned identified gaps.

Forest Landscape Restoration initiatives in the Brazilian Amazon
Danielle Celentano1,2, Miguel Moraes1,2, Andreia Pinto2,3, Alexandre Cunha2,3, Joice Ferreira2,4, Milton Kanashiro2,4,
Marlúcia Martins2,5, Rodrigo Freire2,6, Thais Ferreira Maier2,6, Fernanda Rodrigues2,7, Catarina Jakovac2,8, Sâmia Nunes2,9,
Lívia Rangel2,10, Eduardo Malta2,11, Marcelo Ferronato2,12, Dimitrio Schievenin2,13, Thiago Belote2,14, Bruno Coutinho1,2,
André Nahur1,2, Miguel Calmon2,15, Denis Conrado da Cruz2,16
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Alliance for Amazon Restoration is a multi-institutional and multisectoral articulation created in 2017 whose main objective is
to promote, qualify and expand the scale of forest landscapes restoration in the Brazilian Amazon. It currently consists of 80
member institutions (10 governmental, 13 academic and research institutions, 21 companies, and 36 from civil society). In
2020, the Alliance made a systematically survey through both primary and secondary data collection and identified 2,773 forest
restoration initiatives in the Brazilian Amazon, totaling 113,500 hectares. Productive restoration through Agroforestry Systems
(AFS) accounts for most initiatives (59%), but ecological restoration through seedlings planting represents 59% of the area
under restoration. Civil society organizations are responsible for most initiatives (2,426), while companies account for 52% of
the total area under restoration. Most of the initiatives (79%) are small-scale (areas smaller than 5 hectares). The Alliance for
Amazon Restoration recommends expanding the scale of restoration in the Amazon, through a positive agenda focused on
compliance and improvement of legislation, the development of sustainable production chains, and the engagement of all
sectors - all of whom must commit to combat deforestation and promote forest restoration. The restoration of degraded areas
and the organization of productive chains can generate work and income for the communities and contribute to the consolidation
of a forest-based green economy with sustainable products from socio-biodiversity and ecosystem services - creating economic
value for the standing forest.

Figure 1. Forest restoration initiatives identified by Alliance for Amazon Restoration in the Brazilian Amazon.

Restoration field performance standard for 1st, 2nd or 3rd party accountability in tropical,
temperate and boreal ecosystems, building off SER, ITTO, Bonn Challenge & Other
Initiatives
Richard Z. Donovan1 & Mateo Carino Frasse2
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2 Land Use Program Manager, Preferred by Nature, Spain

A field-focused verification standard has been developed for use in 1st, 2nd or 3rd party monitoring, reporting and
accountability for restoration performance. The standard builds off of current/past SER global and Australasia
restoration standards, other guidelines (e.g., International Tropical Timber Organization - ITTO - restoration
guidelines), evolving science and practical experience in restoration by researchers, non-profits and for-profit organizations.
The standard is built on years of experience by the authors in field verification, sustainability auditing and certification
in tropical, temperate and boreal ecosystems. The standard uses a structure of “topics” and “performance indicators”
(“core” and “continuous improvement”) written to be “auditable” at the field level and useful for accountability by
restoration practitioners of all scales (large- or small-scale, including special attention for smallholders). The standard
has gone through technical and public consultation (third round occurring in February/March 2021). Field testing is
ongoing in temperate, subtropical and tropical ecosystems (e.g., Costa Rica, France, Chile, Spain) and possibly boreal
by the time of the SER conference. The standard is already being adopted by some for-profit and non-profit
organizations for reporting purposes. Many challenges are still being considered, e.g., how to ensure efficiency and
technical soundness at the field level. Also, the standard is open to range of options that will foster durability and
strong local support, including assisted natural regeneration, agroforestry, enrichment planting, or tree planting (native
and/or exotic species), whilst at the same time controlling invasive species, responding to climate change, and
prohibiting the conversion of natural ecosystems.
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Metagenomic Applications to Restoration Ecology
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Microbial ecology is of growing research interest within the field of restoration ecology due to increasing awareness
of valuable microbial effects on plant and ecosystem health. Studies have discovered strong plant growth promoting effects
that beneficial microbes confer to plants. Land management techniques, such as mowing or fertilizing, affect the microbial
community of a landscape; management techniques thus can improve the success of a restoration project by increasing the
presence of beneficial bacteria and fungi. Recent developments in metagenomic technology have made it feasible to survey
the microbial community existing in an ecosystem of interest, where partnerships between land managers and microbiology
researchers can reap benefits for both parties. Simply by taking soil, root and stem samples, land managers can learn what
microbes are present in their ecosystems and within plant tissues. My research, funded by the SER-NW, aimed to discover
the microbial community comprising a native Puget Prairie ecosystem. In this discussion, I present questions that
metagenomics can answer, and demonstrate the process of collecting and processing samples. The knowledge gained through
microbial research directly benefits land managers hoping to improve their restoration sites with microbial diversity and
community interaction enhancing techniques. These techniques can be expanded for use in fields beyond microbial ecology,
where environmental DNA has been used to investigate the presence and interactions of animals. With further research,
metagenomics can be used to enhance our understanding of reference ecosystems from micro to macro scales, and applied to
improve restoration techniques.

Reach for the sky!
Fluvial Geomorphological Applications of LiDAR,
Remote Sensing and Drone Technology
Fabien Hugue1, Joanna Eyquem1
1
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This presentation will focus on how innovative tools involving LiDAR, remote sensing and drone technology are increasingly
being used to inform river management. We will provide insight into our recent experiences using practical case studies that
demonstrate:
•

Use of LiDAR and Earth Observation data in hydrogeomorphological analysis - Globally, in the context of a changing
climate, there has been movement towards more sustainable river management based on the concept of working with
natural processes and giving appropriate space to rivers for natural flooding and erosion to occur. The “Freedom
Space” for rivers relies on LiDAR and hydrogeomorphological interpretation and has been applied in several case
studies in the province of Quebec to provide insight into erosion risks that is not provided using standard Meander
Belt Width delimitation procedures which is used in Ontario and across Canada.

•

Use of repeat drone survey in river monitoring - Drone technology offers a valuable tool to complement more
traditional field river monitoring techniques. Applications have included monitoring geomorphological response to
dam removal and erosion monitoring based on quantitative bank profile retreat over time using images and topographic
data gathered by drones.

Thermal imaging for biodiversity monitoring in large and fragmented restoration projects
Jonas Hamberg1, Stephen Murphy1, Derek Robinson2, Roydon Fraser3, Andrew Trant1
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Scalable indicators of biodiversity change are needed for monitoring of restoration. We tested if vegetation species diversity
affects surface temperature change over time during the growing season, when controlling for biomass and shade, based on the
idea that more species can use more of the incoming solar energy and re-emit less as sensible heat.
We studied the relative temperature change of 31 post-agricultural fields (300+ hectares total) as they were restored into oakwoodland ecosystems in Southern Ontario, Canada 2002-2018. Thermal imagery was acquired from three Landsat satellites
and the ECOSTRESS instrument on the International Space Station. Three of the fields had been surveyed for vegetation
diversity and cover annually, allowing for comparisons between vegetation and temperature.
When controlled for vegetation ground cover, canopy cover, stem count and NDVI, an increase of one ‘effective number of
species’, or Hill number, caused a 5 % decrease in relative temperature (p<0.001) between the restoration area and a paired
mature forest area. When dividing native and exotic species diversity, only the former decreases relative temperature
significantly (p<0.001).
For all fields studied, we found a mean decrease in temperature of 1.5% per year since restoration. Paired day and night
ECOSTRESS image products from 2018 showed a significant (p=0.002) decrease of 4%-points of diurnal temperature
difference per year since restoration for the same fields.
Our results offer evidence that relative temperature could be used as an indicator to measure change after restoration, and to
identify problem areas in restoration projects in order to guide ground-level staff.

SER Abstract – Using DNA metabarcoding to monitor mine site restoration: lessons
learnt from vertebrate, invertebrate, and soil microbial communities
Restoration monitoring needs effective tools to assess ecosystem recovery in order to
improve restoration methods and establish trajectories. Our research evaluates eDNA
metabarcoding as a potential monitoring tool that can assess diversity and indicate whether
ecosystems are on a trajectory indicating recovery. This research highlights that changes in
soil microbial communities are not consistent between locations or taxonomic group (fungi or
bacteria), but they can show patterns of recovery in certain systems. We also demonstrated
the use of a novel substrate (pooled scat) to detect bird and mammal diversity, and showed
the usefulness of this method was dependent on scat detectability. DNA metabarcoding
enabled rapid survey of invertebrate communities which, even with poor taxonomic
identification, demonstrated strong signal of community recovery over time. Additionally,
DNA metabarcoding can be used to evaluate functional aspects of ecosystem recovery by
detecting not only invertebrate communities, but also the interactions between groups of
organisms such as invertebrates and plants. The wide-scale testing across different
ecosystems revealed the importance of environment as a filter for suitable terrestrial eDNA
substrates. The management implications of this finding are that eDNA surveys may require
site-calibration before being applied to restoration monitoring. As a result, it may be
challenging to standardize terrestrial eDNA surveys for multiple ecosystems, unlike in
aquatic systems. Despite the limitations, this thesis demonstrates the potential of this
technique to rapidly assess complex, biodiverse systems; and establish restoration trajectories
that illustrate ecosystem recovery towards reference conditions.

Using Genetic Field Trials to Guide Management and Restoration of a Tree Species Under Threat
by a Non-Native Pathogen and Climate Change
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Maintaining healthy forests is a complex challenge, and climate change and invasive species are implicated in decreasing
forest resilience. Southwestern white pine (SWWP; Pinus strobiformis), native to the southwestern US and Mexico, is
vulnerable to climate change and a non-native tree disease, white pine blister rust (WPBR). Conditions are increasingly
warmer and drier as precipitation patterns shift, and WPBR is spreading across the US range of SWWP. Proactive
management and restoration require seed sources with durable genetic disease resistance and adaptative traits needed to
survive the warmer, drier conditions predicted in the future. Seedlings from a range-wide SWWP seed collection were used
to test for WPBR resistance at Dorena Genetic Resource Center in Oregon. Both major gene resistance and quantitative
resistance are documented in SWWP, as well as an estimate of resistance levels and frequency throughout the range of the
species. Seed from parent trees identified as resistant can be collected and used for restoration or genetic conservation. We
established two genetic common garden field trials in the Southwest to validate seedling screening results and monitor
durability and stability of resistance as well as assess adaptive traits. This information is critical to identify seed sources for
future planting. This interdisciplinary, collaborative project includes international, academic, federal, and tribal partners.
Challenges include funding ongoing activities (testing, outplanting and monitoring previous plantings), increasingly variable
and unpredictably dry planting conditions, and mortality events in the original parent trees. We will present details of the
project, early results, and applications for management and restoration.

Design-Build and Design Intent: An Ecological Restoration Paradigm for Successful Stewardship
Eric Donaldson 1, David Shaw1, Terah Donovan2
2
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San Felipe Creek runs through a former agricultural valley, but so do trails and roads serving public hikers, bikers, and
equestrians. Humans shaped the landscape and are part of the ecosystem. How do we restore the landscape for humans and
restore the natural resources that draw them there? As land stewards we asked ourselves these questions as we designed and
built a 50-acre landscape restoration project in Northern California, USA. What started with a stream and watershed
restoration vision quickly shifted. The ensuing rapid feasibility study revealed a complex site history, and a road as one of
five tributaries to our stream. A field meeting with regulators at 35% design allowed us to explain site functions and values
and how design elements would translate into credits - What were the impairments? What could be done to restore function
and thus where should we focus? Early regulator collaboration and inclusion of road drainage improvements yielded
compensatory mitigation credits for 4 permitting programs. Design elements were localized and diverse, and included
restored wetlands, backwater channels, inset floodplains, gully plugs, staked wood jams, and graded swales. Advancing from
65% design to build allowed field-fit as plans became reality. The design-build approach and primary focus on design intent
allowed for reuse of large wood on site, changing of geometries to preserve natural resources, and re-scaling built features to
limit impacts. Following the design intent paradigm, the design-build team, including project partners, embraced their roles
as stewards. Monitoring and adaptive management are underway.

MITIGATING AN ECOLOGICAL TRAP ON AN ENDANGERED SNAKE SPECIES
MASSASAUGA (Sistrurus catenatus) DURING A BOG RESTORATION PROJECT
Anne R. Yagi1,2 Katharine T. Yagi1,2 and Glenn J. Tattersall1
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2
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A bog community restoration project was successfully initiated following the termination of peat soil strip
mining in a remnant ombrotrophic bog ecosystem in southern Ontario, Canada. However, a restored bog
hydrology consisting of an elevated and stable groundwater table was not maintained for the long-term,
and the restoration progress relapsed. Within ten years the site hydrology became stochastic with the
annual removal of beaver dams and increased the peatland’s vulnerability to frequent wildfires. An
ecological trap was recognized for the resident reptile community. For example, the endangered
Massasauga uses the peatland for hibernation and gestation, and this habitat is compromised in peatmined areas. ‘Assisted hibernation’ is a mitigation technique and refers to the method of limiting
neonatal dispersal into the trap area, by hibernating them in artificial burrows within ideal habitat for their
first winter. This prime habitat must meet the criteria of maintaining a “Life Zone”, which is a
subterranean space that does not freeze or flood completely. This mitigation must continue until a longterm solution to the sites stochastic hydrology is implemented. From 2017-2020, the sites hydrology was
monitored using data loggers across the ecosystem and one main control point was identified for an
engineered structure. Peatland hydrology would be best resolved by abandoning a section of drain that
currently cuts into the organic basin of the feature and realigning it back into clay soils in the farmlands,
establishing a wetland buffer. Discussions with stakeholders are currently under way to determine the
best long-term solution.

Manipulating soil fungal communities as a tool to restore forests post-mountain pine beetle in
western Canada

Joshua Wasyliw1 , Evan Fellrath 1 , Gregory Pec2 , James Franklin 1 , Jonathan Cale1 , Charlotte Thomasson 1 , Nadir Erbilgin 1 and
Justine Karst 1
1

2

University of Alberta, Canada

University of Nebraska at Kearney, United States
karst@ualberta.ca

Mountain pine beetle (Dendroctonus ponderosae) has killed large areas of lodgepole pine (Pinus contorta var. latifolia)
forests in western Canada. In some stands of beetle-killed trees, lodgepole pine regeneration is limited, possibly as a
consequence of the loss and change in community composition of ectomycorrhizal fungi associated with pine trees. In this
landscape-level field experiment, we tested whether we could improve pine seedling establishment in these stands by
manipulating the communities of ectomycorrhizal fungi with which seedlings interact. Specifically, we tested whether we
could restore ectomycorrhizal fungi in stands of beetle-killed trees by first inoculating seedlings with soil from intact pine
forests and then transplanting them to field sites. Two years following transplanting, we compared the survival, height, and
biomass of inoculated seedlings with those that received inoculum from stands with extensive beetle-induced tree mortality
or no inoculum. Fungal community composition on roots of pine seedlings differed by inoculation treatment, however,
inoculation had no effect on survival, height, or biomass of seedlings. We tested whether the best performing seedlings were
selective of fungi from the soil fungal community but found no relationship between dissimilarity of soil and root-associated
fungal communities and any seedling perform ance metric. Our results demonstrate soil inoculation was not an effective
practice to increase pine seedling establishment in west-central Alberta forests post-mountain pine beetle.

RESTORING DEGRADED AREAS WITH THE COCOON ECOTECHNOLOGY
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Figure 1. Cocoon scheme and functioning.
In the current climate change situation, one of the most serious ecological threats is the increase of desertification risks. These
risks are especially high in the Mediterranean basin. In this context, the LIFE project ‘The Green Link’ (LIFE15
CCA/ES/000125) was launched with the aim of testing a new planting technology, the Cocoon™, which increases the seedling
survival in new plantations. The Cocoon consists of a donut-shaped container basically made of recycled cardboard. The
container holds 25 liters of water. Within the central space a seedling is planted. Its design aims to provide water and shelter to
the seedling during its first year, the most critical for plant establishment. The Cocoon was tested in seven planting trials, five
of them in Spain (Canary Islands, Almería, Catalonia and two in Valencia), one in Calabria (Italy) and one in Ptolemais
(Greece). The areas included in the project cover a variety of soils, Mediterranean mesoclimates, vegetation and land uses that
allowed testing the effectiveness of the Cocoon methodology in different situations. With the objective of studying its
functionality, the survival of the seedlings and their vigor were analyzed along with their growth. The degradation and
incorporation to the soil of the Cocoon was also measured. The evolution of the plantation areas was also monitored through
data on the structure, composition and vegetation diversity. Additionally, soil characteristics and fauna presence in the restored
areas were also monitored. In general, Cocoon has proven its effectiveness by increasing seedling survival compared to the
control group, especially under dry growing conditions (low rainfall, soils with low water retention capacity). Cocoon also
allowed a higher growth of some species (olive trees, olm oaks and Aleppo pines). However, for other species these differences
were less evident. A positive correlation between the rainfall of the site and the degradation degree of the Cocoon device was
observed. Overall, and after three years of monitoring, it is possible to state that restoration of the areas shows a positive trend
in terms of seedlings survival and vigor as well as vegetation cover and biodiversity.

The potential of green manure for greater cost-efficiency when active restoration is
needed
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Ecological restoration of tropical forests plays an important role in minimizing the consequences of
environmental degradation. Among the active restoration techniques, seedling planting has been the most
used, although it still has a high cost, especially to control non-native species. This study aims to
experimentally assess the cost-efficiency of three active restoration techniques: (1) simultaneous random
planting technique, (2) simultaneous technique using functional groups approach (50% of fast growing and
covering species and 50% of late successional species), and (3) non-simultaneous technique (late
successional species planted one year after the initial planting) based on structural and functional
parameters. The three techniques were implemented with and without direct sowing of green manure
between the lines of native species seedlings, aiming to control competitive non-native grasses in the initial
phase. The experiment was carried out in Atlantic Forest, Paraguay. Green manure contributed to the
increase of forest structure complexity by closing the canopy and controlling competitive grasses. Plots
with green manure also had taller seedlings with better quality, such as growth, color and canopy
architecture. Besides the ecological benefits, plots with green manure had lower maintenance costs as the
fast shading inhibits the growth of competitive grasses, leading to less control interventions. The treatments
show sing of difference that can be expressed in later samplings. Overall, the simultaneous treatment using
functional groups approach with green manure was the most suitable technique combining the lowest
maintenance cost and the lowest invasive grass coverage.

Drawing restoration goals from the bottom-up: Assessing local interest in ecosystem services
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Successfully achieving our urgent and ambitious global restoration goals will depend on how well communities embrace
restoration programs at a local scale. Restoration initiatives are frequently implemented using top-down decision-making
strategies where non-local organizations determine the goals and expected restoration outcomes on the ground, which can result
in conflicting expectations among stakeholders. But empowering local communities in restoration planning can enhance the
success of restoration initiatives over the long-term. This study aimed to assess local interest in enhancing ecosystem services
associated with forest restoration in landscapes of varying degrees of degradation, as a means to promote inclusive, diverse and
ethical restoration planning. We used an interdisciplinary mixed-methods approach to collect and assess both quantitative and
qualitative data. We facilitated focus group interviews and community mapping activities using satellite imagery for 26groups
of local community members in 14 rural districts in the Ecuadorian Andes and Amazon in 2019. Our results show that
community members are more interested in enhancing regulating ecosystem services (45%) than cultural (30%) or provisioning
(25%) services. Interest in ecosystem services depended on local need (e.g., landslide mitigation, water supply) and the degree
of landscape degradation. Locals living in landscapes with higher degradation preferred a higher number and diversity of
ecosystem services compared to locals in less degraded landscapes. Learning about the local needs, interests, and landscape
conditions can help restoration practitioners to support the design of restoration initiatives that empower locals to guarantee the
persistence of restored areas for the achievement of the restoration goals.

In search of disturbed lands: a community science approach for landscape level restoration
priority setting and planning
Helen I. Rowe1,2
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Amid a crisis of biodiversity loss and estimates of degraded lands between 1–7B ha, ecological
restoration is seen as an important pathway to restore and sustain biodiversity, ecosystem
services, and related benefits. However, many managers lack the tools they need to
systematically and comprehensively identify disturbed sites to prioritize restoration efforts
given limited resources. We developed a novel, inexpensive, low-tech approach for training and
engaging citizen scientists to identify areas in need of restoration within a defined area. The
mapping process follows four phases: 1) Landscape scans by volunteers using Google Earth Pro (GE)
imagery; 2) A second scan of all detected disturbances based on high resolution aerial
photography; 3) Compilation of basic information about the degraded sites; 4) Addition of
associated plant communities. We detected 67 new sites not previously identified by managers
using an estimated 220 volunteer hours and only 20 staff hours. Each site has accompanying
information including distance from nearest access point, cause of disturbance, and plant and
soils detail. After completion, we conducted independent field visits of 33% of the detected
sites and verified disturbance in all cases. We found that the remotely sensed approach
provided better perspective to accurately measure the scale and original source of disturbance
compared with field visits. The approach can be conducted over a relatively short period of
time, using multiple volunteers, and allows managers to undertake landscape level restoration
prioritization and planning and, if repeated, it can be used to monitor changes in degradation
over time.

Science Based? Yes, but Ecological Restoration is also all about Compromise
Kent Rundle
Conservation Halton, Ontario, Canada

When planning projects, ecological restoration practitioners aim for the gold standard based on the best available science. In
many instances, however, we are confronted with a barrage of challenges including, but not limited to, conflicting interest
groups, competing habitat interests, scope/budget challenges, regulatory barriers, funder priorities, historical relationships
and public distrust. These challenges often require adjustment to the scientific method and ultimately alter the end project – it
all boils down to compromise.
In academia, as in our careers, we are trained to focus on science-based procedures that lead to predictable outcomes. As a
practitioner with over 10 years of experience I have learned that ecological restoration, while science-based, is much more
complex when put into practice. The soft skills required to manage these projects are just as valuable as the science itself.
This presentation will explore the complexities of restoration projects, with an emphasis on stream restoration in highly
altered, heavily used locations with sensitive habitats in regulated environments. I will reference Southern Ontario case
studies, emphasizing the importance of honest communication, ongoing engagement and tactful negotiation to fulfill project
goals and satisfy the needs of diverse parties. Establishing a culture where compromise is accepted, and even encouraged, is
crucial for creating successful, resilient projects that have long lasting benefits within an entire community.

Structured decision-making for Maritime Live Oak forest restoration
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Maritime Live Oak (Quercus virginiana; MLO) forests along the Georgia (U.S.A.) coast are highly regarded for their multiple
natural and cultural heritage values. In recent decades, MLO forests have shown evidence of limited live oak recruitment,
which may result in undesired long-term effects on tree community structure, function, and resilience. Many MLO forest
stewards and scientists share a common interest in conserving forests by planting live oaks to augment existing populations.
But there is uncertainty regarding potential restoration strategies because knowledge about MLO ecosystem dynamics is limited
and fragmented among stakeholders. We used structured decision-making to collaboratively develop a decision-support tool
for live oak tree-planting strategies. First, we held workshops with MLO forest stewards to identify: the managers' long-term
objectives and shorter-term success indicators; spatial and temporal scales of likely management actions; a set of potential
management options; and data, legal, and resource constraints. Then we constructed a transition matrix model using empirical
data and expert knowledge to estimate parameters for juvenile tree growth and survival rates associated with alternative treeplanting strategies. The decision support tool incorporated the transition model and associated cost estimates of management
alternatives in order to project likely outcomes, costs, associated uncertainties, and the degree to which alternatives would meet
different management objectives. This process ensured that we capitalized on diverse understandings and perspectives and that
the decision support tool would be directly relevant to stewards' values, objectives, and information needs.

Tools for developing trajectory-based goal structure for restoration planning
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The US National Park Service (NPS) has long endorsed the concept of trajectory-based restoration strategies. However, with
many of its larger projects, descriptions of biological community response, once geomorphology and hydrology of a site was
corrected, were vague at best. More complex projects and global change agents make it much less certain that this approach
will help managers avoid the increasing likelihood of systems moving towards undesirable states. Data-driven tools and
products can be coupled with adaptive management, scenario planning and bet-hedging frameworks to help practitioners
develop alternative trajectory-based goals and objectives. We will review applications of the National Vegetation
Classification System, Rosgen's Stream Classification and LANDFIRE Successional Models with biodiversity databases to
several NPS projects in process and additional modeling tools to support restoration planning for potential projects. Even in
retrospective analyses, efforts to incorporate concepts related to system stability, assembly rules filters and emerging climate
barriers are challenging to incorporate in a standardized planning framework. We will present these issues in the context of
several examples including stream systems and tallgrass prairie degraded from excessive grazing; contaminated, denuded
hillslopes; fire-excluded ecotones; and agriculture to meadow transitions.

Community dynamics during salt marsh restoration over 10 years in a megatidal, ice-influenced
environment
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Salt marshes are vital ecosystems that provide coastal protection, carbon sequestration, and habitat for many species. Global
salt marsh loss has been extensive; in the Bay of Fundy, Canada, an estimated 30,500 ha of salt marsh has been lost since
European colonization. There is growing interest in salt marsh restoration to access valuable ecosystem services in an era of
climate change and sea level rise. We monitored two managed realignment salt marsh restoration sites and two established salt
marsh reference sites for sediment deposition and community dynamics from one year pre-breach to ten years post-breach to
better understand successional trajectories in the upper Bay of Fundy. This study was the first of its kind in Maritime Canada
and the first managed realignment in an ice-influenced and megatidal (tidal amplitude ~14 m) region. To date, we have
identified four successional stages of salt marsh restoration: (1) deposition of unconsolidated sediment (>50 cm in some
locations) and loss of terrestrial vegetation, (2) colonization and spread of Spartina alterniflora and loss of surviving S.
pectinata (brackish vegetation), (3) homogenization of S. alterniflora cover, and (4) colonization and spread of high marsh
vegetation in restoration sites. We expect the invertebrate community on the emergent marsh and in salt pools in the restoration
sites to become more like the reference salt marsh community as plant zonation becomes more distinct. Successes and lessons
learned from our project are guiding additional restoration projects in the Bay of Fundy, a region with high potential for salt
marsh restoration.

Do predators have a role to play in wetland restoration? An experimental study in New England
coastal salt marshes
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Traditional approaches to wetland restoration often emphasize reestablishing native vegetation and engineering the correct
hydrology along with other environmental features, thereby setting the stage for nature to do the rest. With this bottom-up
focus, the biotic diversity of wetlands and their related trophic interactions are treated as measures of restoration success rather
than factors that may influence it. However, recent studies have shown that the loss of predators in coastal salt marshes can
lead to significant reduction of wetland extent due to overgrazing by herbivores. Such studies indicate that consumers may play
a much larger role in the maintenance of wetland ecosystems than was previously thought. Therefore, the objective of this study
was to evaluate whether altering top-down control by manipulating the presence of predators can lead to measurable changes
in salt marsh ecosystem properties. Between May and August of 2015 and 2016, we established exclosure and enclosure cages
within three coastal wetlands and manipulated the presence of green crab predators to assess how consumers affect changes in
ecosystem functions. Predator presence was associated with changes in aboveground biomass and the rate of soil nitrogen
absorption at one study site, while changes in other ecosystem processes were largely driven by bottom-up factors. These results
challenge the recent consensus that consumers have strong effects, instead indicating that predator effects may instead be
context-dependent and therefore may not be required for improved restoration outcomes.

Monitoring and Assessment of Valued Ecosystem Components (VEC) in a Constructed
Juncus-dominated Salt Marsh on the Northern Gulf of Mexico.
Patrick Biber1
1

University of Southern Mississippi - Gulf Coast Research Laboratory, U.S.A
Patrick.biber@usm.edu

Monotypic stands of Juncus roemerianus dominate the marshes of the northeastern Gulf of Mexico, but few studies
to date have examined the effects of restoration efforts on faunal inhabitants of these marsh ecosystems. This study
examined environmental characteristics, faunal community structure, and trophic support in two restored marshes (5+
yrs and 15+ yrs) and a natural reference marsh (100+ yrs).
Microbial diversity assessment in fall 2016 discovered that plants from the restored and reference areas supported
similar microbial diversity indicating the rapid colonization of planted grasses with indigenous soil microbiota.
Sampling in Spring and Fall 2017 through 2019 assessed the vascular plant community diversity and biomass, as well
as relating these parameters to geomorphological characteristics of the area by measuring elevation and soil condition.
The two constructed sites were found to have a diverse array of vegetation, but function of the salt marsh in terms of
root production and sediment organic carbon deposition remained underdeveloped when compared to the natural
reference site.
Sampling targeted invertebrate abundances along the transects, which found to be were significantly higher in the
natural marsh. Nekton abundance, species richness, and Simpson’s index of diversity varied by site and season. Stable
isotope analysis provided additional insight into carbon sources and how energy is transferred through consumers in
the restored marshes compared to the natural marsh.
To survey breeding marsh birds, we utilized a standardized avian point count methodology to determine occupancy
rates and species abundance for restored and natural tidal marsh sites.
Construction of the sites with a fully enclosed berm and higher elevation than the natural reference marsh appears to
have long-lasting consequences on restoration succession in a number of ecosystem structural and functional metrics.

Pilot salt marsh restoration techniques in New York City, USA: managing ecosystem
recovery in an ultra-urban coastal context
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Salt marshes are some of New York City’s (NYC) most valuable ecosystems. They are threatened by erosion and
rising sea levels. NYC Department of Parks & Recreation (NYC Parks) is piloting innovative techniques to restore
these critical ecosystems.
NYC, in the northeastern United States (US), has over 8,000,000 human residents, 8,000 hectares of natural areas,
and thousands of species of native plants and wildlife. Today, less than 10% of the historic extent of NYC’s salt
marsh remains—about 1,600 hectares.
To combat this loss, NYC Parks is piloting restoration of eroding coastal wetlands and planning for salt marsh
migration. At Alley Creek, Queens, we piloted clean sand placement in the marsh interior and are designing a living
shoreline. We will also conduct thin-layer sediment placement at Idlewild, Queens and Four Sparrow, Brooklyn, to
increase marsh surface elevation and restore habitat for nesting birds. Finally, we have mapped areas that are likely
to be flooded under sea level rise and identified locations throughout NYC to protect and create pathways for marsh
migration.
With funding from the US Environmental Protection Agency, we will develop monitoring protocols to evaluate the
efficacy of these pilot projects and assess the conditions of migration zones. Using SER’s International Standards for
the Practice of Ecological Restoration, we will establish target attributes for ecological restoration and conduct
annual monitoring to assess their recovery. Successes and lessons learned from these projects have broad application
to practitioners conducting salt marsh restoration in ultra-urban coastal areas.

Plant-Soil Responses to a Thin Layer Placement Experiment in a Meso-tidal Salt Marsh
Anna Puchkoff1, Dr. Beth Lawrence1,2
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Thin Layer Placement (TLP) of sediment is an increasingly used restoration method in coastal marshes to stimulate
plant productivity, subsequently promoting soil accretion and resilience to accelerated sea level rise. However, few
experimental field studies have investigated using dredge material for TLP in meso-tidal estuaries, and none
holistically examine plant-soil carbon dynamics. Our goal was to investigate the biological and biogeochemical
responses of applying dredge material for restoration of a coastal salt marsh in Connecticut, USA. Our objectives
were to determine how application of varying levels of sediment affect: (1) above and belowground biomass
allocation of Spartina alterniflora, and (2) soil carbon cycling processes including decomposition and carbon
mineralization. We used an in situ experiment to manipulate soil surface elevation (low: +5cm, medium: +10cm,
and high: +15cm). We monitored plant traits (above and belowground biomass, stem height, stem density, leaf area)
and soil parameters (EC, pH, redox, NH4+, sulfides, C:N, carbon mineralization, decomposition, bulk density).
Preliminary analyses suggest low and medium treatments increased stem heights, but reduced stem density
compared to controls. No stems grew in the high treatment but had similar root biomass in the medium treatments.
These results demonstrate the ability of roots to penetrate the thickest sediment and may lead to increased
belowground contributions and marsh resilience. Results from ongoing soil carbon analyses will elucidate
relationships between sediment application, plant growth, and carbon cycling dynamics. Collectively, our work will
guide wetland managers develop restoration specifications for protecting coastal marshes in the face of rising seas.

Planting the marsh: Comparing methods of planting at recovering salt marsh restoration sites in
the Bay of Fundy
Tasha Rabinowitz1, Dr. Jeremy Lundholm1
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Salt marshes provide many important ecosystem services, including coastal protection, and interest in restoring these systems
is growing in the face of climate change. In Atlantic Canada, salt marsh restoration has focused on restoring tidal flow, without
planting vegetation. Over time, these sites can show persistent deficits in vegetation diversity. We evaluated five methods of
planting (plugs, field transplants, seed, wrack, tilling) eight native species (Carex paleacea, Juncus gerardii, Limonium
carolinianum, Plantago maritima, Poa palustris, Solidago sempervirens, Sporobolus alterniflorus and Sporobolus
michauxianus) at two Bay of Fundy salt marsh restoration sites to test their ability to accelerate plant recovery. Community
structure and planting performance (growth rate, summer and winter survival, health) were monitored over two years.
Planting plugs produced the highest abundance of perennial halophytes over both years and plantings had high survival rates
(76.4 % ± 0.02 SE) while plants transplanted from adjacent sites had higher mortality and slightly lower abundance. All planted
species survived and grew. Growth rate, health, and winter survival were all more strongly related to site than planting
treatment, indicating that location was more important than planting method. We found evidence that differences in elevation,
inundation, soil salinity and soil nutrients at each site may explain these differences in performance. Planting plugs and field
transplants may both be useful for restoration in the future and mixing methods to capitalize on respective strengths may
produce best results when planting. Our results also highlight the need to tailor planting plans to individual sites as plantings
may respond differently in different situations.

Applying an animal-centric approach to restoration for wildlife
Menna Jones1, Glen Bain1, Kirsty Dixon1, Riana Gardner1,2, Rowena Hamer1,3, Kirstin Proft1,4, Chris Burridge1, Chris
Johnson1, Neil Davidson5
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Habitat loss and fragmentation are leading causes of biodiversity decline. To restore landscapes that support native animals
requires moving beyond the traditional focus on vegetation to grounding restoration activities in mechanistic knowledge of the
local and landscape elements that different species require. We developed an animal-centric approach to ecological restoration
and applied this to native mammals and birds in the Tasmanian Midlands, Australia’s oldest and most fragmented European
agricultural region. Greening Australia is planting biodiversity corridors, connecting and restoring woodland across the region.
We used species-appropriate technologies to assess the decisions made by individual animals to find food and shelter and to
disperse across this fragmented landscape, and linked these, together with patterns of occupancy, across multiple spatial and
temporal scales. We focussed on a native (Spotted-tailed Quoll Dasyurus maculatus) and an invasive (Feral Cat Felis catus)
carnivore, a woodland-specialist herbivore (Eastern Bettong Bettongia gaimardi), microbats and woodland birds including the
native-invasive Noisy Miner.
Our results, which show intense predatory and competitive pressure of Feral Cats and Noisy Miners on native fauna,
demonstrate the significance of structural complexity of restored vegetation for supporting the recolonisation and persistence
of native fauna and evoke innovative approaches in plantings and artificial refuges to reduce habitat suitability for Noisy Miners
and predatory impacts of Feral Cats. At large landscape-scale, we demonstrate the importance of retaining small habitat
elements, including ancient paddock trees, pivot irrigation corners and small, degraded remnants, in facilitating occupancy and
dispersal and therefore persistence of wild animals across this agricultural region.

Community bird changes due to ecological restoration of terrestrial areas on an Andean
periurban wetland (Bogotá, Colombia)
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2

1
Botanical Garden of Bogota, Colombia
Pontificia Javeriana University, Colombia
zuluaga.juliana@javeriana.edu.co

The native ecosystems of the Bogotá plateau have been transformed as a consequence of the dynamics of occupation, finding
today remnants of wetlands with bird species in a serious threat of extinction. In response to those changes, ecological
restoration research line of Bogotá Botanical Garden establishes the Pilot Area of Research on La Florida Regional Park. An
area of high importance for bird conservation, and an opportunity to propose birds as indicator of the restoration success. The
park has six land covers, including two covers with around ten years of restoration process, two without restoration (a mixed
forest plantation and a recreational zone), one of a natural wetland habitat and a lake. The areas in restoration process was
established using implantation designs with native plants. The success of the vegetation process was measured using the
variables as: survival, composition and structure that could explain changes on bird communities produced by the restoration,
serving as a comparative framework. In total, 170 species were recorded throughout the park, including species of conservation
importance. The greatest changes are observed in the covers under restoration in which there is a significant increase on bird
diversity that can be explained by structural variables of vegetation such as growth habits, strata and in general understory
features. Similarly, changes were found in the cover without restoration, in which has a similar structure to the coverage under
restoration, but with less diversity of plant and bird species. Those results highlight the importance of bird monitoring in
ecological restoration processes, and also highlighting compositional and structural variables that can boost an increase in bird
diversity.

Evaluation of ecological restoration through mammal monitoring in a lava field of Mexico City
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The Pedregal de San Ángel Ecological Reserve (REPSA) has been affected by substrate destruction, introduction of invasive
plant species,the presence of domestic rodents and feral fauna. Several patches have been subjected to rescue of basaltic
substrate and mechanical subtraction of exotic plants, like Eucalyptus spp. To evaluate the degree of recovery, we compare
mammalian communities associated to sites subjected to 11-13 years of ecological restoration and conserved areas. Sherman
traps were placed during the dry and rainy seasons. Density of cottontail rabbits was determined through the density of their
fecal pellets; other mammals were registered through excreta and sightings. In the sites under restoration, six species of
native mammals were recorded: Peromyscus gratus, P. melanophrys, Otospermophilus variegatus, Didelphis virginiana,
Bassariscus astutus and Sylvilagus floridanus; and three exotic mammals: gray squirrels, cats and dogs. All sites were shelter
for native mammals. Peromyscus gratus was recorded in all sites, and they depend on the lava-field ecosystem but, as a
generalist mouse, it is a useful indicator at the first stages of restoration. Exotic rodents were no longer found in the sites
subjected to restoration, and their absence could be a good restoration progress indicator because their populations have
decreased without direct control. It was found that the basaltic substrate addition strategy to improve plant community might
affect the P. gratus and S. floridanus activity. Considering mammals since planning is important, because focusing on the
plant community strategies might not generate a suitable habitat for mammals.

Removal of an invasive wetland grass (Phragmites australis) increases the quantity of emerging
invertebrates and avian aerial foraging activity
Courtney Robichaud1, Rebecca Rooney1
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Invasive Phragmites australis subsp. australis (European Common Reed) is now found throughout North America. Phragmites
australis displaces resident vegetation and replaces it with tall, dense stands that negatively alter wetlands. To contend with
invasion, the Ontario government began a project to control P. australis and restore native vegetation diversity in Long Point,
ON, a peninsula located on the north shore of Lake Erie, by aerially applying glyphosate-based herbicide. Since Long Point is
ecologically significant and a regional biodiversity hotspot, we wanted to assess how restoration influenced its ecological
function and habitat value for species at risk. In particular, we quantified the amount and quality of emerging invertebrates
(secondary production) and the foraging activity of aerial insectivore birds (i.e. swallows), including Barn Swallows (Hirundo
rustica), which are classified as threatened in Ontario.
We paired point-count surveys with emergence traps in 2017 and 2018 in herbicide-treated marsh habitat, invaded (P. australis)
habitat, and resident (i.e. meadow marsh, cattail marsh) habitat. Preliminary data indicates that twice as many invertebrates are
emerging from herbicide-treated habitat compared to other habitat types. Further, total aerial insectivore abundance was 54.5%
higher in herbicide-treated habitat and 35.5% higher in resident habitat compared to invaded habitat. Barn Swallow specifically
preferred herbicide-treated habitat, as abundance was 123% higher compared to invaded habitat. We conclude that efforts to
eradicate invasive P. australis and restore wetland vegetation provide improved foraging habitat for at-risk aerial insectivore
birds, most likely by increasing the quantity of invertebrate prey.

Restoring Least Bell’s Vireo habitat across California’s diverse ecosystem by adjusting proven
methods from the Central Valley
Emma Havstad1, Michael Rogner1, Erin Hagen1, Julie Rentner1
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Least Bell’s Vireos declined dramatically as the river processes which create and maintain vireo habitat were degraded through
land conversion and flood control projects, reducing California’s population to 300 breeding pairs concentrated in San Diego
by 1986. In response, a riparian restoration program in California’s Central Valley created thousands of acres of habitat,
successfully attracting active nesting. Climate, topography, and other conditions facilitate rapid, cost-effective riparian
restoration in this agricultural community; however, birds must disperse long distances from their current range to reach this
habitat. To facilitate population growth in existing Southern California populations and thereby drive dispersal to the species’
historic range, River Partners adapted Central Valley horticultural restoration methods to the rivers of Southern California.
Regional ecological differences (water availability), socio-political differences (risk perception, labor availability), and
differing landscape context (urbanization, predation pressures) were incorporated into design and implementation. We used
high-efficiency drip irrigation to reduce water use, delivering sufficient water to support rapid establishment and growth of
potted stock and cuttings while limiting establishment of seeded understory species compared to Central Valley techniques.
Stakeholder outreach drove site design and maintenance in this highly visible restoration context, impacting costs and
development of future projects to a greater extent than in other regions. Although Least Bell’s Vireo quickly dispersed to newly
restored riparian vegetation and attempted breeding in Southern California, continued refinement of restoration techniques
could address variation by site and rain year of robust understory establishment, threats of nest parasitism and predation, and
deeper understanding of prey resources.

Accelerating the science and practice of agricultural stream restoration in the Great Lakes Basin
(Canada) and Canterbury (Aotearoa, New Zealand)
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The solution for water quality and ecosystem health issues in freshwater ecosystems lies on the land through a suite of measures
and coordinated activities at individual, community and watershed scales. This is especially clear for human-impacted,
agricultural landscapes where individual farm actions have the potential to address and mitigate the losses of soil organic matter,
nutrients and other run-off. Rather than a single solution, the reality is that a toolbox of approaches is required from farm field
to tile-drain, and from headwaters to downstream waterbodies. Individual actions therefore rely on coordination and robust
evidence. Here I present two case studies of aligned science-practice across lowland agricultural streams: one in Canterbury,
Aotearoa New Zealand, and another in the Laurentian Great Lakes Basin of North America/Turtle Island. Shared between these
examples were a commitment to engaging in local communities, from farmers to Indigenous stewards, and a broad range of
practitioners, agencies and community groups. We engaged in a reciprocal process of knowledge co-production and coinnovation of possible solutions. Notably, the Canterbury Waterway Rehabilitation Experiment (CAREX), was a five-year
region-scale experiment on waterways located on privately owned farms. The CAREX approach was then adapted for the local
socio-ecological context of agricultural watersheds in southwest Ontario, Canada. This talk will illustrate how communityresponsive, local-context driven approaches have been crucial to accelerating and coordinating science and actions on the
ground, and will be the critical factors underpinning successful freshwater restoration on local to global scales.

Freshwater ecosystem restoration in La Mauricie National Park: 16 years of
ecological gains and the rewriting of the territory's human occupation
Marc-André Valiquette1, Caroline Cormier1
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A century and a half of logging and log driving prior to the creation of La Mauricie National Park have caused
significant degradation of freshwater ecosystems. Some sixty log drive dams at lakes outlets altered water
levels, hydric regimes and fish movement. In many locations, logs sank or washed up along shores, further
altering riparian and lake habitats. The dismantling of 20 dams and the removal of 110,000 logs from lakes
in the last 16 years restored many water regimes and lake habitats in the park.
Beyond these ecological gains, Resource Conservation team wanted to evaluate the resilience of riparian
vegetation and the establishment of native or exotic species on newly exposed banks. The vegetation of lakes
with dam removal 3, 4 and 16 years earlier was assessed and compared with a control lake. Using randomly
positioned transects, the study showed: 1) the presence of native plant species only, 2) the establishment of
a secondary succession after 3 years, and 3) similar vegetation structure and composition after 16 years
compared to the control.
The restoration work also allowed to make important archeological and historical discoveries in the area. The
recovery of lake water levels has also revealed new paleohistoric occupation sites, demonstrating a more
easterly human presence on the territory than previously assumed. Dendrochronological analysis of dam’s
logs revealed an industrial scale log driving activity half a century before previously thought.
The ecological restoration of lakes in La Mauricie National Park significantly improved the ecological
integrity of freshwater ecosystems while allowing the establishment of native riparian vegetation,
contributing to human history and improving beach access to park visitors.
_____
Avant la création du parc national de la Mauricie, un siècle et demi d’exploitation forestière et de drave ont
causé des dégradations importantes aux écosystèmes aquatiques. Environ soixante barrages de drave aux
décharges de lacs altéraient les niveaux d’eau, les régimes hydriques et le déplacement des poissons. À
plusieurs endroits, des billots ont coulé ou se sont échoués le long des berges, dégradant davantage les habitats
riverains et aquatiques. Le démantèlement de 20 barrages et le retrait de 110 000 billots des lacs dans les 16
dernières années ont restauré à plusieurs endroits le régime hydrique et les habitats lacustres.
Au-delà de ces gains écologiques, l’équipe de conservation des ressources a voulu évaluer la résilience de la
végétation riveraine et l’établissement d’espèces indigènes ou exotiques sur les berges nouvellement
exondées. La végétation riveraine de lacs où un barrage avait été démantelé 3, 4 et 16 années plus tôt a été
évaluée et comparée à un lac contrôle. À l'aide de transects positionnés de manière aléatoire, l'étude a
démontré: 1) la présence d'espèces végétales indigènes uniquement, 2) l'établissement d'une succession
secondaire après 3 ans, et 3) une structure et une composition de la végétation similaires au témoin après 16
ans.
Ces travaux de restauration ont également permis de faire d'importantes découvertes archéologiques et
historiques. Le rétablissement des niveaux d’eau a révélé de nouveaux sites d'occupations paléohistoriques,
démontrant une présence humaine plus à l'est sur le territoire que précédemment documenté. L'analyse
dendrochronologique de billots issus de barrages a révélé une activité de drave à une échelle industrielle un
demi-siècle plus tôt que les mentions historiques.
La restauration écologique des lacs du parc national de la Mauricie a amélioré de manière significative
l’intégrité des écosystèmes aquatiques et a permis le rétablissement d’une végétation riveraine indigène, tout
en contribuant aux connaissances sur l’histoire humaine du territoire et en offrant un meilleur accès aux
plages pour les visiteurs.

Mitigation Approaches to Fund Stream Restoration Projects
J. George Athanasakes, P.E.
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Stream restoration continues to grow in popularity throughout North America. The practice of
stream restoration has really taken off since the 1990’s particularly in the eastern United States
and has been significantly funded through the mitigation process, which typically involves onsite mitigation or off-site mitigation as required by Sections 401 and 404 of the Clean Water Act.
In the case of off-site mitigation, this is normally accomplished through the use of mitigation
banks or in-lieu fees (ILF). There are advantages/disadvantages to each approach to mitigation,
however the overwhelming advantage of each type of mitigation approach is that it creates a
funding stream to pay for the restoration of stream impairments, which could be potentially
replicated by other countries to help fund restoration projects.
The author has been personally involved in on-site mitigation projects as well as off-site
mitigation projects through mitigation banks and ILF programs. On-site mitigation can often be
advantageous because it results in restoration of a stream that is directly being impacted. Offsite
mitigation through mitigation banks and ILF programs also have advantages because they
provide a means to pool mitigation dollars together so that larger more comprehensive stream
restoration can be completed on a larger watershed scale. There are times when each form of
mitigation represents the most viable alternative to accomplish restoration goals. The key is to
develop and structure a mitigation program where each form of mitigation can be used as an
option when appropriate.
This talk will focus on the various forms of mitigation practices and will provide case studies of
on-site, mitigation banks and ILF mitigation projects. The talk will focus on mitigation drivers,
different approaches to accomplish mitigation goals, and advantages/disadvantages of the
various forms of mitigation to achieve restoration goals.

Natural infrastructure presents opportunity to scale river ecosystem restoration.
ABSTRACT
River ecosystems are disproportionately important to biodiversity and in provision of services but have
been substantially degraded globally by the concentration of agriculture, transportation and
development in valley bottoms. At the same time, the impact of river ecosystem restoration efforts to
date have been hampered by an over-emphasis on stabilization and in-channel remedies. River
restoration is not meeting the scale and scope of impacts and challenges.
Recent advancements in restoration practice and river management offer new approaches to improve
restoration effectiveness and also serve as natural infrastructure to address increasing risks and impacts
of climate change. As traditional gray infrastructure ages and fails under increasing climate stress,
natural infrastructure offers an opportunity to rebuild with improved understanding of the value of
nature. River valley bottoms, including source-water wetlands and riverscape floodplains, are the critical
natural infrastructure areas deserving investments in protection and restoration to meet global water
security and climate adaptation challenges. The marriage of practical, cost-effective, long-term climate
adaptation solutions (i.e., natural infrastructure) with emerging restoration strategies (i.e., “freedom
space”) can create opportunity to address the triple challenge of addressing loss of biodiversity and
ecosystem services, improving climate resilience, and providing water security for human populations.

Practitioner and Science-Based Restoration Efforts On The Little Colorado River
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Climate change-driven temperature and precipitation shifts can be best experienced in the American southwest—
invasive plants steadily replace native plant habitat, surface and ground water resources are on the decline, and wildfire
impacts are increasing in severity and frequency. This is especially true of the lower Little Colorado River (LCR)
watershed—one of the most degraded riparian systems in this region. The Little Colorado River Valley Conservation
Area (LCRVCA) spans 16 miles of intermittent river and includes almost 17,000 acres south of Cameron, AZ, and
north of Wupatki National Monument within CO Bar Ranch—a part of privately owned and operated Babbitt Ranches.
Restoration efforts within the LCRVCA embrace a locally-driven approach to restoring degraded riparian habitat
along the lower LCR that can be adopted by other regional land managers and organizations. Utilizing American
Conservation Experience (ACE) conservation crews, with assistance from the Landsward Foundation, Northern
Arizona University’s Merriam-Powell Center for Environmental Research, Arizona Game and Fish Department, and
Arizona’s Department of Forestry and Fire Management, on-the-ground restoration work is carried out effectively
through a combination of practitioner-based knowledge, science-based research, and adaptive management. Goals and
results of this on-going project include mitigation of invasive plant competition, creating open space for native plant
recruitment and plantings, protecting remnant cottonwood stands from wildfire, and enhancing wildlife refugia.
Project-related benefits include monitoring data that will inform and fortify successful land management strategies
while proactively dealing with the challenges that are encountered on this rugged, hot, and dry project site.

Application of organic and mineral amendments to reduce metal mobility and revegetate acidic
mine tailings
Gustavo Adolfo Gutiérrez-Fernández1, Christina Desiree Siebe-Grabach2
1

Posgrado en Ciencias de la Tierra, Instituto de Geología, Universidad Nacional Autónoma de México, Mexico
2
Instituto de Geología, Universidad Nacional Autónoma de México, Mexico
ggutierrezf@outlook.com

Mexico has millions of tons of abandoned tailings throughout the country. Biochar is an interesting candidate to aid in tailing
stabilization due to its properties. Gasification and Kon-Tiki oven pyrolysis are technologically-contrasting ways to produce
low-cost biochar from various feedstocks. However, nutrient-poor tailings require a source of nutrients usually not provided
by biochar. Compost is an organic alternative to provide said nutrients.
A 6-month pot experiment sown with ryegrass was conducted using a pH 2 mine tailing mixed with organic amendments
(gasification and pyrolysis biochar and three types of compost and co-compost) in 7 and 30% doses with or without added
dolomite to attain a pH of 6. The objective was to evaluate biochar-based organic amendments’ potential to improve the
substrate’s properties to favor the establishment of a vegetative cover and to reduce metal mobility (As, Cd, Cr, Cu, Ni, Zn)
and uptake. Biochar and compost alone reduced metal mobility though this reduction was greater in the presence of dolomite.
Grass germinated only in the presence of dolomite even without organics, though development was greater in the presence of
organics and increased with increasing dose. Leaching of irrigation water was lower in treatments with dolomite as a result of
vegetative development.
Biomass gasification and composting of organic wastes may be a suitable alternative to obtain carbon-negative energy,
effectively manage organic wastes and produce organic amendments suitable for use in land reclamation upon mine closure,
reducing metal mobility and aiding in the physical stabilization of materials.

Can fungal communities restore native trees on reclaimed substrates containing hydrocarbons?
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Landscapes mined for bitumen must be reclaimed and revegetated to restore self-sustaining ecosystems in the boreal forest of
western Canada. Residual hydrocarbons can be present in reclaimed landforms, and it is unclear what effect they may have
on establishing native vegetation. In this same region, forests occur on natural surficial bitumen deposits and some vegetation
persists on abandoned ore piles; these locations provide unique opportunities to investigate whether we can leverage
interactions between soil fungi and roots to establish trees on reclaimed sites. To screen fungi promoting seedling growth on
substrates containing hydrocarbons, we used Illumina sequencing to survey soil fungi on these sites in addition to forests free
of bitumen. Next, we grew Populus tremuloides and Pinus banksiana, two native tree species used in revegetation, in
substates used in reclamation either inoculated or not with soils collected from our survey. We found that in abandoned ore
piles there were more pathogens and unknown taxa, and fewer ectomycorrhizal fungi compared with communities present in
naturally occurring soils with and without bitumen. In our greenhouse experiment, we found that the presence of
hydrocarbons reduced growth of P. tremuloides and P. banksiana. However, only P. banksiana was sensitive to origin of soil
inoculum; growth was highest when inoculated with soils from forests free of bitumen while inoculum from forests on
natural bitumen deposits and abandoned ore piles had no effect. Our results show soil inoculum may be an effective method
of establishing some tree species on reclaimed areas.

Constraints and Perspectives of Combined Ecological Restoration and Phytoremediation on a
Mediterranean Protected Area Contaminated with Heavy Metals
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In the current context of ecosystem biodiversity and functionality erosion, combining ecological restoration and
phytoremediation provides effective solutions for the management of metals and metalloids (MM) contaminated areas, by
mitigating environmental contamination or avoiding contaminant dispersal, while restoring floristic biodiversity, soil, and their
functionalities. This results in new challenges: (i) extending ecological restoration actions to manage highly degraded sites
submitted to irreversible modifications, (ii) developing phytoremediation tools focusing on environmental-friendly methods
that allow ecosystems to be dynamic and resilient, maintain their functions and support ecosystem services facing
environmental changes. These aspects are mobilized in an ecological restoration trial which was set up in 2017 on a
Mediterranean site contaminated with MM by using native plant species to restore plant and microbial communities, while
providing an efficient MM stabilization in soil. After 3 years, an assessment of this operation success was done by modeling
and considering 3 ecosystem compartments i.e soil, plant, and microorganisms. The results suggest that an ecological
restoration trajectory is initiated, characterized by a partial permanent plant cover composed by planted native species and
spontaneous local plant species which have colonized the experimental plots. However, there is no evidence of an improvement
of soil health and phytostabilization efficiency. We hypothesized that this drastic Mediterranean environement constrains the
recovery of native plant and microbial communities, which limit MM stabilization in soil. Thus, climatic parameters need to
be integrated into the process understanding and taken into account in the restoration practices, especially in the current context
of global warming.

The Role of Redox Processes in Shaping Soil Water Quality of Reclaimed Mine Soils
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Surface mine reclamation practices affect headwater soil and water quality. Such practices, especially in steep-topography,
tend to incorporate rock spoils of different weathering stages (e.g. saprolite, blast-rock fragments) with the salvaged soil for
further use as topsoil-replacement material during reclamation. Such material alters composition and properties that otherwise
ubiquitous to native soils, affecting soil biogeochemical processes and outcomes. In this study, we attempted to elucidate the
governing processes affecting soil water quality under such practices.
Sites in southern WV, USA, reclaimed using sandstone spoils of different weathering stages, placed at different compaction
levels, were instrumented with soil water sampling devices, 12 years after reclamation. Water samples were collected weekly
during a 3-year study and analyzed for metals content, ionic composition, total alkalinity, and dissolved organic carbon in
addition to in-situ measurement of dissolve oxygen, pH, temperature, total dissolved solids (TDS), and redox potential.
Episodes of high TDS (exceeding USA-EPA regulatory threshold of 300 µS cm-1) were associated with low redox potential
(Eh < 300 mV) and with pH shift to circumneutral values. Wide within-season fluctuation was observed in all measured
parameters. Ubiquitous to mining environment, present of sulfate (as well as that of other terminal-electron acceptors; TEA)
showed, in successive incubation studies, to affect soil solution redox potential. The results are discussed in the context the
limited pools and ability of reclaimed mine soils to buffer changes in moisture, pH, redox, etc., pointing to potential
vulnerability amid expected increase in frequency and intensity of extreme weather events.

Analysis of Post-removal Dam Pool Sediment Transport to Enable Fish Passage
Ted Johnson1, Winston Parker1, Laura Burbage2
2
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Themes: Restoration in the Anthropocene
Assisted migration
Background
The Paulins Kill, is a 68-km long tributary of the Delaware River in northwestern New Jersey, USA. Historically, the river
supported shad, herring and eel but dam development blocked spawning migration. New Jersey has a program to remove dams
to reopen blocked migratory pathways and reestablish fish populations. In 2016, the Columbia Dam, located 0.8 km upstream
of the Delaware River was removed. The Paulina Dam located 18 km upstream of the confluence will be removed. Since
removal of the Columbia Dam, shad have been found below the Paulina Dam.
Objectives
Analyze the fate of sediment stored within the dam pool to assess impacts on the river.
Methods
Sediment transport impacts utilized a tractive force analysis that to assess the mobility and amount of sediment transported
and identify downstream depositional locations. A HEC-RAS hydraulic and sediment transport model was developed to
simulate long-term sediment movement using quasi-unsteady flow and assess elevation and lateral changes in the river
channel. In addition, the model was used to assess short-term (7-day) sediment impacts during dam removal and to analyze
fish passage impacts.
Results
The analyses indicate that channel equilibrium will be attained within ten-years following removal.

Conclusion
The project demonstrated that the Paulina Dam removal will enable fish to again access spawning grounds.

Dam Removal and Justifying Passive Sediment Management
Paul M. Woodworth1
1
Princeton Hydro, LLC
pwoodworth@princetonhydro.com

Given the vulnerability of freshwater ecosystems, and the ubiquity of aging and obsolete dams, these dams need to be removed
faster and cheaper. The management of impounded sediments often drives up costs. Recent research reinforces the notion that
the volume of impounded sediments behind small dams, which are very common in the northeastern US, is minor relative to
watershed sediment yields. This presentation will discuss published sediment guidelines in the US, compare sediment
management approaches in several recent dam removal projects in the northeastern US, and describe methods to assess the
volume of impounded sediment in the watershed context that help to justify “when to let it go.”

Dam removal as a tool to increase ecological resilience through water quality improvements
Katherine. M Abbott1, Allison H. Roy2, Peter A. Zaidel1,3, Kristopher M. Houle4, Keith H. Nislow5
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Small, obsolete dams create abrupt discontinuities in stream thermal regimes, flow regimes, and biotic assemblages, and impair
systems’ ability to respond to additional anthropogenic stressors, including climate change. Improved water quality following
dam removal may increase the ecological resilience of streams to climate-driven warming, yet the extent and timescale of water
quality recovery following removal is not well understood. We collected extensive pre- and post-removal temperature and
dissolved oxygen (DO) data at 16 dam removal sites (9 have been removed to date) across Massachusetts to quantify water
quality responses to removal and capture dam-specific and landscape-scale differences driving responses. Prior to removal,
most sites experienced downstream warming, although the magnitude and spatial extent of dam impacts on temperature varied
across sites, as well as seasons. We found lower DO within impoundments compared to upstream reaches but did not find a
consistent downstream effect on DO. Within one year following dam removal, DO in impoundments generally recovered to
upstream reference conditions, and downstream warming was reduced or eliminated at some, but not all sites. These data
suggest that reduced DO caused by small dams may be quickly ameliorated by dam removal, but thermal recovery may vary
depending on dam (e.g., dam and impoundment size), stream (e.g., upstream temperatures), and watershed characteristics (e.g.,
impervious/forest cover). An understanding of water quality shifts following dam removal may inform our understanding of
biotic responses, particularly for thermally-sensitive taxa that are most vulnerable to climate change.

Plant Community Response to Small Dam Removal in Connecticut
Nora Hardy1 & Marlyse Duguid1
1

Yale School of the Environment, United States
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The Northeastern United States has one of the highest densities of extant dams in the nation. These structures are
remnants of the region’s colonial-era mills, which relied on hydropower generated by small dams. Despite
growing interest in dam removal as an ecological restoration strategy, very few studies explore how dewatered
dam impoundments re-vegetate following dam removal. Land managers and ecologists often cite the potential
dominance of invasive plant species in recently dewatered impoundments as a key management concern, but there
is very limited literature focused on plant community recovery following the removal of small dams in New
England.
We conducted vegetation and soil surveys in dewatered impoundments at seven sites in southern Connecticut.
These dam removals were conducted between the years 2012 and 2019, have dewatered impoundments 0.5 to 2.8
hectares in area, and are managed as natural areas by public and private landowners. We found that higher
concentrations of soil nutrients (K, Ca, P, and Mg) were strongly correlated with lower per-plot vegetative species
richness. Larger impoundment area correlated with a higher per-plot proportion of invasive species. Finally, we
found a weaker but significant positive correlation between soil K concentration and per-plot proportion of
invasive species. Our findings indicate that small dam removal sites in Connecticut support a high proportion of
native wetland plants, and that invasive species, while present, are not dominating these areas. Individual site
characteristics, including soil K concentration and impoundment size, play a role in determining the prevalence of
invasive species in dewatered impoundments.

Removing Dams of the American Industrial Revolution in the Northeastern U.S. to Restore
Natural Capital Against Climate Change
1

Geoffrey M. Goll, P.E.1
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Since the first thirteen British colonies were established where what is now known as the Eastern United States,
rivers and streams were the engine of the economies of the US Northeast (generally considered West Virginia to
Maine). Nearly every linear foot of rivers was dammed for processing of the, then, vast resources of timber, and
then grain, paper, and other early industrial products. As a result, much of the riverine and riparian functions and
values have been altered forever. Since the 1990s, there has been momentum for the removal of obsolete dams,
with a focus on the restoration of migratory fish routes, and the removal of drowning and flood hazards of these
structures. But focusing on these issues have only managed to allow for the removal of dams along coastal waters
as “first blockages”, with most funding coming from governmental grants. With the growing recognition of rivers
as natural capital in fighting the impacts of climate change, there are new opportunities for public‐private
partnerships in restoring the functions and values of riverine systems.
This presentation will discuss opportunities and innovation to restore the natural capital of river systems through
dam removal, including natural resource damages compensation, mitigation for infrastructure construction, flood
mitigation, nutrient reduction, and coastal sediment replenishment. Through the exploration of these specific
projects, ecosystem uplift outcomes will be provided that illustrate how rivers have been set on a trajectory of
recovering and self‐sustaining ecosystem services for human benefit; how countries could think “out of the box” to
address failing dams and climate change within the urban environment; and provide lessons learned for developing
countries as they navigate growing economies and populations.

Enhancing direct seeding with unmanned aerial vehicles, operational capacity, and seed
technology in the western US and beyond
Tiffani Manteuffel-Ross , Matthew Aghai
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DroneSeed is a Seattle-based startup developing software, hardware, and infrastructure for land surveying, and aerial
seed deployment in forests and rangelands. Wildfire and other large-scale ecosystem disturbances are increasing in
frequency and severity. Constraints to post-disturbance revegetation include accessibility to remote areas, difficulty
distributing limited seed supply precisely at scale, establishing seedlings from seed because of biotic and abiotic
conditions (e.g. invasive species, seed predation, and moisture availability), and associated costs (such as labor).
DroneSeed is currently paid per acre to survey and distribute seed that’s been manufactured into a vessel to provide
enabling technology, such as substrates and amendments to protect seed or promote germination. We’re trialing this
technology for public, private, and philanthropic land management organizations in the US, with trials underway in
New Zealand and Canada as well.
The presentation will provide an overview of the company’s technology and innovations to revegetation processes,
introduce select projects, and highlight the research and development supporting our data-driven approach. We will
focus on efforts from 2018 to 2020 to collect greenhouse and field data on the efficacy of seed enablement
technology in direct seeding post-fire and post-harvest landscapes across the Western US, Canada, and New
Zealand. We will present the first year growing season seedling establishment results of project sites with native
conifers in the western US and Canada. We will also present pilot studies of native grasses in the US and native
species of New Zealand. We will share next steps and how this seeding technology can play a role in restoration and
address challenges we still face while building towards scalable solutions for ecosystem restoration.

Growing through change: what current literature tells us about sourcing seed for restoration in
the age of climate change
Rebecca Barak1, Anna Braum2, Stephanie Frischie3, Izabella Redlinski4, Cassi Saari5, Pati Vitt6
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North American grasslands have been widely converted to human use, and many that remain are degraded and fragmented. A
key goal of many restoration projects is a diverse, native plant community. In grassland restoration projects, seed addition is a
common technique to meet this goal. The availability of appropriate seed, in terms of species, provenance, and quantity, is a
limiting factor for many projects. Anthropogenic climate change further complicates restoration decision-making, as land
managers assess which seed sources will be adapted to future conditions and contribute to the resilience of restored sites.
Land managers are aware of this complex issue, but the peer-reviewed literature is extensive and often inaccessible. Our
objective was to conduct a review and synthesis of the current state of the science around seed sourcing for climate resilience,
with the hope that this information would bring needed guidance to restoration practitioners, and would alert seed suppliers
and researchers about gaps in native plant materials supply and research. To this end, we searched Web of Science for articles
using keywords related to seed sourcing and climate change. Nine searches yielded 2442 unique articles, 120 of which were
returned in three or more searches. Abstracts of these 120 articles were reviewed to determine: the life history characteristics
of focal species; geographic region and study type - experimental, provenance trials, review, etc.; response variable(s); and
relevance to ecological restoration. Of 78 studies that specifically addressed provenance of plant materials, 79% of these
focused on woody/tree species with a strong economic value, rather than herbaceous species. Most publications focused on
North American or European species or habitats. We will present a synthesis of the relevant literature, including its
accessibility, and discuss how this pertains to restoration research and practice in North American grasslands.

Identification of Dutch elm disease tolerant American elm selections
Charles E. Flower1, Cornelia C. Pinchot1, Kathleen S. Knight, James M. Slavicek1, Dale Lesser2
1
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Before the arrival of Dutch elm disease (DED; caused by Ophiostoma ulmi and O. novo-ulmi), American elm (Ulmus
americana) was a dominant tree species with an expansive range extending from Nova Scotia to Florida, westward to Alberta
and Texas. The tree provided critical habitat to lepidopterans and represented an important source of food for avian and
granivore species. American elms have been widely planted in cities and towns across North America, owing to their graceful
form and tolerance of harsh conditions. The arrival and spread of DED resulted in widespread decline of elms across urban
and rural landscapes. Restoration of American elm necessitates the development of genetically diverse disease tolerant
populations that can be used as seed sources for reintroduction plantings. Ongoing research and breeding efforts lead by the
USDA Forest Service Delaware Forestry Science Laboratory (Delaware, OH, USA) have focused on testing the DED
tolerance of large survivor American elms from midwestern and New England states. To evaluate the DED tolerance of
survivor elms, clones of each selection are planted with tolerant and susceptible controls in plantations and inoculated with a
mixture of O. ulmi and O. novo-ulmi spores at age 7-10. Canopy decline is evaluated over time. Recent tests have revealed
several selections with DED tolerance levels that meet or exceed commercially available cultivars of American elm. Testing
of these selections in urban and rural restoration plantings is underway to evaluate their survival and growth over time and
their impacts on local avian and plant communities.
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Native plant materials use and commercial availability in the Eastern United States
Sara Tangren1, Edward Toth2
2

1
no affiliation, U.S.A.
City of New York, Department of Parks, U.S.A.
invasive.slayer@gmail.com

We conducted an online survey to better understand the practices and needs of native plant materials (NPMs) users east of
the Mississippi River, garnering 760 responses. Respondents use NPMs for a diverse array of restoration, infrastructure, and
landscaping activities. Respondents expressed a preference for local ecotypes (74%), and almost no interest in cultivars (0.3%).
Respondents identified commercial availability as the greatest barrier to their use of local ecotypes. Respondents who use native
seeds and prefer local ecotypes are shopping farther afield than their concept of “local” would support. Respondents who think
of local as being in-state buy seeds out-of-state 85% of the time. Respondents who buy from the most-popular native seed
vendor are, on average, 584 km (363 miles) away. Respondents who buy from the second-most popular native seed vendor are,
on average, 1,296 km (805 miles) away. Respondents lack sufficient lead time to have seeds or plants contract grown. Eightythree percent would be willing to pay a premium to obtain local ecotypes. Such poor commercial availability places respondents
in a position where they must continually incorporate non-local NPMs into their project sites, risking project failure and/or
degradation of natural areas. Potential solutions to the commercial shortage of NPMs include creating an online marketplace;
increasing project lead times; improving procurement policies; charging premiums for local ecotypes; conducting needed
research; providing technical support; and developing a network of active seed banks. Respondents expect their demand for
NPMs to increase, highlighting the importance of addressing these issues now.

Plant functional traits inform plant species selection for restoration to meet multiple management
goals.
Trace Martyn1, Leslie Roche2, Elise Gornish1
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For restoration, it is important to select species that can be easily established and maintain a stable population as well as meet
multiple management goals and improve ecosystem services. Plant functional traits can influence ecosystem services and
demography and, therefore, can inform species selection for restoration seeding. Our aims were to quantify the plant functional
trait distribution of plant species in Arizona and California, USA to understand how they may impact ecosystem services and
demography.
We collected above and belowground trait data for at least 10 established plant species at each restoration site (both native and
exotic) as well as for species seeded for restoration into the communities. We compared trait distributions between native and
exotic species and seeded species. We also examined distributions of traits that have know associations with ecosystem services
such as floral display and aboveground biomass for forage. Using these associations, we determined species selections that can
meet specific or multiple management goals such as erosion reduction and pollinator resources. Perennial grasses offer soil
stability with deep rooting systems, forage with their large biomass, and their high fecundity contributes to stable population
growth. Forbs provide additional forage as well as pollinator resources with a variety of colors and sizes of flowers. Taking
these are other factors into consideration, we can select species that address multiple management goals to seed for restoration.

Wiregrass Phenology: Is local seed important?
Althea Hotaling Hagan1 and Joan L. Walker2
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One of the central tenets of restoration ecology is that local seed is best. However, for many ecosystems that have
been severely impacted and exist in remnants it might be necessary to move quite far out before you find a viable seed source.
This is true of longleaf pine forests which have been reduced to less than 5% of their historical 90-million-acre range. Fire is
key to restoring these forests and without it, fire intolerant species invade. Wiregrass is the dominate grass species in this habitat
and plays a key role in the reproduction and spread of longleaf pine as it helps to carry fire. Understanding the range of variation
in wiregrass seed sources including responses to variations in fire is key to finding a seed source that will be successful in a
specific restoration site. Wiregrass (Aristida stricta) from 5 northern populations and from 7 southern (Aristida beyrichiana)
populations was grown in a common garden outside of Columbia, SC. Randomly selected plants were burned at different times
between April and August 2018. Consistent with previous studies for both species we found that growing season burning
resulted in higher biomass allocation to reproductive structures than not burning. We found that the inflorescence from plants
grown from northern or stricta seed grew taller earlier in the season and peak flowering occurred about a month before
flowering in plants grown from southern or beyrichiana seed. This provides further support for the idea that the two species of
wiregrass are distinct and should not be used interchangeable in restorations.
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A Restoration Success Story:
Restoration of a Former Industrial Site Along the Onondaga Lake Shoreline
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Located at the western nexus of the City of Syracuse along the shoreline of Onondaga Lake, the Solvay Settling Basins 1-8
Site is a 400-acre former industrial property, and a subsite of the Onondaga Lake Superfund Site, home to one of the largest
and most complex sustainable remediation programs in the country. Over the last 5 years, over $100M of investment has been
dedicated to the design and implementation of numerous integrated remedial measures, recreational redevelopment projects,
and ecological restoration efforts that have combined to reset the ecological trajectory of the Site and restore essential ecological
functions through the establishment of robust and varied habitats. To date, nearly 200 acres of the Site have been restored with
wet meadow, shallow and deep emergent marsh, successional old-field, and successional forest community types, creating
room for biodiversity to thrive. Since the monitoring program began in 2015, over 70 species of wildlife have returned to the
Site including small mammals and multiple herptile species which serve as bioindicators of restoration success. The Site also
supports large herbivorous mammals such as the white-tailed deer (Odocoileus virginianus) and their predatory counterpart,
the eastern coyote (Canis latrans), illustrating the presence of a robust and diverse forage base, and high-quality habitat. Naturebased recreation has also rebounded as the surrounding human population seeks opportunities for active and passive
recreational experiences tied to the local, restored ecology.
Here, we present a remarkable turnaround from a heavily impacted industrial site to an ecological restoration success story.

Carbon and other nutrient dynamics in remediated coniferous forests on a recovering
industrial landscape
Patrick Levasseur1, Shaun Watmough2
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Increasing forested land by remediating forests in degraded landscapes has the potential to play a large role in
climate change mitigation by increasing carbon (C) storage. Since 1978 the Sudbury “regreening project” has
involved a drastic reduction in emissions as well as the liming of 3400 hectares of land and planting of over 10
million trees. The main objective of this research project will be to quantify how much C has accumulated in the
Sudbury forests since remediation and to assess how C and other nutrient (nitrogen (N), phosphorous (P), calcium
(Ca), potassium (K) and magnesium (Mg)) pools and transfer rates will change with stand age. My oral presentation
will include findings from our field experiments on a chronosequence of fourteen remediated forest sites ranging in
age from 13 to 40 years old. These remediated sites were treated with soil amendments such as lime and fertilizer as
well as planted with either jack pine (Pinus banksiana) or red pine (Pinus resinosa). Two sites that received no
treatment as well as a 60-year-old plantation site were also established. All sites were 10 m x 10 m and were
intensively sampled to quantify C pools such as aboveground biomass and soil organic matter. Transfer rates such as
litter decomposition, soil respiration, fine root growth and litterfall were also assessed in order to determine how C
pools may be affected as stands age.

Doing it right: The Canadian Peat Moss Industry’s Social Responsibility Journey

Marie-Claire LeBlanc1,2, Stéphanie Boudreau1,2 and Paul Short1
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ABSTRACT
Over the past years, the Canadian Sphagnum Peat Moss Association (CSPMA), the Québec Peat
Moss Producers Association (APTHQ) and their members have undertaken a social responsibility
approach for the horticultural peat sector in Canada. One of the central pillars of this initiative is
the long-lasting support to scientific research to develop Industry Best Management Practices.
For over almost 30 years now, tremendous advances in responsible peatland management have
been done. From the development of the Moss Layer Transfer Technique to greenhouse gas
(GHG) emissions assessment in the various stages do the peat life cycle, this presentation will
discuss the Canadian Peat Moss Industry’s Social Responsibility Journey. The most recent statistics
on industry use of peatlands will also be presented, including a follow-up on the implementation
of the National Peatland Restoration Initiative aimed at reducing the industry's historical
footprint.

Ecohydrological linkages to carbon dynamics during the early development of a reclaimed
landscape in Alberta, Canada.
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As wetlands comprise approximately half of the pre-disturbance landscape in the Athabasca Oil
Sands Region, they have become the focus of reclamation efforts in the region. This study provides
a temporal snapshot of the carbon dynamics for a 32 ha constructed fen-upland watershed. We
quantified rates of gross ecosystem photosynthesis, ecosystem respiration and net ecosystem
CO2 exchange for the first seven years of ecosystem development (2013-2019) using growing
season measurements acquired by eddy covariance systems. Results indicate early-development
carbon trends are particularly associated with the establishment of vegetation. Since planting in
2013, fen vegetation has become robust and is sedge-dominated by Carex aquatilis, Juncus
balticus and Typha latifolia. The fen quickly evolved from a growing season carbon source in 2013
to a sink by 2015 (NEE of 124 g C m-2 to -229 g C m-2 ) as plant development significantly
increased net CO2 uptake. Since 2015, the fen has continually remained a net CO2 sink. In the
upland, tree cover (Pinus banksiana, Populus balsamifera, Populus tremuloides) has developed at
a slower rate than plant cover in the fen, resulting in net carbon loss during this period (with
growing season NEE fluctuating between 4.46-1.12 gC m-2). However, it is hypothesized that the
upland is on trajectory towards become a net carbon sink as vegetation continues to mature and
canopy development ensues. Assessment of the carbon-ecohydrological exchanges during
development suggests the constructed system is evolving towards becoming a self-sustaining,
carbon-accumulating, functional ecosystem with carbon dynamics comparable to that natural
systems in the region.

ReTHINK the Refinery: 2100
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The former Philadelphia Energy Solutions (PES) Refinery is a 1,300-acre property situated along the Schuylkill River in
southwest Philadelphia. The property is currently inundated during the 1% Annual Chance Flood. Sea level rise scenarios vary,
but by 2100 nearly all models including NOAA, FEMA and local agencies agree, sea level rise will increase the current extent
of the Base Flood Elevation. This project provides a design framework for how ecological restoration fosters resilient land
development in a flooded future. It envisions a symbiotic landscape where the river can flood, native plant communities buffer
flood impacts, and people tend to the urban landscape so it can reach maximum resiliency and respond to the river community
it protects. Site inventory and analysis combined with historic cultural and ecological research inform the site’s conceptual
design. The single largest limiting factor identified is sea level rise; half of the site will be underwater in the future. Plant
communities are more suitable than static architecture in projected flood zones. As water levels vary now and into the future,
a restored ecosystem will move with the water, regenerating and offering the much-needed ecosystem services such as flood
attenuation, providing cleaner water and air, carbon sequestration, stormwater filtration, habitat value, and more. ReTHINK
the Refinery: 2100 envisions a landscape where land development is designed in balance with human and ecological
communities. Forward-thinking planning and design at this site create a resilient landscape that acknowledges and responds
to a changing future that benefits the community, economy, and ecology.

Community Based Monitoring to Assess Habitat Restoration Outcomes in Terrestrial Ecosystems
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Practitioners undertaking conservation activities, such as community groups, staff from government and non-government
agencies and private landholders play a vital role in undertaking land management actions such as habitat restoration, including
revegetating agricultural landscapes. Practitioners can also play an important role in learning how revegetated areas change
over time by carrying out monitoring. Monitoring allows us to learn what actions are most effective in restoring vegetation to
individual properties and whole landscapes, how well plant species survive and grow, and the quality of habitat it provides for
faunal species. In the state of Victoria, Australia, practitioners worked alongside researchers to assess how effective
revegetation outcomes are after the first year of planting. The monitoring aims were to assess the outcomes of revegetation, in
terms of the survival of planted trees, shrubs and understory plants, and determine the factors that affect variation in survival
among different species, and different regions. The program also assessed how useful community members found the
monitoring methods, any factors that limited their ability to undertake the monitoring, and ways in which the monitoring could
be improved. This presentation will outline the revegetation monitoring methods undertaken by community groups, the
revegetation outcomes from this monitoring, and the perceptions of participants to the monitoring methods and their outcomes.
The results highlight the importance of researchers and community groups collaborating to better understand the benefits of
conservation activities through monitoring, and provides a monitoring method that could be adapted to assess restoration
activities globally.

Making technology meaningful: co-developing a practice for meaningful local tropical peatland
monitoring in Mantangai, Indonesia
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In recent decades, there has been an increasing call to integrate the perspectives, practices, and worldviews of communities and
local residents in ecological restoration that impacts them. Building on a growing body of scholarship that examines social
dimensions of ecological restoration, this study is guided by the question: how can technologies be used to create locally
meaningful knowledge sharing and the co-development of practice for community monitoring of restoration? The case study
presented is the restoration of tropical peatlands and the use of chameleon flux sensors with local villagers in Mantangai,
Central Kalimantan, Indonesia. Guided by a collaborative and interdisciplinary process that focuses on social-ecological
systems thinking called Adaptive Doing, and an action research approach, the study maps the co-development of a collaborative
process in which team members from a local non-governmental organisation (Borneo Orangutan Survival Foundation - BOSF)
engage with villagers in the use of chameleon flux sensors, examine their perspectives, practices and understanding peatland
monitoring and restoration, and learn about how to make these sensors interesting and meaningful to villages. Utilising
Adaptive Doing, the multiple perspectives of and practices in peatlands and their restoration are identified, the local socialecological system is mapped, and a shared understanding is formed that guides the development of meaningful community
monitoring practice and local learning. The study provides preliminary reflections on the co-design process and insights for
community learning and engagement.
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Decades of oil and gas exploration has left a legacy of disturbances on the boreal forest including seismic
lines, roads, trails and well sites. Exploration disturbance occurred on a widely distributed basis and
now contributes to altered predator-prey dynamics and increased predation on woodland caribou,
which are threatened in Canada. Exploration disturbances have also been associated with increased
methane emissions in certain conditions. Under passive recovery, a large proportion of exploration
features stagnated; failing to return to forest cover due to flattened surfaces/loss of microtopography,
herbaceous competition and other factors. Arrested recovery is most prominent on wet site types and
organic soils.
Active treatment using mechanical site preparation to create artificial mounds, tree planting and
recruitment of coarse woody material is believed to make return to forest cover more rapid and
predictable. Over 10 years Cenovus conducted applied investigation into forest habitat restoration with
the hypothesis that we could restore key ecological functions on stagnated sites. We tested plant and
animal response to restoration treatment and we measured carbon emissions under contrasting
treatments. Overall, we found that responses to active restoration were consistent with our hypotheses,
specifically:
o
o
o
o

Conifer growth rate and survival increased
Utilization of treated areas was reduced for moose, caribou and wolves
Travel speed along treated features was reduced
Carbon storage improved relative to control sites under passive recovery.

Further to these indicators, we are confident that this treatment approach will contribute to caribou
habitat recovery and as well as a broad range of ecological services supplied by boreal forest.

Title: Park-As-Lab: A community-based platform for ecological data distribution
Author: Jacqueline Wu, Park-as-Lab Research Coordinator at Randall’s Island Park Alliance
Abstract:
Background/Objectives/Methods
Despite the nickname “Concrete Jungle”, New Yorkers often experience a disconnect between
society and nature with the environment as the last thought on their minds. In an effort to return
the environment to the people (and vice versa), multiple organizations are working to collect
ecological data, often by engaging local community members. However, much of this data is not
shared, thus hindering future ecological studies and community participation.
In order to remedy the lack of data-sharing, Randall’s Island Park Alliance (RIPA) in New York
City (NYC) developed the Park-As-Lab (PAL) program: a research collaborative where
scientists, environmental advocates, and communities work together on scientific research. PAL
works to encourage civic engagement, support STEM career paths, and increase our
understanding of NYC’s ecosystems, ultimately promoting more resilient communities.
Results/Conclusions
Since its creation in 2018, Park-as-Lab has reached nearly 4,000 participants through 25
research projects, seven monitoring projects, and 25 partners. Many of the research projects
focus on community-identified local issues but PAL also helps regional scientists. All of the data
collected by PAL and completed final projects are added to the PAL data repository and
interactive map which are hosted on RIPA’s public website. This data sharing will allow for
improved collaborative efforts between the environmental organizations of NYC as PAL fosters
partnerships through continued engagement and communications. This presentation will cover
PAL research topics, outreach and education initiatives, and collaborative data-sharing efforts
by NYC organizations.

Participatory ecological restoration as a didactic strategy: Guarumo's experience in Sarapiquí,
Heredia, Costa Rica
Fiorella R.-Durán 1 , Alejandra Perez-Enriquez1
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The concept of ecological restoration is not always close to the public in tropical zones of ecological fragility such as Sar apiquí,
Heredia, Costa Rica. In this locality, the rapid change in land use and the low human development indices contrast with some
ecological restoration and sustainable development initiatives. For this reason, a project named Guarumo was developed with
the objective of promoting natural and social connectivity between high school students and the local biological corridor
through ecological restoration, the democratization of science, and the union of local actors. Sessions were developed over
eight months with students from San José del Rio High School. The activities were based on constructivist pedagogies, learning
from experience, popular education, and participatory methodologies. After the sessions, students showed greater interest in
science and university education. The topics covered also reinforced the learning of t heir biology, chemistry, and physics
courses. In addition, the proposal allowed us to put into practice the concepts discussed by means of field trips, laboratories,
and their participation in a real project of ecological restoration of the community. This methodology demonstrated the great
potential of ecological restoration as a thematic line for the development of environmental and scientific education programs
in a rural school, especially considering the lack of practical experiences in these subjects in the public education system of
Costa Rica.

Figure 1. Planting activity for the restoration of riverside forests in Sarapiquí, part of the process with the students. Sma ll
farmers from the area, non-governmental organizations, community organizations, and volunteers participated throughout the
project.

Figure 2. During the sessions, students had the opportunity to use scientific equipment and familiarize themselves with the
different stages of an ecological restoration project.

Participatory governance as a basis for forest fire management in restored forests
in the Chorotega region of Costa Rica
Roger Villalobos , Claudia Medellín , Luis Diego Román , Fernando Carrera
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During 1950 -1970 Costa Rica suffered intense deforestation due to agricultural activity. The Chorotega region,
located in the northwest of the country, practically became a “great pasture”. As of the 1980s, a tree recovery
began, both due to the decrease in meat prices and emigration, as well as reforestation and restoration initiatives.
Since then, some sectors have gone from less than 25% to more than 54% of forest cover, in dry and humid
areas. However, the greatest current challenge for restoration is fires, caused by higher temperatures and dry
periods, typical of climate change, as well as some agricultural and cultural practices that use fire. In this study,
the participation of social actors and local governance structures that support the National System of
Conservation Areas in the control of forest fires was analyzed. It was found that the National Forest Fire
Commission has strengthened inter-institutional coordination processes, with achievements especially in the
area of education and awareness; while at the local level the forest fire brigades represent the most important
social articulation space. These brigades are made up of volunteers in synergy with SINAC and some of them
have been active since 2005. In 2018 alone, approximately 350 volunteers supported fire management in the
region, of which about 20% were women. The consolidation of governance through which coordination and
cooperation agreements between civilian (grassroots organizations and companies) and institutional actors is
achieved is essential, given the scarcity of resources and the magnitude of the problem.

A Video Essay – On how to engage private and public landowners to complete restoration work
where it is needed most.
Beth Anne Fischer1, Kent Rundle2
1
2
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Much, of our land is under the ownership of people who aren’t doing restoration work, and it’s challenging to keep our
ecosystems healthy beyond the borders of the properties we control. Gaining access to private property and permissions to
work on public lands is imperative for the implementation of ecosystem monitoring and restoration. Further, long-term
management, maintenance and monitoring of projects is a must. Ecosystem functions and animal lifecycles often require inputs
from multiple properties, and actions that stretch across ownership, municipalities, provinces and countries.
Through a series of short videos this presentation will showcase the success of a landowner engagement approach in Southern
Ontario, Canada. Videos will highlight the positive results of *Conservation Halton’s private and public landowner outreach
program, called the “Watershed Stewardship Award”. Videos are narrated by landowners and stakeholders. This award has
assisted Conservation Halton in building private and public landowner relationships, resulting in a robust ecosystem restoration
and protection program in our watershed.
Restoration actions highlighted in the videos include: a large-scale $750k, 550m coldwater creek restoration project in a public
park, forest and creek protection on private land, implementation of land management recommendations on private property, a
LID project on school property and creek narrowing using bio-engineering.
Presenter commentary between videos will describe the Watershed Stewardship Award program, approaches to relationship
building, and soft skills tips crucial to implementing these successful projects.
*Conservation Halton is a government agency tasked with flood protection. It is located in Southern Ontario, Canada in the
Great Lakes Watershed.
Video Examples:

https://www.youtube.com/watch?v=eG23-9djzMQ
https://www.youtube.com/watch?v=p8YNdpbLdzQ

Bringing the Forest to the Office – How Virtual Tours are Informing Training and Decision
Making Related to Restoration Approaches in the Oil Sands
Matthew Pyper1, Michael Cody2, Katalijn MacAfee3, Jack O’Neill4
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Virtual reality isn’t just for video games anymore. This project sought to evaluate the utility of 360-degree imagery to develop
educational and training modules about habitat restoration techniques being used in the oil sands region of Alberta, Canada.
This project leveraged professional-quality 360° photos of restoration sites, either recently established or up to 10 years old.
By bringing the forest to the office, the project’s goal was to showcase how modern techniques in forest restoration can help
achieve environmental goals related to woodland caribou habitat restoration and oil sands compensation lakes. Students,
operators and managers can all explore one of five virtual tours: lowland sites with surface roughness applied, linear restoration
sites, planting on upland and lowland sites, interim reclamation of soil storage piles, and oil sands compensation lakes. In
addition to these virtual tours, the project houses the recently completed Silviculture Toolkit developed through a collaboration
between Canada’s Oil Sands Innovation Alliance (COSIA) and Natural Resources Canada.
Results of the project indicate that these virtual tools have wide applicability in university education and in training
professionals to adopt new and innovative restoration practices. This presentation will showcase why the virtual tours were
established, data supporting the use and uptake of the tours, and will discuss how virtual tours like this can be used by
universities, governments and industry organizations around the world to drive innovation and quality treatment delivery in
reclamation and restoration programs.

Dale Hodge Park
Katelyn Dunning with O2 Planning + Design1, AECOM2, Source 2 Source3, & San Façon4
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Abstract
Dale Hodges Park is a transformative landscape along the Bow River in Calgary. The project was born of the need to restore
the environmental health of the area while addressing stormwater treatment opportunities for runoff from over 1,700 hectares
of adjacent urban area. Once a gravel quarry, the site is now a fully integrated 40-hectare natural environment park, stormwater
treatment facility, and one of the largest public artworks in North America. The park concept follows the journey of stormwater
through a series of curated experiences, collaboratively designed with The City’s Parks, Water Resources and Public Art
departments, emphasizing the flow of water through the landscape. As a new type of high-performance public space, the park
achieves multiple infrastructure requirements through a beautiful open space, providing ecosystem services and enhancing the
quality of everyday life.
A team comprised of O2 Planning & Design (landscape architecture and park design), AECOM with Source 2 Source
(stormwater engineering, environmental design, and hydraulics), and Sans façon for Watershed+ (public artists) worked
collaboratively to transform the site. The multidisciplinary approach allowed each team to build upon the team’s collective
knowledge and creativity to achieve the outcomes demanded by The City for this incredibly valuable and strategic park.
Additional Project Summary
Dale Hodges Park is a transformative landscape along the Bow River in Calgary. The project was born of the need to restore
the environmental health of the area while addressing stormwater treatment opportunities for runoff from over 1,700 hectares
of adjacent urban area. Once a gravel quarry located within an existing 164 hectare river valley park, the site adds 40 hectares
of integrated park land, stormwater treatment facilities, and one of the largest public artworks in North America. The park
concept follows the journey of stormwater through a series of curated experiences, collaboratively designed with The City’s
Parks, Water Resources and Public Art departments, emphasizing the flow of water through the landscape.
A team comprised of O2 Planning & Design (landscape architecture and park design), AECOM with Source 2 Source
(stormwater engineering, environmental design, and hydraulics), and Sans façon for Watershed+ (public artists) worked
collaboratively to transform the site. The multidisciplinary approach allowed each team to build upon the team’s collective
knowledge and creativity to achieve the outcomes demanded by The City for this incredibly valuable and strategic park.
This project is unique in that the team embraced the requirement for stormwater treatment as an opportunity to explore and
create new experiences for park users and a diverse range of upland, riparian and aquatic habitats. The focus was to express the
movement of stormwater through the site and make its journey apparent at each treatment stage. This is accomplished through
the formal design of the system and through interventions that allow for a visceral experience of the water’s movement. The
story begins as water enters the park into the Nautilus Pond , an innovative circular clarifying pond. From there, water cascades
through built structures and streams into a series of polishing marshes, wet meadows, riparian areas, and a 900m long restored
stream. In a typical year, this system removes 85,000 kg of TSS that would otherwise be discharged to the Bow River.
Riparian morphological forms inspired the design and fabric of the park, creating opportunities for water treatment and
interpretation of the landscape patterns. The polishing marshes follow sweeping curves reminiscent of anabranches and river
scrolls that evolve when a channel diverges and rejoins a river. A pathway along a scroll provides access to the water while
elevated, crisscrossing boardwalks contrast the elegance of the natural patterns. The emergent vegetation zones throughout the
marshes provide additional filtration and critical waterfowl habitat. The outlet stream is a restored seasonal creek that mimics
alluvial side channel formations and discharges to an important trout rearing habitat in the Bow River, serving as refuge during
river flood conditions.
Implementation of the project has resulted in numerous positive impacts. The project’s robust public and stakeholder
engagement process has led to widespread public praise of the finished park. Ecological systems in the park are now rich and
diverse, visible in the prevalence of native vegetation and wildlife. As a new type of high-performance public space, the park
achieves multiple infrastructure requirements through a beautiful open space, providing ecosystem services and enhancing the
quality of everyday life.

Ecological restoration, work, and a just transition
Matthew J. Burke1
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Amid debates regarding whether and how to advance large-scale ecological restoration, little consideration has been given to
the social organization of the actual work of restoring ecological communities. This paper contributes a perspective on the work
of ecological restoration by drawing from experiences in North America to advance a just transition, centering on the critical
role of workers and the importance of high-quality employment within communities and societies in economic transition.
The objective is to provide a basis for and describe an approach to institutionalizing networks of service for ecological
restoration. This is achieved first by recognizing the opportunity for meaningful, geographically specific employment that
allows for sustained engagement with practices of restoration of ecosystems, ultimately restorative of social-ecological
relations. The paper then draws from historical and contemporary cases and institutional designs to inform the organization of
networks of public restoration services. Cases highlight positive outcomes as well as shortcomings of large-scale, public-sector
conservation and restoration projects of the past, while assessing the scope of current conservation and restoration efforts and
needs across the continent.
The outcomes of this research have broad applicability for social practices of restoration in North America and beyond, aiming
to inform governance and public policy, job creation and livelihoods, and public awareness and engagement regarding these
practices and their organization. By learning from history while grounding efforts in the needs of the present, emerging
networks of ecological restoration services can increase support for expanded projects while creating conditions for enduring
economies and cultures of restoration.

Moving from Multitasking to Mission: Growing Old Gracefully in the Workplace
Terry Doss1
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Growing old gracefully in the workplace is becoming more difficult given the growth of the “gig” economy and changing
cultural standards and principles. People with many years of experience often command higher salaries and more benefits,
which conflicts with company directives to lower direct costs and increase productivity. And right about the time that our
minds and bodies are slowing down, the speed of change in the world keeps getting faster, demands for overtime and
weekend work are growing, and new technologies that require more training keep popping up. Retiring from the firm that one
worked for over a career seems to be more and more of a myth these days.
After watching older employees with higher salaries and higher resultant project rates get let go from mega-consulting firms,
and watching employees of smaller firms work longer hours to try and compete, I set out to find a way to contend with my
gently decelerating body and mind while still being able to utilize my many years of experience.
I’ll share my journey to find a position where I could sharpen my focus on singular tasks rather than continuing to try to
multi-task, where I could adopt a slower pace that allows me to be more engaged with others and with issues, and where I can
celebrate my passion for restoring the earth. I no longer fear being pushed out due to my age and will share some insights I
learned along the way.

The Southeastern Plant Conservation Alliance Building Capacity through Novel Partnerships and Leveraging Shared Resources
Carrie A. Radcliffe, M.S.1, Emily E.D. Coffey, Ph.D.2
2
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The Southeastern Plant Conservation Alliance (SE PCA) is a partnership of professionals bridging gaps between local and
national plant conservation efforts to prevent and restore the loss of plant diversity in the southeastern United States.
Participants include government agencies, land managers, botanical gardens, university programs, and other professionals.
The alliance is tailored to multiple interests to provide training opportunities, fill information gaps, identify conservation
needs, prioritize efforts, and work collaboratively to conserve imperiled plants.
The SE PCA is coordinated by Atlanta Botanical Garden’s Southeastern Center for Conservation with participation from
state, regional, national, and international partners. The alliance builds capacity and promotes novel partnerships by adapting
successful models and creative solutions while leveraging shared resources. Our goals are to promote best practices, increase
public awareness of plants, and efficiently focus funding. This is currently achieved through bi-monthly meetings, leadership
committee planning and task teams, and through a website (se-pca.org).
The SE PCA is currently engaged in advocacy to integrate plant conservation with broader efforts to conserve wildlife
diversity and increase funding for plant conservation. An ex situ gap analysis is being conducted to determine which
southeastern species are represented in conservation collections and which need to be incorporated to support in situ
restoration efforts. Preliminary strategic planning has outlined additional action items, including developing a published list
of species of greatest conservation need and a formal regional strategy. Working with a wide range of stakeholders that
represent diverse interests and perspectives, the SE PCA will continue to stimulate collective success.

Agroforestry options to leverage restoration value chains:
a case study in the State of Rio de Janeiro, Brazilian Atlantic Forest
Fernanda Tubenchlak1, Camila Islas1, Vinicius Pacheco1, Maria Vitória Palhares1,2, Nathalia Dreyer1, Renato Crouzeilles1,
Bernardo Baeta Neves Strassburg1,2, Carlos Alberto de Mattos Scaramuzza1
2
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To achieve large-scale global restoration commitments, it is necessary to restore areas at an unprecedented pace. To prepare
local stakeholders for implementing restoration projects in target areas, it is important to conduct an assessment of the
restoration value chain and estimate the expected impacts of such additional demand. We developed a comprehensive study of
the restoration value chain in the region of the Central Fluminense Mosaic, located around metropolitan Rio de Janeiro, in the
Brazilian Atlantic Forest hotspot. Our study combined multiple methods (e.g. literature review, interviews, workshop with local
stakeholders and experts, spatial and economic analyses) divided in three phases: (i) diagnosis of the region and restoration
activities; (ii) development of restoration models; and (iii) economic evaluation of the large-scale implementation of proposed
models in the value chain. We estimated that, to comply with Brazilian environmental laws, the rural properties of the region
need to restore 60 thousand hectares of forest. Thus, we proposed nine restoration models considering multiple socioecological
aspects of the areas that should be restored, including different restoration methods and agroforestry options. Our financial
analysis showed that agroforestry-based restoration models and the consideration of natural regeneration potentials can increase
cost-effectiveness and leverage large-scale restoration. Implementing all the proposed models to achieve legal compliance
could represent an inflow of U$ 1.5 billion in the local economy. Specifically, agroforestry-based restoration could offer more
than 4.2 million tons of food and 2.4 million m³ of wood, adding U$ 904 million in products, contributing to increase food
security.

Integrated Mining-Agroforestry restoration projects as a means to obtain and maintain social licence
in the context of climate change
Martin Beaudoin Nadeau1 and Louis Guay1
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Many mining projects in the world are located in areas with already degraded landscapes and soils,
especially in tropical and developing countries. Such soils and landscapes can be restored by means of
smartly using innovative and highly productive biotechnologies.
The competencies required for this restoration process straddle mining and forestry/agroforestry sectors.
They consist in integrating an agroforestry/forestry component to extractive project planning and
operations including in the mining, the progressive remediation of mined areas, the social and community
development and the environmental management plans.
In this context, such an approach aims at providing innovative ecological restoration and eco-engineering
technologies, infrastructures and on-site expertise not only to mitigate, in a progressive manner the
environmental impacts of mining operations, but also create alternative and economically viable
livelihoods to communities (restoring agricultural and forestry productivity allowing the production of
commercially valuable goods and services such as timber, agri-food products and biodiversity and carbon
offset credits); thereby, promoting the obtention and maintenance of social license and increased natural
resilience and contributing to Climate Change mitigation and adaptation.
An integrated mining/agroforestry project leads to the implementation of a common and mutually
beneficial watershed-based developmental project with positive and lasting impacts resulting from
interactions between all the impacted stakeholders.
Coupling mining and agroforestry constitutes an innovative, economical and effective approach towards
dealing with environmental and socio-economic and cultural challenges encountered by natural resources
projects. In this presentation, benefits of this new innovative approach to mining sector and its sustainable
and durable development will be discussed.

The role of agroforestry in restoring Brazil’s Atlantic Forest: opportunities and challenges for
smallholder farmers
Yara Shennan-Farpón1,2, Morena Mills3, Katherine Homewood2
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Restoring the degraded Atlantic Forest biome is one of the biggest conservation challenges in Brazil. Across the tropics,
agroforestry is emerging as a forest restoration approach which can provide benefits to smallholder farmers and biodiversity,
but its potential to support rural livelihoods remains largely unexplored in Brazil. Smallholder farms are essential to national
food security, producing the majority of fruit and vegetables consumed in Brazil, and can provide important stepping stones
for biodiversity. To better understand their role in Atlantic Forest restoration, this study explores the use of agroforestry by
smallholder farmers from the Movimento Sem Terra (MST), the Rural Landless Workers Movement, in the Pontal do
Paranapanema region. We combine quantitative and qualitative methods to understand the mechanisms which aid agroforestry
implementation, the barriers, and the impact of agroforestry on indicators of well-being, food security and ecosystem services.
We compare indicators between MST farmers using agroforestry and conventional farming, and find eight out of 18 tested
variables are significantly higher on agroforestry farms. We show attitudes to agroforestry are varied, but common themes
emerge including mitigating climate change impacts on agriculture and the difficulties in selling agroforestry produce. Our
results show that MST farmers face multiple barriers to implementing agroforestry practices, such as lack of policy support,
lack of community organizations, and initial investment costs, missing out on potential benefits. Smallholder farmers should
be fully integrated into the Atlantic Forest restoration agenda to help reach biome restoration targets while supporting rural
livelihoods and national food security.

A Significant Initiation of West Java Government in Creating 20-Year Master Plan for
Ecosystem Restoration, Case Study: West Java Creative Forest
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1

Institute for Globally Distributed Open Research and Education (IGDORE), Indonesia
2
Forestry Service, West Java Provincial Government, Indonesia
3
West Java Strategic Project Management Unit (UMPS Jabar)
4
Rimbun Landscape, Indonesia
E-mail address: amarizni@igdore.org

The land degradation has occurred in Blok Cikanyere, North Cianjur, West Java, Indonesia since 1994. It has triggered
landslides in the rainy season and water scarcity in the dry season that have been faced by the surrounding communities. The
provincial government took over the land in 2019. West Java Creative Forest is the West Java Government Ecosystem
Restoration Program that was begun in 2020 under the Forestry Service to carry out reforestation and land rehabilitation,
covering 144.67 ha area. The research-based design was generated through SWOT, bio-physic, and spatial analysis. The studies
are needed in creating a West Java Creative Forest master plan for the span of 20 years proposing the concept of ecocentrism.
It was designated as the restoration planning concept that can be translated into three principles based on the analysis and local
conditions: restorative landscape, local wisdom, and multifunctional forest principle. These were incorporated into three main
zones of restoration areas: Protection Zone, Ecotourism Zone, and Limited Use Zone. The zonation will be utilized for
restoration ecosystem education, research, and ecotourism activity in the future. Cross-sector partnerships are required to
implement this master plan into successful ecosystem restoration action in providing ecological, economic, and social benefits.
Thus, the West Java Creative Forest project will be a tremendous achievement to be executed by the West Java Forestry Service
in providing the first long-term specific action plan for the ecosystem restoration project.
Keywords: West Java; creative forest; ecocentrism; land rehabilitation; reforestation
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Figure 1. Zonation of West Java Creative Fores masterplan: a. Protection Zone, b. Ecotourism Zone, and c. Limited Use Zone

Act respecting the conservation of wetlands and bodies of water
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The Quebec Government reformed in June 2017 the legal framework applicable to wetlands and bodies of water in order to
modernize the measures that ensure their conservation. The Act respecting the conservation of wetlands and bodies of water
amended various Acts to reflect different components of the reform.
More specifically, the Act to affirm the collective nature of water resources and provide for increased water resource protection
is amended to recognize the ecological functions of wetlands and bodies of water, and to make regional county municipalities
responsible for developing and implementing a regional wetlands and bodies of water plan in their respective territories.
That Act is further amended to grant the Minister the power to develop and implement programs to promote the restoration and
creation of wetlands and bodies of water.
The Natural Heritage Conservation Act is amended to facilitate the conservation of certain wetlands and bodies of water
through their designation and the establishment of their boundaries on a plan.
The Environment Quality Act is also amended to set out special requirements for documenting authorization applications for
projects in wetlands and bodies of water. The new provisions are intended to prevent the loss of wetlands and bodies of water
and to foster the development of projects with minimal impacts on those environments. Compensation measures, generally in
the form of a financial contribution, are also provided for cases where it is impossible to avoid adverse effects on the ecological
functions of wetlands and bodies of water.
Theme: policy and planning

The Act respecting the conservation of wetlands and bodies of water: Critical legal analysis of
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Confronted with a significant loss of wetlands, many jurisdictions have adopted laws and policies that require
developers to compensate negative impacts on wetlands by creating or restoring similar ecosystems, after
taking appropriate avoidance and minimisation measures (mitigation hierarchy). Likewise, in 2017, the
Government of Quebec adopted an act (Bill 132) that sets the objective of no net loss of wetlands and relies
on the mitigation hierarchy to regulate human activities that may affect their integrity. Whereas this approach
has the potential to promote sustainable development and incentivise developers and decision-makers to better
consider their impacts, it is not without pitfalls. Aside from the avoidance and minimization stages not being
sufficiently considered, compensatory measures have often been poorly designed and executed. This
presentation will critically review the legal safeguards that have been established in Québec to ensure the
effective implementation of compensatory measures in light of past experiences in other countries. To address
the aforementioned issues, the new framework provides for the pre-identification of restoration and creation
sites in regional wetland conservation plans, taking into account a watershed approach. In addition, the
government of Quebec opted for a public compensation fund (in-lieu fees) instead of relying on permitteeresponsible measures or wetland banks. Whereas such a public fund can be invested more strategically by
aggregating measures and by locating them in priority areas, the ex post implementation, however, raises
interim losses. In addition, the equivalency between losses and gains is more difficult to ensure.

The Present and the Future: How Iceland is Working Toward Evidence-Based Policymaking to
Restore and Sustain Healthy Rangeland Ecosystems
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For the last decades, ecosystem restoration of severely degraded rangelands and improved rangeland management have been
official environmental and agricultural policy tasks of the Icelandic government. Several new agri-environmental programs
and projects have been established since 1990, with the aim of maintaining and improving the ecological condition of rangeland
ecosystem and to facilitate behavioural changes among sheep farmers to ensure sustainable rangeland management.
Nevertheless, a recent study showed that these had not succeeded and that the current governance system for rangeland
management was structurally limited, and not designed to maintain and improve the ecological condition of rangelands’
ecosystems.
In 2017, a nationwide ecosystem condition monitoring program was established by the government and sheep farmers. The
aim of the program is to generate data that can be used to secure sustainable land management. The monitoring process is
multilevel with scientists, land users and public participating. The first results from this program were published in 2020. They
indicated that only 26% of Iceland consists of productive and stable vegetation and soils, while around 62% of its surface is
used for sheep grazing.
The monitoring is expected to provide results that can be applied directly into evidence-based policymaking, securing that
future land management will be based on ecosystem condition and ecological capacity. However, to facilitate that, the related
social-ecological system (SES) needs to be strengthened. In this talk we will discuss the existing bottlenecks within the SES
and potential leverages for strengthening the SES towards improved land management practices.

Dryland Riparian Restoration: A Nature-Based Solution to
Mitigate Drought, Erosion, Flooding, and Atmospheric Carbon
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Arid ecosystems of the Sky Islands in the southwestern US and northern Mexico, a designated biodiversity hotspot, have
suffered extensive land degradation. Ongoing degradation has reduced ecosystem services provisioning, released carbon from
disturbed soils into the atmosphere, and diminished resilience to climate change.
In this context, private landowners have developed methods to reverse degradation and restore biodiversity and ecosystem
function. Among the largest in scale is Cuenca Los Ojos (CLO), a 130,000-acre privately protected area in the US-Mexico
borderlands of northern Sonora, where proprietors used over 40,000 loose rock structures to reverse riparian degradation. We
present the impact of these erosion control structures as a nature-based solution to restore ecosystem services, based on research
at CLO and two partner efforts in Southern Arizona.
Our analysis is structured around an impact process model that delineates the mechanisms by which loose rock structures affect
multiple biophysical systems, including hydrological, geological, climate, biodiversity, and social systems. Using data from
>20 journal articles based on data collected at these sites, we document positive impacts on overall stream flow, reduction in
peak runoff, and increased sedimentation, which increase resilience to drought, erosion, and flooding. Other co-benefits include
carbon sequestration, increased biodiversity and wildlife abundance, increased vegetative cover, and increased surface water
provisioning to support the land-based livelihoods of downstream neighbors.
We will conclude with a discussion of gaps in knowledge, particularly around carbon sequestration and other lesser-studied
benefits of dryland riparian restoration, such as resilience to wildfire.
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Over 70 percent of global drylands have experienced degradation and loss of ecosystem services. The need
to maintain and restore these services make drylands a focal system for the U.N. Decade on Ecosystem Restoration.
Despite the widespread extent of degradation on drylands, there are many gaps in our understanding of plant
establishment in seeded restoration. Seeded restoration aims to restore plant biodiversity, forage, and habitat, yet
fewer than 10% of seeds successfully establish across dryland restoration projects globally. This failure can
be traced to the germination and emergence life history stages, suggesting that the abiotic requirements
for germination and emergence are not being met. Locations where these requirements are met, favorable microsites,
are often identifiable by microtopography or remnant vegetation. Until recently, identifying microtopography and
remnant vegetation across large spatial scales was not feasible. However, advances in perception and sensing
technology, such as RealSense cameras and flash lidar, offer new possibilities to identify these features and
deliver seeds. In this study, we conduct experiments to quantify the parameters of several common microsites that
could improve germination and emergence in a degraded dryland field experiment. We will report on the diameter
and depth of soil depressions, the size of soil cracks, the presence of litter, and the amount of shrub shade as they
impact plant establishment. We will further share key takeaways on how this data can be used in combination with
in situ perception and sensing to identify and deliver seeds to favorable microsites for scalable restoration.
Plus de 70 % des terres arides mondiales ont connu la dégradation et la perte de services écosystémiques.
La nécessité d’entretenir et de restaurer ces services fait des terres arides le thème central de la Décennie des Nations
Unies Pour La Restauration Des Écosystèmes. Malgré l’ampleur généralisée de la dégradation des terres arides, il
existe de nombreuses lacunes dans notre compréhension de l’établissement des plantes par la restauration
ensemencée. La restauration ensemencée vise à restaurer la biodiversité végétale, le fourrage et l’habitat, mais moins
de 10 % des semences réussissent à s’établir dans le cadre de projets de restauration des terres arides à l’échelle
mondiale. Cet échec peut être attribué aux étapes de germination et d’émergence dans la vie des plantes, ce qui
suggère que les exigences abiotiques pour la germination et l’émergence des semences ne sont pas remplies. Les
endroits où ces exigences sont satisfaites, les microsites favorables, sont souvent identifiables par microtopographie
ou par la végétation résiduelle. Jusqu’à récemment, il n’était pas possible d’identifier la microtopographie et la
végétation résiduelle à grande échelle spatiale. Cependant, les progrès de la perception et de la detection, tels que les
appareils photo RealSense et le lidar flash, offrent de nouvelles possibilités d’identifier ces caractéristiques et de
livrer des semences. Dans cette étude, nous menons des expériences pour quantifier les paramètres de plusieurs
microsites ordinaires qui pourraient améliorer la germination et l’émergence des semences dans un environnement
dégradé de terres arides. Nous ferons le point avec vous sur ces expériences, sur le diamètre et la profondeur des
dépressions du sol, la taille des fissures du sol, la présence de litière et la quantité d’ombre arbustive au fur et à
mesure qu’ils impactent l’établissement des plantes. Nous partagerons en outre ce qu’il faut principalement retenir
sur la façon dont ces données peuvent être utilisées en combinaison avec des robots in situ pour identifier et livrer
des semences de manière autonome aux microsites favorables à une restauration des terres arides.

Recovery after reclamation? Quantifying traits of plant communities in Alberta’s reclaimed
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Understanding the underlying processes affecting post-disturbance ecosystem succession can have practical implications in
land use management and reclamation and restoration practices. We lack, however, a good understanding of the long-term
recovery of areas affected by severe, anthropogenic disturbances. To address this, we examined changes in plant communities
and their functional traits in 18 reclaimed grassland sites in southern Alberta disturbed by previous oil and gas well pad
development (8-30 years since reclamation certification). These sites were then compared to proximate reference sites in natural
grasslands. Young well pads, reclaimed using more recent approaches and criteria, showed evidence of expected ecological
patterns after disturbance. These sites had a higher prevalence of plants and plant traits characteristic of sites at an early to midsuccessional stage. Conversely, old reclaimed well pads were not showing signs of ecological succession towards conditions
typical of undisturbed grasslands. The old reclaimed well pad sites were characterised by plants possessing a narrower range
of traits than those at the reference sites. Knowledge of plant species composition and their associated traits can greatly improve
our understanding of the recovery process in reclaimed ecosystems and inform more effective restoration and reclamation
practices in these highly impacted landscapes.

Seed sourcing: a challenge for scaling up grassland restoration
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The conflict between maintaining evolutionary potential by genetic variation and using locally adapted genotypes of species is
generating uncertainty during seed sourcing for restoration. In the lack of information about genetic diversity for most of the
native species, fitness traits are used to estimate variability in local adaptation. In flagship countries seed transfer and
propagation zones guide native seed markets. To scale up restoration, seed sourcing must be regulated along scientific evidence,
and the market developed in other countries as well. We have tested the effect of geographical and ecological distance on seed
traits (seed mass, chamber and outdoor germination) of four sand grassland species in the Pannonian ecoregion, Europe.
Altogether 34 locations were sampled, scattered over app. 40.000 km2 (Fig.). Ecological distance between locations was
estimated by climatic, hydrologic, topographic and edaphic patterns included in the potential natural vegetation model. The
geometry for the delineation of regions was obtained from three biogeographical maps, resulting in seed transfer zones of
separate ecological characteristics. Traits showed significant differences between sites, however, the differences did not
correlate with geographical, nor with ecological distance in most of the cases. The results suggest that in the lack of pattern in
variability, the transfer of sand grassland species cannot rely on zones. We assume that a compromise, to consider the whole
sampled area as one zone, can balance between maintaining evolutionary potential and assuring the feasibility of restoration,
without risking maladaptation. Further research on the genetic variability may provide the final proof.

The long-term effect of restoration interventions and the impact of landscape context on the
restoration of Pannonic sand grasslands
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To help upscale ecological restoration of degraded lands longer time scales and the impact of the surrounding landscape
should be considered when assessing restoration efforts. We evaluated the impact of three different major restoration
interventions, mowing, carbon amendment and seeding on sand grassland restoration in the long-term, up to 23 years
after the first application. We also assessed the impact of the surrounding landscape in terms of species pool and
distance from main propagule sources of target and invasive species.
The design included eight experimental blocks belonging to three experiments with at least one treatment type,
different landscape context and time scale of monitoring in the Kiskunság Biosphere Reserve, Hungary, Europe. We
evaluated long-term restoration trajectories with the help of multivariate analysis (PCoA and PRC) and direct
comparison to reference based on the relative cover of target and neophyte species for each experiment separately. We
used linear mixed effects models to evaluate the role of treatments and time for each experiment separately, plus
landscape factors for all experiments together.
Seeding was the best method in restoring sand grasslands favoring target species and controlling invasion. Mowing
facilitated the establishment of both target and neophyte species. Carbon amendment had some minor positive impact
on target species, but was neutral to neophytes. A larger species pool of neophytes and proximity to plantations
increased the cover of neophytes in restored plots, therefore should be considered when prioritizing areas and efforts
for restoration. Our result support that long-term monitoring is crucial in evaluating ecological restoration.

Conifer removal effects on sagebrush plant communities a decade after treatment
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Tree-removal treatments are widely implemented in expanding woodlands to reduce fuel loads and improve habitat,
but few studies have measured treatment outcomes over long timescales or large geographic areas. The Sagebrush
Treatment Evaluation Project (SageSTEP) evaluated the effectiveness of prescribed fire and cut-and-leave
treatments in sagebrush communities experiencing tree expansion across the Great Basin region. We used ten years
of data to test how treatments interacted with tree density, soil climate, and time since treatment to affect plant
functional groups and dominant species. Non-sprouting shrubs (Artemisia spp.), sprouting shrubs, perennial
graminoids, and annual grasses responses depended on tree density and soil climate, which largely reflected the
dominant species’ life history traits. Sites with warm and dry soils, regardless of tree density, did not recover
desirable understory conditions after prescribed burning, while sites with cool and moist soils showed favorable
burn responses, particularly at low to moderate tree density. Cut-and-leave treatments sustained or increased
desirable understory plants with smaller increases in exotic annual plants in both soil climates across the tree-density
gradient. Both treatments reduced biocrust cover. Selecting appropriate tree-removal treatments requires considering
site abiotic and biotic conditions, as well as the relative abundance and life-history traits of dominant species.

Implementation and Evaluation of Roadside Restoration Treatments in Heathland Vegetation.
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Ecological restoration associated with construction of infrastructure has the main aim to mitigate effects on biodiversity and
landscape aesthetics. Reclamation of roadsides in Iceland has historically focused on soil stabilization by seeding grass mixtures
and fertilization, but has shifted in recent years towards restoration of native vegetation, mainly by using topsoil or turfs of
native sward salvaged from the roadbed. The effectiveness of these approaches is, however, still unclear.

The aim of our research was to evaluate the biological and aesthetic outcomes of different approaches to roadside reclamation
and assess the implementation process of new methods using restoration approaches.
Species composition and visual characteristics of roadside areas were compared to adjacent undisturbed plant communities in
actual, large-scale road construction projects. The implementation process was analyzed by observation and interviews of key
partners.
Results show that turf transplantation was the quickest and probably most effective way to restore the species composition and
visual characteristics of heathland communities on road verges. This was trailed by topsoil addition and finally seeding grasses.
The first large-scale turf transplantation project in Iceland demanded extra effort during the planning process with a new way
of thinking and multidisciplinary approaches, but the construction phase worked out well. Communication between different
partners throughout the project was a key factor in successful implementation. The overall outcome depends on biological and
visual factors as well as the attitude towards the implementation demanding a new way of thinking for planners, engineers,
contractors – and ecologists.

Restoration enhances resistance of sagebrush-steppe communities following repeated fires but
doesn’t reverse changes in ecosystem state
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Many ecosystems are currently subject to increased fire frequencies and invasive species introductions. Responses
to these disruptions vary between ecosystems. For instance, those with species traits that support rapid regeneration
post-fire may be unaffected by increased fire frequency. In contrast, ecosystems lacking such traits may respond by
shifting to an alternative state. We investigated whether restoration efforts may reverse such shifts and increase
resistance of sagebrush-steppe communities subjected to compounded wildfires and invasion by Bromus tectorum
from 1992 to 2017. Community responses were assessed by analyzing changes in species abundances at multiple
time points in 37 permanent plots in Washington, USA. The greatest change occurred in communities where the
obligate seeding shrub Artemisia tridentata was common (> 25% cover). Repeated fires (up to 4) led to the
extirpation of A. tridentata, which was initially replaced by native forbs/grasses and subsequently by B. tectorum.
When restoration treatments (herbicide, seeding) were applied following fire, invasive species tended to show
reduced dominance. Communities where resprouting grasses/shrubs were common showed the least change.
Repeated fires did, however, lead to a gradual but substantial reduction (90% by 2017) in resprouting shrub
abundances. Our findings suggest that communities with seeding shrubs that require extended fire intervals (< 30
years) to reestablish, lack resilience to increased fire frequency and are vulnerable to invasion. While restoration
did enhance resistance in these communities, their shift to an alternative state suggests that they have evolved a
degree of unhelpful resilience that requires sustained fire suppression and restorative interventions.

RESTORATION PROCESS OF AN EXTREMELY DEGRADED PARAMO AREA IN
THE ANTISANA WATER CONSERVATION AREA, ECUADOR
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Abstract:
The Antisana Water Conservation Area is located near the Antisana volcano, to the East of Quito (capital of
Ecuador), it presents several levels of degradation due to overgrazing for more than 200 years. Specifically, in
the Jatunhuaycu microcatchment, there are areas recognized as “arenales” in view of limited soil cover by
vegetation. After grazing was banned several years ago, the proposal of long-term recovery is framed in
restoring soil organic matter content, currently at around 6%, towards regular levels for andosols in the area,
which is 24 %. This will allow the regeneration of other species of flora, biomass, necromass and therefore a
better water regulation. In 2014, native species such as Chuquiragua (Chuquiraga sp.), Jata (Diplostephium
sp.), Paja (Calamagrostis sp.) and Yagual (Polylepis incana Kunth) were planted with a "cell" type planting
system. In 2015, Lupinus pubescens Benth was sown in a random system over an experimental area of five
hectares. Success rates of native species planted and the growth of Lupinus pubescens seeds were evaluated.
Success of planted native species was rather limited, but good growth dynamic of the plants germinated from
Lupinus pubescens was observed. Later, the influence of the "microhabitat" generated by Lupinus pubescens
plants on the natural regeneration of other herbaceous species was evaluated through a study of floristic
diversity inside and outside the canopy of Lupinus pubescens plants. Floristic diversity within the canopy is
higher in contrast to the other control points, proving that the Lupinus are giving shelter and promoting
regrowth of other species.

PROCESO DE RESTAURACIÓN VEGETAL DE UN ARENAL DE PÁRAMO,
CON UN ALTO NIVEL DE DEGRADACIÓN UBICADA EN EL ÁREA DE
CONSERVACIÓN HÍDRICA ANTISANA, ECUADOR
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Resumen:
El Área de Conservación Hídrica Antisana que se encuentra ubicada en los alrededores del volcán Antisana,
al Oriente de Quito (capital del Ecuador), presenta varios niveles de degradación producto del sobrepastoreo
que data de 200 años atrás. Específicamente en la cuenca del río Jatunhuaycu, existen zonas reconocidas
como arenal por la cobertura vegetal muy limitada del suelo. Luego de que el uso de pastoreo se eliminó en
2013, la propuesta de recuperación a largo plazo se enmarca en recuperar el contenido de materia orgánica
actual de alrededor del 6%, hacía niveles de referencia de 24 %, lo que permitirá la regeneración de otras
especies vegetales, biomasa, necromasa y por ende una mejor regulación hídrica. En el 2014, se realizó con
un sistema de plantación tipo “célula” la siembra de especies nativas como Chuquiragua (Chuquiraga sp.),
Jata (Diplostephium sp.), Paja (Calamagrostis sp.) y Yagual (Polylepis incana Kunth). En 2015, se sembró
semillas de Lupinus pubescens Benth en un sistema aleatorio sobre un área experimental de cinco hectáreas.
Se evaluó el crecimiento de las especies nativas sembradas y el crecimiento de las semillas de Lupinus
pubescens. El éxito de crecimiento del primer grupo de especies fue muy limitado, mientras que observa
mayor dinámica de crecimiento de las plantas germinadas a partir de las semillas de Lupinus pubescens.
Posteriormente, se evaluó la influencia del “microhábitat” generado por las plantas de Lupinus pubescens
sobre la regeneración natural de otras especies herbáceas mediante un estudio de diversidad florística dentro y
fuera del dosel de plantas de Lupinus pubescens. La diversidad florística dentro del dosel es mayor en
contraste con los otros puntos de control, lo que comprueba que las plantas de Lupinus están contribuyendo a
la regeneración de otras especies.

Title: Duration of farming is an indicator of natural restoration potential of sedge meadows
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Abstract
Soil seed banks can be important components of ecological restoration, particularly if the
species remain viable in the soil for long periods of time. A germination experiment was
conducted in the greenhouse to determine seed bank viability based on length of time farmed.
Soils from sedge meadows farmed between 0 and 50 years were collected in Sanjiang Plain,
China. Most dominant sedges (e.g., Carex schmidtii, C. lasiocarpa) and grasses (e.g.
Calamagrostis angustifolia) survived as seeds if farmed for less than 5 years, therefore fields
farmed for short periods of time are the best candidates for wetland restoration. Certain
important structural components (tussock-forming Carex spp.) are not retained in seed banks
when farmed for 6-15 years, but the seed banks still contained viable seeds of other important
sedge meadow species, which could contribute to the restoration of wetland communities.
However, most sedge meadow species were missing in fields farmed for more than 16 years,
which make these fields difficult to restore via natural recolonization. We conclude that the
duration of farming can be used as a general indicator of the potential of natural restoration
for sedge meadows. This information could be used to determine which wetlands might be
targeted for restoration.
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Figure. A hypothetical conceptual model outlining the relationships between the duration of farming
and the natural restoration potential of sedge meadows. Solid curve represents the response of natural
restoration potential to the duration of farming. Period 1 (0-5 years), period 2 (6-15 years), and period 3
(>16 years) represent high, medium, and low natural restoration potential ranges. Dashed circles show
the seed density of different categories (wetland species (sedge, grass and others) and non-wetland
species).
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Tallgrass prairie restoration trajectories at a Midwestern preserve:
Fire, Flooding, and Floristic Quality
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Longitudinal studies of prairie succession are rare yet important. We quantified the floristic quality of an Illinois reconstructed
tallgrass prairie, examining floral change since the initial 2007 seeding of 81 species. We sampled early (2008) and later (2016)
in the restoration across two transects in each of five sites across the preserve (15, 1-m2 plots per site; 75 plots total per year).
Indices were calculated at both plot and community (site scale); including floristic quality index (FQI ) , mean coefficient of
� ), total species richness (S), native (N) richness, and non-native species (I)
conservatism (𝐶𝐶̅ ), mean coefficient of wetness (𝑊𝑊
richness. Three of the five sites were heavily affected by historic flooding of the Illinois river in 2013. Burning frequency also
varied among sites with flooded sites burned less. Community level indices reflected this difference in disturbance history
among sites, showing large differences among sites and large ranges in FQI, 𝐶𝐶̅ , and N. Although there was no significant change
in the average value of indices at the community level (n=5 sites) over time, there was a significant increase in variance over
time for multiple indices suggesting differences in restoration trajectories among the sites despite the same initial seeding.
Given the appropriate disturbance type (burning) and frequency, floristic quality can increase over the first decade for prairie
restorations. However, predicting specific restoration outcomes can be challenging as changing climate brings unexpected
impacts (flooding). Managing for ecological surprises will become increasingly necessary given global change; thus making
adaptive and reactive management approaches increasingly critical.

Ten Years of Plant Community Change in Mesic and Wet Prairie Following Restoration at the
1,225-hectare Dixon Waterfowl Refuge in Hennepin, Illinois.
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Few studies have assessed the long-term outcomes of landscape-scale restoration in prairie grasslands, an imperiled North
American ecosystem. In 2002, restoration of prairie and wetlands began on a 1,225-ha former floodplain along the Illinois
River in Hennepin, Illinois that had been levied, drained, and under cultivation since 1909. In 2008, five years after planting,
sixty 733-m2 randomly located plots were surveyed in mesic and wet prairie to assess the trajectory of plant community
development, evaluate progress towards restoration goals, and inform management actions. The prairie was surveyed again in
2018 to determine changes in plant community composition over the 10-year period. We found that mean plant species’
conservatism increased significantly in both habitats, primarily due to a decline in species with lower conservatism values.
Native species richness increased, while non-native richness declined significantly in both habitats. The mean native floristic
quality index (FQI) increased in both habitats and attained levels associated with high-quality natural areas (>35). However,
diversity metrics declined in portions of the site, and this appeared to be associated with changes in species composition
related to hydrology and/or the increasing importance of aggressive native species. Our results indicate that the evolution of
restored communities at the landscape scale is related to species turnover and dispersal dynamics. We find that large-scale
restoration of plant communities with high floristic quality can be achieved across multiple habitat types, even at sites with
extensive agricultural histories. Assessing long-term plant community trajectories requires monitoring, analysis, and adaptive
management to sustain successful restoration outcomes.
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The semiarid region, in Brazil's Northeast, is known for locating the Caatinga biome, the most human-populated dry forest in
the world. Caatinga's natural resources are essential for the subsistence of its inhabitants. This vulnerability context added to
Caatinga’s extended dry periods, and the low number of systematic experiences in ecological restoration make it very
challenging to plan and execute restoration in that region. The Araripe Plateau is a geological formation in the Caatinga,
between three Brazilian states, with a protected area and a national forest, covering over 1 million hectares, and a vegetation
range from savanna to evergreen forests. To restore 100 hectares in this area, using low-cost techniques, we first sought to
assess the existing production restoration chain, to involve its members in ecological restoration, which is still very incipient
in the region. During critical phases of the COVID-19 pandemic, we used online tools and held meetings with stakeholders to
build a network. Through a virtual survey form, released between May and September of 2020, we accessed more accurate
information about the production of nurseries and seed collection in the region. We found 26 seedling nurseries that could get
involved in restoration projects, ten of which have provided more information through the survey form. The majority of the
nurseries assessed have more than 1000 seedlings/year production, primarily native species, but most of them are not registered
in the Brazilian inspection agency. Seeds collection appears to be a not common activity in the region, although it represents a
potential to engage communities.

Initial performance of 50 species of trees planted in a restoration of the Colombian Tropical Dry
Forest: influence of the scenario and the restoration strategy
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Monitoring is a key component of ecological restoration projects, it is required to demonstrate the effectiveness of
management strategies, and to make adaptive management decisions. Based on ecological diagnostics of a degraded Tropical
Dry Forest TDF in Colombia, a pilot project implemented and monitoring six restoration strategies at different scenarios like
degraded pastureland, shrubs, and secondary forests. After one and a half years we analyzed the initial performance of 50
species that were planted. Survival and growth (High and Diameter) were prioritized parameters for monitoring strategies.
Of the 21,709 individuals monitored, the survival of all species was higher than 75%; Ochroma pyramidale, Jacaranda
caucana, Ceiba pentandra, Senna spectabilis and Gliricidia sepium presented the best performances in increasing Height
and diameter. Mixed models were made that allowed to identify that the different restoration scenarios and environmental
variables have significant effects on the growth of at least 30 species. Significant differences were found in the growth of
typical species of conserved forests such as C. pentandra, Trichilli hirta and Enterolobium cyclocarpum when they were
established under canopy; other tree species such as Albizia guachapele, Casearia corymbosa and Jacaranda caucana
responded better to restoration scenarios that presented full exposure, perhaps due to their functional characteristics of
acquisitive species. These results make it possible to identify the conditions and restoration strategies under various TDF
species to obtain the best performances and thus improve the efficiency of restoration programs of one of the most degraded
ecosystems in the tropics.

Interactive effects of uneven-aged reproduction and hurricane disturbance on longleaf pine stand
dynamics
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Currently, uneven-aged silviculture is increasingly considered as a way to restore and manage forest ecosystems. We conducted
a study in the southeastern US utilizing a replicated, operational scale, long-term experiment established to compare unevenaged harvest techniques (single-tree and group selection) in longleaf pine (Pinus palustris Mill). Two months following study
initiation in 2004, Hurricane Ivan impacted our experimental stands providing an opportunity to explore the combined effects
of hurricane disturbance and uneven-aged harvesting on longleaf pine stand dynamics. Data were collected in 2003 (pretreatment), in 2005 (post-treatment), and again in 2010 focusing on (1) forest structure, (2) tree growth, (3) longleaf pine
regeneration and (4) understory plant conditions. Group selection plots contained significantly more grass-stage seedlings in
2010 (17,870 seedlings/ha) followed by single-tree selection (11,190 seedlings/ha) and control (8,070 seedlings/ha). However,
there were significantly fewer bolt-stage saplings in the group selection plots (53 stems/ha) than in the single-tree selection
(605 stems/ha) or control (278 stems/ha). Between 2005 and 2010, relative growth rates of basal area were not significantly
different between treatments. Point pattern analyses using the Ripley’s K function indicated variability in the spatial distribution
of residual overstory trees both within and between treatments, with evidence of clustering of residual trees and large
regeneration gaps observed across all treatment plots. Application of uneven-aged selection methods requires attention to both
residual basal area and harvest gap size, but our findings suggest residual basal area may exert a greater influence on longleaf
pine stand structure and gap dynamics following a hurricane.

Mapping and Prioritizing Degraded Areas for Restoration in A Protected Area of The Caatinga
Biome: A Tool for Restoration Planning in The Brazilian Semiarid
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Caatinga is an ecological region in the Brazilian Northeast semiarid, covering 912,529 km² over ten states. It is the most
populated dry forest in the world, and one of the poorest regions in Brazil, where livelihoods are highly dependent on natural
resources. That is why considering the social and ecological context is a must-do while planning Caatinga’s ecological
restoration, mainly for its protected areas, where scientifically based guidelines on the most strategic ways to act are needed.
This work mapped degraded areas in the Environmental Protected Area Chapada do Araripe, in Caatinga, covering 972,605.18
hectares between three Brazilian Northeastern states (PE, PI, and CE), to create a mechanism of decision making in restoration.
We also carried out a prioritization analysis of these areas, based on relevant cost/effectiveness criteria. Public geospatial
databases were used to identify different land cover types and degraded areas, by considering those without vegetation within
public or private areas that should be covered by forest, based on Brazilian law. Then, the areas were judged based on a list of
criteria, according to their characteristics (eg.: presence of threatened species, traditional peoples, occurrence of fire, ecological
connectivity), generating a score that was higher for the most favorable areas for restoration, creating a priority ranking and
restoration guidelines for each of area. We identified 28,313.15 hectares degraded areas, of which 92.4% are in Legal Reserves
on rural properties. The ranking, as well as the mapped areas, represents an important decision-making tool for managers, for
strategic planning of ecological restoration.

Restoration of overgrazed dry Chaco forest using topsoil translocation
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In dry Chaco forest extensive grazing is practiced and the concentration of livestock around water sources produces highly
degraded places. We assessed the role of soil seed bank to restore an overgrazed study area at the northwest of Argentina, but
no seedling emergence was found. Thus, we evaluated the restoration of the overgrazed place using topsoil translocations
combined with treatments to improve seedling emergence. Before the rainy period begins, in 0.25m2 experimental units we
reintroduced 0,0125 m3 of topsoil in places with and without livestock. In addition, to increase the emergence and establishment
of new individuals, we improved soil conditions (using soil scarification) and we ameliorated climate conditions (placing
topsoil under nurse plants, artificial shadows, or under branches structures). After 15 months (at the end of the rainy period),
5.5 individuals/0.25m2 emerged in the best treatment (with livestock exclusion, soil scarification, and protection with nurse
plants). In experimental units with livestock no emergence was found. The majority of individuals emerged were herbs,
followed by woody plants, and grasses; we did not find succulent plants. We recommend to complement topsoil translocations
with reintroductions of the missing life forms for a better representation of the Chaco forest. The restoration of dry Chaco forest
can be achieved by using topsoil translocations after the livestock (disturbance) was removed, before the beginning of the rainy
period, in places with soil and environmental conditions improved.

Restoring the Neotropical Dry Forests in the Face of Climate Change
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Tropical dry forests (TDF) have a broad global distribution, hold unique biodiversity that is climatically restricted by
evolutionary history. For the past century, TDFs have faced numerous threats, reducing the surface of this ecosystem, so that
in recent decades conservation actions have focused not only on its protection but on its recovery. The main objective of this
study was to compile relevant and practical lessons of how the diversity, ecosystem services and community well-being had
been recovered through restoration strategies in the TDFs of the Neotropic. A total of 98 studies published between 1990 and
2020 were reviewed, of which most took place in Mexico and the mean restored area was of 74 ha. The most reported
disturbances prior to restoration corresponds to cattle, followed by crops and mining. Plantations were the most used restoration
strategy of the Neotropics. A total of 99 response variables were identified, of which the most frequently used were related to
the vegetation structure (e.g., Survival, Seedling Height), while the least used variables were related with social aspects of
restoration (e.g., economic benefits). It is necessary to recognize that this ecosystem has specific characteristics throughout its
distribution in the Neotropic related both to its diversity and environmental variables, as well as to its disturbances, so
identifying the best practices would allow stakeholders to improve restoration programs.

Regenerative Agriculture: A Solution to
Social, Environmental, & Economic Aggregated-Context-Complications for System Design
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Background
Ivory Coast has lost +90% of its forests and continues to lose more to cocoa production each year. Painstakingly clear is the
necessity for transitioning conventional agriculture practices to regenerative ones. Regenerative practices restore soil and
watershed health by supporting greater spectrums of biodiversity and with more diversity comes more complexities. Moving
from monoculture, linear and very predictable systems; a transition to regenerative agriculture adds new dimensions of
complications. While developing agroforestry system designs for cocoa plantations in Ivory Coast, it became increasingly
apparent how even high-level farmer segmentation for broad system designs were barely scraping the surface of smallholder
farmers’ needs.
Objective
Our objective was to help smallholder cocoa farmers be investment ready by drafting several regenerative agroforestry system
designs with transition plans, business models, and financial models.
Methods
Methods included focus group surveys, one-on-one surveys, literary research, and subject matter expert consultations.
Results
The results from the data collection were revealing, diverse and multi-layered. It was incredibly challenging to try and fit
+31,000 smallholder farmers which spanned across +80,000 hectares into a handful of segments. We created an eco-functional
design approach that was focused on a process-and-results orientation that allowed for maximum adaptability to the farmers’
unique contexts.
Conclusion
This design approach was not going to be region and crop-specific as we had initially anticipated but ultimately a methodology
that could be broadly useful for anywhere in the world. Regenerative agriculture can help slow climate change if we approach
regenerative transition in a way that truly helps smallholder farmers and their communities.
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In Canada, many urban and near-urban ecosystems are in decline. Unfortunately, municipalities only understand and manage
these natural assets as aesthetic or social amenities. They struggle to account for these ecosystems as green infrastructure that
provide local communities with a wide range of important services. However, some Canadian municipalities are beginning to
incorporate ecosystems such as healthy lakes, forests, or streams into their infrastructure planning with the goal of maintaining
and improving services such as stormwater management. This municipal natural asset management requires municipalities to
restore, conserve, inventory and track ecosystems under their jurisdiction. However, evidence of the efficacy of this approach
is required to upscale it from the currently two dozen pilot communities. This evidence must show that restored and conserved
ecosystems can provide services that complement built infrastructure and that municipalities meet the necessary conditions to
implement this approach successfully. There is a consequent need for rigorous, long-term monitoring and reporting of
municipal natural asset management to demonstrate the efficacy of this approach as a municipal service delivery strategy. Here
we present results for a standardized monitoring framework of municipal natural asset management projects. This work has
resulted in an evidence database of the outcomes of municipal natural asset management while showing how pilot communities
are reaching awareness, capacity, and implementation outcomes at this time, as measured by selected indicators. Finally, we
highlight how economic policy directing municipal investments towards the restoration and conservation of natural assets can
help our communities to build back better in a post-COVID-19 world.

Oversight of Ecological Restoration for the Samarco Dam Failure in Minas Gerais, Brazil
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The Samarco Dam Failure in the State of Minas Gerais, Brazil (also known as the Fundão Dam Disaster) is considered to be
the worst environmental disaster in Brazil’s history, directly affecting approximately 45 municipalities and costing 19 lives.
As result of dam rupture on November 5, 2015, the released sediment was transported over 670 km (circa 416 miles) of river
flowing from dam breach into the Atlantic Ocean. In total, approximately 44 million cubic meters of iron ore waste was released
into the Rio Doce Basin. The damaged watershed is largely dominated by Mata Atlantica Forest, which is one of the most
imperiled ecosystems in the world, having lost over 93% of its functional biome, despite being home to an incredible array of
biodiversity. The purpose of this presentation is to discuss the ongoing efforts to provide technical quality control and oversight
of ecological revegetation by Ramboll on behalf of the Brazilian Federal Public Prosecutors Office (MPF) and its Rio Doce
Taskforce including successes and challenges. In addition, the presentation will summarize field survival to date for planted
and naturally regenerated species for riverine and compensatory wetland projects, as well as monitoring criteria considered for
such purpose.

Prioritization Trade-Offs in Restoration Areas for Carbon Market and Koala Conservation
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Background. A challenge when deciding on priority areas for restoration is to enhance ecological resilience of the targeted
ecosystem while providing economic opportunities to local communities. This means the compatibility of various socioecological objectives under alternative prioritization schemes needs to be understood.
Objectives. To spatially analyze trade-offs between ecological and economic management objectives to restore habitats for
koala conservation. Production possibility frontiers (PPF) and attainment levels were derived for various restoration scenarios
and prioritization objectives.
Methods. Variables modeled were Above Ground Biomass (AGB), Number of dwellings at risk of bushfires (DWELR) and
Koala Habitat Suitability (KHS – the probability that the local habitat is suitable for koalas). To focus on koala management,
only areas with probability of finding a koala > 0.25 were considered. The ForSysX model was used for optimization of areas
treated subject to budget constraints. Priority areas for each objective were identified, attainment curves and PPF were derived
for 26 planning areas.
Results. There were strong trade-offs between DWELR and the other two objectives, meaning that increasing efforts towards
reducing dwellings at risk of bushfires can compete with efforts for AGB and KHSM. On the other hand, AGB and KHSM
were positively correlated. PPF show that few areas have high potential for maximizing two objectives together, but several
areas can be maximized for biomass without severe impact on KHSM or DWELR.
Conclusion. Restoring areas for koala conservation and carbon markets have mutual benefits as the latter is a potential funding
source for restoration treatments.

Supporting Ecosystem Restoration Planning through Development of a Searchable On-line
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Dr. Brook Herman, Dr. Trudy Estes, Ms. Audrey Strelzoff
1

Environmental Laboratory, Engineer Research and Development Center, U.S. Army Corps of Engineers, Vicksburg, MS, USA
Brook.D.Herman@usace.army.mil

Planning ecosystem restoration projects can be fraught with uncertainty and the use of models or predictive tools can provide
insight into potential future conditions in and around the project area. Additionally, finding an appropriate model or tool can
be time consuming. In order to make it easier to find helpful planning assistance tools, the Ecosystem Management and
Restoration Research Program (EMRRP) has created an on-line library of environmental models, tools and applications
developed to assist planners, biologists, and engineers in the ecosystem restoration project planning and decision making
process. The EMRRP is a research program devoted to addressing large- and small-sale environmental challenges in the
planning and execution of ecosystem restoration and management projects undertaken by the U.S. Army Corps of Engineers
(USACE). The USACE undertakes some of the largest restoration projects in the US (e.g., Everglades, etc.) and a myriad of
smaller scale projects. This variety of project types has driven the development of a range of models and tools from complex
spatially explicit hydrodynamic models (watershed water quality models) to project specific index models (urban stream
assessment
for
Louisville,
KY).
The
EMRRP
Models
and
Applications
website
(https://emrrpdev.el.erdc.dren.mil/models.html), hosted under the EMRRP home site, provides an number of pertinent facts of
the models listed, such as purpose/objective(s), platform or software program, applications and considerations, domain, point
of contact(s), relevant publications and downloadable files. Although most of the linked information is presented as external
links, some model execution files are available for download directly onto a desktop from the website.

The Ecosystem Services of Connectivity
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Connectivity is critical to maintaining ecological functions and benefits in human-modified landscapes, including urban areas.
However, the literature on this topic has been limited by inconsistent terminology and methods, and largely omits human access
to nature and its benefits as a form of connectivity. We build upon previous theory to define four distinct but interrelated
categories of connectivity (habitat, geophysical, eco-social, and landscape) and use the Ecosystem Services framework to
review the socio-ecological benefits which depend on them. There are overlaps, conflicts, and synergies among connectivity
categories and their associated services and disservices. Identifying the services which arise from these four categories of
connectivity, and how they interact, can help build a common understanding of connectivity to maximize its benefits, improve
understanding of complex socio-ecological systems across disciplines, and develop more holistic decision-making processes.
We also briefly discuss a framework to incorporate connectivity more effectively into urban planning and ecological
stewardship efforts.

Keystone Plants: Essential Components of Restored Landscapes
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Functional food webs are essential for the successful conservation and restoration of ecological communities, and in
terrestrial systems, food webs are built on a foundation of coevolved interactions between plants and their
consumers. Because caterpillars transfer more energy from plants to other organisms than any other herbivores, they
are essential components of vibrant terrestrial food webs. Yet most caterpillar species are host plant specialists; thus,
all plant species are not equal in their ability to produce caterpillar biomass.
Here, we collate published data on host plant ranges and associated host plant-Lepidoptera interactions from across
the United States and demonstrate that across ecoregions, distributions of plant-herbivore interactions are
consistently skewed, with a small percentage of native plant genera supporting the majority of Lepidoptera. Just 5%
of local native plant genera support 75% of the local lepidoptera; 14% support 90% of the Lepidoptera. Plant
identities critical for retaining interaction diversity are similar and independent of geography. We call these hyperproductive plants keystone genera. Just as keystones supported Roman arches, keystone genera must be included in
landscapes to achieve complex, stable food webs. Given the importance of Lepidoptera to food webs and ecosystem
function, efficient and effective restoration of degraded landscapes depends on the inclusion of such keystone plants.
215-5XRA-211.pdf

Plant-Soil Feedbacks: The Benefit of Field-Based Community Level Study in Uncovering their
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Plant-soil feedbacks (PSFs) can be a factor in plant invasions and may play a role in native restoration failure. PSFs occur
when a plant changes soil properties that then directly influence plant growth, influencing community assemblage. Shortterm greenhouse studies show that invasive species often develops PSFs that negatively affect natives. However, the
significance of PSFs in more realistic long-term field settings remains to be seen.
In California grasslands, Eurasian grasses are known to alter nitrogen cycling, deep soil organic matter, and microbial
community composition, which negatively impact native grasses in greenhouse experiments. To uncover whether these
changes can cause restoration failure, we investigated the importance of PSFs on a community level in field conditions. From
a larger grassland experiment in Davis, CA, 90-cm deep soil cores were taken from 16 plots dominated by either exotic or
native grasses for the last 10 years to compare soil properties. Denuded plots were divided into subplots, seeded with either
native mix, exotic mix, or native+exotic mix. Plant performance variables encompassing all life stages were measured for
two growing seasons.
Net mineralization and nitrification rates in the top 15-cm of soil were lower in exotic-conditioned soil; with no other
differences in soil properties (awaiting microbial community results). Native grasses performed better in exotic-conditioned
soil than their home soil in height and community-level cover. These results suggest that invasive-driven PSFs observed in
the greenhouse are weakened in the field and that pathogen accumulation may drive native performance. Future studies
should also include community level analysis.

Restoration Ecologists might not get what they want: Global Change shifts Trade-offs among
Ecosystem Functions
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Ecological restoration increasingly aims at improving ecosystem multifunctionality (EMF) and making landscapes resilient to
future threats, especially in biodiversity hotspots such as Mediterranean-type ecosystems. Successful realisation of such a
strategy requires a fundamental mechanistic understanding of the link between ecosystem plant composition, plant traits and
related ecosystem functions and services, as well as how climate change affects these relationships.
Based on empirical data from a large-scale restoration project in Western Australia, we developed and validated the spatially
explicit simulation model ModEST, which calculates coupled dynamics of nutrients, water and individual plants characterised
by traits. We assessed the role of plant diversity and traits on EMF, the provision of six ecosystem functions, as well as tradeoffs and synergies among the functions under current and future climates.
We found that EMF cannot fully be achieved because of trade-offs among functions that are attributable to sets of traits that
affect functions differently. Our measure of EMF was increased by higher levels of planted species richness under current, but
not future climatic conditions. In contrast, single functions were differently impacted by increased plant diversity. In addition,
we found that trade-offs and synergies among functions shifted with climate change.
Our results imply that restoration ecologists will face a clear challenge to achieve their targets with respect to EMF not only
under current conditions, but also in the long-term. However, ModEST allows us to assess which long-term target goals can be
achieved given the set of available plant species and site-specific conditions.

Restoration inside the agricultural frontier, under what conditions does it work?
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Forest regrowth could be effective for meeting restoration commitments, but there is a need to understand under what
circumstances forest regrowth takes place and how long secondary forests persist. We studied a recently colonized agricultural
frontier in Southern Mexico. We quantified the spatiotemporal dynamics of forest loss and regrowth and tested how temporal
variation in climate, and spatial variation in land availability, land quality and accessibility affect forest disturbance, regrowth
and secondary forest persistence.
We show that Marqués de Comillas consistently exhibits more forest loss than regrowth, resulting in a net decrease of 30%
forest cover (1991-2016). Secondary forest cover remained relatively constant while secondary forest persistence increased,
suggesting a move away from shifting cultivation. Temporal variation in disturbance and regrowth were explained by annual
variation in climate combined with key policy interventions.
We found that communal land related to more forest cover and that communities with high-productive soils were able to spare
land for forest conservation (more undisturbed forest) and restoration (more persistent secondary forests). When no highproductive soils were available restoration was only possible when farmers owned large tracts of land.
We conclude that forest conservation and restoration can be explained by a complex interplay of social and biophysical drivers
across time and space. Stimulating private land ownership may cause remaining forest patches to be lost and conservation
initiatives should benefit the whole community. Forest regrowth and secondary forest persistence competes with agricultural
production so farmers will need to be incentivised to ensure restoration inside the agricultural frontier.

Restoring tropical mountain rain forests degraded by climate change: linking applied ecological
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Climate change will degrade currently mature tropical mountain rain forest ecosystems (TMRF; forests at >300 m
asl) and their vital functions and services. Our approach to management responses to this challenge combines the
principles and tools of ecological restoration with those of climate action. Here, we synthesize evidence from longterm ecological research in protected areas on a 400-3000 m asl altitudinal gradient in Costa Rica and show its
application in tools requested by national authorities for strengthening adaptive capacity in TMRF management and
restoration.
We demonstrate high vulnerability to climate change in this landscape using a new approach to measuring
ecological sensitivity in hyper diverse forest ecosystems, based on the functional traits of dominant tree species and
the breadth of their altitudinal distributions. Lowland ecosystems are highly vulnerable due to the conservative
functional traits and narrow altitudinal distributions of their dominant tree species. Above 2000 m asl dominant
species have broad altitudinal distributions which together with positive net stand growth suggests lower
vulnerability. In this landscape, temperature is the major control of ecosystem characteristics and processes under
the uniformly wet climate, which models suggest will continue. Neutral processes and temperature-independent
ecosystem functional properties are also important, however, while storms of increasing frequency and intensity
may become key drivers of degradation.
Capacity strengthening will focus on adjusted management objectives and operations for TMRF in protected areas
in the framework of this evidence base, incorporating adaptation-restoration synergies and the multiple determinants
of current and future TMRF ecosystem characteristics we have highlighted.
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Abstract
What limits conservative forb establishment in restored, temperate woodlands? The primary
barrier is typically assumed to be dispersal limitation in fragmented landscapes. One important
post-dispersal barrier could be a lack of critical soil microbes, such as mutualistic mycorrhizal
fungi. A second barrier could be increased competition from earlier colonists (i.e., inhibitory
priority effects).We tested these hypotheses for seven forbs in three restored woodlands in
eastern Missouri. To test the effects of soil microbes on early seedling establishment, we
monitored seedling growth in a greenhouse for five weeks. Seeds were grown in sterile medium
inoculated with a small amount of soil from either a remnant woodland or a restored woodland
(n = 1,120 seedlings). Two out of seven species grew 1.6-6.5× (x̄ = 3.7×, s.e. = 0.9×) larger over
five weeks when inoculated with remnant soil compared to restored woodland soil. To test the
effects of soil microbes and competing vegetation on seedling survival in the field, we
introduced potted seedlings in three restored woodlands (n = 832 seedlings). After one year,
survival was 2-16% greater for five forb species planted with competing vegetation removed via
glyphosate (x̄ = 9%, s.e. = 5%). Two other species had equivalent survival with and without
competing vegetation removed. One-year survival was similar for forbs inoculated with remnant
soil versus soil from restored woodlands. Preliminary results suggest that microbes associated
with remnant woodland soil are most important during early establishment and that removing
competing vegetation improves the initial survival of introduced forb seedlings.
Transcript
1. TITLE
a. My name is Leighton Reid. I am an assistant professor in the School of Plant and
Environmental Sciences at Virginia Tech
b. The title of my talk is: “Soil microbes and priority effects limit conservative forb
establishment in restored temperate woodlands.”
c. My co-authors are Scott Mangan, Brad Delfeld, Noah Dell, Quinn Long, Mahala
Lorenzo, Claudia Stein, and Matthew Albrecht.
2. RECOVERY DEBT

3.

4.

5.

6.

a. The central premise of ecological restoration is that for some cost in time and effort
we can take a degraded ecosystem and assist its recovery towards something
resembling an undisturbed reference model.
b. As restoration ecologists – our goal is to accomplish this assisted recovery more
quickly and more completely, ideally for a lower cost.
c. David Moreno Mateos and colleagues summarized this goal beautifully with the
concept of the “recovery debt” – the volume of environmental quality that has not yet
been recovered.
CONSERVATIVE SPECIES
a. One of the challenges that every restoration program faces is how to re-establish
especially difficult species, sometimes called “conservative species” because of their
sensitivity to habitat alteration.
b. In tropical forests, such species often include large-seeded trees and vascular
epiphytes.
c. In the US, these species are often but not always threatened or endangered at state
or federal levels – like this little ground plum from Tennessee.
WOODLANDS
a. In this talk I’m going to focus on conservative understory plants of woodland
ecosystems in the temperate Midwest of North America.
b. Woodlands are more closed than prairies and savannas, but more open than closed
canopy forests.
c. Open woodlands, savannas, and grasslands are the most threatened biomes on
Earth – with more area converted and less area protected than any other ecosystem
type. Once abundant throughout eastern and midwestern North America, these
beautiful, biodiverse habitats are at risk almost everywhere they occur from a suite of
interacting threats including conversion to agriculture, invasive species, atmospheric
carbon enrichment, defaunation of large herbivores and their predators, fire
suppression, and neglect – even by humans with good intentions.
WOODLAND RESTORATION GOALS
a. Temperate woodland restorations often share a few common goals: (A) medium
canopy cover; (B) Rich native ground layer; (C) often oak recruitment.
b. The methods for achieving these attributes can vary depending on the starting
condition – either a deforested area or a closed canopy mesic forest.
c. In the latter case, some of the most common management practices include:
i. Removing invasive species
ii. Thinning out the canopy – particularly mesophytic species that are intolerant
of fire when they are small. Junipers and maples are common examples in
the eastern US.
iii. Prescribed fire to remove leaf litter, create a seed bed for native herbaceous
ground layer plants, and prevent woody species from recruiting to larger sizes
– often in the dormant season, but sometimes in summer
iv. Seeding native understory species.
WOODLAND RESTORATION TRENDS
a. These methods are generally effective for restoring an open canopy structure and
stimulating ground layer development.
b. Here is an example from eastern Missouri – 35% increase in native species over 11
years of restoration in which an overgrown woodland was burned five times and had
mechanical removal of fire-intolerant junipers that had encroached into the most
open portions of the woodland.
c. In contrast, species composition recovers slowly. Conservative species, like this
Spigelia marilandica, may not recover at all on their own.

7. QUESTION 1: WHAT PREVENTS CONSERVATIVE SPECIES RECOVERY?
a. Our first question is what prevents conservative understory plant species from
recovering? We see three main explanations, which are not mutually exclusive.
i. Dispersal limitation – We assume that some conservative species are not
present in the soil seed bank and are not able to easily traverse the
agricultural and suburban residential matrix between remnant and restored
habitat patches.
ii. Lack of soil symbionts – There may also be post-dispersal limitations. One of
these could be a lack of appropriate soil microbes. This may be a particular
challenge in sites where the soil has been dramatically disturbed.
iii. Competition – Some conservative plants may be unable to recolonize
restored sites if early colonizing species have created antagonistic priority
effects.
8. QUESTION 2: WHEN IS THE BEST TIME TO INTRODUCE CONSERVATIVE PLANTS?
a. Our second question is when is the best time to introduce conservative plants?
b. Looking back at our example from Missouri – the best time to reintroduce could be
early in a restoration, when competition may be lower. Or it could be later in a
restoration, when soil microbial communities may have had a chance to recover.
9. EXPERIMENTAL DESIGN
a. To answer these questions, we designed an enrichment planting experiment with
seven conservative forb species. We manipulated three factors.
i. Soil inoculation – we grew plants in pots with sterilized woodland soil and
inoculated them with either remnant woodland soil or restored woodland soil.
ii. Competition – we planted our plants into restored woodlands, either with
competing plants present or with competing plants removed with glyphosate.
iii. Restored woodland age – We replicated our field experiment in restored
woodlands of varying ages, from about 3 to 30 years old.
10. SPECIES
a. We selected seven conservative species based on a ranking for Missouri plants by
Doug Ladd and Justin Thomas. These included four composites, one Rosaceae, one
Saxifragaceae, and one Loganiaceae.
b. We germinated seeds of each species in sterile conditions and then potted them up
in quart-sized pots filled with autoclave-sterilized soil and inoculated with two
teaspoons of fresh, live soil from a remnant woodland or from restored woodlands of
varying ages.
c. We did this with 1,120 plants and tracked their growth in the greenhouse for five
weeks in the summer of 2019.
11. FIELD EXPERIMENT
a. In September 2019, we planted more than 800 plants into 12 study plots at Shaw
Nature Reserve – a 10 km2 natural reserve 50 km southwest of St Louis.
b. Our 12 field plots were distributed evenly between an old restored woodland with 12
prescribed burns since 1990, a medium-aged woodland with 8 burns since 2001, and
a young woodland restoration with 3 burns since 2012.
c. All of these areas were forested prior to the start of restoration. They had
experienced fire suppression for at least 75 years, had closed canopies, and were
encroached upon by mesophytic trees and invasive shrubs. In each case restoration
also included tree and/or shrub removal.
12. PLOT SET UP
a. Based on the habitat preferences of our study species, we chose plots with northerly
or easterly aspects on the toe slopes of low, dolomite hills. Plots were 4 x 5 m and
included four 1.3 x 1.3 m subplots.

b. Two of these had competition removed with glyphosate each month during the 2019
growing season, and two did not.
c. We also separated plants that were inoculated with remnant woodland soil from
those that were inoculated with restored woodland soil from the same site where
they were outplanted.
13. GREENHOUSE RESULTS
a. Today I’m going to show preliminary results for growth and survival in the
greenhouse and after 1 year in the field.
b. This plot shows growth in the greenhouse during five weeks in summer 2019. The
response variable is leaf size calculated as the leaf length x leaf width. Colors and
shapes indicate the different soil inoculation treatments, with young, middle, and old
woodland restorations and remnant woodland soil in purple.
c. As you can see, the results are somewhat species specific, but I want to highlight a
couple of statistically significant trends.
i. First – two out of seven species grew larger when inoculated with remnant
woodland soil compared to restored woodland soil. These were a goldenrod,
Solidago caesia, and Indian pink, Spigelia marilandica.
ii. In addition, three species had steeper slopes when inoculated with remnant
woodland soil – that is, they grew faster. Again, this included both composites
and a non-composite, Heuchera americana.
14. FIELD RESULTS
a. For field results, I am only going to show 1-year survival. By the time this meeting
occurs I may have also analyzed relative growth.
b. Before I show these results I wanted to show you what our competition treatment
looked like in mid-summer 2020. There was a strong difference in vegetation cover
between the sprayed and unsprayed portions of the plots.
c. These plots illustrate the mean survival for plants growing with and without
competition. Error bars denote 1 standard error of the mean.
d. For five of the seven species, 1-year survival was 2-16% greater when competing
vegetation was removed. This pattern was only significant for one species, Heuchera
americana, but may become stronger for other species once we collect a second
round of monitoring data this summer.
e. We also found a statistically significant increase in survival across species for plants
that were grown in soil inoculated with remnant woodland soil. This difference –
about 5% - was driven by one species, Heuchera americana, which had a whopping
23% increase in survival when grown with remnant soil inoculation.
f. So far we have not found any effect of restoration age on species survival – either as
a direct effect or as an interaction with another treatment.
15. PRELIMINARY CONCLUSIONS
a. Based on these results, we draw three preliminary conclusions.
i. First, the effects of remnant soil inoculation were variable among species,
with some species exhibiting greater growth in the presence of remnant soil
microbes, but others growing larger in the greenhouse when exposed to soil
microbes from relatively young woodland restorations. We might expect a
lower response to remnant soil inoculation in a woodland restoration context
compared to a prairie restoration context because woodland restoration often
occurs on sites that have not experienced the same level of soil disturbance.
ii. Second, removing competition seemed to modestly increase first year
survival for transplanted forbs. There may be a stronger effect on growth or
reproduction, which subsequent analyses will reveal.

iii. Third, we found little evidence for a ‘best’ time to reintroduce woodland
plants. We take this as a hopeful sign that conservative woodland forbs can
be introduced at various stages of woodland restoration.
16. FUTURE PLANS
a. We are continuing to monitor survival and growth this year, and we expect some of
the patterns identified so far to become stronger.
b. We also expect that some patterns for growth or reproduction may be stronger than
survival, but we have not yet analyzed those data.
c. We are also continuing the glyphosate treatment to study the continued lack of
competition on reintroduction success.
d. We also have frozen soil samples from the start of the experiment and we plan to
sequence them to learn about the actual differences in microbial communities at the
start of this experiment.
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18. REID LAB
a. To learn more about this and other projects, visit my lab website,
restorationecologylab.com or check out our monthly blog, the Natural History of
Ecological Restoration. You can also reach me by email or on Twitter
@LeightonReid.
b. Thank you for your attention!

Assisted Natural Recovery as a Preferred Revegetation Method
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Natural recovery is a great tool for revegetating natural areas, but often requires some assistance to help the process along.
Generally, the goal in revegetating natural areas is getting cover and diversity of desirable species to restore ecosystem functions
and build resilience. For this to happen, propagules must be brought to the site by a short list of vectors; namely people, wildlife,
seedbank, parent plants, water, and wind. The competition for space in a receptive seedbed is a race to get as many desirable
species as possible while the quality of the seedbed rapidly declines. So, where lies the balance between too little effort and too
much effort in assisting natural recovery? In a perfect world, restoration would be like industrial-scale gardening with the care
and attention of full-time attendees, but that level of effort is rarely possible due to cost and accessibility.
This presentation is a review of several reclamation/restoration projects that used assisted natural recovery; looking at what
worked, what didn’t work, and what might have worked. The project examples include disturbances from 1 hectare to 30
hectares in size that were reclaimed/restored to forests, peatlands, and mineral wetlands.
Applicable conference themes: natural regeneration as a restoration strategy; restoration; reclamation and rewilding of oil,
natural gas, and borrow pits; rehabilitation of severely degraded sites; restoration of temperate boreal forests; or standards of
practice for restoration.

COVID-19 pandemic shows that passive restoration is globally feasible but… do most
decision makers agree?
Gustavo Zuleta1, Eugenia Castro1,2, Olivier Hamerlynck3, Ingrid Zuleta4, Junguo Liu5, Alejandro Dorado1,6, Narkis Morales7
1

Dpto. de Ecología y Ciencias Ambientales (DECA), Universidad Maimónides, Argentina
2 Facultad de Ciencias Humanas, UNICEN, Argentina
3 Kenya Wetlands Biodiversity Research Team (KENWEB), Kenya
4 KIT Royal Tropical Institute, The Netherlands
5 School of Environmental Science and Engineering, Southern University of Science and Technology, China
6 Instituto de Estudos Avançados da Universidade de São Paulo, Brazil
7
Centro de Modelación y Monitoreo de Ecosistemas, Facultad de Ciencias, Universidad Mayor, Chile

zuleta.gustavo@maimonides.edu

During early-mid 2020, the ongoing pandemic of coronavirus disease shows that (A) substantial
changes in the consumption/production habits are feasible without the “catastrophic” consequences
predicted by market economists, and, as a result, (B) environmental degradation can be reduced
significantly (air > water > wildlife). This (C) unplanned “passive restoration” is occurring worldwide for
the first time in human history and at a similar rate. We analyzed how key stakeholders reacted to ABC
facts (e.g. United Nations, scientists, media/influencers). We conducted a systematic literature review.
A set of 157 documents published during 2020 was analyzed including papers and grey literature (50%
each). We identified 115 statements related to public health, degradation and restoration. Based on
our experience 10 major statements/solutions were selected. Their evidence or lack thereof was
discussed in consultations to field experts. Text in brackets denotes our conclusion: (1) ecosystem
degradation is a major driver of emerging pathogens (true in particular cases), (2) degradation is
responsible for the pandemic spread (disagree: human transportation), (3) high biodiversity mitigates
viruses´ transmission by zoonosis (not yet demonstrated), (4) land use intensification facilitates
“jumping” of wildlife-human barriers (weak validations), (5) wildlife meat in food markets must be
reduce/eliminated to avoid risks of emerging infectious diseases (dubious evidences), (6) healthcare
access restrictions increase mortality in other diseases (hypothesis based on previous epidemics), (7)
economy is first (disagree: people´s welfare is first), (8) reduce 50% the ecological footprint of energy
and technology (agree), (9) restore Nature and (10) change our habits of over-consumption (fully
agree).

Seeding or planting to revegetate the world’s degraded land?
Preliminary findings from a systematic review
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Revegetation is at the core of the actions needed to tackle the challenges of the UN Decade for Ecosystem Restoration. For
many plant species, the selection of sowing or planting is paramount to secure revegetation success. Seedling planting has
several key advantages over sowing, such as the avoidance of seed predation. However, seed sowing potentially generates
lower impact on soil and vegetation. Sowing and planting may produce different root architectures at the level of the
revegetated plants, different spatial heterogeneity at the level of restored habitats, and different economic cost in terms of
management itself. However, we lack clarity about the conditions under which one method ought to be preferred over the
other, and a comprehensive review targeting the studies that have addressed both methods is lacking. To move this topic
forward, we are conducting a systematic review on how seeding compares to planting and how existing studies have
addressed the difficulties in designing experiments on this question. Following a systematic review protocol, our review
includes reproducible searches in relevant online databases, explicitly-defined study selection criteria and procedures, and the
extraction of data and meta-data of relevant studies. In this talk, we will present preliminary findings of our review to address
the following objectives: (1) collate and describe the available studies, (2) review how existing studies have dealt with
methodological difficulties, (3) identify research clusters and gaps, and (4) summarize the results. Overall, we aim to produce
new insights to enhance our technical capacity to restore the world’s terrestrial vegetation.

Success of passive restoration across biomes and disturbance types
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We conducted a global evaluation of the success of passive restoration, the spontaneous development of successional vegetation
to a desired target. Due to very heterogeneous data, we used simple categories: (i) successful – the target was reached, or
expected to be reached, within 100 years; (ii) partly successful – the target was only partially reached; (iii) unsuccessful – the
target was not reached. We selected 530 studies for our evaluation, covering 8 terrestrial biomes and 10 common types of
disturbances, from fully natural (volcanoes) to fully anthropogenic (mining). A large majority of the studies (60%) reported
success of passive restoration, 33% of studies reported partial success, and only 7% reported no success. Success of passive
restoration increased with latitude and was linked to decreasing influence of invasive alien plants on late successional stages
with increasing latitude. The most successful passive restoration was after fire, floods, and glacial retreat, and the least
successful was in abandoned arable land and after mining, suggesting increased human alteration decreased the success of
passive restoration. Consequently, we can rely more on passive restoration at higher latitudes and in less human-altered
landscapes. However, while we provide a general framework, in any particular restoration project, one must carefully consider
local conditions.

Beaver Moderated Fire Resilience in the North Cascades, WA, USA
Joseph Weirich1 and Dr. Rebecca Brown2
1
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Climate change and fire suppression have altered historic fire regimes creating conditions for larger, high severity
fires. Intense burns denude vegetation, alter hydrology, and cause channel incision, impairing riparian function. Burn
severity varies based on topography and increases with distance from water sources like lakes, streams, and wetlands.
Beaver introduction is a passive technique to restore incised and degraded streams using their unique abilities to build
dams, store water and create wetland environments. The objective of this study was to assess whether beaver
impoundments increase landscape resistance to wildfire by increasing riparian soil and vegetation moisture levels. We
hypothesize that riparian areas impounded by beaver will have increased soil and fuel moisture throughout the fire
season compared to riparian zones without beaver. To assess potential ignition and fire behavior, we collected soil
and fuel moisture samples throughout the fire season, above, within and below 10 beaver impounded streams and 10
non-impounded reference reaches within the Methow Watershed, WA, USA. Soil moisture differences among
transects and beaver/non-impounded sites were compared using a repeated measures analysis. We found that beaver
impounded sites had higher average soil and dead fuel moistures than non-impounded sites. Unexpectedly, beaver
dam presence was not associated with increased live fuel moisture content. These results suggest that beaver
impounded riparia may have a higher capacity to withstand low to moderate burn events compared to non-impounded
riparian zones. Beaver restoration could provide land managers with a low-cost method to increase riparian burn
resistance on a watershed scale.

“Big Dam” - 20 Mile Ck. WA, USA

Facilitation, restoration, and the continuum mutualism-antagonism
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Species interactions can become either positive or negative depending on the costs and benefits for the involved partners. For
instance, nurse-beneficiary plant interactions frequently used on restoration are essentially facilitative interactions. However,
these interactions can turn into competitive ones depending on the ecological context (e.g. plant species, and sites).
Therefore, to detect potential changes in the position of these interactions within the continuum mutualism-antagonism is
decisive for successful restoration of disturbed habitats (e.g. old-fields).
To illustrate how shifts in the outcome of plant-plant interactions might alter the success of revegetation campaigns, we used
the system comprised by the Mediterranean dwarf palm (Chamaerops humilis) and seven common woody species
(Asparagus aphyllus, Daphne gnidium, Olea europaea var. sylvestris, Phillyrea angustifolia, Pistacia lentiscus, Pyrus
bourgaeana, and Rubus ulmifolius). To this end, we conducted seed predation and sowing field experiments to compare the
performance (seed survival, seedling emergence, survival, and recruitment) in two contrasting microhabitats (beneath palm
and open interspaces) in two old-fields of Iberian Peninsula.
Seed survival was up to 193 times (P. angustifolia) greater in open interspaces regarding beneath dwarf palm, but seedling
survival and recruitment were up to 19 times (A. aphyluus) greater beneath dwarf palm regarding open interspaces. None
woody species showed greater seedling survival or recruitment in open interspaces regarding beneath dwarf palm.
Importantly, we found strong inter-individual palm variation in their effect on woody performance which also changed
throughout life-stages and sites (Fig. 1).
We highlight the potential of the Mediterranean dwarf palm for ecological restoration by facilitating woody plants, although
it must be used carefully since facilitative effects were species-specific and also depended on life-stages. We encourage
restorers to position nurse-beneficiary interactions along the continuum mutualism-antagonism for successful restoration
actions.

Figure 1. Mean values and range of Relative Interaction Intensity (RII) for dwarf palm-woody plants interactions throughout the life-stages (a-d); and
Accumulated RII values by the end of the study (e). Mean values are shown for the two old-fields in Reserva (squares) and Matasgordas (circles). RII values
show competitive and facilitative effects of dwarf palm on woody species along the continuum mutualism-antagonism from negative (red) to positive (blue),
respectively.

Resilience of lake-edge wetlands to water level changes

Far from being simple ecotones between terrestrial and aquatic systems, lake-edge wetlands are highly diversified
ecosystems, providing a vast array of ecosystem functions and services. Their typology is strongly influenced by
landscape hydrogeomorphology, making them particularly vulnerable to climate and land-use changes. In southern
Quebec, a rise in annual temperatures and precipitations is expected. Coupled with intensification of human
activities such as forestry and agriculture, these changes could have major impacts on lake hydrology. Water level
variations could affect not only lake-edge wetland’s typology, but also their total area, potentially causing important
changes in ecosystem functions and services provided by these systems. While such impacts are well studied in the
Great Lakes and in fluvial lakes, no study has addressed the faith of lake-edge wetlands in small and medium-size
lakes.
The objective of this project is therefore to identify the main hydrogeomorphological predictors of lake-edge
wetland’s typology to estimate potential impacts of water level changes. Data on vegetal diversity and on 12
hydrogeomorphological predictors were collected in three types of wetlands: peatlands, alder swamps and ash
swamps. A random forest model was built to simulate the impacts of different water level change scenarios on
wetland typology and total area. Results of these analysis will be presented.

Restoration of plant-animal interactions in terrestrial ecosystems: A review synthesis
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Species interactions are critical to biodiversity, ecosystem functioning and services, and to restoration success. However, to
our knowledge, there is no systematic assessment of the restoration of species interactions through ecosystem restoration
programs. Here, we synthesize the available knowledge on the restoration of plant-animal interactions (herbivory, pollination,
seed dispersal and seed predation). Our aim was to assess how plant-animal are affected by restoration, how interactions affect
restoration success, and whether such studies have been conducted in global biodiversity hotspots, and in global priority areas
for ecological restoration. We reviewed 127 articles that have focused on ecological function recovery in habitat restoration
and trophic rewilding. Seed dispersal was the most studied interaction type, followed by herbivory, pollination and seed
predation. Accordingly, most trophic rewilding studies focused on seed dispersal and herbivory. Mammals was the most studied
animal group, followed by birds, insects, and reptiles. Seed dispersal (p < 0.001) and pollination (p = 0.002) were significantly
more prevalent in restored than in degraded sites. Although not significantly, both seed dispersal and pollination had lower
response ratios in restored as compared to reference sites. Most studies were conducted in biodiversity hotspots and in priorities
for ecological restoration, but a high geographic bias has left many hotspots unstudied. Future research is needed on
understudied interactions (seed predation) and taxa (reptiles), and on the role of trophic complexity in restoration success.
Moreover, scientists and practitioners should consider predator reintroductions as an effective top-down control that can move
restored areas towards a more self-sustaining state.

When is a native not a native? Preliminary results of pollinator visitation to native
Penstemon digitalis and its cultivated varieties
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Native plants are being bred and modified for better horticultural performance and
appearance. The cultivated varieties of native plants (i.e. nativars) are now used broadly in
horticulture and sometimes restoration, particularly smaller scale projects. However, selection
for horticulturally desirable traits such as novel floral forms and colors, and altered phenology,
can lead to changes in floral attractiveness and rewards for pollinators.
In the summer of 2019, Penstemon digitalis and several of their nativars (‘Husker Red’,
‘Pocahontas’, Blackbeard’) were studied. The floral trait variation and pollinator attraction was
compared. Preferences of different groups of floral visitors were determined through monitoring
of phenology, pollinator observations, and floral trait measurements.
We found that all Penstemon have roughly the same first and end flower times, and peak
between 180 to 185 days (Julian date). When more flowers are open, there is a corresponding
peak in pollinator visitation. Both wild type and ‘Pocahontas’ have more open flowers and
receive a higher average of pollinator visits per minute compared to the other taxa. Floral
morphology is a distinct factor in pollinator diversity. Smaller flowers, such as ‘Blackbeard’ and
‘Husker Red’, attract small bees and flies whereas the larger flowers, wild type and
‘Pocahontas’, attract more bumblebees, large bees, and wasps. These results suggest that
pollinator visitation varies between Penstemon digitalis and its nativars, primarily as a result of
flower size.
Keywords: native, nativar, phenology, pollination, cultivar, restoration

Field sampling approaches on seismic lines: A comparison between circular plots and belt
transects
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Extensive in-situ oil exploration is conducted in the Boreal forest, marking the landscape with an expansive network of seismic
lines. These linear features fragment woodland caribou habitat and collectively result in the loss and degradation of ecosystem
services associated with the removal of forest cover. Recently, research has been initiated to evaluate the success of restoration
treatments (e.g., mounding, stem bending and tree planting) and the effects of confounding influences (e.g., fire and forestry
activities). Considering the mounting interest from ecological and economic perspectives on seismic line recovery, there is a
pressing need to determine the most efficient sampling methodologies in assessing forest recovery on seismic lines. The
objective of our study was to test two seismic line monitoring data collection methods: circular plots and belt transects. Both
of these sampling approaches are used or recommended in scientific literature and the Provincial Restoration and Establishment
Framework for Legacy Seismic line in Alberta. We aimed to determine the best method for accurately and efficiently capturing
site conditions on seismic lines, and to assess if the datasets gathered using each approach yielded similar results. We measured
tree height, species composition, vegetation community composition, and collected tree cores and discs to assess tree age. The
insights from our study will enable the recommendation of field sampling approaches in seismic lines and provide some key
preliminary insights on forest growth in these features.

Introducing the Coral Sample Registry: A unified coral sample collection database in support of
coral reef conservation worldwide
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In the past decade the field of coral reef restoration has experienced a proliferation of data detailing coral strains used in
research and restoration management, with no sign of information abatement. Restoration practitioners maintain internal
records on fragment collection, genet performance, and outplanting location and survivorship. Resource managers track
permits, species, restoration locations, and performance across multiple stakeholders. Basic research groups have generated
data sets and data pipelines detailing the genetic, genomic and phenotypic variants of corals. Each dataset is important in its
own right, but collectively they are limited due to the inability to cross reference these proprietary data repositories for deeper
insights and hypothesis testing.
Here, we present the Coral Sample Registry (CSR), an online resource which solves the first step in integrating such diverse
data sets. Developed in collaboration with academics, management agencies and restoration practitioners in the South Florida
area, the CSR centralizes information on sample collection events, issuing an accession number to each entry. Each accession
number is unique and corresponding to a specific collection event of coral sample tissue, whether for research, preservation,
or restoration purposes. As such the accession number now serves as the key to unlock the diversity of any information
related to that sample’s provenance, across any and all data structures which include the accession number field. This
database is open to all coral species, transferrable to regions beyond Florida, and open-source so that managers, academic
researchers, and restoration practitioners may use the database internationally as a single information resource.

Monitoring a quarter century of change in wetland forest types of the American Mid-Atlantic
States
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Forested wetlands are unique and valuable landscape components contributing numerous ecological services and human
benefits. Monitoring trends in their area and condition is critical to assessing sustainability of these important ecosystems. This
paper evaluates changes in wetland forest types spanning more than 25 years from 1990 to 2018 for the American Mid-Atlantic
States. Data used for assessment was collected from ground based sample plots distributed across the States of Virginia, North
Carolina, and South Carolina. Plot data were sourced from the Forest Inventory and Analysis (FIA) Program of the United
States Department of Agriculture (USDA) Forest Service. In 2018 the area of wetland forest types in this Mid-Atlantic region
totaled 5.2 million acres, down from 5.7 million acres in 1990. However, all of the decline occurred on private ownerships
which dropped from 5.3 million acres to 4.6 million acres. Public ownership of wetland forest types increased from 0.4 million
acres to less than 0.7 million acres. Public ownerships now contain 13 percent of the region’s wetland forest types. The paper
further investigates changes which differ by State as well as factors behind the changes that include harvest levels, regeneration
rates, weather events, and economic cycles. Identifying trends surrounding wetland forests provides information important to
sustainable management decisions by planners and policy makers at numerous levels of society.

Spatially Balanced Sampling, Route Optimization and Drone Imagery to Advance Restoration
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Michael F. Curran1
1

Department of Wildlife, Fisheries and Aquaculture, Mississippi State University, Starkville, MS, USA
mfc143@msstate.edu

As we enter the UN Decade on Ecosystem Restoration, the importance of ecological restoration is of broad global
interest. To understand the outcomes of ecological restoration efforts, sound monitoring plans which are time- and costeffective are necessary. However, many existing monitoring techniques are focused mainly at answering regulatory criteria and
do not give a full understanding to the outcome of the restoration effort in place. Additionally, many commonly used monitoring
techniques are expensive and considered burdensome to companies required to perform ecological restoration. Here, we present
a study which compares small unmanned aircraft system (sUAS) imagery to handheld imagery to monitor vegetation on natural
gas well pads undergoing restoration. These methods have numerous benefits over traditional techniques. In addition to
showing these image-based techniques, we couple a spatially balanced sampling design, called balanced acceptance sampling,
with the traveling salesperson algorithm to optimize the route of the sUAS and technician using a handheld camera. We find
the sUAS can obtain images similar in quality to handheld images in ~7.5 minutes per location, whereas handheld image
acquisition takes ~30 minutes per site. Both of these methods are significantly faster than typical line point transect which are
subject to various forms of sampling error. We conclude that the use of sUAS should be considered as a viable option to monitor
restoration efforts moving forward due to the time- and cost-saving, the improved statistical power and the ability to answer
multiple regulatory criteria and while providing information to improve future restoration efforts.

The Global Restore Project: Data Sharing for Shared Success
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The Global Restore Project (GRP) aims to bring together restoration researchers globally to pool existing data and knowledge
for a deeper understanding of restoration science. Since our launch in 2019, we have partnered with the Global Arid Zone
Project (GAZP), to bring together restoration data across global aridity gradients. We are collecting vegetation community
monitoring data from actively restored (where seeding or planting treatments have been applied), passively restored and
undisturbed remnant reference habitats for a rich, flexible, comparative framework to assess success. We are bringing together
fragmented datasets collected over time by different teams, connecting references with local restoration and are developing
tools for practitioners to be able to use. We envision that identifying spatial and temporal patterns of restoration success and
failure has the power to inform predictive restoration science, to improve outcomes and reduce risk in restoration projects, and
inform practical applications and policy. We will make these data completely open access and available to the community
wherever possible, and intend to continue to grow these resources and tools over time. Here, we give an update on progress
made, on our current status and invite interested people to reach out to us to chat about the many opportunities to get involved.

Using long-term monitoring data to measure restoration outcomes: a prairie case study
Charlotte Reemts1, Brandon Belcher1
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Restoration is rarely accomplished with a single management intervention. Instead, most sites require years or decades of ongoing work to achieve or maintain restoration goals. Here we share a case study of how long-term monitoring data were used
to assess restoration outcomes and address issues to consider when collecting and maintaining long-term data.
Tallgrass prairies in the Great Plains of the United States are one of the most highly converted systems in the world. While
individual management interventions in tallgrass prairies are relatively well-studied, the cumulative effect of long-term
management is rarely documented. Using a 22-year monitoring dataset, we show that overall diversity increased in an unplowed
prairie remnant; the number of prairie specialist species trended higher as well. Frequent prescribed fire in multiple seasons
likely contributed to increasing diversity by favoring different species over time. Because of the long-term data available from
this site, we can document important changes in a high-quality site.
Maintaining long-term monitoring data requires detailed documentation of sampling methods to account for staffing changes
over time. Permanent markers for monitoring locations facilitates relocation of sample sites and consistency of data collection.
Monitoring that is done annually is more likely to continue because it becomes part of an annual routine. To reduce the staff
and time burden of annual monitoring, sample sites can be sampled on a rotating basis.

Above: native species richness by topographic position with species richness summarized at the plot level (~7.5 m2 sample
area). elow number of specialist species (coefficient of conservatism 7) summari ed at the plot level. Note that the y-scale
varies.

Challenges and Lessons Learned in the Muir Beach Wetland Restoration Project
LeBeau, Naomi
Golden Gate National Parks Conservancy, United States

Muir Beach wetland restoration began in 2009 with a large scale, multi-partner construction project that rerouted the
terminus of Redwood Creek in Marin County, California. The project’s goals included improved hydrological
function and improved habitat for threatened and endangered species including the California red-legged frog (Rana
draytonii), steelhead trout (Oncorhychus mykiss), and coho salmon (Oncorhynchus kisutch). Habitat restoration was
performed for nine years post-construction without herbicides, utilizing a variety of revegetation methods, during
specific seasons to reduce impacts on threatened and endangered species, and while preserving erosion control
measures.
Important strategies to successful restoration include diverse methods for revegetation – field to field divisions,
container plants, direct seeding, and willow stakes; lots of straw mulch to reduce invasive species recruitment;
having a really strong plan for managing weeds downstream of infestations; and being in good touch with regulators
on site needs and goals.
This presentation will focus on these strategies and lessons learned resulting in a landscape you would never know
had been a construction site.

Coastal Restoration of the beach at Cap-des-Rosiers, Forillon National Park – A Unique Project in
Canada
Daniel Sigouin1, Mathieu Côté1
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The Cap-des-Rosiers beach restoration project in Forillon National Park is one of the most impressive climate change adaptation
projects ever carried out by Parks Canada. This project was conducted in response to more frequent extreme storm events and
significant coastal erosion. In order to restore the natural dynamics of the coastal ecosystem and spawning sites of prey fish,
Parks Canada restored a 1.7 km section of a beach by removing a protective rip-rap, dismantling a road, relocating a memorial
site and planting native grasses.
The historical establishment of infrastructures in a zone at risk represents a major challenge for infrastructure management and
ecological integrity. In the Cap-des-Rosiers area, the protection of a road in a very dynamic coastal ecosystem was costly,
restricted beach access and resulted in the loss of coastal habitat and capelin spawning sites. Major and more frequent storm
events also threatened a nearby wetland and burial site.
Following the completion of the project, the response of the coastal environment and the use of this newly created habitat by
capelin is being monitored to evaluate project success. The results observed so far are beyond expectations. Since 2016, capelin
spawning sites are constantly increasing and the beach profile is already stabilizing. More resilient to storm events, Cap-desRosiers beach is once again a rich habitat for biodiversity and an attractive area for nearby residents and visitors.

FRENCH TRANSLATION
Figurant parmi les projets d’adaptation les plus impressionnants jamais réalisés par Parcs Canada, le projet de restauration de
la plage de Cap-des-Rosiers au parc national Forillon est une réponse au phénomène d’érosion côtière et aux événements de
tempêtes extrêmes récurrents issus des changements climatiques. Dans le but de restaurer la dynamique naturelle de
l’écosystème côtier et préserver les sites de fraie des poissons-proies, Parcs Canada a procédé au retrait d’un enrochement de
protection, au démantèlement d’un tronçon routier et à la restauration d’une plage sur près de 1,7 km.
L’implantation historique d’infrastructures dans une zone à risque et l’empiètement de ces infrastructures sur une zone naturelle
très dynamique ont accentué la perte d’habitat côtier dans le secteur, la vulnérabilité des sites de fraie du capelan, en plus de
menacer l’intégrité écologique d’un milieu humide, de contribuer à la détérioration d’un site de sépulture et de constituer un
enjeu majeur de gestion des infrastructures.
Les travaux ont nécessité le retrait d’un enrochement, la restauration d’une plage, la relocalisation d’un tronçon routier et d’un
monument commémoratif. Des suivis permettent de documenter l’utilisation de l’habitat par le capelan et évaluer la réaction
du milieu côtier. Les résultats observés jusqu’à maintenant dépassent les attentes pour ce projet d’une envergure inégalée.
Depuis 2016, les sites de fraie du capelan sont en croissance et le profil de la plage se stabilise déjà. Aujourd’hui plus résiliente
aux événements de tempêtes extrêmes, la plage de Cap-des-Rosiers est à nouveau un habitat riche en matière de biodiversité et
témoigne d’un pan important de l’histoire de la région.

Restoration and Management Planning for Witty’s Lagoon Regional Park in
Metchosin, Canada, with Special Focus on Camissonia contorta Habitat
Maria Varem1
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Witty’s Lagoon Regional Park in Metchosin, Canada, comprises a number of different ecosystems and species,
including several plant and bird species scheduled under Canada's Species At Risk Act. One of these species is
contorted-pod evening primrose (Camissonia contorta), which lives in the coastal sand ecosystem found on the
sand spit. Unfortunately, the sand spit and many other areas of the park have been degraded by invasive plants
and human activity.
This project has two primary objectives: first, to identify and prioritize existing values and threats within the
park boundaries, and second, to create a restoration plan for the sand spit. These objectives were achieved by
following the Conservation Standards set out by the Conservation Measures Partnership (CMP).
Ten conservation targets were chosen for the park. Field surveys were conducted to measure various indicators
of health for each target. Miradi, CMP's conservation software, was used to conduct viability analyses for each
target and build a situation diagram for the entire park, which links the targets to their threats and other
influencing factors. Next, potential restoration strategies were identified for the sand spit. A results chain was
created in Miradi to illustrate how each strategy would affect the associated conservation targets and what types
of activities would be required to obtain the desired restoration results.
This project showcases a successful collaboration between local government, the community, and academic
institutions, and offers an excellent example of quantitative, documented restoration planning that combines
complex goals into a unified framework.

Spatial Planning for Long-term Restoration of Coastal Dunes: The Importance of Maintaining
Adequate Space for Habitat-forming Plants and their Services
S. Orchard1,2, D. R. Schiel1
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Dune restoration efforts represent decades of progress, but maintenance of restoration sites remains a key requirement due to
the continued presence of threats such as invasive species and human disturbance. Climate change may generate even more
pervasive threats within relatively short timeframes. Here we describe climate change scenario models of shoreline
movement in Christchurch, New Zealand, characterised by a fine-grained marram-invaded dune system. Scenarios were
calculated on 900 shore-perpendicular transects across 9km of coastline undergoing restoration and maintenance work that
provides the primary protective barrier for nearby residential areas. Uncertainty was addressed through consideration of five
independent scenarios, each representing a plausible SLR (sea-level rise) increment (0.25–1.25m) in relation to contemporary
climate projections. We also incorporated the continuation of historical (75-year) accretion rates and associated uncertainties.
The results demonstrate high vulnerability to climate change in a typical peri-urban setting, with dune elimination across a
third of the study area in the 1m SLR scenario. The importance of maintaining at least the minimum foredune space was
highlighted. Below a minimum width threshold (c.40 m), foredune depletion occurs from sand loss, with consequent height
and volume losses, associated loss of coastal protection services, and biodiversity losses through fragmentation and
contraction. Management approaches for maintaining the dune ecosystem include progressive establishment of managed
retreat pockets where dune movement is encouraged alongside existing land-uses and hard defences. Through a focus on
establishing dunes in locations currently occupied by other land uses, this presents an exciting new dimension for coastal
restoration planning.

Assessing the resilience of nature-based coastal protection approaches to extreme events
R.K. Gittman1 , C.S. Smith2 , S.B. Scyphers3, A. Albright1 , C.J. Baillie1 , S.E. Donaher4 , H. Hao5, M.A. Polk6 , S.
Trackenberg1 , E.H. Wellman1 , N. Woodard1 , and D.O. Eulie5
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As coastal populations continue to increase, the socioeconomic impacts of hurricanes and other major storm events are also
expected to increase, with hurricane damages already costing the United States nearly a trillion dollars since 1980. To protect
people, infrastructure, and property from storms, coastal residents frequently elect to harden their shorelines with seawalls and
bulkheads, which has been shown to cause coastal habitat loss and degradation. Alternatively, nature-based approaches, such
as living shorelines, can restore coastal habitat functions, while also preventing shoreline damage and erosion during storm
events. Further, recent work has suggested that living shorelines can be less costly to maintain and require fewer repairs after
storms than bulkheads. However, the ability of living shorelines to prevent shoreline damage and erosion over multiple storm
events has not been evaluated. In many regions, including coastal North Carolina, multiple hurricanes have made landfall and
have caused significant damage in the last decade. To understand the impacts of multiple hurricanes on waterfront properties
and shoreline habitats, we conducted shoreline surveys and online surveys of waterfront residents before and after five
hurricanes over ten years. Results suggest that living shorelines are resilient to multiple storm events, while bulkheads require
repeated, costly interventions to provide continued protection.

Living Shorelines:
Managing Urban Coastlines Through Community Engagement and Nature Based Solutions
Dane Lazarus1,2, Sara Cuadra1, Chris Enyart1,2
2
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Abstract:
Los Angeles is home to a large, diverse population that lives, works, and plays along its iconic coast. This thriving urban
landscape in southern California, USA, provides a unique opportunity to explore the nexus between living shorelines, coastal
hazards, and community resilience planning. Growing recognition of the value of beaches as resilient functional ecosystems is
leading a regional paradigm shift away from heavily urbanized shorelines, where daily grooming currently eliminates
vegetation, wrack, trash, and protective sand dunes. For urban coastal communities, living shoreline projects provide an
innovative, nature-based adaptation strategy to increase the resilience of the coastline to sea level rise and storm erosion.
Restored beach ecosystems provide a soft buffer to erosion, expanded habitat for native species, and recreational and
educational opportunities for local communities.
Four scalable, regional case studies of nature-based coastal adaptation will be explored, including planning and permitting,
public engagement and the incorporation of stakeholder feedback, methods of implementation, lessons learned, and the major
outcomes from an ecological and topographic change perspective. Implementation methods to be discussed include the planting
of native beach species, nearshore eelgrass bed restoration, invasive species removal, and the encouragement of dune growth
via sand fencing and biomimicry staking. Efforts to foster community engagement via outreach, interpretive signage, and
volunteer and internship work will also be discussed. These projects serve as demonstrations of the living shoreline concept in
action, providing long-term data to inform future efforts alongside the direct benefits to the ecosystem, infrastructure, and
surrounding communities.
Thematic Series: Restoration as a nature-based solution.

Restoring Coastal Ecosystems: A Practitioners Perspective on Nature-Based Restoration
Techniques to Manage Erosion
Author: Seth Wilkinson, CERP
This oral presentation describes lessons learned in various coastal marsh restoration projects in a diversity of
exposure to coastal storm energies over more than a decade. Although the examples provided are from North
America, the innovative techniques described may be used to restore coastal shorelines worldwide. The use of
native vegetation to stabilize eroded shorelines, in concert with soil bioengineering techniques is well adapted to
withstand sea level rise and high-intensity storm events, while allowing landward migration of coastal vegetation
and the critical habitat it supports. Both unsuccessful salt marsh restorations and successful salt marsh restorations
will be clearly described, including a discussion of the causal features which led to the success or failure outcome of
the restoration projects.
I will describe new methods and innovative uses of soil bioengineering installations to restore coastal salt marshes.
The case studies described in this presentation demonstrate that the use of soft engineering and native vegetation
may be considered a long-term solution for addressing coastal erosion without the use of stone armor, revetments, or
other hard structures and the negative environmental impacts associated with traditional hard armoring of shorelines.
Strategies ranging from coir-based marsh restorations to cobble reinforced salt marshes are proving to be adaptation
design strategies to stabilize our coasts and protect important coastal habitats, which are facing threats from
increased rates of erosion due to sea level rise and more frequent and higher intensity storm events.

The importance of scale for faunal colonisation, biodiversity, and ecosystem functioning in
restored seagrass meadows
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Anthropogenic stressors have reduced seagrass cover around the world. Restoration can reverse these declines, but seagrass
restoration success has been low. Large-scale planting is known to increase restoration success by assuring scale-dependent
interactions and feedback mechanisms, but also increases pressure on donor populations and associated monetary costs. Here,
we tested the role of patch size and configuration in a large-scale eelgrass (Zostera marina) restoration project in the Swedish
Skagerrak (North Sea). We planted four large (25 x 25 m) plots with different configurations and patch sizes (one continuous
plot, three plots with large, medium, and small patches). We measured seagrass shoot density and associated invertebrate
(epifauna and infauna) communities, biodiversity, and functional diversity, in comparison to a nearby healthy control
meadow.
After one growing season, shoot density in the planted plots had increased but not yet reached the same density as in the
meadow. The total invertebrate abundance was similar across the meadow and four planted plots. However, species richness
was lower in the planted plots than the meadow, and the species composition, functional diversity, and community structure
differed between the meadow and planted plots, and between different treatments (patch sizes). Overall, our results show that
restored seagrass can quickly be colonised by diverse invertebrate communities, but that configuration and patch size are
important determinants of the resulting community structure and functional traits. Several more years of monitoring will be
necessary to fully understand how restoration scale affects biodiversity and ecosystem functioning, and to determine optimal
restoration configuration.

Using the ecological restoration of dunes in Puerto Rico to increase the resilience of coastal
communities and habitats to future storms and other effects of climate change
Robert J. Mayer1, Patricia Chardón2
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Abstract:
The Archipelago of Puerto Rico was severely impacted by hurricanes Irma, María in 2017 and by winter storm Riley in 2018.
As a result of these events many of the coastal dunes on the north coast of the island were destroyed or severely degraded
leaving coastal communities and wildlife habitats extremely vulnerable to the effects of future extreme weather events and
climate change. Our project focuses on improving important physical conditions and the species composition of dunes in that
area by contributing to the cessation of coastal threats and assisting in the recovery process.
To achieve this we installed wooden boardwalks, exclusion fences and signage to re-direct foot and vehicular traffic away from
vegetated areas and to promote sand accumulation and increase vegetation cover. Sand trapping biomimicry matrices were
used to increase sand volume and then the incipient dunes were stabilized by planting vegetation whose roots and rhizomes
further trap and stabilize the sand making the dune more resistant to erosion.
An RTK-GPS-enabled unoccupied aerial vehicle (UAV) and photogrammetry software were used to collect baseline data, plan
and monitor our restoration work.
These approaches allowed us to successfully repair breaches and create dunes in areas where they had been destroyed. Increases
of more than 60% in sand volume and up to 100% of vegetation cover in a one-year period were observed in some areas. Our
efforts also included an environmental education component.
These actions protect adjacent primary infrastructure and wildlife habitats from future storms and other effects of climate
change.

West Bay Sanitary District’s Ecotone Levee - Using Nature Based Solutions to Safeguard
Critical Infrastructure in San Francisco Bay
Laura Moran1, Mark Brandi1 , Lauren Huff1, Ben Snyder1, Lorraine Htoo2, Richard Laureta2,
Sergio Ramirez3, Phil Scott3
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West Bay Sanitary District’s flow equalization and resource recovery facility is surrounded by levees designed to
protect the site from tidal intrusion, as well as to protect San Francisco Bay from wastewater treated at the facility
during certain wet weather conditions when wastewater diversion to the facility is necessary. Several areas along
the levee are lower than the FEMA floodplain elevation, no longer protect the facility from tides, and do not protect
against sea level rise. In coordination with state and federal resource agencies, design engineers, ecological
restoration specialists, non-profits and university research affiliates, the District has incorporated an Ecotone Levee
and Living Shoreline into the levee design. This nature based approach aims to meet regional and national climate
change resiliency goals by mitigating the impact of coastal flooding and risk to key infrastructure while preserving
the habitat functions and values of coastal marsh habitat through decades of sea level rise. The levee incorporates
a stairstep design that allows for near-term enhancement of existing marsh while allowing for migration of low, mid,
and high marsh habitats through currently modeled sea level rise scenarios. This project will contribute to the local
integrity of San Francisco Bay’s shoreline ecology for the benefit of fish and wildlife for decades by incorporating
long term monitoring and adaptive management plans.

Aesthetics and Ecological Restoration:
A Novel Approach to Achieving Client Buy-in at the Site Scale
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The core theories underlying the practice of ecological restoration are most applicable to landscape-scale restoration, and
implementation techniques for smaller scales focus largely on conservation-oriented projects and public lands. At the site scale,
there are opportunities to adapt ecological restoration techniques to restore ecological function to small, privately owned
properties so they can contribute to a positive way to their surrounding landscape. However, private landowners may be
resistant to the “wild” or “messy” aesthetic of a true ecological planting design, given their familiarity with traditional
ornamental landscapes. Client buy-in along with ecological integrity can be achieved by creating beautiful landscape designs
based on analogues from surrounding reference ecosystems by following a simple process; a palette of plants is distilled from
key species of plants found in the reference ecosystem, these plants are then arranged to complement the proposed buildings
and paths, understory planting occurs at a high density with a variety of sizes of planting stock, and management after
installation occurs to the point of plant establishment. Where possible, plants and other features (boulders, woody debris, soil)
are salvaged and re-used. Project examples will be provided where these techniques were applied to residential development
projects in the Muskoka Lakes region of Ontario, Canada where shorelines of freshwater lakes are densely populated with
cottages interspersed within a largely natural landscape matrix of mixed forest. Without applying an aesthetic approach to
restoration, client buy-in to the use of native plants and landscape analogues on these projects may not have been achieved.

Art as an Interface for Watershed System Resiliency
Adrienne Mason1
1

University of Waterloo, Canada
a6mason@uwaterloo.ca

Art has shown increasing promise as a method of communicating the science and attendant need for watershed
restoration work to both practitioners and the public. The study explores whether art can efficiently convey concepts
of connectivity, capacity and resiliency as they relate to restoration in small socio-ecological watershed systems in
southern Bruce County, Ontario, Canada and to larger hydrological systems in general. This research explores whether
an exhibit of eco-art convey the message that restoring lateral hydrological connectivity and the potential for water
storage capacity on the landscape can increase watershed resiliency? I first established the scientific validity for the
central message of the eco art exhibit through a case study in the South Pine River in partnership with the Healthy
Lake Huron monitoring project and Rural Stormwater Management Model. Increased water storage on the landscape
corresponded to increased lateral hydrological connectivity measured as reduced Total Suspended Sediment loads (P
value 0.05). I then combined this field based evidence with theories of Bernoulli’s law in hydrology and the Holling’s
loop from resilience literature to prototype an eco-art exhibit. This exhibit was presented eight times to varied and
multidisciplinary audiences and anonymous feedback was gathered. This eco-art exhibit showed potential to broaden
uptake for the methodologies and motivators for restoring connectivity and capacity to increase watershed system
resiliency. Hence, the use of art as alternative medium to central textual messaging may have potential to help bypass
communication barriers encountered in ecological restoration .

Imagining Restoration Ecology: Ecological devastation and restoration in The Lord of the Rings
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J. R. R. Tolkien’s The Lord of the Rings has captured the attention of readers for generations. To date, much of Tolkien
scholarship has focused on Tolkien’s participation in literary and linguistic traditions; however, ecocritical perspectives on
Tolkien’s work represent another important area of scholarship. Tolkien’s environmental vision in many ways was ahead of
his time, anticipating the dramatic effects of modernism (and its associated industrialization) on the forests and grasslands of
his beloved English countryside. Embedded within his prodigious imagination of the ecosystems of Middle-earth, Tolkien
powerfully imagines the power of humans both to destroy (e.g., through waging war, seeking power, and advancing
industrialization) and to care for ecosystems. Tolkien’s environmental spaces thus present a perspective on ecological
devastation and restoration in Middle-earth, with opportunities to re-imagine ecological restoration in the “real world.” This
paper explores examples of ecological devastation and restoration in Tolkien’s The Lord of the Rings, then highlights important
implications for framing ecological restoration in practice. Overall, Tolkien’s work presents an opportunity for practitioners of
restoration ecology to contextualize ecological devastation and restoration in a broader literary and imaginative framework,
providing new pathways for diverse community members to connect with and, eventually, participate in ecological restoration
in their own communities.

Integrating participatory scenarios into Rewilding strategies:
A synthesis of nature futures under restoration narratives
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As we enter the UN decade on Restoration, different political agendas such as the EU's 2030 Biodiversity
strategy are placing rewilding at the center of strategies for upscaling ecosystems restoration. Despite the
popularity of this approach, we still lack research on the possible trade-offs and benefits that rewilding could
bring to society. A way to approach these gaps is through Participatory Scenario Planning (PSP), an essential
tool for incorporating stakeholders into restoration initiatives. We present a synthesis study of how the future of
nature in Europe has been envisioned in ecosystem restoration narratives, and what elements of rewilding are
being included in PSP. We mapped the information into different Nature Contributions to People (NCPs) and
indicators for measuring rewilding progress. Our results indicate that NCPs such as lifestyle, culture, and
provision of food were key for multiple stakeholders when envisioning nature futures in restoration areas.
Nonetheless, key categories related to rewilding such as the recovery of large-bodied species, the restoration of
natural disturbance regimes and increasing connectivity of ecosystems were barely considered.We conclude that
PSP in Europe has been successful at incorporating NCPs in scenario narratives but it has overlooked key
aspects of rewilding and its benefits and tradeoffs. Finally, we identify which advances, such as spatial explicit
data and scenario modeling, that are required in participatory scenario frameworks in order to consolidate
rewilding as a pragmatic restoration solution in socio-ecological systems.

Interactive Wetland Experience Center – Dialogue of Man-Nature relationship in 21st Century, A
case of Najafgarh wetland, Delhi, India
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Wetlands in India are one of the most important and the same time most threatened resources. With rapid urbanization and
development initiatives in the country, these wetlands are further at threat to become a part of city core, resulting in nothing
but a sewer system and habitat losses.
On the delhi part of what is known as the Basai wetlands , flowing through the paleochannel of Sahibi river, this wetland zone
witnesses bird biodiversity perched on the edge of a globally significant biodiversity hotbed, it provides for the apt platform of
restoration, research and edutainment activities, In a way positioning and provisioning itself as a model urban -environmental
interface as a window to the melange of natural biodiversity.
One such case of Najafgarh/Basai wetlands in Delhi, India, has been taken up as a ecological landscape planning and design
project. This presentation showcases a new concept of interactive ecology for Indian scenarios, where man and nature interact
to support each other, to enhance, restore and revive the natural set up, to sensitize the general public about the natural assets,
their values and at the same time learn how to sensitively interact with it. The master planning proposal provides a campus for
the city’s ecology, history and culture, offers co-existence which has always been the way of nature and opportunities for
research as well as recreation through restoration.

Image showing the landscape planning and design proposal for Najafgarh wetland.

Canada's Oil Sands Innovation Alliance - Driving Innovation in Environmental Science and
Technology through Collaboration
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Canada’s Oil Sands Innovation Alliance (COSIA) is a collective of oil sands companies that collaborate on
environmental research and technologies to accelerate environmental performance improvement in Canada’s oil sands. The oil
sands are the third largest oil reserve on earth and development of this global scale resource requires unique and novel
approaches to research and development. COSIA was created in 2012 with Environmental Priority Areas (EPA) in Land, Water,
Green House Gases and Tailings. The Land EPA at COSIA actively develops and manages a significant portfolio of projects
to gain knowledge, technologies and improved practices for restoration and effective reclamation in the boreal forest of Alberta
Canada. This presentation will highlight the COSIA processes and a sampling of the innovative project work lead by COSIA
Land EPA members within the focus areas of Caribou Conservation & Recovery, Footprint Reduction, Biodiversity and
Species at Risk Management, Uplands-Soil-Vegetation and Wetlands.

Institutionalizing the Adaptive Management of a Large-Scale Ecosystem Restoration
Program: Continued Progress in the Lower Columbia River and Estuary
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Adaptive management and ecosystem restoration in the lower Columbia River have been
ongoing as part of the Columbia Estuary Ecosystem Restoration Program (CEERP) for roughly
20 years. CEERP has supported 77 restoration projects and restored over 14,000 acres of
floodplain habitat in the lower Columbia River between 2004 and 2020. The success of the
program is due to a continuous feedback loop between science, coordination, and management;
with each element playing a more or less prominent role through different time periods. In
addition to these basic components, a longstanding commitment to addressing outstanding
uncertainties through complimentary research and restoration actions improved program
outcomes over time. The institutionalization of CEERP adaptive management benefitted from
the ongoing support of an Expert Regional Technical Group, scientists, state and federal
agencies, Tribes, and restoration practitioners supporting research, monitoring, and evaluation.
This work provides an overview of CEERP’s evolution and highlights key developments under
each of the aforementioned CEERP components. As examples, CEERP managers have
recognized the need to acknowledge and overcome programmatic and process uncertainties
related to effective landowner engagement, evolving agency priorities, and constraints within the
project universe to meet long-term restoration goals. We share lessons learned that are applicable
to restoration programs elsewhere.

Title: One decade of ecological restoration networking in France: achievements and perspectives at
national and international level.
Abstract: For a few decades, ecological restoration and nature-based solutions have expanded
worldwide. In the context of global change, this phenomenon has been accelerating in the last years as
knowledge is growing along with political interest and demand for restoration. Founded in 2008, the
French restoration network REVER* is inspired by organizations like the Society for Ecological
Restoration (SER) and is affiliated to its European Chapter (SERE) since 2014, and gathers hundreds of
researchers, practitioners and students. It aims to promote restoration by facilitating horizontal
exchanges and collaborations between practitioners, scientists, environmental managers, companies,
etc. By co-organizing annual workshops, REVER provides regular feedbacks and assessment of the
restoration practices in a diversity of habitats and environmental contexts and creates opportunities to
discuss the evolution of the field. The next event will be held in the French Alps in June 2021 and will
be focused on soils and plant-soil interactions. REVER provides the French restoration community
with links to international networks and to French institutions, such as the French Office for
Biodiversity (OFB) or National Botanical Conservatories. Through educative programs, the network
contributes to improve practices and to train future practitioners. Despite Covid-19 context, a national
summer school has been held in Brittany in 2020 about monitoring in restoration. REVER is also a
member of national committees and councils to promote a better inclusion of ecosystem functions and
issues in national policies. Founding member of A-IGECO**, an organization gathering numerous
ecological engineering stakeholders, REVER contributes to develop the ecological restoration
economy. After more than one decade however, due to lack of manpower and funding, REVER did not
manage to create a national database drawing up an inventory of restoration sites, their characteristics
and geolocalization. REVER aims to thus push for the creation of this database and to develop more
collaborations with other local or regional networks and to contribute to the objectives of reduction of
the biodiversity losses and habitat destruction through national and international actions.
* Réseau d’Echanges et de Valorisation en Ecologie de la Restauration i.e. Network of Exchanges and
for Promotion of Ecological Restoration
** Acteurs de l'Ingénierie et du Génie Écologiques i.e. Ecological Engineering Stakeholders`
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United Nations Environment Assembly (UNEA) Resolution 3/10 on “Addressing water pollution to protect and restore waterrelated ecosystems” (UNEP/EA.3/Res.10) requested UNEP to develop a global water quality assessment in collaboration with
UN-Water and relevant stakeholders, which planted the seed for the World Water Quality Alliance (WWQA). The WWQA
Ecosystem workstream on protection and restoration has an initial focus on water quality management in lakes and their
catchments, and works on a unifying concept to support the development of novel restoration strategies combining socioeconomic and biophysical evidence to drive the transition from heavily polluting activities towards those that relieve stress on
the aquatic environment whilst releasing economic growth. The realization of this vision will work across policy, academic
and private sector interests to progress the agenda on global priorities for action, foster new partnerships to support large–scale
and transboundary programmes. It will foster collaboration and work with others to develop a Theory of Change for open
discussion and to provide an estimate of scale and ambition of water quality management investment and returns currently
planned across the world’s lakes in the time period of the UN Decade of Restoration. Initial phase of the work will be to develop
a knowledge-sharing platform through the World Environment Situation Room collating evidence on restoration cases. This
phase will also produce a White paper to identify key issues and actions for better coordination to protect and restore water
quality in lakes, as a first step to wider consideration of other water body types.

Biocrusts under fire: post-fire regeneration in an Australian Savanna
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In Australia's northern savanna, fire management research has focused on its effects on grassland
regeneration. Less has been done to understand how fires affect the biocrust, a community of
cyanobacteria, lichens, mosses, fungi, and other microbes that live on the soil's surface. Passive
restoration of a burnt dryland savannas relies heavily on the ecosystem services provided by
biocrusts, especially soil stabilization and nitrogen fixation.
This project was located at Kidman Springs Research Station, where a fire management program
had been established over the past 28 years. Samples were collected from two different soil types,
burnt every two, four and six years with either cool or hot fires. Microcosms collected from before
fire and after fire were regrown under conditions simulating the wet season.
Over 30 days, biocrust function was measured by photosynthetic yield where the rate of recovery
was significantly faster in the burned treatments than the unburned treatments and higher in the
grass patches than the open inter-patches. Yet, the biocrust biomass was significantly lower in the
burnt samples compared to the unburnt samples. At the end of the recovery period, late dry season
(hot) fires resulted in significantly lower percentages of nitrogen and carbon compared to early dry
season (cool) fires. All other factors had insignificant effects on biomass, carbon, and nitrogen.
Fire and drought have a long-term effect on the functional integrity of the dry savannas. Seasonal
fire management strategies and post-fire restoration can be facilitated by informed practices such
as post-fire wet season grazing exclusion.

From the ashes: predicting the need for restoration in fire-affected landscapes
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The fires in Australia in 2019/2020 were unprecedented in terms of their scale, severity and impact on native flora and
fauna communities. These wildfires also occurred in the context of many ongoing threats (e.g., pests, diseases, habitat
fragmentation) and stressors (e.g., drought), which can influence the inherent regenerative capacity of fire-affected
communities. Given the level of extent and impact, it is crucial to understand how and where restoration strategies can be
used to facilitate post-fire recovery and how these can be used for risk amelioration and improving landscape resilience to
future fire events. These activities may range from providing protection to allow natural regeneration or assisted
regeneration, to targeted seed inputs to facilitate the recovery of non-regenerating groups or species. We present the results
of our predictive framework to help identify the vegetation communities and locations in greatest need of intervention to
assist natural regeneration. This framework and spatially based model focusses on fire history, fire severity, pre-fire drought
and proximity to cleared areas, but also considers the context of pre-disturbance vegetation condition. For each community,
we also use plant trait data such as fire response (obligate seeder and resprouter) and regeneration (e.g., soil seed banks,
time to seed production, seed storage) to help identify at risk communities and develop strategies to promote resilience to
subsequent fire events. Our aim is to develop a practical and applicable model to assess the need for post-fire intervention
while considering landscape resilience and that recovery will occur in a rapidly changing world.

The role of nitrogen sources in enhancing drought resilience of tropical tree seedlings
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Global temperatures are expected to increase by 1.5°C in the next 20 years from pre-industrial periods due to anthropogenic
activities. Rising temperatures induce drought stress and mortality in trees, which is pertinent to restoration efforts as seedlings
that are drought resilient have a higher chance of survival in water limited environments. Drought-related studies discount the
role of nutrients, particularly nitrogen, in conferring drought survival. When exposed to high quantities of nitrogen, plants
increase shoot growth at the expense of root growth and consequently require more water to recoup losses from increased
transpiration. Most studies focus on inorganic nitrogen (i.e., ammonium and nitrate) as the main source for plant growth.
However, plants can take up organic nitrogen (e.g., amino acids) for growth. The effect of organic nitrogen on the hydraulic
properties of plants is unknown. The aim of our study was to determine if organic nitrogen (e.g., arginine) versus inorganic
nitrogen confers drought resilience in pioneer Australian rainforest seedlings Acacia mangium and Alphitonia petriei, exposed
to drought conditions in the glasshouse. Seedlings were grown from seed in 2L pots containing peat and sand for three months
from September 2020. The treatments comprised of two inorganic N sources (Osmocote and ammonium nitrate), and two
organic N sources (ArGrow and arginine) with 20 replicates per treatment. In December 2020, drought was induced (45-50%
water holding capacity) in 10 replicates per treatment while the rest remained well watered. Pots were weighed and watered
daily to maintain water holding capacity. Xylem pressure, total biomass, specific leaf area, root volume, and stem density to
be determined and analysed in late January 2021.
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Tropical Dry Forests (TDF) are the most endangered tropical forest ecosystem. This holds true for TDF in
Madagascar, where almost 42% of their original forest cover has been lost. Remaining forests are increasingly being
fragmented and degraded due to human and natural impacts, resulting in biodiversity loss. Forest restoration projects
have been proposed as an option to reverse this situation. However, prolonged periods of drought and variable
rainfall regimes in the TDF make restoration projects challenging, and knowledge about best restoration practices
are lacking. Our research project was set up to fill in some of those knowledge gaps, allowing us to elucidate which
species and which planting distances were associated with the highest seedling survival and growth during the initial
phases of a TDF restoration trial. We set up 3 forest restoration plots in the TDF at Berenty Reserve in Madagascar.
A total of 1354 seedlings of 24 species were planted at two different planting distances (1 and 1.5m). Seedling
height, canopy breadth, stem diameter, and mortality were measured for three years. We found that lower planting
distance explained faster growth rates and enhanced survival in the first three years of the experiment, making
planting distance an important variable to consider when planning and implementing future restoration projects in
the dry forest. Our data also show which common native species thrive best. Results from this trial will guide future
restoration projects in the reserve and can serve as a reference for other TDF in Madagascar and around the globe.

Forest restoration practices under a sustainable landscape approach: Experiences from the field
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The Alto Mayo landscape of Peru’s San Martin region covers approximately 780,700 hectares and is home to 231,000 people
(33.7 inhabitants per km2). It is a biodiversity hotspot and an Alliance for Zero Extinction site, holding record-high numbers
of endemic bird and orchid species, as well as providing habitat for the only three endemic monkey species in Peru.
Conservation International (CI) has been working in the Alto Mayo landscape since 2007. CI works with indigenous
communities and smallholder farmers to reverse deforestation and restore critical areas of the landscape to reconnect forest
patches and the habitat of keystone species like the San Martin titi monkey. CI’s approach includes land use planning,
governance, best practices in agricultural production and conservation of priority remaining forests. As part of its sustainable
landscape approach CI is using innovative practices to restore forest connectivity and promote conservation corridors. These
corridors aim to facilitate wildlife habitat and movement of wildlife as well as the future viability of populations of
endangered species under climate change scenarios. This has promoted the implementation of diverse forest restoration
strategies including restoring: (1) riverine vegetation, (2) abandoned and degraded pastures and flooded rice fields, and (3)
enrichment of coffee and cacao agroforestry systems with more diversity of native shade tree species. In this presentation CI
reviews lessons learned and results from its forest restoration practices and its role in promoting conservation corridors.

From Initiative 20x20 to 30x50
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Back in 2014, Initiative 20x20 was launched with the objective of bringing 20 million hectares into the process of restoration
in Latin America and the Caribbean (LAC) by the year 2020. With 7 countries initially committing to lead and support the
restoration process, Initiative 20x20 has grown since then - another 10 countries have pledged to work on restoration. In support,
more than 80 technical and financial partners have joined this process to build the land use transformation through national
programs or privately funded productive projects. In this process, all members have collaborated in improving policy,
mobilizing capital, exchanging technical know-how and communicating the relevance of the key restoration movement-actions
to achieve the Initiative 20x20’s objective.
After five years of engagement, countries and partners to Initiative 20x20 have begun the transformation of 19 million ha of
land through more than 100 projects. Through this movement, they are ever more aware of the relevance of restoration for
climate action, preserving biodiversity and ensuring sustainable livelihoods. Without losing any momentum, the platform is
being relaunched with a new hectare goal – to bring 50 million hectares into the process of restoration by 2030. In doing so,
Initiative 50x30 will continue working in promoting sustainable agroforestry systems, sustainable silvopastoral systems,
holistic cattle-ranching and pasture management, reforestation, afforestation, low-carbon agriculture, and avoiding further
degradation and deforestation. As the new movement begins, this presentation will highlight the lessons learned from Initiative
20x20 and call all participants to contribute to the its new objective.

New approaches to driving ecological restoration at scale in Australia's Great Southern
Landscapes
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The way land is currently used in Australia’s agricultural landscapes is unsustainable and this is affecting our biodiversity,
landscape health, agricultural productivity and economic resilience. Further, the collective restoration response to date has
been referred to as a “mere cautious fiddling” that is insufficient to prevent ongoing decline and degradation. Recently, the
Australian National Outlook has called for re-establishment of trees and habitat at an unprecedented scale (ie. 11 to 20 Mha by
2060) as part of a national vision for a bright and prosperous future.
Aligned with this vision, Greening Australia is implementing an ambitious restoration program across Australia’s Great
Southern Landscapes. The program aims to move beyond business-as-usual and match the scale of intervention to that of the
problem, but this requires a new approach. For example, carbon markets are seen as a core enabler for this program and
delivery of biodiverse restoration at scale. When integrated effectively into a landscape, environmental plantings for carbon
can realise genuine benefits to multiple assets, providing habitat for biodiversity, providing increased production and returns
from agricultural land and reversing land degradation.
The carbon market will drive a shift in magnitude of funding for environmental plantings through our agricultural landscapes
– transitioning away from traditional government funded programs. Additionally, it will demand new thinking to meet the
challenge, related to planning and design, supply chains, on-ground delivery, accounting frameworks, and monitoring and
evaluation. During this presentation, we will share new approaches to environmental plantings, demonstrating our drive for
positive, biodiverse outcomes at scale.

Restoration Appalachia: a Visual and Literary Analysis of Ecological Disturbance and
Restoration Potentials in the Central Appalachian Coalfields
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Appalachia follows the topographical boundary of the Appalachian Mountains which runs along the Eastern Coast of the United
States. This paper focuses on the Central Appalachia subregion of West Virginia, Eastern Kentucky, Southwestern Virginia,
and Eastern Kentucky, as characterized by large-scale Mountaintop Removal Coal Mining operations. Indigenous nations
reliant for subsistence on this region’s ecological base were, over-time, increasingly displaced by communities dependent on
resource extraction-oriented companies.
This transition is chronicled through historical overviews and visual aids of Timber Harvest, Underground Mining, and Surface
Mining processes. These resource extraction methods are then analyzed as ecological disturbances that damage, degrade and
destroy ecosystems that previously served as an ecological base for subsistence communities
Potentials for ecological restoration of Appalachian minelands are presented through relevant policy initiatives and
collaborative institutions that implement the Forestry Reclamation Approach. These concepts are applied through a case study
of Bishop, West Virginia, whose immediate vicinity to a mountaintop removal coal mine raises concern about public health.
In furthering current reclamation practices, I propose applying community-based conservation theory from international
development agencies to Appalachian coalfield communities in order to benefit the present, and future generations by i) aiding
in the ecological restoration of natural resources to post-surface mined landscapes, ii) providing socioeconomic development
opportunities for local communities, and iii) creating sustainable eco-tourism opportunities in the region.
In conclusion, I present the creation of Uganost Cooperatives to revitalize the ecological base as a public common to
communities who were historically reliant upon the land for sustenance and survival.

Scaling up fen restoration in Canada: in size and number of projects
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While peatland restoration in Canada have mainly focused on repairing bog ecosystems, peat extraction activities can also
expose the deeper, underlying sedge-peat layers. These minerotrophic remnant peat conditions command a restoration towards
a fen, a type of peatland for which restoration methods applicable in North America are yet to be developed. Fens are also
impacted by multiple infrastructure in the boreal forest. Since fens are fed with water coming from multiple sources (vs
precipitation only in bogs), water management is a major challenge when designing restoration plans. Furthermore, the first
trials of vegetation transfer with the Moss Layer Transfer Technique used for Sphagnum peatlands did not result in satisfactory
moss establishment in large scale fen restoration projects. For these reasons, new approaches more closely linked to site
characteristics and regional landscape have been developed. Recently, this approach has been applied to sites in Manitoba and
Alberta (Canada) where restoration technique relies mainly on site rewetting (return water levels close to the surface) and
connectivity with the surrounding natural habitats.
In this presentation, we will review the basics and the objectives of fens restoration in Canada. Examples of fen restoration
projects conducted in Québec, Manitoba and Alberta will be presented.

Waterworks: Lessons Learned from Restoration at Multiple Scales, Ives Road Fen, Michigan,
U.S.A.
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The Nature Conservancy’s (TNC) Ives Road Fen Preserve in Michigan, U.S.A., was discovered in 1979. Past efforts to farm
the land resulted in water being drained from the site and allowed invasive species (glossy buckthorn) to thrive, leaving only 2
ha (5 ac) of fen. Hydrologic restoration and research have been primary components of the long-term goal to restore over 40
hectares (100 acres) of healthy prairie fen. The removal of invasive plants and removal of agricultural drainage systems
contributed to early success in re-establishing the water table for native plants. TNC used monitoring wells to document the
recovery of the water table following restoration efforts. Recent modeling efforts have identified the source groundwater
recharge areas for the fen; both local and regional recharge areas contribute water to the fen, and some water travels many
kilometers over decades before reaching the fen. Current challenges include protecting distant, disjunct recharge areas to ensure
an adequate fen groundwater supply and responding to impacts from landuse changes decades ago that have yet to be expressed
in fen groundwater conditions. Successful conservation and restoration of fen hydrology requires knowledge and action at
multiple spatial and temporal scales.

Carbon Storage in Privet-Invaded Forests of Central Texas:
Another Reason to Restore Invaded Forests?
Logan Sigel, Natalie Turner, and Amy Concilio
Program in Environmental Science and Policy, School of Behavioral and Social Science, St.
Edward’s University, Austin, TX 78704
Invasive trees have come to dominate many urban forests, causing losses to ecosystem services and
biodiversity. Restoration of invaded sites is often warranted, but costs cannot always be easily
justified when considering multiple management goals within urban parks departments. With recent
climate plans and policies, like the 2020 Austin Climate Equity Plan, cities are increasingly looking
at ways to mitigate excess CO2 emissions by increasing sequestration through natural systems.
Ecological theory predicts that more diverse native forests should sequester more carbon than
species-depauperate invasive forest patches, so there may be emerging opportunities for climate
policies directed toward restoration. However, data are lacking about how much carbon invasive
trees store compared to the native species they displace. In this study, our objectives were to quantify
the carbon storage potential of trees and soils in forest patches in and around Austin, TX, that were
invaded by privet species (Ligustrum spp.) compared to native Ashe juniper-live oak forests. We
measured total carbon in surface (0-10cm) and deeper (25-35cm) soil layers, soil organic matter
(SOM) in these same layers (using the loss on ignition method), and estimated carbon stored in trees
and shrubs by measuring their diameters (DBH) at 13 sites covering a range of soil types. At the
completion of the study, we will have measured carbon at 10 sites for each forest type. Our
preliminary results (from 9 native, 4 invasive sites) suggest that native Ashe juniper forests may have
a higher carbon storage potential compared to invasive privet forests. Basal area was 39% higher in
native forest patches than privet sites, suggesting more carbon storage in biomass. Although SOM
was not significantly different between the two forest types, in privet-invaded sites, privet cover
(which ranged from 45-99%) was strongly negatively related to SOM (R2 = 0.82). Our results can be
used to inform local land management policy seeking to maximize carbon storage potential in the
region, and should be of broad interest to restoration ecologists and invasion biologists working in
other urban environments.

Restoration of montane, coastal and miombo forests in East and southern Tanzania: lesson
learned
Lawrence Mbwambo1; Azaria Kilimba1 and Mxolisi Sibanda2
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Abstract
Forest loss in Tanzania is estimated at 469,000 ha- per- annum. WWF’s Forest Landscape Restoration
(FLR) work in Tanzania started in the early 2000s spanning over 20 years in different ecosystems from
the East Usambara Mountains to coastal and miombo forests in the southern parts of the country.
Restoration activities include establishment of Village Land Forest Reserves (VLFRs), woodlots and
agroforestry. Nineteen VLFRs and six community forests (CF) were established in the East Usambara
making a connectivity corridor of 97 ha. Alternative income generating activities including butterfly
farming, fish farming, agroforestry and beekeeping were introduced in the East Usambara to increase
benefits from FLR. In the Ruvuma landscape dominated by the dry forest miombo woodlands, our work
has scaled up Community-Based Forest Management and established over 40 VLFRs covering about
500,000 ha. We have also promoted timber value addition with introduction of mobile sawmills and
group FSC certification. High value trees like Teak and Cedrela have been particularly useful in improving
income from for communities. WWF is working with the government to restore over 8,000 ha of
remnants of coastal forests near the commercial city of Dar Es Salaam in efforts to support the
implementation of the AFR100 pledge of restoring 5.2 million ha of degraded and deforested land by
2030. Emerging approaches include Foresters of the Future program to engage the youth. This
presentation will examine these achievements paying particular attention to the factors for success,
current challenges and opportunities for forest restoration at scale in Tanzania.

Seeing the Forest for the Trees & the Ecosystems for the Indicators: Comparative Approaches to
Measuring Restoration Outcomes
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Measuring the outcomes of restoration ecology experiments or projects depends first on clear statements
of intent and objectives; surprisingly, that first step is muddled because there is a temptation to conflate
long-term aspirations with short-term, often seemingly mundane achievements. If these are properly
characterized, deciding if the measures should be qualitative or quantitative is made clearer. The measures
need not be complex but should be only if the intent is more ambitious. My talk will explore the qualitative
and quantitative approaches to measuring outcomes and reflect upon the types of indicators used in
measuring outcomes such as qualitative analyses for assessing policy impacts and stakeholder feedback,
proxy variables centered on resilience, the legacy of p-hacking, taxon-based measures, measures of
ecosystem attributes, measures of alternative stable states, effect size vs. endpoint measures, and measures
of large-scale change. The intent will be to explore how each of these categories of measures of outcomes
arises from conceptual and theoretical frameworks and how they have been used or perhaps misused. Each
will have a case example to illustrate; any examples showing misuse will focus on my own errors as one
can learn a lot from failure or at least misguided approaches just as much as one may learn from success.
The talk will conclude with reference to united efforts across not only restoration project managers but
across scientific publications and societies to raise the bar on how one measures outcomes and constitutes
acceptably rigorous evidence.

The Social-Innovative Forest and Landscape Restoration
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Forest and Landscape Restoration is a viable solution to adapting and mitigating climate change, preventing mass species
extinctions, and improving rural livelihood, and is one of the strategies under the UN Decade Ecosystem Restoration. FLR is
the science, practice, and art of dealing with multiple interests to preserve native remnants and restore degraded lands, bringing
shared benefits to people and other living beings.
FLR is based on ecological restoration but encompasses other fields to comprise socio-ecological dynamics at the landscape
level, favoring more context-oriented and politically viable solutions. Although prominent, FLR is a new approach, and its
experiences have shown difficulties in coping with contemporary societal transformations. Both governments and markets have
been unable to respond with the agility and intensity required by an increasingly dynamic and connected society that demands
more efficiency and transparency in managing multi-use landscapes, a breeding ground for social innovation.
Based on a conceptual review of Socio-Ecological Systems, Nature's Contribution to People, Sustainable Livelihood, and Social
Innovation, we develop the Social-Innovative Forest and Landscape Restoration (SI-FLR) theory of change. This new approach
emphasizes the intrinsic connection between the landscape's ecological, productive, and social transformation processes,
highlighting the political option of putting sustainable livelihoods needs in the foreground. Integrating these aspects is
fundamental to adapt to the shocks and stresses involved in the changing context of a deep and long-lasting landscape
restoration process.
SI-FLR calls for a more inclusive and socially structured process, focusing on the social innovators dedicated to improving
forest landscapes' wellbeing and nature.

Enabling the study of multi-trophic responses in restoration
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A main goal of restoration is to sustain biodiversity at multiple trophic levels while improving resiliency and ecosystem
function. Monitoring is a key component of successful restoration to evaluate and quantify success and adjust management as
needed. However, it is often challenging to determine what the appropriate benchmarks for success should be with everchanging environments and multi-trophic systems that might have opposing responses. In an effort to restore lands managed
by Denver Botanic Gardens and establish projects that can be used to demonstrate and study successful riparian and prairie
restoration, we endeavor to establish standardized long-term monitoring efforts, but also evaluate projects across multiple
trophic levels to understand how the ecosystem is connected and how restoration techniques might differentially impact
riparian and upland communities. For a riparian project initiated in 2015, we installed in-stream structures to reconnect the
floodplain and long-term monitoring plots with extensive plant, water, and aquatic macroinvertebrate sampling. We will
present the first four years of this work. In 2018, we started a prairie restoration experiment to examine the impacts of
different seeding and herbicide treatments to remove a dominant non-native and increase plant diversity. In addition to
measuring the impact on the plant community, we have invited colleagues to investigate the impact of these restoration
treatments on the soil microbial and pollinator communities. Not only is this important for restoration in general but is
especially important to the local land managers as the restoration site is also on a working farm that aims to implement
sustainable agriculture practices.

Guidelines for Embedded Experiments in Ecological Restoration and Management in Australia
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Over the past three decades, investment in ecological restoration across Australia has developed a network of highly
knowledgeable and experienced practitioners. The recent UN Decade on Ecosystem Restoration (2021–2030) declaration to
prevent, halt and reverse the degradation of ecosystems worldwide (https://www.decadeonrestoration.org/), and Australia’s
pressing to restore ecosystems and threatened species habitat to improve resilience to fire and climate change, will likely spark
a further increase in restoration activities. This increase in activity represents a significant opportunity to add value to restoration
by upskilling practitioners to embed experiments within their projects. These experiments are needed to help quantify the
effectiveness of our restoration investments and how we can improve them. The embedded experiments could address a broad
range of questions, including: where should we source seeds from, does microbial inoculation improve plant growth, and what
are the optimal species combinations and spatial arrangements of plantings?
To assist practitioners to incorporate embedded experiments into their projects, over 30 researchers, practitioners and
government agency staff have collectively developed the ‘Guidelines for Embedded Experiments in Ecological Restoration
and Management in Australia’ (aka Guidelines). The Guidelines cover topics including developing science partnerships,
planning, experimental design, monitoring and data management. While written for an Australian audience, the Guidelines will
be globally relevant and aim to facilitate collaborative networks that improve partnerships between practitioners and scientists.
Ultimately, we hope that they will generate standardized and scalable data to addresses core national research questions.

Industry Research Collaboration for Advancement of Knowledge and Practice in Alberta’s In Situ
Oil Sands
Terry Osko1
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The industrial Footprint Reduction Options Group (iFROG) is a research collaborative of ten in situ oil sands operators. The
group initially evolved from three energy companies and one forest company in 2003 to address poor reclamation outcomes
on boreal forest well sites. Boreal wetlands have been iFROG’s focus since 2008. The group has identified three principles to
guide selection of research projects to develop, implement, or fund: 1) Land Stewardship, 2) Research Intelligently, and 3)
Collaboration. The group has identified gaps in wetland knowledge and prioritized these gaps for research directed at
improving in situ oil sands practices with the dual aim of improving ecological outcomes and meeting the intent of provincial
regulations. While priorities are multiple, most focus on:
•
•
•
•

Reducing hydrologic impediment by newly constructed features,
Restoring natural hydrology to reclaimed features,
Re-establishing functional peatlands in altered environments, and
Knowing when successful re-establishment has been achieved.

Thus, the primary considerations for both operations and research are: 1) effects of infrastructure on local and regional
hydrology, and 2) how to reclaim boreal wetlands and restore natural hydrology where masses of material have been
redistributed in the construction of roads, pads, and facilities. iFROG research has produced several scientific articles and
contributed to best practice documents. iFROG’s gap identification and prioritization process is described, and several
present studies are highlighted to illustrate the advancement of knowledge and best practice development via this
collaboration.

The Greenchannel unique research facility for mana in and restorin rivers
ejarano,

. .1, Sordo- ard, A.1, ianucci, P.1, Garrote, L1., Cha arra,
1

. 1, aladron, A. 1

niversidad Politécnica de adrid, Spain (8 pt)
mariadolores.bejarano@upm.es

n this study we introduce the Greenchannel, which is a uni ue research facility that brings together river scientists, engineers,
and managers to e plore river flows and riparian ones, particularly downstream from large hydropower plants. The
Greenchannel will help to understand the underlying physical, biological, and chemical mechanisms that govern stream
processes and their response to natural and human disturbances. This knowledge is critical to develop science-based approaches
for managing and restoring the degraded rivers. The Greenchannel mimics a life-si ed, indoor, regulated river reach, and is
inspired by the integration of a hydraulic channel and a greenhouse. t consists of a water storage tank, and a channel circuit
where water circulates constantly and can vary arbitrarily its level, velocity and flow, variables that are particularly affected by
hydropower production scenarios leading to the phenomenon of hydropeaking. n a margin of the channel a riverbank area is
arranged on a mi ture of natural soil. The whole facility is located inside an industrial-type, baseless greenhouse that guarantees
the e perimentation with riparian ones allowing the control of the inside temperature, light, and humidity, among others. The
Greenchannel is uni uely e uipped to conduct hydraulic, hydrological and instream and riparian ecological life-si ed
e periments under controlled conditions impose and repeat all kinds of hydrographs, including overbank floods uantify
physical, chemical, and biological processes taking place both in the river and in the associated riparian areas from microscopic
to reach scales provide verification for advanced computational models and host highly visible formal and informal education.
n this work we want to publici e this facility, e plaining from its design and hydraulic operation to its multiple possibilities
for scientific e perimentation.

Tree seedling performance and soil development across a forest restoration chronosequence
Michaela J. Woods, Sarah J. Frankenberg, Joseph R. Juodvalkis, Mary C. Lloyd, Ryan W. McEwan
University of Dayton, USA
woodsm8@udayton.edu

Transforming former agricultural fields into biodiverse habitats is an important objective for many agencies in eastern North
America. Landscapes recovering from industrial agricultural practices differ from remnant sites in part due to their degraded
soil and altered seed banks. Post-agricultural fields are often inhabited by invasive and weedy plants that may outcompete
target restoration species. This pattern has resulted in planted tree seedlings having a low survival rate in young restorations.
In this project, we sought to assess the role of soil degradation as a limiting factor in tree establishment following industrial
agriculture. We collected soil from a chronosequence in temperate forests ranging from 0 to 100 years post-agricultural
abandonment in Dayton, OH, USA. We planted Quercus macrocarpa seedlings in soils collected from each site in a greenhouse
environment. We assessed soil nutrient content, chemistry and microorganism activity at each site to determine which factors
promoted tree growth. We found that restorations older than 10 years increased the growth of Q. macrocarpa seedlings more
than younger restorations. These soils had higher organic material and nitrogen availability, which likely led to larger trees
seedlings. Microorganism activity associated with carbon and nitrogen cycling were also higher within these soils, suggesting
more active microbiota aid in tree growth. Thus, after 10 years of restorative practices including tree plantation, soils have
recovered enough to promote the growth of historically important biota. Overall, these findings indicate that soil characteristics
are a key limiting factor in tree seedling establishment in forest restorations.

Applying scientific findings to peatland restoration practice: Experience from Borneo
Laura Graham1,2, Andri Thomas1, Jhanson Regalino1, Amanda Sinclair3, Yenni Vetrita4, Robert Yokelson5, Grahame
Applegate2, Bambang Saharjo6, Mark Cochrane7
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High quality scientific research can and should feed into restoration practice on the ground to ensure improved and targeted
efforts, success, and sustainability. Creating strong links between science and practice should be a key project goal. In this
case-study we highlight how the UMCES-IPB NASA Peat Fire Research project has partnered with the Borneo Orangutan
Survival Foundation since 2014 to date. Whilst the main outputs of this project are scientific: improving methods and
calculations on carbon emissions from peat fires, we discuss how both the scientific findings and broader learnings from the
project have been applied in the field, for local government and community stakeholders and restoration practitioners working
on the ground. These include improved fire management practices, improved hydrology monitoring techniques, more targeted
reforestation efforts, enhanced engagement and communication with surrounding communities, and supporting institutional
capacity. Whilst BOSF’s ultimate goal is to ensure sustainable wild orang-utans populations, we are aware this cannot be
achieved without applying an interdisciplinary, multi-sector, community-based, landscape-scale approach to all our activities.
This includes improved management and reduction of tropical peatland fires and haze through holistic, integrative applied
research and restoration efforts.

Effects of submerged drains on water level and GHG emissions in two cultivated peatlands
Sebastian Heller1, Bärbel Tiemeyer1, Ullrich Dettmann1,2, Peter Gatersleben3, Sebastian Oehmke1, Melanie
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The vast majority of peatland in the North German Plain is cultivated as grassland. The created open
grassland landscape may provide a valuable nesting habitat for meadow birds, but many peatlands
are still exploited as highly productive meadows. In any case, ongoing peat decomposition causes
CO2 emissions and land subsidence. Thus, new approaches in water management are required to
reduce emissions of greenhouse gases (GHG). Here we present the results of our four-year study
with submerged drains and ditch blocking at intensively cultivated fen and bog peat sites in northwest Germany. During the first year, the water management system was optimized, but afterwards,
mean water levels at the fields with submerged drains were 0.20 (fen site) and 0.65 m (bog site)
higher than at the drained control field. Ditch blocking raised the water levels by 0.1 and 0.55 m only.
Effects at the bog site were stronger due to lower water levels at the control site and less
decomposed peat. During the first three years, fields with active water management at the fen site
emitted 16-60 t CO2-eq. ha-1 a-1 and the drained control 27-49 t CO2-eq. ha-1 a-1. At the bog site, fields
with active water management emitted 20-63 t CO2-eq. ha-1 a-1 and the drained control 35-65 t CO2eq. ha-1 a-1. These results were especially surprising in the light of the significantly raised water level.
Results from the fourth year (2020) will be presented as well, to clarify the effects of water
management on GHG emissions.

Peatland greenhouse gas fluxes using a long-term plant community manipulation
M. N. Steele1,2, P.D. M. Hughes2, B. J. M. Robroek1,3
1
School of Biological Sciences, University of Southampton, UK
2 Palaeoecology Laboratory (PLUS), School of Geography, University of Southampton, UK
3 Institute for Water and Wetland Research, Radboud University, Nijmegen, the Netherlands
m.n.steele@soton.ac.uk

2

Northern peatlands are an important store of terrestrial carbon with recent estimates exceeding 1000 Gt of sequestered carbon.
Changes in climate and land use influence which plants can grow in peatlands. This plant community composition is a key
factor determining the carbon balance of peatlands due to their feedbacks with the soil microbial community which regulate
processes related to carbon cycling.
To understand long-term peatland carbon trends, a plant manipulation experiment has been maintained for 10 years on the
largest expanse of active raised bog in Southern Sweden, the Store Mosse National Park. Gas flux readings were collected
seasonally to understand to role of plant functional groups on the dynamics of key greenhouse gasses carbon dioxide (CO2)
and methane (CH4).
The results indicate that loss of vascular plants reduces carbon uptake of the plant community (Fig. 1) and changes the
composition of the microbial community. Microforms within the bog community have different responses. Hummocks switch
from sink to source without ericoid plants to provide recalcitrant litter. Furthermore, the presence of aerenchymatous
graminoids increases oxygenation of the soil promoting decomposition and release of carbon.

NEE g CO2 m-2

The function of bogs as an active carbon sink can be disrupted by loss of key plant groups. Appropriate conservation and
monitoring of peat-forming wetlands under climate change is essential to maintain ecosystem services.
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Figure 1. Net Ecosystem Exchange (NEE) from plant removal plots: A. control, no plants removed; B. ericoid plants removed; C.
graminoid plants removed; D. both ericoid and graminoid plants removed. Red dots indicate hollow microhabitats. Blue dots
indicate hummock microhabitats.

How do invested efforts alter perceptions and actual behavior towards fire usage on tropical
peatlands? A comparative study across three districts in Indonesia
Nafila Izazaya Idrus1, Acep Akbar2, Agus Kurniawan3, Laura Graham1, Grahame Applegate4
2

1
Borneo Orangutan Survival Foundation, Indonesia
Banjarbaru Forestry and Environmental Research Development and Innovation Agency, Indonesia
3
Environment and Forestry Research and Development Institute of Palembang, Indonesia
4
University of Sunshine Coast, Australia
nafilaizazaya@gmail.com

Land conversion, drought season, and logging were the main factors that led to the extensive Indonesian peatland fires in
2015 . The events caused major adverse effects in the environment, economy and public health. In order to mitigate the peat
drainage and reverse the land conversion, Indonesian government has implemented various fire prevention schemes,
including the establishment of the Badan Restorasi Gambut (BRG - Peat Restoration Agency) and Manggala Agni. However,
the 2019 El Nino event led to further peatland fires in Sumatra and Kalimantan. Fires are caused by human activities to
obtain natural resources from the peatland area, despite the ban on fire usage. We propose that socio-economic factors also
influence the communities fire behaviour. Understanding the community’s reasons and motivations towards fire ignition and
usage are needed to improve targeted fire management approaches. Therefore, in this study, we will explore both the
perceived and actual changes of community members towards fire practices and behaviour, directly analysed against the
quantified amounts of effort to bring about that change (education, capacity, resources, punishment). Data will be collected in
three fire-prone districts in Indonesia: Kapuas, Tumbang Nusa, and Ogan Komering Ilir. Community questionnaires and
stakeholder census will be used as data collection. Quantification of the actual fires and fire behaviour will be assessed using
Fire Scene Evaluation data, fire hotspot and fire cover maps. We present this novel methodology, and anticipate the findings
will be used to help improve targeted, community-friendly approaches which facilitate local people to control and minimize
burning.
Key words: communities, fire behavior, Fire Scene Evaluation, peat fire

Impacts of rainfall on peat fire during the dry season and wet dry season on degraded
tropical peatland in South Sumatra, Indonesia
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Peat fires on cleared and drained tropical peatlands continue to cause tremendous damage to their ecological
functions, such as decreasing the quantity and quality of the peat, forest habitat, hydrology, reduced diversity of
flora and fauna as a source of germplasm, and contributes to global warming and reduction in health to local
communities. Peat fires are a major occurrence during the dry season and their severity depends on the availability
and sizes of surface and sub-surface fuel, water table depth and peat moisture content. Temporal rainfall distribution,
quantity and duration is a determining factor for the transition of surface fires to peat fires, especially in the role it
plays in the hydrology and moisture conditions of peat and surface fuels. This study will present the effect of rainfall
in the dry season and wet dry season on peatland fires and the extent of peat fires that occurred in 2019 and 2020 in
Ogan Komering Ilir Regency, South Sumatra. The research was conducted by recording rainfall data, surface and
peat fuel and peat fire area data from 2019 to 2020. This research is to clarify how rainfall dynamics affects the
incidence and severity of peat fires on degraded tropical peat, which will support Indonesia in its targets to protect
and restore tropical peatlands by improved fire management practices.

Key words : surface fuel, peat fuel, peat fire, peatland, rainfall

Supporting Green Recovery Post COVID-19 Pandemic Through Peatland Restoration Activities
in Indonesia: A review
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The COVID-19 pandemic has been taking a major toll on public health, global economic and social conditions. Many countries
globally, including Indonesia, were pushed into recession due to movement restrictions that impeded the countries’ economic
growth. This crisis posed a major threat to the environment as it triggered the rise of illegal activities by people to survive.
Peatland is one of the vulnerable ecosystems that might also be under pressure following the economic downfall.
Notwithstanding that fact, the current peatland restoration approaches, 3R (Rewetting, Revegetating, and Revitalization of
people livelihood), seem to possess potential ways to support the country’s economic recovery. This paper aims to review how
peatland restoration can support the green recovery in Indonesia. I reviewed and synthesized the existing literature, including
journal articles, grey literature, government and non-government reports, and news articles to examine the potential benefits of
peatland restoration activities to ease the pressure on the environment while also supporting green recovery. It was identified
that despite several challenges, the restoration activities could potentially mitigate the impact of the COVID-19 pandemic by
reducing peat fire hazards, minimizing the occurrence of future zoonotic disease, providing alternative sources of income and
job opportunities. Accordingly, investing in peatland restoration activities might be one of the promising options to build back
better, creating a resilient society with sustainable green recovery.

Ecological restoration during a time of rapid environmental change: Preparing for an uncertain,
quickly approaching future
Stuart Allison1
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One of the greatest challenges facing the practice of ecological restoration in the 21st Century is the rapid pace and global
scale of current and projected environmental change. There are many sources for these changes to the environment –
conversion of ecosystems to other types and uses, habitat fragmentation, declines in species populations, extinctions of
species, the human assisted movement of species from their original ecosystem to new ecosystems on a global scale,
pollution, and global climate change. Almost all of these changes are either directly or indirectly related to continuing
growth and movement of the human population. Restorationists have been aware of these changes for many years but only
recently have been able to fully grasp the rapidity and scale of environmental changes. Given our current understanding of
the rapidity and ubiquity of environmental change, it becomes obvious that the goals and practice of ecological restoration
must change in order to accommodate the shifting conditions on the ground. Ecological restoration must be conducted with
an eye to the future, planning for ways for the restored site to adapt as the environment around it changes. Restoration can
help us keep up with accelerating rates of change if we: 1)maintain biodiversity, ecosystem structure, composition and
function; 2)reduce the effects of disturbance and environmental stress; and 3)nurture or create refugia, redundancy and
connectivity among ecosystems. Broad-based, forward looking restoration will be a vital tool as we respond to
environmental change and prepare ecosystems for the future.

Integrating QAQC into Adaptive Management: Revisiting the Plan-Do-Check-Act Cycle
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The term ‘Adaptive Management,’ is a common keyword cited by many authors of ecosystem or ecological restoration
planning and quality documentation when describing their intended management strategy. However, in many instances, the
authors do not describe how it will inform effective decision making or modifications to management actions fundamental to
project success. The 'Plan-Do-Check-Act' (PDCA) cycle, also known as the Shewhart or Deming cycle, is a quality
improvement and process decision model first applied in the manufacturing industry, and that represents a simplified model
of adaptive management. The PDCA cycle models a recurrent assessment of the achievement of quality objectives or
performance criteria pursuant to the success in realizing an intended product or predicted system response. In ecosystem or
ecological restoration, quantitative benchmarks (targets or thresholds) serve as decision criteria (or triggers) necessary to
inform objective decision making during project implementation and effectiveness monitoring assessment. The PDCA cycle
can provide ecosystem and ecological restoration planners, scientists, and practitioners a framework in which to integrate
quality assurance and quality control (QAQC) principles and procedures as a core component to inform project management,
and guide quality oversight, and assessment of whether restoration practices are successful. Decision criteria, when
effectively integrated in a combined PDCA and QAQC framework can operationalize adaptive management in both
qualitative and quantitative terms needed to provide an objective and evidence-based assessment of whether a restoration
project is on the right track in attaining its stated goals.

Klamath Basin Integrated Fisheries Restoration and Monitoring Plan: Basin Wide Restoration
Prioritization to Enable Ongoing Adaptive Management
Clint Alexander1, Natascia Tamburello2
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The vision of the Klamath Basin IFRMP (https://kbifrm.psmfc.org/) is to provide a unifying framework for
planning the coordinated restoration and recovery of native fish species from the headwaters of the Klamath
River to the Pacific Ocean, while improving flows, water quality, habitat and ecosystem processes. The IFRMP
will provide a blueprint that describes the highest priority flow, water quality, and ecosystem process
(“habitat”) restoration and monitoring actions that in combination with related restoration initiatives can help
reverse the declines of multiple native Klamath Basin fish populations. The recent focus of IFRMP
development has been finalizing and iteratively applying a multi-criterion scoring methodology for systematic,
repeatable, and transparent ranking of restoration actions for focal fish populations throughout the entire
Klamath Basin. Information to complete prioritization was collected from a combination of (1) Phase 1 and 2
IFRMP synthesis and inventory efforts, (2) individual sub-basin practitioner surveys, and (3) iterative
collaborative sub-basin team peer review webinars. The data and mechanics needed to execute this approach
are unified in the web-based Klamath IFRMP Restoration Prioritization Tool (http://klamath.essa.com; and
see https://youtu.be/qyh6jS3j8ik). The Tool allows different prioritization scenarios to be created that consist
of combinations of weighting factors on the individual scoring criteria (e.g., based on perceptions of
importance of multi-species benefits vs. focusing on individual species, etc.). The Tool will directly support
future Adaptive Management in the Klamath Basin, through iterative updating every 2-3 years as restoration
is conducted, pressures in different locations shift, natural disturbances unfold, and monitoring generates new
information on the effectiveness of restoration actions.

Bee community response to semiarid grassland restoration: a regional study in the Pacific
Northwest, USA
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Up to 99.9% of native North American grasslands have been degraded since European settlement, primarily due to agricultural
development. Today, grasslands are a top priority for restoration as they harbor high amounts of biodiversity, contribute to
climate, soil, and water stability, and provide essential habitat for many rare and endangered species. The majority of grassland
studies have focused on vegetation or vertebrate responses to restoration while largely neglecting invertebrates—even though
invertebrates comprise the majority of grassland diversity and provide essential services such as pollination, nutrient cycling,
pest control, and food for vertebrates. To study how grassland restoration impacts native bee communities, we collected data
in three semiarid restored bunchgrass prairies. Our goals were threefold: 1. describe the variability and similarities within bee
communities across the three superficially similar locations, 2. identify environmental variables associated with patterns within
the bee communities, and 3. determine how restoration impacted the bee communities and these environmental variables. In
one year, we collected 6,512 bees and identified 90 species from the three locations and identified 17,550 flowering plants to
66 species. Assessed environmental variables included measures of both nesting habitat and available forage. Initial analyses
show seasonal changes within the bee and floral communities but bee composition did not differ between the three locations.
Bee communities within the restored sites did not differ from degraded communities but did differ from native communities.
Bee diversity did not differ between the treatments; however, bee abundance was lower in native sites compared to the restored
and degraded treatments. These results will prove useful in future grassland restoration planning projects, especially if
pollination of native or rare plants is desired.

Comparing amphibian habitat quality and functional success among natural, restored, and
created vernal pools
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We performed a multiyear monitoring study to compare amphibian habitat quality among four natural, four restored, and six
created pools in the same area. We used successful reproduction and metamorphosis of two vernal pool indicator species, the
wood frog and spotted salamander, to represent desired outcomes. Ordination techniques were used to identify the aspects of
habitat quality that were most correlated with desired outcomes. Although many previous studies indicate that restored and
created pools rarely replace function lost in the destruction of natural pools, our results demonstrate that properly restored or
created pools can match the value and function of nearby natural pools when certain aspects of habitat quality are considered.
Vernal pool hydroperiod, volume, and depth were the most important abiotic filters constraining species composition, while
predator and arthropod abundance were the biotic parameters most correlated with survival of indicator species. Large (>50
m3), deep (≥30 cm), short-cycle pools (12-20 weeks) had increased food availability, fewer predators, and greater reproductive
success of indicator amphibians. We also documented a 96% decrease in wood frog survival rates in a semi-permanent, natural
pool following a 41% decrease in overhead canopy cover and an increase in green frog abundance. At the same time, wood
frog reproductive success increased in nearby restored pools with lower predator abundance, indicating that conserving and
restoring landscapes with multiple vernal pools can facilitate dispersal of breeding amphibians and their prey species and
mitigate overall population losses in changing landscapes.

Environmental conditions of marine turtle nesting and incubating habitats with and without
coastal defense and restoring actions
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Sandy coasts are extremely vulnerable to changes in climate impacting endangered species such as marine turtles, that rely on
them for part of their life cycle, and alterations to their habitats may modify their reproductive success. In response to coastline
changes, hard structures have been installed in a process known as ‘coastal hardening’, with the aim of protecting and restoring
coastal ecosystems. Unfortunately, they may alter essential ecological cycles and habitat condition for endangered species.
Studying the landscape’s physical and biological features of where endangered species occur, including zones where beach
restoration took place, contributes with information of reference about variables that define threshold conditions for turtles’
habitats.
The objective of this study was to evaluate the impact of hard structures (tetrapods and groynes) installed for coastal protection
and restoration on nesting habitats for marine turtles in southeastern Mexico. We evaluated differences between beaches with
and without restoring actions, in terms of beach morphology, granulometry, vegetation structure and sand temperature.
Beaches with hard structures had significantly different habitat conditions. Segments restored using groynes showed similar
habitat conditions to those on natural beach reference, while another with tetrapods was more like a degraded beach reference.
Nevertheless, marine turtle nesting activity responded more to their historical distribution and philopatry, provoking the
occupancy of potential suboptimal habitats for their reproductive success.
We contributed with quantitative values for a set of physical and ecological habitat conditions for marine turtle nesting beaches,
that are reference for future actions to protect and restore coastal ecosystems.

Nature works! Helping restore pollinators,
one In the Zone garden at a time
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Since 2017, Carolinian Canada and WWF-Canada have piloted the In the Zone multi-partner program in
Ontario’s Carolinian Zone, a heavy populated (25% of Canada’s population) and biodiversity-rich (onethird of species) region of southern Canada that is 95% private. The aim in these heavily transformed
landscapes is to restore connected networks of locally-sourced native plant habitats, by engaging large
numbers of residents, with a special focus on gardens across urban and rural communities.
To date, results show significant and ongoing participation. Over 5,500 people managing nearly 40,000
ha and influencing 335,000 people have joined the program. 94% want to grow more native plants. In
the Zone uses an integrated systems approach to connect and train thousands of diverse residents,
businesses, institutions and community groups to grow Canada’s Biggest Wildlife Garden together using
tools based on the best restoration science: gardener’s app to measure wildlife value, plant tags, ecogarden and climate-smart yard guides, neighbourhood ambassadors, business partnerships, self-tracking
of progress with incentives and a modular multi-partner knowledge-sharing platform
(www.inthezonegardens.ca).
Program design combines behaviour and ecological science to focus collective effort on one simple
action that supports over 100 recovery strategies: growing ethical, source-identified native plants. This
focus makes it easy and enjoyable for participants to take tangible, simple action to address the dual
crises of extinction and climate change while shifting community norms.
The rapid response of many pollinator insect species within days of native plant blooming fuels great
excitement in participants. Program results show that a fundamental shift in what people plant makes a
difference in terms of reconciliation, energy savings, water protection, climate adaptation, carbon
storage, sustainable landscaping, growing a local green economy and public eco-literacy. In this talk, we
will share some examples of these rapid transformations, outline how to increase the supply chain for
locally-sourced native plants, and consider how this successful pilot will be applied elsewhere in Canada.

Possible Methods of Calculating Fish Habitat Banking Credits in Southern Ontario, Canada
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In 2019 the Canadian federal Fisheries Act was amended to include a provision for proponent led development of fish habitat
banks. A fish habitat bank is a conservation strategy used to earn the proponent habitat credits through the completion of
restoration works. The credits are included in a banking ledger and can ultimately be withdrawn by the proponent to offset the
unavoidable death of fish or the harmful alteration, disruption or destruction of fish habitat resulting from a proposed project
by the same proponent. Credits may only be used within the same service area where the credits were earned.
Prior to the 2019 amendment, the Department of Fisheries and Oceans (DFO) had supported the development of a small number
of fish habitat banks lead by municipalities. Since 2019, additional banking negotiations have been taking place. This
presentation will discuss the various types of fish habitat banking stream restoration projects that the City of Kitchener has
completed and how the credits are being calculated. The City of Kitchener’s potential maximum earned credit calculations are
generally based on the area of restored habitat, the quality of restored habitat, and the effect of the restoration project on access
to upstream habitat. The credits are not automatically granted upon completion of the restoration project but are contingent on
project success. Credits are released based on an agreed upon schedule based on achieving specific project metrics, determined
through post-construction monitoring. This presentation aims to invite discussion on how we assign value to environmental
function.

Restoring the Spiny Softshell Turtle Habitat in Lake Champlain Region
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The Spiny Softshell Turtle is a threatened species in southern Quebec that has been victim of habitat loss due to conversion of
land for agricultural use. The Nature Conservancy of Canada has partnered with Quebec’s ministère des Forêts, de la Faune et
des Parcs (MFFP) in order to restore its habitat in the Lake Champlain region. An agricultural land used for corn production
was protected and rewilded to insure protection of water quality and wildlife habitat. Restoration work included the planting
of over 2 500 trees to recreate an exceptional forest ecosystem where swamp white oak prevails. Wildlife friendly agricultural
practices have also been put in place for demonstration and scientific purposes.
An existing pond was redesigned with specific characteristics fitted for turtles. Successive basins of pits and canals have been
created with consideration of future water levels in regard of climate change projections for the horizon 2040-2070. Mounds,
logs and flat stones have also been set up so that the turtles can bask in the sun. MFFP has been conducting telemetric surveys
that show use of the pond by spiny softshell turtle and map turtle. This has provided important knowledge as we are planning
to create a second pond in order to restore even more land.

Restored pond for the Spiny Softshell Turtle

Short-term recovery of ground-dwelling invertebrates after soil disturbance within active meadow
restoration
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Extensively managed grasslands in temperate biomes can harbor a big variety of plant and invertebrate species. Yet, they have
suffered from a strong decline in species diversity in the past decades mainly due to agricultural intensification. Not
surprisingly, grassland restoration through active seed addition has thus gained in importance. Soil disturbance such as
ploughing is often necessary to facilitate the establishment of the seeded plant species. However, the effect of these disturbances
on ground dwelling invertebrates has only rarely been studied within the framework of active meadow restoration. The aim of
this project was to fill this research gap by studying the short-term effect of different active restoration methods of speciespoor meadows on ground dwelling beetles and spiders. These restoration methods differed either in their soil disturbance
intensity (i.e. ploughing, harrowing) or their seeding method (i.e. hay transfer, sowing of different seed mixtures). The
experiment was carried out at field scale, i.e. one restoration method per meadow. The experiment was setup in 12 regions in
the Swiss lowlands in summer 2019, with a total of 48 restored grasslands. We used pitfall traps to collect data on beetle and
spider abundance and species richness before restoration in 2018 and one year after in 2020. We have found that ground
dwelling invertebrates recovered, i.e. no change in abundance or species richness, within the first year irrespective of the soil
disturbance methods. These results indicate that the established meadow restoration methods are not harmful to grounddwelling invertebrates, while being favorable for plant diversity.

Fig. 1 Hay transfer on a ploughed meadow in Pfaffnau (Switzerland) in June 2019.

A restoration plan for the 3rd section of Bosque de Chapultepec, Mexico City
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Bosque de Chapultepec is the largest, oldest urban park in Mexico City, receiving around 15 million visitors
per year. Its present area is 800 ha. In 2020 an agreement was signed between the Secretary of the
Environment of Mexico City (SEDEMA) and the National University (UNAM) to develop an executive plan
for the environmental restoration of the 3rd section (244 ha). Here we present an overview of this plan, based
on a previous diagnostic. The 3rd section has a large environmental value, as it is crossed by a system of
ravines having a high contribution to aquifer recharge. Its vegetation is similar to that of remnant surrounding
forests, with relatively well preserved sites, dominated by native trees, and others dominated by exotic trees,
mainly eucalypts, many of which are dead or sick. The area was classified in three categories: a) a buffer
zone, adjacent to the urban matrix, b) a biocultural zone, with infrastructure associated to recreational
activities and, c) a conservation zone, comprising the total length of the ravines. These zones were
subsequently divided in areas devoted to preservation, restoration, recreational and cultural activities, and
special uses. Specific management guidelines were provided for each one. Vegetation management considers
the coexistence of native and introduced species, eliminating dead introduced trees sequentially to prevent
erosion and reinvasion. Native species for restoration were chosen from the forests communities in the
mountains surrounding Mexico City, considering the projected effects of climate change to attain resilience.

Data-driven Forest Management in New York City
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This presentation will focus on data-driven approaches to natural area restoration and management in New York City
(NYC). One-third of NYC Parks property is natural habitats including forests, freshwater wetlands, salt marshes, and
grasslands. These unique and valuable habitats are stewarded by NYC Parks’ Division of Forestry, Horticulture, and
Natural Resources (FHNR).
In partnership with the Natural Areas Conservancy (NAC), NYC Parks released the Forest Management
Framework (FMF) for NYC in 2018. This Framework includes a 25-year plan for sustained investment and
comprehensive management of all 7,300+ acres of forested natural areas on NYC Parks’ property. It sets a
bold vision for these urban natural areas based on enhancing forest health and biodiversity by reducing ecological
threats and making forests resilient by planting intact ecological communities and species that are expected to thrive
under future climate change scenarios. The FMF also includes a data collection, monitoring and assessment strategy
to inform prioritization and measure success. By taking advantage of multiple teams and areas of expertise within NYC
Parks, municipal staff are able to fully implement the framework without external assistance. Managing forested natural
areas includes a range of activities including data collection, data analysis, seed collection, plant propagation,
management, restoration, conservation, and volunteer engagement.
NYC Parks recently completed the first fully funded year of implementing the FMF. This presentation will present the
tools and analyses that informed the work, and give a local perspective to data-driven management of urban natural
areas.

Identification of restoration needs and opportunities for wetland and forest ecosystems in a municipal park
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Urban wetlands face a variety of pressures such as housing, agriculture, and forestry. The “Base de plein air de Sainte-Foy”
(BPASF) in Québec is a municipal outdoor recreational center comprising a variety of environment types, including wetlands
and forests. This project aims to study the historical and present state of the environments at the BPASF to identify restoration
and conservation opportunities. The impacts of anthropic disturbance interventions were evaluated through the analysis of
historical aerial photographs. To assess the state of the environments and their restoration potential, a floristic survey was
performed in 76 plots of 400 m 2 in 2019. Preliminary results show that plots located in the forest and swamp areas have the
highest species richness, whereas only plots located in the marsh and peatland areas significantly contribute to beta diversity.
This points out to the importance of preserving these four types of environment to maintain biodiversity at the BPASF. In
further analyses, we will identify indicator species and measure the impact of environmental characteristics on species richness
and distribution for each environment type. An index of biological integrity will be developed and used to identify areas in
need of intervention or restoration. The knowledge acquired will then be used to write a restoration and management plan for
the city of Quebec. The plan will take into account the demand for ecological services. Lessons learned from this project will
serve other municipalities trying to implement a restoration and management plan in an urban natural area.

Response of Vegetation and Ecosystem Services to Urban Prairie Restoration Treatments in
Austin, TX
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1

Environmental Science & Policy Program, School of Behavioral and Social Sciences, St. Edward’s University, USA
2School of Natural Sciences, St. Edward’s University, USA
3 Commons Ford Prairie Restoration Organization, USA
aconcili@stedwards.edu

Urbanization and sprawl have led to habitat fragmentation and degradation, and subsequent invasion by nonnative species and
losses in biodiversity. Restoration of urban greenspaces may ameliorate these impacts, while providing additional benefits for
residents. We analyzed response of vegetation and soils to restoration treatments in a 40-acre prairie in Austin, TX. In 2011,
herbicide was used to remove invasive Bermuda grass, KR bluestem, and Johnsongrass, which dominated the site. The land
was tilled and planted with a seed mix of 75 native grasses and forbs in 2012, and prescribed fires occurred in 2013, 2017, and
2019. In 2010, pre-restoration vegetation surveys were conducted along 9 transects, 20m in length. Post-restoration surveys
have been conducted annually since 2012 in the same locations. In 2018 and 2019, we measured vegetation composition,
productivity (aboveground biomass), soil moisture (gravimetric), and soil organic matter (loss on ignition) in the restored field
and a nearby reference site. Pre-treatment, invasive grasses made up 91% ( 5.8, SD) of the plant cover, but they were reduced
to 4-18% cover in post-treatment years. Most seeded species successfully established, along with an additional 50 native
species, greatly increasing species richness at the site (122 post; 25 pre). The restored meadow had 56% more pollinatorfriendly plants than the reference site, but showed no difference in productivity, soil moisture, or organic matter. Overall, the
restoration was successful in increasing plant diversity and floral resources, but did not affect soils. However, we may see
increases in soil fertility and other ecosystem services over time.

Understanding local stakeholder perceptions and attitude of Prescribed Burning for
improved support of Urban Pine Rockland restoration in Miami Dade County (MDC)
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Prescribed burning is a crucial component of Pine Rockland (PR) habitat maintenance and restoration
in South Florida. With less than 2% of original PR land cover remaining and a significant portion of
PR stands within the urban matrix of Miami Dade county, understanding public perceptions of
prescribed burning in urban areas is critical to ensure local stakeholder support for such practices.
While there has been some research into local perceptions of prescribed fires in the United States,
there is limited information about the perceptions that urban residents have about prescribed fire in
South Florida. With MDC being a multicultural, majority-minority county, this presents a unique
opportunity to understand resident perceptions of restoration practices in order to carry out culturally
informed restoration efforts.
I have developed a survey instrument to gauge local perceptions and attitudes held by Miami Dade
County residents about prescribed burning. Through the use of this instrument, I aim to answer two
questions:
1) what are local residents' perceptions and attitudes towards prescribed fire as a restoration
practice in urban areas of MDC?
And 2) do residents with more knowledge about the benefits of prescribed burning support for
prescribed burning practices more than residents with less knowledge about prescribed burning
benefits?
Insights obtained through the collection of this data can be used to inform education and outreach
campaigns to be conducted prior to prescribed burns to garner public support.

Urban Forestry Services: Which and When Trees Benefit the Built Environment
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As a society, we intrinsically know the value and ecosystem services of urban forestry but struggle to know when these
environmental, social, and economic benefits impact the built environment. In urban settings where surface conditions are
composed of impervious materials, soil volume is minimum and compacted, and long-term assessment strategies are nonexistent, urban tree canopies become highly stressed resulting in high mortality rates. This is most evident as current municipal
codes for tree planting throughout metropolitan Las Vegas neglect healthy growing conditions where trees have an average
lifespan between seven and thirteen years.
This research evaluates tree health within the University of Nevada Las Vegas and how existing planting conditions affect
which and when different performative functions are optimized. The benefits do not operate on a linear scale but rather a
dynamic temporal process that accounts for annual and seasonal changes to the tree characteristics and surrounding
environment. Due to this condition, it is important to understand the value and benefits of trees as a long-term investment.
Through the establishment of healthy and functioning urban forests, additional performative functions within the urban context
were explored to consider other environmental, social, and economic benefits. Within this study’s framework, the collective
nature of plant diversity, wildlife habitat, and other benefits have the potential to transform similar urban spaces into an
ecological experience by developing conservation and planting strategies dependent on appropriate planting and tree selection.

When restoration vision and restoration targets conflict: A case against targeting a single species
for restoration within urban nature preserves
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The Niagara Escarpment, a world biosphere reserve, is the landscape setting of Lathrop Nature Preserve, a mature Carolinian
forest in urbanized southern Ontario, Canada. Carolinian forest occupies only 1% of Canada’s land mass but is home to 25%
of Canada’s rare species. Lathrop Nature Preserve provides habitat for numerous rare Carolinian forest flora and fauna and is
also within the southernmost watershed in Canada with cold-water fish habitat.
The vision for restoration in a nature preserve, including Lathrop Nature Preserve, is foremost to maintain rare habitats/species,
and secondly to enhance habitat quantity and/or quality. Restoration targeting a single species without considering the impacts
to other species can threaten the overall restoration vision. At Lathrop Nature Preserve, a restoration target was set to improve
downstream water quality to offsite cold-water fish habitat. Onsite ponds were created a century ago when a rail line was built
across several valleys, impeding overland flow and groundwater seepage. These ponds contribute sediment and warm water to
the downstream cold-water fish habitat. The ultimate restoration goal was to completely remove both ponds; however, baseline
inventories determined that both ponds provide the only overwintering habitat for a rare turtle. To meet the restoration vision
of maintaining and enhancing biodiversity, the restoration target was revised to improve downstream habitat for cold-water
fish while protecting the rare turtle habitat. Restoration goals are currently being revised, given the constraints of the retained
rail line and minimizing the construction footprint in the rare Carolinian forest habitat.

Mice in the Middle: Conserving periaquatic mammals caught between sea level rise and urban
development in coastal marshes
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Worldwide, coastal wetlands are being pinched between sea level rise and coastal development. Resilience of coastal wetlands
will require conservation of the full ecosystem, and marsh mammals receive little consideration. Perhaps because they are
cryptic, or have relatively little economic value, marsh mammals are understudied, though they are one of
the most vulnerable groups of wildlife in our increasingly isolated, fragmented, and inundated coastal
wetlands. While fish and reptiles can swim, and birds can fly across the miles of open water that separate
urban marsh patches, a mammal in an isolated, drowning marsh is
unlikely to be able to disperse. One such species is the salt marsh
harvest mouse (Reithrodontomys raviventris). Found only in the San
Francisco Estuary, this marsh obligate is at risk of extinction due to sea
level rise. While the primary strategy of creating high tide refugia for
this species has been to build habitat on the landward edge of marshes,
my current work indicates that they can be excluded from
using this “upland” habitat through competition with
more aggressive rodents.
Decades of habitat
enhancement for R. raviventris with little investigation of
efficacy have left us largely unprepared to effectively
conserve the mouse from sea level rise. However, our
new data offer clues of how we might correct our course
by creating habitat features that are resilient to sea level
rise and reduce competition among mammals. For the
mouse, this will likely include a mix of features from
woody wrack, deep-marsh trellises, or even artificial
floating islands.

Restoration of riparian forest buffers: lessons learned and challenges ahead in the Ayuquila River
Watershed, Mexico.
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Riparian zones are crucial ecosystems as they function as biodiversity refugees and provide ecosystem services for human
well-being. Currently, land use change, natural flow regime alteration, morphological alteration of the river channels are the
greatest anthropic pressures on these ecosystems. Restoration measures need to improve and recover hydrological and
ecological functions. The purpose of this work is to exemplify the lesson´s learned and the challenges ahead regarding
riparian restoration in the Ayuquila river watershed, western Mexico.
In the period 2004, a bottom-up riparian forest restoration initiative was developed in the agricultural Autlan-El Grullo valley
in the middle part of the watershed, where riparian buffers along a segment of the Ayuquila River were restored with native
multipurpose tree species. In total, 2.8 has restored along approximately 3 km of riverbanks with the participation of 14
farmers. Sixteen years after starting the project, the restored areas are still being used as demonstration sites to motivate other
farmers to protect their riparian forests. Farmers identified the role of tree-roots in avoiding riverbank erosion during floods
events and the value of trees in providing shade and space for recreation.
However, while riparian ecological aspect has been better developed (e.g. environmental conditions, tree species assemblage)
and community conservation activities are being implemented in several micro-watersheds, there are still socioeconomic and
legal aspects that limit restoration activities, being applied at a broader scale. Finally, we discuss some management
guidelines to achieve conservation and restoration objectives for the riparian zones acknowledging its relevance in a cultural
river landscape.

Restoring Habitat outside Protected Areas is crucial for the Survival of Riparian Biodiversity
Hotspots under Changing Climate
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Changing climate creates major alterations in riparian areas. Therefore river restoration and floodplains revitalizations are
main targets for conservation planning. Protected sites offer sanctuaries, but changing habitat conditions challenge the
survival of sessile riparian species, especially plants. Climate change enhances threat on vulnerable habitats, such as
riverine floodplain forest habitats, which are biodiversity hotspots.
We use ecological models to investigate if protected areas provide refugia for typical floodplain forest plant species under
changing climate. A coupled-modelling approach allows gaining spatially explicit information on the persistence of species
in protected sites and on new areas for sanctuaries: We predict the niche of 17 species representing different successional
stages along rivers in Switzerland using information on current, moderate and extreme climate change scenarios up to 80
years to the future (2100). We simulate the spread of species from current sites to suitable future habitat, using dispersal
vectors and life history traits.
Floodplain forest species of early successional stages are more flexible also under extreme climate change scenarios than
indicators for late successional stages. The spread of species is mainly limited by their dispersal ability, but also inhibited by
changing habitat suitability. The predicted future presence of single species within protected areas decreases under both
climate change scenarios, indicating that the habitat is not persistent for plants.
Current protected floodplains do not provide refugia for the sessile riparian plant indicator species studied. Planning of
sanctuaries for riparian vegetation need to focus on connectivity along rivers to maintain viable source populations in
dynamic riverine landscapes under changing climate.

Riparian plant guilds to inform revegetation after invasive species removal
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Invasive species have become an inextricable part of the landscape, particularly in riparian plant
communities, and removal is often a key component of restoration programs. Species-based assessments used to
monitor removal do not typically provide insight into the mechanisms underlying plant community response. We
employ functional diversity metrics as well as guilds - suites of species with similar traits - to assess the influence of
Tamarix (an invasive tree in the southwestern United States) cover on the functional composition of riparian plant
communities in the presence of a biocontrol agent. We ask: 1) What traits define riparian plant guilds and how does
guild abundance vary along a gradient of Tamarix cover and abiotic conditions? 2) How does the functional
diversity of the plant community respond to the gradients of Tamarix cover and abiotic conditions? We found nine
guilds primarily defined by reproductive strategy, as well as height, seed weight and specific leaf area. Guild
abundance varied along a covarying gradient of environmental factors and Tamarix cover. Guilds focused on sexual
reproduction, i.e., producing many light seeds over a long period of time were associated with drier sites and higher
Tamarix cover. Tamarix itself facilitated species with higher specific leaf areas than would be expected in resource
poor environments. We identified guilds with likely secondary invasive species. Native species can be chosen from
these guilds to compete with secondary invasive plants in active revegetation. Additionally, guilds can be used to
select species adapted to anticipated environmental conditions after invasive species removal.

Squeezed from all sides:
Coastal riparian forests meet rising seas, invasive species, and urbanization
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Streamside forests of urbanizing coastal regions lie at the nexus of global changes that have the potential to reduce their
important protective buffering functions for water quality: rising sea levels, increasing storm surge, expanding urbanization,
and invasive species. To understand how these combined stressors affect forest condition, we identified forest patches adjacent
to urban land, analyzed adjacent land cover, modeled forest inundation, and sampled 100 sites across the Chesapeake Bay and
Delaware Bay watersheds. We found that the majority of forest patches in the region are adjacent to medium- or high-density
urban land. Projected flooding will affect 8 to 19% of all forested land in the study area. We observed non-native non-native
invasive plants in 94% of forest plots. Trees were predominantly native, but over half of shrub stems were invasive species.
More than 80% of plots contained invasive woody vines; in two thirds of plots vines covered a quarter or more of tree canopies.
Most observed disturbance was of human origin, and the number of human-caused disturbance types in a plot was correlated
with abundance of invasive trees. Signs of deer activity were also common. Richness and growth forms of invasive plants were
related to adjacent agricultural land cover.These data reveal that forests of two large and productive estuarine bays are impacted
by interacting stressors and emphasize the importance of protection and restoration of forests in urban regions. Ecological
restoration of riparian forests in urbanizing coastal regions will benefit from a social-ecological systems approach.

Using occupancy modeling to inform endangered riparian brush rabbit recovery in the San Joaquin
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The riparian brush rabbit (Sylvilagus bachmani riparius) is one of California’s most imperiled mammals. The species
is endemic to riparian forests of the San Joaquin Valley, however, less than 10% of these historic riparian forests remain. Since
the early 2000s, River Partners has worked in conjunction with The Riparian Brush Rabbit Working Group, a collaborative of
non-profit, academic, private and agency organizations, to build and restore riparian brush rabbit habitat. Through this
successful partnership, over 1200 hectares of habitat has been planted in the San Joaquin River corridor, and translocations led
to successful establishment of brush rabbits in restored habitat at the San Joaquin River National Wildlife Refuge. In June 2020,
we confirmed a new population of riparian brush rabbit at nearby Dos Rios Ranch using randomly placed camera traps. After
520 trap nights, we used Royle-Nichols occupancy modeling to estimate population size (R 4.0.2). After opportunistically
capturing and marking individuals from the population, we repeated the camera trapping to compare population estimates
resulting from occupancy modeling and capture-mark-recapture estimates. These efforts reinforce the utility of passive
detection methods for endangered species study and recovery, demonstrating the utility of camera traps to document rare
mammal presence and to differentiate focal species from congeners in the same environment, and de-emphasize the need to
capture, handle and mark individuals for population estimation.
Next, we will apply occupancy modelling to assess relative impacts of vegetation variables as a step to inform future
habitat restoration efforts and translocations within the species’ historic range.

Enhanced phosphorus cycling in soils of vegetated riparian buffer strips
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Vegetated riparian buffer strips (VBS) are a key management component in reducing the transfer of nutrients from agricultural
land to adjacent fresh water bodies. This reduction in nutrient inputs along VBS has mostly been attributed to increased rates
of biogeochemical cycling in soils. Numerous studies have shown that the transfer of nitrate (NO3-) from agricultural fields to
streams is substantially decreased in riparian soils due to microbial denitrification which leads to the transformation of nitrate
into gaseous N2O and N2. These findings led to the notion that VBS serve as ecosystem control points in the environmental
nitrogen cycle. Compared to N, much less is known regarding the effect of VBS on the biogeochemical cycling of phosphorus
(P) in soils of VBS.
In this study we investigated the P retention and P cycling in soils along a grassland transect towards a first order stream. For
this purpose, we combined Hedley sequential fractionation of P pools with the analysis of the oxygen isotope ratios in phosphate
(PO43-). Our results do not show any significant changes in the size of soil P pools along the transect. However, oxygen isotope
ratios in phosphate of the 1M HCl extract from topsoils and subsoils gradually increased towards the stream compared to more
remote sites. This finding indicates enhanced biological cycling of P in soils of VBS and suggests that the biogeochemistry of
putative recalcitrant soil P pools is much more dynamic in VBS than previously thought. This highlights the need to consider
temporal and spatial changes of recalcitrant geochemical P pools in soils when assessing the effectiveness of VBS to retain P
from agricultural fields.

Exploring groundwater-surface water interactions within channelized lowland headwater streams
as a mean to promote new restoration approaches.
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Groundwater-surface water exchanges within lowland headwaters translate into ecological services throughout the watersheds,
such as flow and biodiversity regulation. In lowland agricultural context, decades of human intervention such as channelization
have disrupted the hydrological exchange between the headwater streams and their floodplain and, in doing so, undermined the
ecological services these small streams provide. The disruption of hydrological exchanges between the straightened channel
and former meander bends has received little attention so far, but restoring ecological services in this type of lowland
headwaters requires a thorough understanding of the nature of these hydrological exchanges. This research project explores the
parameters controlling the hydrological and hydraulic interactions existing within channelized lowland headwater streams with
the objective of proposing a method for assessing the restoration potential of channelized streams based on connectivity with
former meanders. To do so, the spatiotemporal variability of groundwater-surface water interactions between channelized
reaches and their abandoned meander bends have been investigated through a dense network of piezometers at three sites in
the St. Lawrence Lowland (Quebec). Empirical data show that the mechanisms controlling hydrological exchanges between
natural meandering lowland rivers, their floodplain and their hillslope also operate in lowland rivers which have been
straightened, backfilled, and cultivated. Moreover, the assessment of the pre-straightening hydrogeomorphological
configuration of the floodplain partly explains the complex patterns of piezometric fluctuations observed at different sites. The
apex of the former meanders stands out as focal areas of hydrological connectivity both fed by flows from the hillslopes, and
the surrounding historical floodplain.

Restoration of alluvial dynamics in the Old Rhine River (Kembs Dam): Favorable Outcomes
Despite Limitations to Upscaling Caused by Old and New Pressures
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The 2010 renewal of the Kembs hydroelectric concession (France, along the Swiss and German borders), was the starting point
of a vast project aimed at restoring alluvial dynamics and typical regional biodiversity, consisting of: environmental flows,
gravel injections (66,000 m3), controlled erosion processes (1 km), re-establishment of connectivity (fish, aquatic mammals)
and the recreation of a watercourse (“Petit Rhin”) flowing through 100 ha of restored, formerly cultivated land on Kembs Island
(a former branch of the Rhine perched on an alluvial terrace).
Monitoring results (2008 to 2020) show extremely high gains in biodiversity (taxonomic richness and heritage taxa) of all
groups (flora, insects, amphibians, mammals, fish, etc.), related to the Kembs Island restoration. This new annex of the Old
Rhine now plays a role locally as a biological reservoir, and regionally for the reproduction, feeding, or resting of various
migratory and non-migratory fauna (birds, bats, insects ...).
Local-scale restoration of alluvial connectivity typical of land-water boundaries was possible, resulting in a diversification of
functional environments necessary for typical Rhine species. However, large-scale restoration would require continuous, largevolume gravel injections and a major widening of the Rhine riverbed; requiring consideration within a broader framework of
territorial projects in association with all stakeholders.
Beyond the legacy of hydromorphological pressures, aquatic species recovery was strongly constrained by chronic toxic
pollution of the Rhine, and especially by recent biological invasions. Complex restoration projects must account for legacy and
novel factors and their synergies/antagonisms to determine the most cost-effective measures for biodiversity.

Figure 1. Components of the Old Rhine River “Vieux Rhin” ecological restoration project downstream of the Kembs dam (“Barrage de
Kembs”). The main project components are: “débit écologique” (environmental flows), “injection de graviers (RG)” (gravel injection, left
bank), “Nouvelle passe à poisons” (new fish pass), “Passe à Castors” (beaver pass), “érosion maîtrisée (RG)” (Controlled erosion, left bank),
“Petit Rhin et renaturation du champ” (Petit Rhin watercourse creation and renaturation of disaffected agricultural land on the Kembs
Island).
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The current trend in the Gulf of Mexico is to install hard structures, such as, bulkheads, groins, or revetment on shorelines to
protect waterfront coastal properties from erosion. In Alabama over 26% of the state’s tidal shoreline, 40% of Tampa Bay’s
shoreline, and 20% of tidal marshes in Galveston Bay have been lost as a result of shoreline armoring. Hard structures tend to
present negative effects to hydrodynamics and cause erosion to adjacent unprotected properties. Based on discussions from the
greater Gulf of Mexico scientific community more decision support tools need to be produced and made available to help
encourage the use of living shorelines to protect or restore coastal wetlands.
The presenter will discuss the creation and application of the Gulf of Mexico Living Shoreline Management Model (LSSM)
and the Shoreline Decision Support Tool (DST) as funded by the NOAA RESTORE Science Program, that return upland and
shoreline recommendations. The Models discussed will include the Galveston Bay, Lake Pontchartrain, and Coastal Alabama
LSSM (Figure 1) viewers along with the interactive DST (Figure 2).
A short interactive training will be presented to allow the participants to understand essential input attributes and the ability to
generate a natural or modified shoreline best management practice for a shoreline of interest upon completion of the seminar.
In addition, challenges and solutions for implementing the Virginia Institute of Marine Sciences LSSM for the select geographic
regions in the Gulf of Mexico will also be discussed.

Figure 1. Coastal Alabama LSSM Viewer.

Figure 2. Living Shorelines DST.

EVOLUTION OF TIDAL FLATS IN THE NORTHERN PART OF THE PO DELTA (ITALY):
A STRATEGY FOR FUTURE BUILDING-WITH-NATURE MANAGEMENT
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In period of the 1950s-60s, the Po river Delta (Northern Italy) was hit by several floods. Agricultural fields were covered by
water and many of them remained submerged since. As a consequence of the massive sediment injection into the system, this
event lead to the birth of new tidal flats around the tip of the Delta. The evolution of these environments over 50 years has been
studied as they may be taken as an example for future reconstruction of intertidal areas. The sediment distribution and the
morphological evolution of a young tidal flat of about 10 ha located in the Northern part of the Po della Pila branch was studied
by fieldwork since October 2018, including detailed topographic surveys, sedimentological analyses and a study of sediment
deposition rates. An extended crevasse splay covers the central part of the flat. The granulometry is predominately fine (Silty
clay and Clayey silt), except for the central area, where the sand percentage increases (Loam and Silty sand). This surface
distribution is uniform down to ~10 cm; instead, the sand percentage increases within the sediment column from ~10 to 25 cm
next to the mouths. These observations suggest that the tidal channels are fed by sediment from the Po River branch.
Orthophotos from the 1950s show that the tidal flat is about 15 years old and its formation was influenced by human
interventions and river floods. The work finally aims at identifying the optimal elevation for vegetation to establish and flourish
and would support future restoration of these environments.

OFFSET Venice: Returning the lagoon to the centre of the discourse
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Safeguarding the future of Venice is a global challenge of environmental resilience and urban sustainability. The city is
composed of islands in a complex, anthropicised, transitional coastal zone with differentiated shallow lagoon habitats in a
matrix of deeper navigation channels. Management issues and continuing erosion have resulted in extensive loss of seagrass
and saltmarsh areas as well as compromising functionality of the lagoon system. By considering the ecosystem services
provided by these habitats, there is scope to shift the economic paradigms: carbon sequestration by saltmarshes and seagrasses
alone is currently worth millions of euros/year. Restoring these habitats to their full sequestration capacity, together with
estimation of all co-benefits, could become the foundation of a new economy, leading to a healthier lagoon and a better balanced
city-nature connection. Nonetheless, a recent review of marsh restoration research highlighted a risk that a carbon sequestration
focus tends to neglect pure ecology so OFFSET Venice will integrate ecological analyses with “soft restoration” interventions
to maximise the ecological functioning of areas of sediment infills officially termed “artificial saltmarsh” since the 1990s and
continuing today. The approach incorporates modelling for scenarios-testing and calculations of cost/benefit and additionality
of different, location-specific interventions and will be coupled with economic assessments of carbon pricing to ensure the
creation of appropriate development strategies for Venice in terms of the wellbeing of the city and nature. Findings presented
will be a combination of completed and in-progress analyses.

On the use of large-scale biodegradable artificial reefs for intertidal foreshore stabilization
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Combining foreshore ecosystems like saltmarshes and mangroves with traditional hard engineering structures may offer a more
sustainable solution to coastal protection than engineering structures alone. However, foreshore ecosystems, are rapidly
degrading on a global scale due to human activities and climate change. Meanwhile, conservation measures often focuses on
hard engineering techniques to protect marsh/mangrove edges. Alternatively, foreshore ecosystems could be protected by using
connected ecosystems which can trap and stabilize sediments, thereby reducing hydrodynamics loads on the ecosystem. In our
study, we aimed to test the effect of large-scale biodegradable artificial reefs, aimed at mussel bed restoration, on tidal flat
morphology. We hypothesized that the structures would attenuate hydrodynamics and trap sediment which could ultimately be
beneficial for adjacent saltmarsh stability. For this, a large-scale experiment (630 m) was conducted on the tidal flats of the
Dutch Wadden Sea, by installing biodegradable artificial reefs that were constructed to facilitate mussel bed establishment.
Waves, sediment dynamics and sediment properties around the structures were monitored over three years. Our results
demonstrate that intact structures attenuated waves (up to 30 %) and enhanced sediment accretion but also promoted local
scouring. In general, we conclude that artificial reefs have the potential to attenuate waves and trap sediment on tidal flats.
However, to benefit connected foreshore ecosystems, an even larger implementation scale is needed to affect tidal flat
morphology.

The Ecological Enhancement of Coastal and Marine Structures by
Implementing Bio-Enhanced Concrete Elements into Design
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By implementing science based, cost effective design enhancements that are in accordance with the principles of ecological
engineering it is possible to modify the design of coastal and marine infrastructure to encourage the increased growth of native
organisms, as well as greater species richness (Perkol-Finkel and Sella, 2014). Here we present a more advanced approach, in
which eco-engineering aims not only to enhance biological performance for the sake of the environment, but to harness natural
processes for increasing the sustainability and resilience of the infrastructure itself. ECOncrete®’s innovative solutions reduce
the ecological footprint of ports, marinas, coastal protections schemes and urban waterfront projects, while adding to their
structural integrity.
In this presentation, using numerous case studies of ECOncrete’s bio-enhanced concrete elements being implemented around
the world, we will provide quantitative data of biocalcification processes and compare them to those developing on standard
“gray” infrastructure. The case studies to be presented will include bio-enhanced seawalls, ecological tide pool and armoring
units, and ecologically enhanced marine mattresses. All findings are based on comprehensive, multi-year monitoring programs
whose results clearly show the ability of bio-enhanced structures to enhance growth of calcifying organisms thus enhancing
natural growth of habitat forming species and ecosystem engineers that have the potential to increase the resilience and
adaptivity of the structure. These design approaches have been proven not only to provide significant ecological advantages
over traditionally engineered CMI, but also valuable structural advantages, contributing to a structures’ strength, stability and
lifespan (Perkol-Finkel and Sella, 2015).

Conserving Shellfish Reefs – A Systematic Review Reveals the Need to Broaden Research Efforts
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Globally shellfish reefs have experienced unprecedented declines from historical levels, imperilling the surrounding
ecosystems and the services they provide. Shellfish conservation and restoration projects have emerged to combat and reverse
this decline but are hindered by a scattered knowledge base and a lack of evidence-based best practice. To address this concern,
we conducted a systematic review of English-language peer-reviewed articles studying the impacts of conservation-based
actions on reef-building bivalves. A comprehensive search identified 281 relevant articles for the review. Articles were then
categorized to establish the temporal and geographic extent of shellfish reef conservation research, quantify collaboration
within the field, and develop a systematic map of the distribution of evidence across intervention and outcome categories. The
results confirm a substantial increase in shellfish reef research with 72% of articles published since 2010. However, this
evidence base is skewed, with 80% of research occurring in the United States and Northern Europe, 71% only on oysters, and
58% by only academia-affiliated authors. The systematic map of linkages and gaps also reveals disparities in the evidence base,
as ecological interventions and outcomes are undertaken and measured at a far greater rate than social interventions and
outcomes, despite evidence that social aspects are critical components of conservation work. To ensure future restoration
practitioners have evidence that is relevant to the circumstances of their projects, this evidence base needs to be diversified and
we offer recommendations on reprioritizations for future research as well as a comprehensive database of existing shellfish
conservation papers.

Investigating the links between eco-cultural clam garden restoration, sediment structure,
and bivalve productivity.
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On the Pacific coast of North America, Indigenous communities have enhanced clam populations through time by
building rock-walled terraces in soft-sediment intertidal habitats and actively tending these “clam gardens”. Today,
clam biomass and density are decreasing regionally due to degraded ocean conditions, yet, clam gardens have
double to quadruple the biomass of clams compared to unwalled beaches. A Coast Salish led clam garden
restoration experiment aims to better understand the drivers behind physical mechanisms that increase clam
productivity. As one component of the study, we are evaluating how active beach tending and rock wall
reconstruction affect sediment characteristics using a before-after, control-impact design. Following the first five
years of restoration, we hypothesize grain sizes will shift towards coarser size classes as the rebuilt wall traps gravel
on its landward side and beach tiling increases the transport of silts offsite. Within the same time frame, we
hypothesize beach tending will increase the carbonate content of sediments via an increase in crushed shell. With
existing biological data, we will analyze the relative importance of shifts in habitat structure on bivalve biomass and
density. Initial findings show variation in carbonate levels among tidal heights and sites. Clam gardens have higher
carbonate levels at the low intertidal compared to non-walled beaches. Building on previous work that has examined
increases to clam production on untended clam gardens, this large-scale study will help explain the effects of human
management on habitat conditions and the mechanisms driving variation in clam productivity.

Let your mussels do the talking: Using individual and clump morphology as indicators for
restored mussel survival
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Active restoration of shellfish reefs is becoming an increasingly popular option to recover habitat and ecosystem function to
degraded coastal areas. In New Zealand, the loss of over 1500 km2 of subtidal green-lipped mussel (Perna canaliculus) reefs
has incentivized efforts to recover this critical habitat to its historic range. Current restoration efforts rely on spreading adult
(70-100 mm shell length (SL)) mussels across soft-sediment seafloor, which is effective albeit inefficient. There is growing
interest in using subadult mussels (30-50 mm SL) to make the restoration process more efficient, however, more information
is needed to develop large-scale methods for overcoming predation and hydrodynamic dislodgment that currently limit subadult
mussel survival. This presentation will discuss how small variations in individual mussel and mussel clump morphologies
correlate to large differences in their survival. In this study predator-resistant characteristics (attachment thread morphology
and shell strength), mussel clump morphology, and survival following experimental deployments to a restoration site were
compared in mussels from five populations. High survival was represented by mussels that formed compact, contiguous clumps
(92.3 - 99.0%), possessed thicker and more numerous attachment threads (92.3 %), and/or greater shell strength (95.5 – 99.0
%). These results suggest that careful selection of subadult mussels that exhibit these characteristics improves resistance to
predation and hydrodynamic stress, and thus restoration success. These data provide a framework for more developing more
nuanced approaches to mussel reef restoration that use mussel biology to inform restoration strategies in New Zealand and for
other species around the world.

Medium-term monitoring reveals effects of El Niño Southern Oscillation cycles on oyster reef
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Human activities and regional-scale climate variability are driving changes in the ecology of coastal and marine ecosystems
worldwide. Ecological restoration has emerged as a best management practice to combat habitat degradation and restore lost
ecological functions. However, relatively short project monitoring timeframes have limited our understanding of the effects of
interannual climate cycles on water quality and restoration dynamics. We collected measurements on a 23 ha oyster reef
constructed in the Gulf of Mexico for five years after reef construction to determine significant correlations between regional
climate signals and local environmental and faunal dynamics. The potential role of climate variability on local salinity patterns
(from changes in precipitation and evaporation) and faunal dynamics was investigated using the Oceanic Niño Index (ONI), a
measure of El Niño Southern Oscillation (ENSO). ONI was correlated with salinity that occurred two to five months later.
Positive ONI (El Niño) periods were characterized by reductions in salinity, increases in oyster recruitment and density, and
reductions in resident motile fauna density and species richness. Negative ONI (La Niña) periods had higher and less variable
salinities, and higher areal coverage of restoration substrates by large oysters. ENSO-driven salinity reductions in the second
year after reef construction coincided with a shift in resident motile faunal community composition that was maintained despite
a second strong salinity reduction in year 5. In order to support the use of habitat restoration as a conservation and management
tool, results indicate it is important to expand the temporal resolution of monitoring timeframes to at least five years so that
resource managers and restoration practitioners can better understand how both short-term environmental variability and
longer-term climate cycles can affect the outcomes of restoration actions.

Testing habitat suitability for mussel restoration after large scale decline
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Natural green-lipped mussel (Perna canaliculus) populations are scarcely found in places where they once
flourished throughout New Zealand, although they provide vital ecosystem services for our oceans. While
restoration efforts have been attempted in the North Island, there has yet to be any wide-scale restoration effort
on the South Island, including the Marlborough Sounds. The Marlborough Sounds are a unique environment
located in the top of the South Island, but with the loss of the native natural bivalves, the once-flourishing
benthic community has experienced a shift. This shift may have impacted the environment such that it is no
longer suitable to support mussel populations. With this in mind an effort to test habitat suitability at five
locations that previously supported mussels began in January 2020. We transplanted four tonnes of local brood
stock into these five locations in the Marlborough Sounds. At each location we performed preliminary surveys
to characterize site differences including sediment analyses and benthic community characterization. The
mussels were placed in three, 2.25 m2 plots at each location. Mussel survival, density, growth, and condition
were recorded four times over a year. Mussel survival was high across all five sites after one year and each of
these 15 plots of mussels will continue to be monitored for an additional year. As well as its relevance locally,
the study more broadly provides insight for assessing suitable habitats to maximize efficiency and success of
future restoration efforts.

Blue carbon in national greenhouse gas inventories – overcoming challenges in tropical
countries
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Coastal wetlands, including mangroves, tidal marshes and seagrasses, sequester significant amounts of carbon
dioxide (blue carbon), while also providing valuable ecosystem services. Although their global area is smaller
than terrestrial forests, their per unit area carbon sequestration is greater, because of the accumulation of soil
carbon, contributing to the climate change mitigation potential of coastal wetland restoration.
The value of sustainably managing coastal wetlands is recognized by the United Nations Framework Convention
on Climate Change. Under the Paris Agreement, participating countries are required to report their greenhouse
gas (GHG) emissions and removals using IPCC guidelines for national GHG inventories. Despite the availability
of GHG guidance to include change in coastal wetlands, few countries have applied the guidance. Review of
national climate change actions found that mangrove-holding countries often consider coastal wetlands in their
adaptation plans, but rarely in their estimation of GHG emissions/removals or mitigation. Some countries, such
as Indonesia, have included mangroves for results-based payments under Reducing Emissions from Deforestation
and Forest Degradation (REDD+). Indonesia is including managed coastal wetlands in national GHG inventory
and has recently announced ambitious targets to restore 600,000 ha of mangroves by 2024.
We explored the opportunities and challenges for incorporating coastal wetlands into national GHG inventories
in Fiji and Indonesia, and developed advice for tropical countries on how to overcome these challenges
considering previous IPCC guidance. By incorporating coastal wetlands within national GHG inventories,
countries can recognize the valuable contribution they provide to climate change mitigation, helping to meet GHG
emission reduction targets.

Long-term assessment of ecological degradation of a large coastal wetland system in Los
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Coastal wetlands are unique transitional areas containing diverse organisms adapted to living in the dynamic
interface between fresh and salt water; however, the proximity of these systems to coastal development increases
impacts. In southern California, anthropogenic stressors have resulted in a 75–98% loss of estuarine habitat.
Remaining habitats suffer from various levels of degradation, as in the case of the 577-acre Ballona Wetlands
Ecological Reserve (Reserve). More than a century of anthropogenic impacts has altered distribution, extent, and
nativity of vegetation communities. However, the Reserve is the largest opportunity for coastal wetland restoration
in the Los Angeles region. This project’s objective is to increase knowledge of the long-term functioning of this
degraded estuarine wetland to inform adaptive management and restoration.
Data evaluated for this study include long-term assessments of jurisdictional wetland extent (and loss), California
Rapid Assessment Method (CRAM) scores (standardized condition assessment), and species-level vegetation cover
surveys and mapping. Mapping vegetation associations over time provides data on species invasions and the nativity
of areas.
Overall, altered hydrology and topography have reduced salt marsh habitat availability and significantly modified
the ecological community, including reduced wetland extent. Site-wide trends demonstrate that many areas suffer
from high degrees of invasion by habitat-altering plants such as Carpobrotus edulis. CRAM surveys found that
average scores declined over the study period. Wetland delineation surveys found that approximately a quarter of the
site is considered delineated wetland, and an even smaller portion is exposed to tidal influence. These data will be
used in restoration planning.
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The North Texas Municipal Water District (NTMWD) is currently constructing a surface water reservoir in Fannin County,
Texas to supply a growing regional population; the first reservoir in Texas in approximately 30 years. Environmental impacts
from the resulting Bois d’Arc Lake are being mitigated by restoring, enhancing and preserving over 14,000 acres of wetland
and upland habitats and 70 miles of ephemeral, intermittent and perennial streams within the same watershed. Much of this
restoration takes place on property formerly used for agriculture and livestock production for over 100 years.
The scale of this mitigation project is significant: approximately 8,500 acres of forested, emergent and scrub shrub wetland;
2,600 acres of upland forest; and 3,200 acres of native grassland restoration and enhancement; and over 392,000 linear feet of
stream restoration, enhancement and establishment. Restoration and perpetual protection of these habitats will decrease erosion,
sedimentation, and nutrient loads in a significant portion of the Bois d’Arc Creek watershed that drains into the Red River
between Texas and Oklahoma.
This presentation will provide background on development of the Bois d’Arc Lake Mitigation Project as well as its current
status over one year into construction. We will discuss the variety of habitats on-site, restoration techniques employed
(including innovative use of local native materials), and lessons learned to date on ecological restoration at this scale. We will
also discuss how NTMWD used a novel full-service provider contracting mechanism to reduce project cost and transfer longterm risk, providing a model for future large-scale restoration projects.

Considerations for the Long-term Management of the Invasive form of Common Reed
(Phragmites australis)
Edward Samanns, PWS, CE, CERP
WSP USA, Inc., USA
ed.samanns@wsp.com

The nonnative form of common reed (Phragmites australis) is well known as an invasive species of coastal and inland marshes
and widely accepted as having negative effects on biodiversity and wetland functions in comparison to undisturbed wetlands.
In the U.S., both large and small scale projects have been implemented with the goal of eradication or significant reduction of
common reed stands followed by the restoration of native plant communities. These efforts have been ongoing for over 25
years with varying levels of success which have led to a narrowing in the treatment methods to a core group of effective
approaches. The types of projects that incorporate common reed management can range from large scale programs with
relatively secure funding for long-term management, to relatively short duration (3 - 5 years) wetland mitigation projects with
no long-term management requirements.
Through project experience and field observation, common reed reintroduction into previously restored sites that have not
undergone significant hydrologic change remains a threat to the benefits achieved. An element of these types of projects that
deserves further exploration is how biodiversity and functional gains, once achieved, can be maintained into the future, and
what type of political, financial and cooperative mechanisms are required to support long-term monitoring and maintenance
actions. This presentation will explore current programs with different approaches to provide long-term management of
common reed, including the Great Lakes Phragmites Collaborative, a Wetland Mitigation Bank, and a State funded program
for Wildlife Management Areas that could serve as potential models for managers.
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Wetlands comprise a large portion of the pre-disturbance landscape in the Athabasca Oil Sands Region (AOSR) and have
become a focus of reclamation in recent years. An important aspect of wetland reclamation is understanding the biogeochemical
functioning and impact on carbon exchange, including methane (CH4) and dissolved organic carbon (DOC). Here we report on
the CH4 emissions and DOC concentration and chemistry over the first seven years of ecosystem development. Methane
emissions were measured using manual static chambers between 2013 and 2019, alongside environmental variables such as
water table depth, soil temperature and vegetation cover. DOC concentration and specific ultraviolet absorbance (SUVA) were
measured monthly at 50 cm depth in a series of piezometers in three transects across the fen. Methane emissions remained low
throughout the majority of the measurement period; however, in later years, a small increase became apparent. Increasing
salinity levels and high levels of sulphate are likely the cause of the low CH4 emissions found, despite a consistently high-water
table and the dominance of vegetation with aerenchymous tissue such as Carex aquatilis and Typha latifolia in later years.
DOC concentration increased consistently over time while SUVA decreased. This indicates a decline in the aromaticity of
DOC, suggesting increasing plant contribution. Meanwhile, DOC concentration in the fen was also positively corrected to
sodium concentration. This assessment of the drivers on CH4 emissions and DOC concentration during early development at
this constructed fen indicate that local chemical conditions are important drivers of carbon biogeochemistry in an oil sands
reclamation context.

Program for Restoring and Creating Wetlands and Bodies of Water
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Québec’s lower St. Lawrence River wetlands have experienced significant losses in area since the onset of European began.
Bodies of water have also been transformed over the course of recent decades in order to improve the drainage and
productivity of agricultural lands.
However, wetlands and bodies of water fulfill a variety of ecological functions. Today, these ecosystems are insufficient in
number in several lower St. Lawrence River basins to deal with climate change. Creating and restoring wetlands and bodies
of water is now the preferred approach used to counterbalance the inevitable losses and disturbances experienced by these
environments.
In order to reach the no net loss objective for wetlands and bodies of water, the Act respecting the conservation of wetlands
and bodies of water was adopted in June 2017, and an initial province-wide, three-year Program for Restoring and Creating
Wetlands and Bodies of Water, was launched in June 2019. The aim of the program is to redistribute to Regional County
Municipalities, the amounts paid into a fund to compensate for the inevitable loss of wetlands and bodies of water within
their boundaries. The initial program has a total budget of $30 million (divided into two components) that will enable it to
fund projects for restoring and creating wetlands and bodies of water. The first call for projects was launched in the winter of
2020. Part 1 covers prefeasibility studies, while Part 2 funds restoration and creation projects. The best projects will be
selected by the Ministère and a committee of independent experts.

Theme: Economics of restoration and reclamation

Thinking ahead for road rehabilitation in wetlands
Pierre-Olivier Jean and Jacques Gagnon1
1
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Constructing safe and durable access roads within peat harvest sites is crucial for both logistical reasons and fire risk
management. These access roads may, however, impede water flows and leave undesirable topographical attributes to a
restored peat harvest site. Premier Tech Horticulture has developed an operational framework into which road restoration
planning is integrated from construction to decommissioning. Roads are constructed using non-merchantable timber from the
newly developed site to create a buoyant layer of corduroy onto which a layer of clay and gravel is added. The corduroy layer
must be thick enough to support heavy machinery and requires the right density to alleviate the need for a geotextile membrane
to hold the layer of clay and gravel. This proven road design allows a passive flow of water on both sides without requiring
culverts, and the absence of geotextile greatly reduces rehabilitation costs. Upon rehabilitation, the whole road constituents
are inverted so that the mineral layer and the corduroy are buried under freshly exposed peat. Road construction and
maintenance techniques will be presented, as well as a road rehabilitation pilot project initiated in 2018 in Athabasca, (AB,
Canada) where a Peat Inversion Technique (PIT) was adapted to suit a depleted peat harvest site.

A participatory process for ecological restoration of mangroves in Pantanos de Centla
Biosphere Reserve (Tabasco, Mexico)
Ecosystem restoration is an essential activity to recover degraded areas, improve human well-being,
and preserve biological diversity, particularly in countries with major socio-environmental challenges
like Mexico. As a strategy to mitigate climate change effects, the objective of this project was to
restore 50 hectares of mangroves inside a natural protected area, Pantanos de Centla Biosphere
Reserve (PCBR).
A participatory restoration process was developed with two local communities (El Palmar and
Tembladeras) that inhabit PCBR. This process involved three main phases: planning,
implementation, and monitoring. During planning, the communities’ restoration interests and needs
were identified, a socio-ecological diagnosis was made, and actions to be developed were defined
among all actors involved. In the implementation phase, 20,5 ha in El Palmar was reforested with
17,000 Rhizophora mangle propagules to increase vegetation coverage in natural channels, and
hydrological rehabilitation was performed in 4900 meters of different segments of natural channels
in Tembladeras. Simultaneously, training workshops were conducted with both communities,
focusing on mangrove ecosystem services, the methodological sequence of restoration processes,
and some monitoring techniques.
During the monitoring phase, communities supported evaluation activities that produced results
indicating that both actions were generating the expected benefits for them. Survival of mangrove
propagules was high (74%) and hydrological rehabilitation effectively recovered the functionality of
natural channels for fishing activity. Workshops reinforced the community involvement and
strengthened local capacities for conserving and managing mangroves. The project has
demonstrated that social participation is fundamental to ensure continuity in restoration processes
and to increase their probability of success.

Bringing nature back into our lives in cities of the desert: A case study from the Canary Islands
Matias Hernandez-Gonzalez1
1
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Arrecife is a city with more than sixty thousand inhabitants located in the desert of the Canaries, in the southeast of the island
of Lanzarote. A high percent of the ecosystem has disappeared in the area because of the expansion of urbanized plots and
infrastructures. ‘Arrecife Natura’ is an environmental charity founded in 2019 and dedicated to restoring the desert ecosystem
in the city and urban border. With a zero euro budget, recycled materials, volunteers from the local community, the social
media, and seeds from urban wild populations, we are rewilding sites around the city using native plants propagated in
neighbors’ patios, terraces and roofs. We are also working with the city council to alter the policy of removing wild
herbaceous plants from urban spaces. Using native species has the benefit that once established, we can step back and leave
the area to nature with minimal intervention such as irrigation (biggest challenge in the desert). This approach to restoration
using native species creates green spaces that require little to no long-term intervention, and benefit the wellbeing of local
communities. Together, we are planting the seeds of a greener future for the city of Arrecife.

Eco-cultural Restoration of Riparian Wetlands in California: Case Study of White Root (Carex
barbarae Dewey; Cyperaceae)
Michelle L. Stevens1
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ABSTRACT - This study defines the cultural and ecological significance of white root (Carex barbarae Dewey;
Cyperaceae), and presents a case study on eco-cultural restoration. White root is one of the most ethnobotanically important
plants to California Indian basketweavers. I illustrate the relationship between diverse California Indian traditions and the
distribution, management, and ecology of a culturally and ecologically important riparian wetland plant.
The objective of the study is to determine whether Traditional Ecological Knowledge (TEK) and Traditional Resource
Management (TRM) of white root play a significant role in riparian wetland ecosystem functions and services. This paper
contrasts Scientific Ecological Knowledge (SEK) and TEK to evaluate the cultural and ecological significance of traditional
cultural uses and management of white root.
Methods include a literature review of original botanical notes and ethnographic research of California Indian people using
white root for basketweaving, 25 semi-structured ethnographic interviews, and participant observations made over a two year
period.
Results indicate that California Indians tended a significant portion of the riparian forest understory. Hundreds of thousands
of white root rhizomes were harvested annually, at an intensity that influenced local plant species abundance and diversity.
TRM resulted in the creation and maintenance of homogeneous patches throughout low-elevation riparian forests of
California, maintaining a lawn-like understory and a park-like physiognomy. Understanding how indigenous people shaped
their environment is key to building resiliency and sustainability into restoration planning. Eco-cultural restoration is vitally
important to California Indian traditions and contributes to the ecological health of our remnant riparian wetlands.

Reconnecting with land: a private restoration project in Chilean Patagonia
John Whitelaw, Elena Sobakina
PPA Pichimahuida, Chile
elena@pichimahuida.info

The main theme of the Conference is the “New Trajectory”, however the ecological restoration cannot be effective without
prior restoration of our relation to the land. With the multiplication of private protected areas globally, landowner
practitioners, who restore nature areas they own, form nowadays an important group of restoration practitioners.
Their land is generally smaller than state- or privately-protected (by non-State legal persons) areas, but constitutes an
enrichment of the diversity of restoration paradigms, perspectives and experiences, often ignored by the institutionalized
approach to restoration focusing on government agencies and academic research. The “owner practitioners” face the same
challenges worldwide: the need to be a polymath, relying on, and sharing, own aspirations and experience. Often the
rehabilitation or restoration has no commercial or immediate “service” value, but is aimed at rebuilding ecosystems. Because
they lack the security of a legal entity, access to funding or other support is limited. Long-term legal and other protection is
essential but difficult to secure.
The above and other issues are reflected in a case study based on 15 years experience with a private project in Chilean
Patagonia. The area is adjacent to the San Rafael National Park, was severely degraded in the last century, needs restoration
(soil, native forest, wetlands) and serves as a buffer for the park, wildlife corridor and habitat for endangered species. The
case study relates experience and successes useful for other owner practitioners by outlining approaches taken to address the
environmental degradation, legal issues encountered, and challenges faced.

Social participation in forest restoration projects: insights from a national assessment in
Mexico
Eliane Ceccon 1*, Moisés Mendez-Toribio2,3, Cristina Martínez-Garza2
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Ecosystem and landscape restoration are increasingly incentivized worldwide, and many countries
are demonstrating political will for achieving ambitious restoration objectives. Despite the
involvement of all society sectors in restoration activities, projects frequently fall short of addressing
the social dimension in their planning, implementation and monitoring phases. In Mexico, 56.3%; of
the population lives in poverty, 53.4% of which is indigenous people living in common-pool systems.
Therefore, these communities are one of the most important decision-making groups in terms of
forest restoration. However, a rigorous survey about the social dimension of forest restoration has
never been carried out. In this study we evaluate the degree to which restoration projects in Mexico
address social aspects. We analyzed 75 ecological restoration projects. We found that 47% of
projects were established in common-pool systems (many in State Protected Natural Areas) and
98.5% were funded by the government. Despite the participation of community members in 86% of
the projects, in 78% of them, this participation occurred only during the execution of the restoration
actions, leaving the social participation unaddressed during the planning, and monitoring phases.
Although, the third most important goal of projects was generating employment, this labor force
was temporary and has served only to alleviate social tensions for a short time. The diffusion of
restoration projects is still scarce. Thus, this type of social participation cannot make restoration
projects fairer and more inclusive, nor do they have the capacity to increase their sustainability and
permanence in the future.

Wastelands transformation: enhancing adaptive capacity of social ecological systems, under the
global change
Samia Sediri1, 2
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Abstract:
Adaptive capacity, in the face of environmental change, is crucial for building resilience of coupled social ecological systems
across spatial, temporal, and institutional scales. The wastelands “i.e., abandoned lands” redevelopment could help to
increase the adaptive capacity (AC) of societies and ecosystems in the face of current and future change. Nonetheless, most
regeneration approaches are based on cost and economic benefits sensed estimates of wastelands value after reclamation,
especially in France. Our aim is to frame the transformation of wastelands as a strategy to improve social and ecological AC,
at local level, that is to say, a way of organizing the action with a view to achieve the resilience and to help human and
natural systems to better adapt to environmental global change. We argue the necessity for such a transformation strategy and
provide examples from literature with regard to the concept of AC and the potential contribution from applying ecological
restoration insights in the management of wastelands.
Wastelands transformation could enhance different determinants of AC: 1) at ecological level, mainly: diversity and
distribution of species, ecological connectivity, habitat heterogeneity, life history traits, like dispersal capacity, preservation
of abiotic parameters; and 2) at the social level, as like as: improving the resources and existing assets; flexibility and
alternative development, more participatory and deliberative governance in the planning of regeneration projects; learning
and willingness to take adaptive actions. Social and ecological adaptive capacity complement each other, thus, both are
crucial for the resilience of the social ecological system.

Advancing the Practice of Soil Bioengineering in Alberta – the Bow River Bioengineering
Demonstration and Education Project
Mike Gallant1
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The Bow River Bioengineering Demonstration and Education Project (BDEP) is an award winning, next generation riverbank
erosion protection project. Borne in response to the 2013 flood, it was the largest initiative under the Alberta Environment and
Parks department Southern Alberta Fisheries Habitat Enhancement and Sustainability program. The project includes three key
elements: design and construction of a bioengineering demonstration site on the Bow River in Calgary, a monitoring program
to assess the effectiveness of the constructed works, and an education program to educate professionals and the public about
the advantages of using bioengineering techniques.
Project design and construction were completed from 2016 to 2019. Fourteen different bioengineering techniques were
constructed along 720 m of riverbank. Seven commonly used techniques were constructed to showcase how they can be
achieved successfully. Seven innovative bioengineering techniques were piloted to expand the engineering design toolbox in
Calgary. Over 100 trees, 2300 potted shrubs, and 30,000 live cuttings were planted at the site. Over 2000 tonnes of concrete
rubble, wood debris, and steel were removed from the riverbank.
Post-construction monitoring of fish, wildlife, riparian health, and structure integrity will occur at the BDEP over a 10-year
period from 2019 to 2029. Results for 2019 and 2020 monitoring show that planted vegetation survival is 76%, both fish and
wildlife are using the wildlife passage corridor and constructed fish habitat, and riparian health has improved.
Ongoing education initiatives include interpretive site signage, site tours, technical presentations, and a City of Calgary website
that openly shares project technical documentation.

Figure 1: Before (2017) and after (2019) photos of the project site

Effect of Reclamation Practices on Soil Water Quality
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Proper reclamation of surface mined lands is vital for adequate restoration of ecosystem services. To that end, a 5-step
reclamation process - The Forestry Reclamation Approach (FRA) – was developed for reforestation of surface mined areas in
the Appalachian Region, USA, in the early 2000’s. FRA practices are easy to implement and result in significant
improvement to plant establishment and growth. While these effects have been extensively studied, the practices effect on
soil biogeochemical processes and soil water quality are not well documented.
We present results from a 3-year monitoring study of FRA sites (WV, USA) instrumented with soil water sampling devices
12 years after reclamation. The study site established in 2005 and include two 2.8-ha 1.5 m deep plots constructed using only
Brown (oxidized) or Gray (reduced) sandstone overburden material. Each plot was split into compacted (overpass by D-10
caterpillar dozer) and non-compacted material placement subplots. Each plot, along with adjacent undisturbed forest, were
instrumented with three shallow observation wells (1-m deep) each, randomly placed within the plot area. Water samples
were collected weekly, filtered on-site through 0.45µm filter, split into three subsamples that were capped with minimal
headspace and delivered on ice to the lab where they were kept refrigerated prior to next-day analysis for ionic composition,
total alkalinity, and dissolved organic carbon. A field acidified sub-sample was stored for metal analysis. YSI Pro Plus
multiparameter meter was used for in-situ measurement of dissolved oxygen, pH, temperature, total dissolved solids (TDS),
and redox potential in the wells prior to water sample collection.
An increase in TDS was found when redox potential decreased (which itself was inversely related to pH). This increase in
TDS under anoxic conditions was surprising and improved our understanding of the role of redox-promoted dissolution in
these, otherwise, upland, supposedly well-drained soils. Wide temporal fluctuation in all measured parameters was recorded
and are attributed to the poor ability of the newly constructed soil to properly buffer changes in moisture, pH, and redoxpotential. The results are discussed in the context of soil development, resiliency, and vulnerability amid expected extreme
weather events.
Theme: Restoration/reclamation/rewilding amid rapid environmental change: Restoration, reclamation, rewilding for
resilience to extreme events

Finding Onsite Restoration Solutions for Hydrologic Issues Caused by Off-site Development: Two
Case Studies of Hardwood Swamps in Ontario, Canada
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Two case studies are explored where off-site development altered wetland hydroperiods and threatened the persistence of
deciduous swamp communities (Mixedwood Plains ecozone). The project objectives were to: compare existing hydroperiod
conditions against the suitable hydroperiod for the swamp type (using feature-based water balance analysis), identify mitigation
measure(s) to bring the hydroperiod closer to suitable conditions, and obtain buy-in from agencies and stakeholders.
In the first case study, the outlet of an off-site stormwater management pond was constructed near the boundary of a wetland
complex that contains provincially rare Bur Oak swamp. This increased surface water contributions to the wetland by 158%
and exceeded the flood tolerance of Bur Oak. The best solution given the limited space available (only 30m between the wetland
and proposed on-site development) was to divert the first 7.5mm storm event into a diversion swale while allowing the >7.5mm
storm event to enter the wetland complex.
In the second case study, preliminary studies suggested upstream residential development caused a substantial increase in
surface water contributions to a Swamp Maple-Hardwood swamp. The site-level water balance raised concerns that the swamp
may be converting to an open marsh community. The case became more complicated when it was discovered the swamp was
partially groundwater dependent, was not riparian, and behaved as a cascading system. The best mitigation measure was to
direct all surface water flows from on-site development away from the feature.
For both cases, the future vegetation communities are discussed along with preliminary observations of current swamp health.

Long-term Reclamation Outcomes after using Varying Depths of Subsoil to Cap Sodic
Overburden
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Capping sodic overburden with subsoil or other non-sodic material is a common practice in mining to create a suitable growth
medium for vegetation. Several studies were conducted in the 1970s, 80s and 90s to determine an optimal placement depth of
subsoil to balance vegetation growth with costs associated with subsoil handling. These studies concluded that depths of 50 to
100 cm would provide a suitable rooting depth for vegetation and buffer against upward migration of sodium from the
overburden. These conclusions were generally based on results obtained 5 to 10 years after subsoil was placed over sodic
overburden. As development of soil processes and movement of elements in soil can take decades to centuries, the conclusions
can be considered preliminary. As some of these previous study locations are still intact, it is possible to remeasure these
locations to obtain longer term results and verify earlier conclusions. One such study was set up on agricultural land at Highvale
Coal Mine, Alberta, Canada in 1982. It was monitored between 1982 and 1987, in 2001 and most recently in 2016 (34 years
after subsoil capping). Migration of sodium into the subsoil cap was minimal between 1987 and 2016 and a capping depth of
55 cm plus 15 cm of topsoil produced a similar crop yield to capping depths thicker than 300 cm. Long-term results support
previous conclusions that 50 to 100 cm of capping over sodic overburden can sustain crop productivity.

Managing flood flow connectivity to landscapes to build buffering capacity to disturbances: an
ecohydrologic modeling framework for drylands
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Increased flooding, droughts, and sediment transport are watershed-scale problems negatively impacting agriculture and
ecosystems in drylands worldwide. Vegetation loss in upland watersheds is leading to scouring floods, which in turn decreases
infiltration, soil moisture levels, and downstream groundwater recharge. Management to confront these intractable problems
has been hindered by a lack of accessible decision support tools for both land and water managers that synthesize the watershed
processes that buffer against dryland disturbances. Flood flow connectivities across the landscape create buffer zones through
replenishing soil moisture and reducing flood energy, which in turn support multiple functions. This study developed a decision
support tool, the Flood Flow Connectivity to the Landscape (FlowCon) framework that quantifies the most efficient
management efforts to increase the key watershed buffering functions of increasing infiltration and reducing flow energy.
FlowCon links three spatially explicit, process-based, and predictive models to answer two critical management questions:
what key processes acting in what optimal areas are drivers of infiltration dynamics and what roles do peak flows of differing
scales of energy play. We calibrated the models with measured runoff and corresponding rainfall events for a six-year period.
The synthesized ecohydrologic indicators provided critical and statistically significant calibrations. Implementation of
prioritized management is estimated to reduce peak flow by half, with focused interventions infiltrating three times the flow
volume per area than the floodplain average. FlowCon provides an efficient assessment framework that integrates watershed
process understanding in an accessible decision support tool to achieve tangible improvements in dryland watershed
management.

Natural colonization and active inoculation of disturbed soils with biological soil crusts in
northern Canada
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Examining natural colonization of biological soil crusts (BSCs) on arctic, alpine and boreal soils of northern Canada, following
glacial retreat and anthropogenic disturbances can inform active restoration. Biological soil crusts are early soil surface
communities composed of bryophytes, lichens, bacteria, cyanobacteria and fungi. Their ubiquitous distribution, ability to
survive harsh conditions and influence on soil and plant community development make them important for restoration. Longterm changes (~70 years) in BSC community composition and function across an alpine glacial foreland were evident based
on metagenomics sequencing of the BSC community and measures of in-situ and optimal carbon and nitrogen fixation. Over
the short-term (<30 years) BSC macrophyla (bryophytes and lichens) richness appeared to remain relatively constant in both a
northern boreal and a low-arctic tundra landscape disturbed by mining activities, however, changes in species composition
were evident. Fungal communities demonstrated the strongest changes in richness and composition in these recently disturbed
landscapes. These shifts in the BSC community were linked with changes in nitrogen fixation, photosynthesis and organic
carbon. Active inoculation of BSCs in growth chamber and field studies further identified changes in community development,
composition and function driven by moisture and fertilization. Moisture promotes increased community development,
especially of bryophytes, accompanied by higher normalized difference vegetation index (NDVI) values and higher rates of
photosynthesis. Fertilization also promotes increased BSC cover and NDVI and increased organic carbon in soils directly
underlying BSCs. Providing conditions that promote key BSC species and functions, identified through observing natural
colonization, is essential for effective restoration.

Salvage and Restoration of Biological Soil Crust on an Urban Superfund Site, Midvale, UT (USA)
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Biological soil crust became an unexpected focus of restoration at a Superfund site in Midvale (Salt Lake County), UT (14.4”
annual precipitation). Jordan Bluff was a steel mill tailings pile active from 1906 to 1971, remediated in the 1990s, and removed
from the Superfund National Priorities List in 2004. Although it had already been designated for native habitat restoration as
part of a multi-use urban development, the presence of volunteer Syntrichia sp. and other soil crust assemblages was not known
until an ecological site assessment, prompted by pursuit of LEED certification. Thanks to a sustainability-minded client the
soil crust became the center of attention for education, restoration, and the construction schedule. A crew was mobilized to
salvage and store the crust until its redistribution post-planting (still pending). Biological soil crust communities are essential
to soil stabilization, water infiltration, and fertility in arid ecosystems. This presentation will describe the steps taken to date at
Jordan Bluff, review the state of knowledge of soil crust restoration methods, and discuss the relevance of crust restoration in
the context of climate change and desertification.

Assessing the success of various restoration treatments in terms of vegetation recovery and cost
effectiveness
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The successful restoration of critically endangered habitat types at a low cost is of vital importance as we enter the UN Decade
on Ecosystem Restoration. Here we test how successful and cost effective six combinations of restoration treatments were over
a period of two years in the Cape Floristic Region of South Africa. Treatments used were: Burn, Burn-sow, Burn-sow-plant,
Remove-grass-sow-plant, Soil-plant and Soil-mulch-sow-plant. The combination of fire, seed and planting lead to plant
diversity most similar to the control plots. The treatment that involved the use of topsoil transfer in combination with planting
was the second most successful restoration treatment. Treatments that involved the manual removal of alien graminoids proved
to be the least successful. Sowing contributed minimally to restoration where it was used with fire alone but was more successful
when used with planting or the application of mulch. The manual removal of alien graminoids proved to be the most expensive
treatment, whilst the treatment that only involved a controlled burn was the cheapest. We conclude that the combination of fire,
seed and planting was the most successful treatment at a reasonable cost, while the transfer of topsoil from an intact site
combined with planting was also successful in transferring an otherwise lost habitat.

Development of Soft Tailings Capping Technology to Create Stable and Sustainable Boreal
Landscapes
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The production of synthetic crude oil generates large volumes of fluid tailings comprised of process water, sand, silt and clay
along with residual bitumen, diluent and other chemical constituents remaining from the extraction process. Given the nature
and scale of tailings generated by oil sands mine operations, returning soft tailings deposits back to an ecosystem of equivalent
land capability is a complex challenge faced by all operators in the Athabasca oil sands region. This meso-scale greenhouse
study uses 55 gallon columns to evaluate the growth and establishment of various boreal plants on treated fluid tailings under
various capping treatments over 3 years; results from the first growing season will be discussed along with the baseline
characterization of the tailings and materials used.
Capping depth treatments were applied to centrifuge, co-mix and thickened tailings followed by planting boreal upland and
wetland communities. After one growing season, survival was high for most species among tailings types. The vegetative cover
of forbs and graminoid species, height incremental growth of woody species and root development were greater in treatments
with 30 cm of peat-mineral mix reclamation cap. Of the species planted, Scirpus microcarpus and Triglochin maritima were
least impacted by tailings compared to Betula pumila. The constituents that may impact plant growth include Na, B and
naphthenic acids, monitoring the change of those constituents in tailings, expressed water and plant tissue will be highlighted
in this presentation.

Fertilization of substrate surrounding transplanted low-Arctic tundra sods significantly increases
belowground biomass development
Ian Hnatowich, Katherine Stewart
Department of Soil Science, University of Saskatchewan, Canada

Low Arctic ecosystems in Canada present significant challenges for ecological restoration, including remote locations,
harsh climates, short-growing seasons, and a lack of readily available native propagules. There is a need for low technology
based approaches that employ local and on-site materials. Previous research has identified transplantation of “sods” (i.e., blocks
of native vegetation and soil) as a simple, cost-effective, and efficient method for revegetation of disturbed sites. This study
examined the responses of transplanted sods (approximately 0.13 m2 by 0.1 m deep) to nitrogen and phosphorus fertilization
in a growth chamber experiment using sods harvested from undisturbed dry-heath tundra near Rankin Inlet, Canada.
Aboveground plant community composition and normalized difference vegetative index (NDVI) images were assessed 140
days following fertilization to examine aboveground responses and vegetative health. Belowground biomass exiting the sod
was determined and species identified through next-generation sequencing. Preliminary results indicate limited change within
the aboveground community of the sods, however, fertilization of the surrounding substrate significantly increased root
expansion from the sods, and resulted in significantly higher NDVI values, moss cover, and biological soil crust development
on the substrate. Our study indicates that fertilization of adjacent substrates promotes belowground sod expansion and greater
belowground biomass development, key to successful low Arctic restoration.

Restoring Fire Impacted Land in the Monchique Natura 2000 Site in Southwestern
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In August 2018, the largest wildfire in Europe occurred in southwestern Portugal. Impacting an area of
27000 hectares covering 3 municipal councils, Monchique, Silves, and Portimão, in the Algarve of mainly
privately owned land-plots within the Monchique Natura 2000. To restore this land, Ryanair, in partnership
with GEOTA (a national NGO), the Monchique municipal council, Algarve Directorate for Tourism, and
Algarve ICNF agency, developed the ‘Renature Monchique’ project. The aim of which is to assist
landowners recover fire-impacted groves of endemic commercial trees, such as cork oak groves, including
the planting of other trees, e.g., the Monchique oak, a local critically endangered species.
Starting in April 2019, the challenges and limitations for this project soon became clear. Until this time in
Portugal, there had been no significant effort to initiate a ‘restoration project’ on a landscape scale with
local landowners. Furthermore, a large part of the impacted area falls within a planted forest zone, and
along with new fire regulations this limited tree planting options. In addition, the existing endemic tree
groves are fragmented, isolated, and in many instances mere remnants of what existed previously. Also
impacted by the fire of 2003, this area has suffered ecologically, socially, and economically, indicated by
the high number of abandoned and degraded land-plots within this Natura 2000 site.
Primarily limited by private landownership, landscape-scale restoration poses many challenges in
Portugal today. Not least of which is ‘aftercare’, limited by the options linked to available funding
resources for ecological restoration in Portugal currently.

Trail degradation in Cape Breton Highlands National Park: An ecological approach to
vegetation restoration
By: Madeline Clarke
Abstract
Ecotourism and hiking trails have become increasingly popular, but trails can lead to damage to
surrounding vegetation, substrate compaction and erosion. Failure of vegetation recovery and
further degradation has been observed at two closed sections of hiking trails in Cape Breton
Highlands National Park (Skyline and Mica Hill). In the first year (Summer 2018) trail
conditions, biotic factors, and abiotic factors were assessed in paired plots on the degraded trail
and in adjacent undamaged vegetation. Characteristics of trail conditions were identified as
lower vascular plant cover, and higher daily surface temperatures, compaction and moisture, as
well as reduced substrate nutrients and higher pH levels. Additionally, there was no seed bank
present on closed trails at Skyline, and while there was some evidence of a viable seed bank at
Mica Hill, the seed bank species were not present in surrounding reference vegetation. In the
second year, five different treatment types were implemented on closed sections of the Skyline
trail and monitored for their effectiveness: erosion control mats were combined topsoil addition
with additional direct seeding and transplanting treatments. While directly transplanted species
were able to establish on the closed trails, the addition of topsoil improved cover and quality of
vegetation. Both seeding and transplanting of native species also appeared to improve vegetation
and quality when compared to controls. This study furthers our understanding of interactions
between barrens species and provides the basis for a long-term restoration study where further
monitoring throughout multiple growing seasons can further elucidate or modify these findings.

Drivers of Plot Scale Evapotranspiration in Restored and Unrestored Extracted Peatlands
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Peat extraction alters peatland hydrology through active drainage and altered peat hydrophysical properties. Once extraction
ceases, ecosystem recovery is limited by low soil moisture and deep water tables. Peatland restoration aims to return hydrologic
conditions to those in undisturbed, reference peatlands. Changes to water table position, and re-introduction of plant species
post-restoration, will both alter ET. Yet, how ET evolves post-restoration is poorly understood, particularly at the plot scale. In
this study, ET was calculated from compiled growing season plot scale relative humidity data from restored, unrestored, and
natural peatland sites in Seba Beach, Alberta and Bois-des-Bel, Quebec. Time since restoration at these sites ranged from 1
year to 25 years. The objectives of this study were to i) assess differences in ET between the three site types, ii) assess the
influence of time since restoration on ET, iii) evaluate the influence of environmental controls and vegetation communities on
ET. This study found that the restored sites had significantly higher ET rates than the natural and unrestored sites. There was
no relationship between ET and time since restoration. Atmospheric conditions and soil temperature were important drivers of
ET at all sites. Water table depth was not an important driver. The influence of vegetation differed across the sites. Gross
ecosystem productivity was important at the restored and unrestored sites, while moss cover was most important at natural
sites. Understanding the drivers of ET will help us better predict restored peatland water balance under a changing climate.

Fen plant re-establishment in restored peatlands on former in-situ oil sands well pad improves
with residual mineral soil base and proper ecohydrological connectivity
Meike Lemmer1, Bin Xu2, Maria Strack3, Line Rochefort1
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Post-oil-mining peatland restoration aims at re-establishing crucial peatland functions, such as wildlife habitat, peat
accumulation and carbon sequestration. Suitable conditions including soil moisture content near saturation via a relatively
stable, near-surface water table, and abundant organic matter input are necessary to ensure the steady accumulation of peat.
We evaluated the efficiency of four restoration techniques applied on two former in-situ (“in place”) oil sands well pads in the
Peace River and Cold Lake Oil Sands regions in Alberta, Canada, to provide habitat to characteristic fen plant species and plant
functional types. The assessed restoration techniques were 1) the complete removal of all well pad construction materials and
2) spontaneous re-vegetation, 3) the partial removal of the well pad’s mineral infill and 4) the managed re-vegetation with plant
seedlings of Larix laricina, Salix lutea, and Carex aquatilis. An unrestored well pad sector and 24 local reference wetlands
were monitored for comparison, considering vegetation diversity, biogeochemistry, hydrology and local climatic conditions.
Preliminary results show the highest plant diversity in the sectors with the mineral fill scraped down and levelled closest to the
adjacent fen ecosystem, resulting in the water table level being closest to the surface. Lowest diversity was found in sectors of
seedlings introduction, and the complete removal of all well pad construction materials. Findings suggest that the closer the
surface is levelled with the surrounding ecosystems, and more seamless the hydrologic connection is re-established between
restored and undisturbed sectors, the faster fen initiating conditions will establish and desired characteristic plant species will
migrate.

Modelling the hydrochemical trajectory of a constructed fen watershed: implications for peatland
reclamation
Owen F. Sutton1, Jonathan S. Price1
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The Nikanotee Fen Watershed was constructed on a post-mined oil sands landscape using salvaged and process-affected
materials to test the feasibility of peatland reclamation, and to optimize future constructed fen designs. Concerns over water
availability due to the subhumid climate of northern Alberta, and water quality from residual sodium contained within processaffected tailings sand pose challenges to peatland. In particular, the movement of sodium from the upland aquifer to the fen
due to groundwater flow has the potential to negatively impact fen vegetation. Generating meaningful information about the
trajectory of constructed ecosystems on a timeline relevant to mine closure planning and regulatory decision-making preclude
the possibility of simply observing the development of the system. Therefore, this necessitates the use of models to aid in
understanding the likely successional pathway. A groundwater flow and solute transport model was developed with
MODFLOW-SURFACT and parameterized with laboratory experiments and 7 years of field data. The interannual variability
in groundwater recharge was represented using Monte-Carlo simulations. Results indicate that under a stationary climate, the
upland will remain capable of supplying sufficient groundwater to offset moisture deficits experienced by the fen during dry
years. Anticipated results include peak sodium concentrations in the fen rooting zone, annual sodium export via surface
discharge, and estimates of sodium residence time in the watershed. This model will aid in refining system design to improve
the resilience of upland-fen systems to climatic and geochemical stresses.

Hydrologic Regime and Soil Property Interactions in a Degraded Forested Peatland
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Globally, peatlands are vulnerable to degradation via drainage, resulting in increased fire vulnerability and peat soil
oxidation. Peatland function is largely dependent on hydrologic regimes and their influences on peat soil accumulation
and properties. As such, an understanding of soil-hydrology interactions is needed to inform hydrologic management
and fire prediction. The Great Dismal Swamp, a drained peatland (Virginia, North Carolina, USA), is currently
undergoing hydrologic restoration to raise water levels, reduce fire vulnerability, and increase carbon sequestration.
Two physically distinct peat layers have been observed at the Great Dismal Swamp, the upper layer thought to be a
result of past drainage and the lower more representative of an undisturbed state. To understand the occurrence and
consequences of these distinct layers, we integrated measurements of continuous water levels, peat properties, and
layer depths at 16 sites that varied in water level regimes. For each site, we sampled peat from both layers, assessed
their physical and water retention properties, and related depth profiles to water level regimes observed over 2.5 years.
We found distinct differences between the two layers, where upper layers had higher bulk densities and lower fiber
content. Further, upper layers had higher macroporosity and overall lower water retention, suggesting the upper layer
is more vulnerable to dry conditions, fire risk, and soil oxidation. The transition from upper to lower layers typically
occurred at depths below water level observations, suggesting that upper peat may have resulted from historical
drainage with limited recovery following hydrologic restoration and increased water levels.

Peatland restoration experience in Latvia
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Peatlands in Latvia, including raised bogs, fens and spring mires are influenced by various human activities, determining the
need of their conservation and restoration activities. To diminish drainage influence of peatlands, European Commission LIFE
program projects were implemented in especially protected nature areas with the aim to restore peatland habitats of EU
importance. Results of four projects LIFE “Peat Restore”, LIFE Restore”, LIFE “Wetlands”, LIFE “Raised bogs” starting from
2010 to 2021 are evaluated where positive wetland restoration experience was gained in 16 peatlands. Prior to implementation
of restoration actions, vegetation, hydrological, geological studies were performed, including remote sensing methods. Changes
in plant cover and site hydrology, resulting from water level raise in raised bog habitats in drained areas are analyzed in
permanent vegetation releves. Results of hydrological monitoring show that after implementation of restoration actions, water
level has raised in degraded bog areas. Six months after the raise of water level, vegetation monitoring results reveal that there
is an increase of Sphagnum species characterizing the wetter parts of bogs while die back of species of drier habitats, like
Calluna vulgaris, is observed. In the ever-changing landscape fens are even more vulnerable that raised bogs, as their reaction
to water level raise is faster. Knowing that fens sustain higher species diversity than bogs, their conservation is in high need.
Therefore, results of tree removal and elimination of alien species in transition mires and alkaline fens were studied to prepare
the best solution mechanisms for rare habitat management.

Grand Tour of Scottish Blanket Bogs
R. Andersen
Environmental Research Institute, University of the Highlands and Islands, Castle St., Thurso,
KW147JD, UK.
Blanket bogs are a globally rare type of peatland restricted to high latitudes regions with
hyperoceanic and cool climates. Around 13% of the world’s blanket bogs cover 1.8 M hectares, or
nearly a quarter, of Scotland’s land area. Among these, the Flow Country peatlands of Caithness and
Sutherland represents the largest expanse of blanket bog in Europe and a site of global significance,
notably for its assemblages of breeding birds. Much like in the rest of the world, blanket bogs have
been impacted by human activities, with up to 80% of Scottish peatlands degraded to some degree.
Large-scale restoration efforts are currently underway to halt habitat degradation, reduce carbon
losses and bring back functional peatlands around the world. Scotland is leading the way with a
National Peatland Plan setting out ambitious targets to restore up to 21,000 ha a year until 2030,
and supported on the ground by the Peatland Action programme.
Importantly, these restoration activities are underpinned by coordinated research efforts, some of
which I will introduce more in details in this talk. First, I will discuss the unintended consequences of
planting trees on blanket bog and the effect of “forest-to- bog” restoration on biodiversity, carbon
and water. I will then discuss some of our recent research on peatland condition and restoration
progress monitoring over very large scales in remote areas using remote sensing. These results and
findings will be put in the contexts of global peatland restoration efforts, climate emergency and
biodiversity crisis.

Peatland restoration and management as a climate change adaptation strategy for The Nature
Conservancy in Minnesota, USA
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Wetland restoration is a potential strategy for climate change adaptation being assessed by many organizations. Peatlands
store a disproportionately large percentage of carbon found in soil globally. Recently, The Nature Conservancy (TNC)
developed natural climate solutions (NCS) for the U.S. to address climate change, but peatlands were not ranked highly as a
strategy because they are not widespread. However, they are abundant in Minnesota, so the TNC Minnesota-North DakotaSouth Dakota chapter is assessing the potential for peatland restoration as an NCS strategy. Peatlands in Minnesota cover
approximately 1,400,000 ha and are the single largest carbon stock in the state. There are 0.8 to 1.2 million ha more wetlands
with muck soil (>12 % organic matter) that support forested swamp or marshes. Carbon accumulation rates in Minnesota
peatlands were estimated by Anderson et al. (2008) to be 0.5 Mg/ha/yr, while southern wetlands at were estimated at 3.0
Mg/ha/yr. In total, peatland restoration could mitigate for 1.7 Mg CO2 /ha/year, with southern wetlands providing an
additional 11.1 Mg CO2 /ha/year. These numbers suggest there should be more focus on southern muck wetlands. Therefore a
three-pronged wetlands restoration strategy is recommended: protect large northern peatlands, re-wet partially drained
unprotected peatlands and restore large southern “mucklands” in agricultural areas for short-term (20-40 year) carbon
sequestration gains. While southern wetlands accumulate carbon more quickly it is less feasible to restore wetlands in the
highly agricultural southern part of the state due to high costs of land, making northern projects more cost effective.

Peatlands of Antarctica
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Here we report a series of recent findings from peat deposits in maritime Antarctica, including the discovery of a mossdominated, waterlogged peatland on Cape Rasmussen (65.2°S, 64.1°W). To our knowledge, peatlands have never been reported
in Antarctica. We interpret its peatland initiation, around 2700 cal. BP, as well as its recent resurgence, less than 50 years ago,
as new and important indicators of ecosystem changes that have been brought about by warmer conditions in the region. While
numerous aerobic moss peatbanks (non-wetland systems) have been described and analyzed across the Antarctic Peninsula
over the past few decades (these observations will be briefly reviewed in this presentation), the reported peatland on Cape
Rasmussen conforms to the wetland definition and resembles soligenous fen systems typically found in the boreal, subarctic,
and sub-Antarctic regions. This recent peatland recovery might have been triggered by ongoing rapid warming, as the area is
experiencing climatic conditions approaching those found on milder, peatland-rich sub-Antarctic islands (50-60°S). Assuming
that colonization opportunities and stabilization mechanisms would allow peat to persist in Antarctica, our results suggest that
longer and warmer growing seasons in the maritime Antarctic region may lead to a peatland-rich landscape in the future. One
of the key reasons explaining the widespread occurrence of moss peatbanks and the scarcity of peatlands in Antarctica might
be their different surface energy balances. With their saturated grounds, peatlands lose energy to the atmosphere through latent
heat flux, such that their surface is often cooler than air temperature during daytime.
Rasmussen peatland

Reconstructing Fire Frequency in Peatlands of Northern Michigan
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Fire has numerous impacts on peatland structure and function. Peat fires and peat fire suppression across the globe
have prompted land managers to question the natural fire history of peatlands under their purview. There are a variety
of techniques available to reconstruct fire frequency by detecting remnant charcoal, but those which function well in
peat are expensive and time consuming, limiting the scope or accessibility of many research questions. We have
developed a new method to address these issues and to answer the question of peatland fire regime using Fouriertransform infrared spectroscopy (FTIR). This method is comparatively economical and fast, enabling peatland fire
research with expanded scope. Combining our char predictive FTIR model with carbon dating, we can estimate fire
return interval for individual peatlands and detect trends in fire regime with location and peat type. This also allows
peat and carbon accumulation to be related to fire regime. These data provide a long term historical and ecological
basis for fire management plans in peatlands, and our method makes peatland fire regime reconstruction more
accessible than ever. We describe the method and present results from our work in peatlands of Michigan’s Upper
Peninsula, connecting fire frequency with peat accumulation rates and present condition. This data contributes to
informing land managers and policy makers who seek to understand fire in peatlands.

Slide 1
Hello and thank you for watching my presentation of my master’s project with the title:
Restoration of a Sphagnum-dominated peatland disturbed by a road: plant establishment on
introduced peat substrate is driven by restoration techniques.

Slide 2
Peatlands represent 90% of Canada’s wetlands and they are abundant in northern Alberta as we
can see in orange on the map.
CLIC
The prevalence of peatlands in northern Alberta coincides with oil sand regions in yellow in the
second map.

Slide 3
Infrastructures for in situ mining involves well pads, but also an extensive linear disturbance
network for exploration, extraction, and transportation.
Linear disturbances have many impacts on landscape: they cause degradation and
fragmentation of the boreal habitat.
The presence of a mineral fill compresses the underlying peat by its the weight and is also a
barrier for vegetation to light and air exchange which stops photosynthesis.
The presence of mineral fill also affects hydrological processes.
CLIC
By example, a road can cause a damming effect to water circulation and can result in the
formation of one wet area on one side of the road and one drier area on the other side of the
road. On the picture, we can see more trees on the left side where it is drier because the water
is blocked by the presence of the road.
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Peatlands provide valuable ecosystem services such as peat accumulation, carbon storage and
climate mitigation. All those ecosystem services are threatened by linear disturbances.
And Restoration can be a tool for the return of ecosystem services when roads by example
become unused.
Ecological restoration is defined as «the process of assisting the recovery and management of
ecological integrity» which is what we tend to reach in long term with this project.

Slide 5
Many substrate reprofiling options have been tested as a first step towards peatland
restoration. They can be group under three main techniques: (1) the complete removal, or (2)
the partial removal of the mineral fill and (3) the inversion of the underlying peat with top
mineral fill.
Substrate reprofiling is critical to recover suitable hydrological conditions for the targeted
ecosystem.
The picture here shows a partial removal technique where the excavation of the top layer of
mineral fill was too important. The level of the mineral fill was lower than the level of the
adjacent peatland. With time water accumulated in the basin creating a shallow open water
area where conditions were optimal for colonization by Typha latifolia.
This partial removal highlighted the importance to restore the connectivity with the surrounding
peatland during the removal of the mineral top layer.

Slide 6
Aim of the project: Establish typical bog vegetation on an introduced organic substrate following
partial removal of an access road on a Sphagnum-dominated peatland.
Objective: Assess the impact of peat thickness & fertilization on plant establishment.

Slide 7
The study site is located in northern Alberta, about 80 km south of Fort McMurray.
The project takes place within the Athabasca oil sands at the Hangingstone Expansion Project.
We can see the study site which is the former road to be restored as well as the location of
vegetation donor site and peat donor site less than 1 kilometer away from the study site.
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The road is surrounded by a bog.
The vegetation is dominated by Sphagnum fuscum and vascular plants such as Rhododendron
groenlandicum and Vaccinium vitis-idaea.
Other species include Rubus chamaemorus, Eriophorum vaginatum, Picea mariana, Vaccinium
oxycoccos, Chamaedaphne calyculata, Polytrichum strictum and Cladina mitis.
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Restoration was challenging at our study site because the mineral fill was too important to
remove and transport to a burry site. In some areas, the mineral fill attained a depth of five
metres. The importance of the mineral fill is the reason why the partial removal was retained as
soil reprofiling technique for this project.
The removal of the top layer of mineral fill was executed by a track hoe where it excavated the
mineral fill to a depth of 20 cm, 50 cm or 75 cm under the mean of the hollows of the adjacent
peatland.
CLIC
We also decided to add peat substrate on top of residual mineral fill to reach similar abiotic
conditions to enhance vegetation establishment. The added layer of peat was 20, 50 or 75 cm
according to the thickness of the mineral fill removed.
Soil preparation did not occur at the same time for different peat thickness sections.
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Next restoration steps of the restoration were inspired by the moss layer transfer technique
(MLTT).
We collected diaspores from donor sites that we CLIC introduced on the restored site.
Then we spread straw atop the reintroduced diaspores.
And we spread phosphorus fertilization on half of the study site.
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This experimental design shows the different peat amendment thickness such as the 20 cm peat
thickness in blue, the 50 cm in pink and 75 cm in orange.
Half of every peat substrate amendments were fertilized.
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One year post restoration we observed low pH (around 5) and high-water content (around 60%)
for all restored sections.
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Vegetation surveys were conducted one year and two years post-restoration. We can see that
the 75 cm peat section looks different than the 20 and 50 cm peat sections for both years of
survey. Let’s go see some results that confirm that trend.
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General trend for plant establishment one growing season following restoration was evaluated
by a principal component analysis (PCA) performed on vegetation data.
The scaling 1 allow to show the relationship between sites that is determined by the distance
between them (where each point represent a survey plot).
The equilibrium contribution circle was used to retain only significant species that are outside
the circle.
Vegetation communities are well distributed in 3 groups. We can see in green the plot of the
bog that are dominated by …
Then within the restored sections, vegetation is separated in 2 groups.
We think that the 2 groups on the restored area reflect the differences between restoration
steps.
In fact, we see in orange the 75 cm peat section is dominated by …
Once applied, the bare peat of the 75 cm peat thickness section was left non-revegetated during
the growing season in 2018 allowing A. scabra and C. angustifolium to take advantage of the
available niche bare of competition. A. scabra and C. angustifolium are known to colonize
disturbed areas. Prompt introduction of diaspores after soil preparation could limit the
establishment of undesirable species.
Then in blue and purple, the 20 and 50 cm peat sections are dominated by …
The peat was stockpiled for one additional growing season before the implementation of the
20 cm and 50 cm peat layers. Thereby, T. hybridum and graminoids seeds might have spread
onto the stockpiled peat during the supplementary growing season.
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Two-years post restoration, the plots in the adjacent peatland are similar but slightly different
from the first year probably because we did not surveyed the exact same plots for both years at
the adjacent peatland.
The 20 and 50 cm peat sections are highly dominated by Trifolium hybridum. CLIC This species
has a wide range of tolerance: it tolerates prolonged wet and acidic conditions. CLIC The
trifolium cover was so dense that it reduced light availabity for mosses and very few mosses

were observed on 20 and 50 cm peat section 2 years post-restoration. We hope that clover
cover will decrease with stabilization of the restored section. conditions.
There is more significant species appearing in the 75 cm peat section such as ……
Chamaenerion angustifolium did not seem to tolerate prolongated wet and acidic conditions of
the 75 section.
Moss cover did increase in the second-year post-restoration as well as Eriophorum vaginatum
that is known to create microclimatic conditions that favors moss growth (moisture and
shading).
P. strictum observed during the second year may act as seed trap and nurse plant for sphagnum
establishment.
Moss establishment is a good indicator for vegetation succession towards a bog community.
Sphagnum moss are known to be engineer of their ecosystem by acidifying their environment,
thus creating optimal conditions for their expansion.
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The large scale, the cost of operations and the thickness of mineral fill were constraints imposed
specifically by our study site.
Consequently, we did not use an analytical approach using techniques of analysis of variances
but
Multivariate analyzes were used to assess the possible relationship between amendments and
plant establishment.
Vegetation surveys were conducted the 2 first years post-restoration, and they only represent
early conditions and early stage of vegetation establishment
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In light of the results of our study, we recommend introducing diaspores immediately after soil
amendments to enhance good practice; to reduce stockpiled peat period to a minimum and to
assess specific site constraints for every restoration project.
Also, we would like to point out one aspect that was a success in our restoration project which is
the hydrological connectivity. To our knowledge, it is crucial to target the mean of the hollows of
the adjacent peatland for the height of the substrate profile to get a water saturated substrate
but not a flooded restored site.
To conclude, long term monitoring is needed to assess shift in plant establishment and the
return of ecosystem services. The presence of targeted bog species on restored sections is a

good sign but long-term monitoring is needed to assess the trajectory of vegetation succession.
Great moss cover generally occurs from five to fifteen years post-restoration.
And Studies suggest that approximately 15 years are necessary to assess the return of the peat
accumulating function.
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Thank you very much for watching!

The impact of a black spruce (Picea mariana) plantation on carbon exchange in a cutover
peatland in Western Canada.
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Northern peatlands are sinks for atmospheric carbon (C), but peat extraction converts these ecosystems to C sources. Due to a
dry regional climate, undisturbed bog peatlands in western Canada often have a tree cover of Picea mariana (Mill.) B.S.P. Thus,
a coniferous forest plantation may be an appropriate land use for cutover peatlands. This study determined the effect of a 7year-old P. mariana plantation on C balance of a cutover peatland. We measured C stored in P. mariana biomass and carbon
dioxide (CO2) and methane (CH4) ﬂuxes from bare peat at each of four fertilizer doses. Carbon stored in biomass of Betula
papyrifera (Marsh.) that had spontaneously colonized the post-fertilized site was also determined. Given that the water table
remained very deep and that the sphagnum moss – ericaceous shrub peat-accumulating vegetation was not present, the site
remained a source of C when only the planted P. mariana trees were considered, primarily in the form of CO2 emissions by
soil respiration. However, C accumulation in trees, including B.papyrifera biomass, resulted in a net C sink in fertilized plots.
Results from this study indicate that tree plantations on cutover peatland maybe a suitable land-management strategy on sites
difﬁcult to effectively rewet.
Key words: carbon dioxide, peatland restoration, forest plantation, methane, soil organic matter.
Résumé :
Les tourbières nordiques sont des puits de carbone (C) atmosphérique mais l’extraction de la tourbe convertit ces écosystèmes
en source de C. À cause d’un climat régional sec, les tourbières ombrotrophes non perturbées de l’Ouest du Canada ont souvent
un couvert arborescent de Picea mariana (Mill.) B.S.P. Par conséquent, la plantation de forêts de conifère peut constituer une
utilisation appropriée des terres dans le cas des tourbières qui ont subi une coupe. Cette étude a examiné l’effet d’une plantation
de P. mariana âgée de 7 ans sur le bilan du C dans une tourbière qui a été coupée. Nous avons mesuré le C emmagasiné dans
la biomasse de P. mariana ainsi que les ﬂux de dioxyde de carbone (CO2) et de méthane (CH4) dans la tourbe dénudée pour
chacune des quatre doses de fertilisant. Le carbone emmagasiné dans la biomasse de Betula papyrifera Marsh., qui avait
spontanément colonisé le site après une fertilisation, a également été mesuré. Étant donné que la nappe phréatique est demeurée
très profonde, et qu’il n’y avait pas de végétation, mousse de sphaigne et éricacées arbustifs, qui permettait d’accumuler de la
tourbe, le site est demeuré une source de C lorsqu’on tenait compte seulement des tiges de P.mariana, surtout sous forme
d’émissions de CO2 provenant de la respiration du sol. Cependant, l’accumulation du C dans les arbres, incluant la biomasse
de B. papyrifera, se traduisait par un puits net de C dans les places échantillons fertilisées. Les résultats de cette étude indiquent
que la plantation d’arbres dans les tourbières qui ont été coupées peut constituer une stratégie d’aménagement appropriée des
terres pour les sites qui sont effectivement difﬁciles a réhumidiﬁer.
Mots-clés : dioxyde de carbone, restauration des tourbières, plantation forestière, méthane, matière organique du sol.
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Recent climate predictions for the United Kingdom expect a nation-wide shift towards drier and warmer summers. Such shifts
in weather patterns have been identified to cause challenges for peatland functioning globally. Blanket bogs are a globally rare
peatland types particularly abundant in Scotland, where they hold up to ¼ of the UK’s soil carbon. If extreme drier and warmer
summers occur more frequently, leading to a decrease in water availability and an increase in annual temperatures, it could
compromise blanket bog’s carbon-sink function. In this study, Net Ecosystem Exchange (NEE), Respiration (Reco) and Gross
Primary Productivity (GPP) of plant functional types (PFTs) (Sphagnum, graminoids, ericoids) and dominant ground cover
types (pools and bare peat) were compared across margins and centers of an upland and lowland blanket bog over a summer
drought in 2018 and over the subsequent year. High frequency gas-chamber sampling before, during and after growing seasons
provided an overview of flux dynamics across a range of environmental conditions. Mixed-effects models were used to describe
CO2 flux behavior and to identify the effect of macro/meso/micro topography on fluxes during extreme drought conditions,
suggesting contrasting responses across dominant PFTs. By determining environmental variable driving those responses and
classifying blanket bog composition using UAV-derived imagery and Land-Surface Parameters, we are able to predict and
upscale the effect of droughts to landscape scale, and begin to understand how potential shifts in vegetation dominance – across
‘near-natural’ and restored sites – could influence carbon sequestration and emission rates in the hyperoceanic setting of blanket
bogs.

How does land management influence fire resilience and carbon fate in blanket bogs? The FIRE
BLANKET Project
Andersen, R., Felgate, S., Fernandez-Garcia, P., Gaffney, P., Gilbert, P., Hancock, M., Large, D.,
Leith, F., Marshall, C., Mayor, D., McIlveny, J., Monteith, D., Pickard, A., Sanders, R.
Following a dry and warm spell, a wildfire burnt approximately 60 km2 of blanket bog in May 2019
within the Flow Country peatlands of North Scotland. Unlike other wildfires in the UK, it covered a
large area that includes peatlands under a range of management regimes: drained, drained and
afforested, under restoration (through forestry removal and drain blocking) and near-natural. As well
as the breadth of management types, the fire covered an area of the Flow Country that is actively
used for scientific research, where a wide range of prior data are available. This presented an
unprecedented and urgent opportunity to quantify the interacting effects of fire, drought and human
interventions on peatland C storage and water quality. The NERC-funded FIRE BLANKET project had
as 3 main objectives:
1) To estimate the immediate C losses and the fire resilience of blanket bogs under different
management regimes, including afforestation
2) To understand legacies of fire on the fate of the vast C store held in the peat and on the water
quality by determining how the interplay between management and burning severity alters the postfire fate of dissolved organic matter, water quality and aquatic C exports from land to sea.
3) To develop future-proof management strategies for drained and afforested blanket bogs
In this talk, we will present and discuss key preliminary results collected in 2019-2020 and relate them
to other peatland wildfire research projects around the globe.
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Peatlands account for over 134,000 km2 in northern Alberta and are underlain by a vast network of oil and gas formations.
Exploration of deposits requires clearing long, linear grids of 1.5-10 m wide disturbances throughout the boreal (seismic lines).
Seismic lines remove surface vegetation and flatten, compact, and depress peat, leading to long-term changes in water table
depths and vegetation communities that do not recover with time. Over 135,000 km of seismic lines currently exist in Alberta
and have been shown to enhance CO2 and CH4 emissions. Mounding treatments have been applied to peatland well pads to
recreate microforms and encourage tree regeneration, but little research has looked at treating seismic lines and none have
addressed the impact on greenhouse gas production. We aim to quantify CO2 fluxes from these treatments and determine which
treatment facilitates the best recovery to carbon sink over time.
During summer 2019 we measured CO2 fluxes and associated environmental variables at three restoration treatments created
in March 2019 (two mounding and one ripping) and compared them to fluxes from untreated sections and adjacent natural
sites. Mean growing season fluxes of treatments ranged from -8.0 to 1.6 gCO2/m2/d in the three treatments compared to -12.4
gCO2/m2/d in natural and -15.8 gCO2/m2/d in untreated sections. CO2 uptake increased with total vascular percent cover and
varied with water table and temperature. Overall, GEP and NEE were reduced in the first season following treatment but are
expected to recover and improve in subsequent seasons as vegetation reestablishes.

Integration of Peatland Restoration Projects into Climate-Related Reporting in Russia
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Egor Dyukarev3,5, Elena Lapshina3
2

1
Care for Ecosystems UG, Germany
Centre for The Conservation and Restoration of Wetland Ecosystems IFS RAS, Russia
3
Yugra State University, Russia
4
Institute of Global Climate and Ecology RAS, Russia
5
Institute of Monitoring of Climatic and Ecological Systems, SB RAS, Russia
Tatiana.minayeva@care-for-ecosystems.net

Restoring peatland ecosystems is based in many cases on rewetting practices. 2013 Wetlands Supplement (IPCC 2014)
considers drainage-rewetting as the activity changing the GHG sinks and sources ratio. Preventing losses of carbon accumulated
in peat deposits is an effective measure for climate change mitigation. The high uncertainty in the accounting of carbon emission
reduction by peatland rewetting is an obstacle to related reporting. The adaptation effect of peatland restoration could be
assessed through the enhancing of ecosystem services. The accounting of ecosystem services gain at the project level is also
not a straightforward procedure. The research was aimed to identify the indicators for the assessment of peatland restoration
progress, that are also compatible with climate reporting under the Nationally Determined Contributions (NDCs). The
evaluation was carried out at the peatland restoration site level and for the entire administrative land unit. Geographic sco pe the temperate zone of the Central Part of the European Russia and the West Siberia and permafrost ecosystems in the Nenets
Autonomous Okrug in the Arctic. At the restoration site level, the calculations of GHG reduction were still uncertain because
of the leakages and high spatial and temporal variation of fluxes. For the administrative area, the reduction was assessed using
the Tier 2 approach for the limited number of the land classes and given emission factors. The ecosystem services assessment
and evaluation of gains due to the restoration were precise enough to be applied to report climate change adaptation. Peatland
restoration is recommended as a nature-based solution for meeting the NDC by the Russian Federation. However, using carbon
voluntary market mechanisms at the site level demands considerable investments in the monitoring systems.

Developing a Restorable Wetland Index for Minnesota, USA
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Minnesota has lost about half of its wetlands to agricultural, commercial, and industrial development. No-net-loss laws and a
recognition of the tremendous ecological value of wetlands have driven recent restoration efforts across the state. These efforts
benefit from accurate identification of areas that are suitable for restoration. Field surveys, remote sensing, historical record
review, and the development of GIS-based indexes are among the most common approaches of identifying suitable areas.
Increases in the quality of environmental spatial data and computer processing capabilities have made possible the development
of statistically-based indexes at fine resolutions across large geographical areas. We used Random Forest modeling to predict
the likelihood of an area being a wetland or a restorable wetland across the state of Minnesota at a resolution of 3 meters.
Fifteen predictive variables representing landscape position, topography, hydrology, ecology, and soil were assembled along
with information on the wetland status of nearly 8,000 field-verified and 300 remote-verified sites. Out-of-bag testing during
model development indicated that uplands were classified with an error rate of 12% and wetlands and restorable wetlands were
classified with an error rate of 15%. Areas identified as existing wetlands in the updated Minnesota National Wetland Inventory
were removed during post-processing. The resulting Restorable Wetland Index is the most comprehensive effort to date to
identify restorable wetlands in Minnesota.

Developing a Wetlands Management Framework for New York City Through Ecological
Assessment
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New York City (NYC) has 520 miles of coastline; however, it has lost over 85% of salt marsh acreage and stream miles and
99% of historical freshwater wetland habitat since Europeans first arrived. Despite state and federal regulations, those
remaining wetlands remain at risk to further loss and degradation from sea level rise, development, and pollution. Though
significantly altered, NYC’s wetlands provide natural beauty, support diverse wildlife, and offer recreational opportunities.
Multiple government and non-profit partners have made substantial investments in NYC’s wetlands over the last few
decades—including restoring 360 acres of tidal marsh for wildlife habitat, piloting a wetland mitigation bank to improve
restoration outcomes, and reconstructing freshwater wetlands and streams to better manage storm and floodwaters. While
these investments are significant, they remain episodic and inadequate for ensuring these resources persist under climate
change.
From 2013-2017, NYC Parks and the Natural Areas Conservancy assessed over 1,300 acres of tidal and freshwater wetlands
and 30 miles of freshwater streams. These assessments identify the condition of each stream and wetland, inform strategies
and actions for their long-term management, and confirm that NYC’s tidal wetlands, in particular, are at risk of drowning
under sea-level rise. Results culminate in a Wetlands Management Framework for New York City, which provides the first
comprehensive roadmap for the preservation, restoration, and management of all wetlands and streams managed by NYC
Parks. The Framework also identifies the necessary financial support and recommended policy changes needed to manage
and protect urban wetlands under a changing climate.

Development of a Tool for Identifying Critical Restoration Zones of Riparian Buffers
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Riparian buffers are the vegetated zones along waterways that play a significant role in filtering contamination and maintaining
water quality. However, these buffers serve ecological functions far beyond their direct extent. Under stress from climate
change, agricultural practices and urbanization, buffers in many areas within New York State are in critical need of restoration
and protection. This project developed a tool that uses landscape metrics based on vegetation fragmentation and hotspot analysis
across time to identify stressed zones to target for rehabilitation. As a pilot study, this tool was applied to identify critical buffer
zones along streams in a sub-watershed of the Hudson River Estuary between 2006 and 2015. We validated the spatial and
temporal variations of the critical zones identified using independent visual interpretations. While this study focused on a small
area and short time interval, we developed a framework that could be readily expanded. This framework can be used to explore
the potential of the approach for riparian buffer modeling and forest applications to address various temporal and spatial scales.
This presentation will describe the development and management implications of the tool.

Ecosystem restoration in Mexico: insights on the project planning phase
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A deep discussion of the phases of planning by all stakeholders will help to identify the challenges faced by countries that are
embarking on large-scale restoration actions to comply with international agreements. To assess whether the planning phase of
restoration projects were done according to international guidance, we evaluated six of the eight aspects of the international
guidance for the planning phase of restoration projects carried out in Mexico between 1979 and 2016. The information about
the restoration projects was compiled using a digital survey composed of 137 questions. Seventy-five projects with a total area
of 1,556,840 hectares were analyzed, mainly in temperate, humid, and deciduous forest. More projects measured the baseline
with biotic than with abiotic variables, and social variables were seldom evaluated. Most projects aimed to recover biodiversity
or ecosystem services, and they identified a reference ecosystem. Planned budgets included mainly field work. To promote the
integration of ecological, social, and economic priorities, landscape restoration is suggested, since it is done at a scale which
maximizes the benefits for nature and people. The inclusion of only field work in the budgets may decrease the total cost, but
it may jeopardize project success due to poor planning. Careful and detailed planning of a national strategy constructed by all
stakeholders that includes investing in highly trained human resources and restoration of original ecosystems, agroforestry
systems (which facilitate social participation and increase land productivity) and patches under natural succession will allow
successful compliance with international restoration commitments.

Predicting restoration success in Irish cutover raised bogs
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The Living Bog Project is the largest raised bog restoration project undertaken in Ireland to date. Unlike earlier restoration
efforts, this project has focused significant resources on restoring the cutover bog, where peat had been extracted in the past
for fuel. Baseline surveys of the 12 raised bog sites mapped 770.7 ha of cutover and collected vegetation and environmental
data in 234 plots. These data were used to define 16 cutover bog habitat types and also to characterize EU Habitats Directive
Annex I active raised bog on cutover. Cutover restoration was accomplished primarily by drain blocking but also by
constructing a limited number of berms to intercept surface water runoff over large areas. A hydrological model that predicts
where active raised bog is likely to develop was used to target specific restoration measures.
As the hydrological model was developed using parameters designed for uncut but often drained and desiccated raised bog, its
predictive ability on cutover remained untested. An additional question is if pre-restoration habitat characteristics can better
predict where active raised bog is likely to be restored on the cutover.
A subset of the baseline plots was resurveyed 2-5 yr post-restoration. Plots were reassigned to the habitat types, and the
likelihood of active raised bog developing in the future was assessed based on characteristics such as Sphagnum cover, water
table and presence of indicator species. The predictive value of the hydrological model was evaluated and compared with that
of pre-restoration habitat type and other vegetation and environmental characteristics.

Ten-Year Strategy for Ecological Restoration
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For Suzano, maintaining healthy ecosystems is the basis for sustaining its business. The company’s Ecological Restoration
Program is one of the largest private initiatives in Brazil, responsible for initiating restoration processes in over 31,000 hectares
and plant 10.7 million native seedlings in the last decade.
Given the Program’s complexity and geographical extension, it requires significant mobilization of resources. Some relevant
technical and social actions have been developed and are in progress, such as: use of software, applications and technologies,
such as LIDAR and drones, to support planning and monitoring; implementation of alternative models of restoration mixing
native and exotic species; initiatives with vulnerable rural communities for the production of native seedlings; and
environmental education for restoring springs in neighboring communities. The Program has been building a network of
partners that includes NGOs, universities, financial institutions, customers, and local communities.
Despite the advances we have celebrated so far, this year, driven by the UN Decade on Ecosystem Restoration, we designed
Suzano's Restoration Strategy. In this document, we stated our goals, objectives, and established roles and responsibilities to
demonstrate how we intend to carry out ecological restoration on our properties and enhance these actions in territories where
we operate until 2030. Our pillars of action are: Management and Control; Research, Development and Innovation; Operational
Excellence; Ecological Landscape Restoration; and Knowledge Management. With restoration, we seek to generate shared
value, improving the productivity of landscapes, re-establishing environmental services such as carbon sequestration, soil,
water and biodiversity conservation, and generating work and income.

Dispersal vs. environmental filters: comparison between soil seed banks and standing vegetation in
a side channel of the Loire River (France)
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Soil seed banks may play a major role in restoration projects. In riverine ecosystems, substrate is frequently re-mobilized during
floods, and both seed import and export are potentially high. In this context, soil seed banks (SSB) and standing vegetation
(SV) are the result of complex and antagonistic processes, which are not well understood.
The study aims to characterize (i) composition of SSB and SV, (ii) similarity between both in different contexts of flooding
and soil disturbance, and (iii) to identify whether those contexts induce different community structures.
The study took place in a disconnecting side channel of the Loire River. Seed bank and vegetation were sampled on three zones
(upstream, central, downstream) and at two elevation levels (banks and thalweg). SSB was studied via seedling emergence; SV
was surveyed in early spring and summer. Both communities were characterized with regard to density, specific richness and
species composition using indicator species analysis, NMDS and PERMANOVAs.
Community composition differed significantly across elevation levels in SSB, indicating dispersal filters along the altitudinal
gradient. Both elevation levels and zones affected community composition in SV, indicating environmental filters along both
altitudinal and longitudinal gradients. Specific richness (in SSB and SV), Sørensen similarity, and SSB density did not show
any significant difference between factors. Indicator species differed between SSB and SV for elevation levels or zones.
The study underlines the structuring role of flooding as environmental and dispersal filters in riverine plant communities, and
demonstrate how dominant processes can differ over a relatively small spatial scale.
Filtres de dispersion ou environnementaux : comparaison entre la banque de graines et la végétation en place dans un
chenal latéral de la Loire (France)
Les banques de graines peuvent jouer un rôle majeur dans les projets de restauration. Dans les écosystèmes fluviatiles, le
substrat est fréquemment remobilisé lors des crues, et les apports et exports de graines sont potentiellement élevés. Dans ces
conditions, la banque de graines (BdG) et la végétation en place (VeP) sont la résultante de processus complexes et parfois
antagonistes, dont le fonctionnement est encore mal compris.
L’étude avait pour objectifs de caractériser (i) la composition de la BdG et de la VeP, (ii) la similarité entre elles dans des
contextes de submersion et de perturbation différents, et (iii) d’identifier si ces contextes forment des communautés différentes.
L’étude eut lieu sur un chenal latéral de la Loire. La BdG et VeP furent échantillonnées sur trois zones (amont, centre, aval) et
à deux niveaux différents (berges et thalweg). La méthode d’émergence des plantules servit à étudier la BdG ; la VeP fit l’objet
de relevés au début du printemps et à l’été. La densité, la richesse spécifique et la composition de chaque communauté furent
étudiée à l’aide de NMDS, PERMANOVAs, et d’analyses d’espèces indicatrices.
La composition de la BdG différa entre berge et thalweg, indiquant un filtre de dispersion sur ce gradient. Pour la VeP, elle
différa selon les zones et les niveaux, indiquant un double gradient, longitudinal et altitudinal, assimilable à des filtres
environnementaux. Les richesses spécifiques, indice de similarité et densité ne montrèrent pas de différences entre les facteurs.
Aucune espèce indicatrice ne fut commune à BdG et VeP.
L’étude souligne le rôle structurant des inondations comme filtres de dispersion et environnementaux dans les communautés
fluviatiles, et démontre que les processus dominants diffèrent à petite échelle.

Eastham Great Pond Herring Run Restoration
Re-establishing connectivity along the coastal river continuum
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In 2010, the USDA Natural Resources Conservation Service (NRCS) in collaboration with the Cape Cod Conservation District
(CCCD) launched the 10-year, $30-million-dollar Cape Cod Water Resources Restoration Project to restore 1,500 acres of salt
marsh, improve fish passage to 4,200 acres of spawning habitat, and improve water quality to 7,300 acres of shellfish beds
across 76 project sites. One of the sites, the Great Pond system in Eastham, Massachusetts links a series of four freshwater
kettle hole ponds to Cape Cod Bay, providing essential fish habitat for a variety of diadromous fish species. The coastal rivers
and freshwater ponds that make up the system are connected by a series of engineered fish passage structures, open
sluiceways, and enclosed culverts. Failure and siltation of the Great Pond Road culvert restricted access to 27 acres of
spawning habitat located further upstream in Deborah’s and Depot Ponds. Working in collaboration with Town officials and
NRCS staff, Woods Hole Group explored alternatives to reestablish habitat connectivity along the coastal river continuum,
developed comprehensive engineering and site restoration plans, and filed the Town’s first Notice of Intent for Ecological
Restoration, a specialized permit application for restoration-focused projects. The following presentation addresses the
challenges associated with working on a small, restricted site, the factors that contributed to the selection of the preferred
design, and the benefits of (and inherent shortcomings associated with) a designated permitting pathway for ecological
restoration projects in Massachusetts.

Figure 1

Locus map of the project site (located along Great Pond Road), estimated watershed,
and connection to coastal waters for fish passage.

Ecological restoration of a lowland stream: the importance of long-term biological monitoring
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A long-term biological monitoring effort (13 years) of a 2 km long stream restoration project in the Witte Nete in Flanders
(Belgium) has been performed. The stream channel of the Witte Nete had been normalized in the past and was restored to its
sinuosity as in 1877. The objectives of the monitoring were to assess impact of specific restoration measures, the effect on
populations of Bullhead (Cottus perifretum) and Spined loach (Cobitis taenia) and to describe changes over time.
Monitoring methods included river morphology, general vegetation composition and yearly surveys of macro-invertebrate
and fish communities in reference and restored sites.
The new reach differs from the reference transects in the presence of shallow zones along the banks and a higher variability
in water velocity and depth. The macro-invertebrate fauna was re-established to a normal level after one year, reaching the
highest biological quality level. Species composition of the fish community shows the same diversity as the reference
transects with higher number of rheophylic fishes. Considerable differences are encountered over the years. Population size
of Spined loach decreased as the area of suitable habitat in a meandering stream is smaller than the straight reference sites.
The effect monitoring was troubled by several severe water pollutions and the impact of extreme drought during the last
years of monitoring. The judgement of restoration success might differ in respect to the time of monitoring after restoration,
as the effects of trees on the banks and creation of more shade are still changing.

River metabolism: A reliable tool to ensure ecosystem health and evaluate restoration efforts?
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Rivers provide diverse ecosystem services, such as nutrient transport, biotic dispersal, water supply and recreation, yet they
face multiple threats. Anthropogenic modification led to degradation, necessitating restoration efforts now mandated by
national and international agreements. These expensive restoration efforts may fail if the health of ecosystem functions is not
a core focus of ongoing monitoring. Here, we present an analysis of river ecosystem health, measured across a wide array of
functions, including dissolved nutrient dynamics, algal biomass, and riparian vegetation and its relationship with ecosystem
metabolism (gross primary production, GPP, and ecosystem respiration, ER), increasingly adopted as an integrative and readily
detectable measure of function. We provide a critical review of the advantages and flaws of ecosystem metabolism as an
integrative measure of river function, and consider the evidence for links between it and other desirable river services, in an
effort to aid the advancement of restoration science.
Most restoration efforts expected a response of river metabolism. In particular, GPP was anticipated to decline due to
reestablishment of riparian vegetation. This was observed for some reaches depending on the initial states. Nonetheless, other
restored reaches did not show any metabolic regime change, and in other cases, unexpected changes occurred, suggesting a
stronger influence of the landscape, land-use or nutrients in controlling metabolism.
While river metabolism appears to be a valuable functional parameter to assess ecosystem health, it must be evaluated in
conjunction with additional parameters, in order to gain comprehensive insight into the functioning and recovery of lotic
ecosystems.

Title:
Using Drones to Improve Visual Stream Ecological Assessment
Authors:
Alexandra D. Evans, Kevin H. Gardner, Scott Greenwood, Bruce Pruitt
Abstract:
There is a need for affordable, flexible, and efficient evaluation methods for stream restoration,
particularly those that take advantage of geospatial and remote sensing technologies. To help
satisfy this need, this work explores the use of illustrative small unmanned aerial system (a.k.a.
“drone”) products, made using structure-from-motion photogrammetry, coupled with a visual
ecological assessment protocol as a remote evaluation and ecological condition archive
approach. Three New England streams were assessed in the field using the Stream Visual
Assessment Protocol Version 2 (SVAP2) and later illustrated in drone products (high resolution
video, orthomosaics, and 3D models). Ten stream experts participated in a survey to 1) assess
the general utility of the drone products, and 2) test whether the experts could visually interpret
the drone products and apply the SVAP2 scoring elements remotely. The survey results
determined that channel condition, bank condition, riparian area quantity, and canopy cover
aspects are feasible to evaluate via remote visual assessment with drone products. Riparian
area quality, water appearance, fish habitat complexity, and aquatic invertebrate complexity
were also deemed appropriate for remote visual assessment, but with some potential limitations
due to varying site conditions and the quality of the drone products. The survey participants
generally agreed that the illustrative drone products are useful for stream ecological assessment
and restoration evaluation. This remote visual approach is suitable for restoration projects
where more general ecological monitoring is adequate, and the workflow can be built upon as
new technology becomes readily accessible.

Assessing the effectiveness of seeding as a cheap large-scale restoration tool in a semi-arid
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The restoration of semi-arid zones is increasingly challenging in the face of climate change. The requirement of irrigation to
aid the establishment of vegetation exacerbates costs and labour, making the restoration of large areas particularly inhibitive.
In this study we attempt to develop a cheap and low intensity seeding strategy to restore a semi-arid habitat on a large scale.
We chose to restore a European priority habitat: Tetraclinis articulata forests. In the experiment we sow 800 seed caches with
6 different species without any irrigation, over an area of 10,269 m2 in two different sites, under varying conditions of seed
density, soil depth, presence/absence of nurse plants and mycorrhizae. The seeds were pretreated for dormancy and were planted
in two different timeframes, autumn and winter. We monitored the seedlings over a two-year period to determine the
germination and seedling survive rate following summer and their growth rate over time. In all 278 seedlings belonging to two
species germinated: Tetraclinis articulata and Ceratonia siliqua. The seeding density and seeding time each affected the
germination rate in these species. Moreover 10-20% of the seedlings survived the first year without any irrigation. We believe
that by manipulating the seed density and time of seeding, the survival rate could be brought up further, making it feasible to
establish a viable self-sustaining habitat on a large scale. It is thus thought that direct seeding can be an important method to
maximize restoration effect with minimal cost and effort over large and poorly accessible terrains.

Figure 2: A seedling of the conifer, Tetraclinis articulata

Figure 1: (A) Plant Species strip-plot design. Species are
Ceratonia siliqua (blue), Chamaerops humilis (purple), Olea
europaea (yellow), Periploca angustifolia (red) and
Tetraclinis articulata (green). (B) Seed quantity strip-plot
design. Seeds had been sown in quantities of 1 (blue), 3
(green) and 6 (red). (C)Sowing depth strip-plot design. Seeds
had been sown at depths of 0.5cm (blank square) and 1.5 cm
(striped square).

Figure 3: A group of seedlings belonging to the leguminous tree,
Ceratonia siliqua (right)

Restoration on caffeine: Coffee pulp accelerates early tropical forest succession on old fields
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Applying nutrient-rich agricultural by-products, such as fruit peels and pulp, to degraded land has been proposed as a strategy
to overcome a number of barriers to tropical forest recovery. While such linkages between agroindustry and restoration
represent win-win scenarios, practical applications remain largely unexplored. In this case study, we tested coffee pulp as an
amendment to catalyze forest succession on post-agricultural land in southern Costa Rica. A 0.5-m-deep layer of coffee pulp
was deposited across a 35 × 40-m area and an adjacent control plot was delineated. Over two years, we measured changes in
soil nutrients, ground cover, understory vegetation, tree establishment, and canopy cover across both coffee pulp and control
treatments. After two years, soil C, N, and P were significantly elevated in coffee pulp compared to control treatments.
Coffee pulp addition significantly altered ground cover characteristics, eliminating pasture grasses, facilitating establishment
of herbaceous plants, and increasing percent area covered by leaf litter. Early-successional trees and shrubs established
quickly in the coffee pulp treatment, reaching 30-fold greater mean basal area and 20-fold greater woody stem density (>1cm-dbh) compared to the control treatment. Structural metrics showed 4-fold greater mean canopy height in the coffee pulp
compared to control treatment. Canopy height >5 m was ~40% in the coffee pulp treatment but only 2% in the control. Our
study highlights the significant potential for using agricultural waste, like coffee pulp, to jump start forest succession on
degraded tropical lands and encourages further research to optimize linkages between agroindustry and restoration.

High-diversity seed additions accelerate recovery of herbaceous community during woodland
restoration
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Propagule limitation represents a fundamental constraint to the restoration of native plant communities, and
practitioners often apply seed additions to overcome this barrier. Few studies have experimentally tested whether inter-seeding
can facilitate recovery of herbaceous communities of degraded oak woodlands, which have undergone large-scale
transformation due to altered fire regimes and exotic invasion. Previous work suggests that removal of woody encroachment,
and process-based (prescribed fire) restoration treatments alone are unlikely to restore the full breadth of taxonomic and
functional diversity in the herb-layer, which maintains the vast majority of species in woodland ecosystems. To explore whether
seed additions can improve restoration outcomes in oak woodland, we sowed high-diversity seed mixes in paired transects
(seeded vs. controls) along a topographic gradient in a degraded site undergoing restoration with shrub removal, tree thinning,
and burning. Seed mixes represented native forbs, grasses, and sedges (169 species) in the regional species pool, and were
designed to match a species’ habitat affinity to appropriate locations along the topographic gradient. The herb flora was sampled
before and for two years after inter-seeding. Seed additions significantly altered community and functional composition, and
increased native species cover, richness, and floristic quality relative to controls. However, only 69 of the sown species were
detected. We found evidence that dispersal and establishment limitation are both important barriers to the recovery of the herb
flora in oak woodlands, but that high-diversity seed mixes in conjunction with exotic removal, thinning, and burning can
accelerate recovery of herbaceous communities on highly degraded sites.

Restoration of native forest understory community in conifer forests of the western
Cascade Range, USA.
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Forest understory herbs make an important contribution to the biodiversity and ecosystem processes of conifer
forests of the Pacific Northwest of the United States. Understory herbs are important to nutrient cycling of conifer
forests and make up a large part of the diet of wildlife species in these forests. Many understory herb species are
assumed to persist in the seed bank and emerge following a disturbance or forest harvesting. Widespread clear-cut
harvesting and broadcast burning during the past century may have diminished seed banks and reduce the
biodiversity of understory herbs in second growth forests. Seedling establishment may also be challenging for
understory species that generally rely upon clonal development more than seed production and dispersal. We
describe a restoration project of understory herb communities in second-growth forests that involved seed collection,
propagation, and planting, and monitoring. The project involved five understory herb species that are commonly
found in old-growth forests in the Cascade Range of Washington State. Seeds were collected from local populations,
propagated in a nearby native plant nursery, and out planted as small container plants. We tracked the survival and
growth of the out planted seedlings. Most plants established well under shaded conditions but species and site
conditions were important. Ongoing work includes long-term data collection, increasing out-planting locations, and
adding more understory herb species.

Vegetation responses to altered nutrient pools on seismic lines
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Seismic lines decades old remain in early stages of succession, especially those through peatlands, with restoration often
being unsuccessful. P. mariana is a target species for restoration but has poor establishment and survival on the lines while
graminoids and shrubs such as R. groenlandicum colonize the lines. P. mariana needles, R. groenlandicum leaves, and peat
were sampled from restored seismic lines and surrounding natural areas near Cold Lake, Alberta. Plant and peat were
analyzed for total carbon (TC), nitrogen (TN) and phosphorus (TP), δ13C, and δ15N. Vegetation surveys were also conducted.
Although peat TN increased on the lines, the heavier peat δ15N on the lines indicated a change and potential loss in available
N. Foliar TN for both plant species was unchanged. However, the two plant species showed different foliar δ 15N responses on
the lines to changing peat TN and δ15N, which would suggest either different N acquiring strategies or different N sources.
Additionally, TP for R. groenlandicum increased on the lines despite peat TP remaining unchanged. Both plant species
showed the same foliar δ13C response with lighter foliar δ13C on older lines and heavier δ13C on newer lines. R.
groenlandicum may be more effectively colonizing seismic lines due to adaptations allowing for more competitive nutrient
uptake.

A global review on controlling invasive species in ecological restoration
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Invasive plant species can hinder the establishment and growth of native and controlling them is a necessary, yet usually
expensive, step towards the restoration of an ecosystem. Synthesising literature on this topic helps to understand variation in
invasive plants' impacts and their practical control in restoration contexts, and to identify associated knowledge gaps.
We reviewed 372 articles published from 2000 to 2019 covering the control of undesirable plants (both exotic invasive and
overabundant native plant species) in ecological restoration to gather information on the main plants being controlled and
methods used. To have a socio-ecological distribution of the studies, we grouped them according biomes, and Human
Development Index (HDI).
Grasses and forbs were the most-studied invasive plant species in restoration sites, but invasive trees were also well studied in
the tropics. Poaceae and Asteraceae were the most studied families of invasive plants. Non-chemical interventions (mostly
mowing and prescribed fire) were used in 57.7% of the reviewed studies, while 42.3% used chemical methods (mainly
glyphosate spraying, used in 40% of projects using herbicides). The reviewed studies were mostly performed in countries with
very high HDI. Countries with low and medium HDI used only non-chemical methods.
Decisions about which control method to use depend on the invasive plant species' growth forms, the local economic situation
where the restoration sites are. More developed countries tend to use more chemical control, whereas less developed ones use
mainly non-chemical methods.

Localized Patterns of Buffelgrass (Cenchrus ciliaris) Invasion: Implications for Management and
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Buffelgrass (Cenchrus ciliaris) has invaded the Sonoran Desert region of North America and represents a significant threat to
native plants via both increased competition and elevated risk of wildfires. The objective of this study was to identify variation
in buffelgrass cover, density, size, and reproductive output on different slope aspects (north-, south-, west-, or east-facing).
This study was conducted at Tumamoc Hill in Tucson, Arizona, USA. 11 transects, each containing three 4X4 meter plots,
were established across all slope aspects (3 north-facing, 3 south-facing, 3 west-facing, and 2 east-facing). For each plot we
recorded percent cover and density of buffelgrass and randomly selected 10 buffelgrass tussocks and recorded the number of
vegetative and reproductive culms for each. We analyzed the relationship between slope aspect and buffelgrass cover, density,
vegetative culms, reproductive culms, and total live culms.
Buffelgrass cover was highest on south- and west-facing slopes; buffelgrass density did not vary by slope aspect. Total live
culms were highest on south-facing slopes; vegetative culms were highest on north- and south-facing slopes; reproductive
output was different for each slope aspect (ranked highest to lowest: south-, east-, west-, and north-facing slopes). The high
percent cover and reproductive output of buffelgrass on south-facing slopes suggest that control efforts should be concentrated
on south-facing slopes to most efficiently slow the rate buffelgrass spread. Although buffelgrass cover was lowest on eastfacing slopes, the high reproductive output on east-facing slopes suggests that buffelgrass may spread more rapidly on eastfacing slopes than on north- and west-facing slopes.

Smother crops ineffective against established perennials in the Southeastern U.S.
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Surface mines in the eastern U.S. that were reclaimed between 1977 and 2010 were typically planted with aggressive
non-native legumes and pasture grasses. This vegetation has proven to persist for decades and inhibit the establishment
of native vegetation, leaving vast areas of land in a state of arrested succession. Reforestation of these sites first
requires subsoiling to relieve compaction, and herbicide to control invasive species. We tested the potential of fast
growing annual species to act as a “smother crop” to control tall fescue (Festuca arundinacea) and sericea lespedeza
(Lespedeza cuneate), as an alternative to herbicide. Nine species were selected based on early growth, rapid
establishment of dense foliage, and their suitability for the site conditions. After subsoiling, the site was planted with
native tree seedlings and within each of 50 plots, annual species were seeded in 1m2 plots, along with an unseeded
control, in the spring of 2017. In late summer, visual estimates of cover were made then all above-ground biomass
within the plots was harvested, separated into categories, dried, and weighed. Although vegetation covered more than
70% of the plots, on average, no annual species was able to occupy more than 15% of the plot. However, few plots
were dominated by fescue or lespedeza, but rather were dominated by native perennial forbs. It appears that the
disturbance of subsoiling initiated a shift in vegetation allowing established native perennials to dominate over nonnative vegetation, as has been observed on other similar sites.

Synthesizing results from a landscape-scale adaptive management program for non-native
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Non-native Phragmites australis (common reed) can degrade fish and wildlife habitat, reduce property
values, and increase fire hazards as it invades wetlands throughout North America. Management of this
invasive species is a high priority for resource managers, but landscape-scale collaboration and learning
among managers is difficult. In addition, data-driven best management practices are not readily
available, and uncertainties exist concerning optimal treatment options. Therefore, the Phragmites
Adaptive Management Framework (PAMF; http://www.greatlakesphragmites.net/pamf) was initiated in
2017 to support land managers and reduce uncertainty surrounding what Phragmites treatments are most
effective given site-specific levels of infestation. PAMF participants collect and upload monitoring data
about their Phragmites-impacted site to a centralized web hub. These data update the PAMF learning
model, which then provides site-specific management guidance that is predicted to maximize the
efficacy and efficiency of control efforts. Guidance provided by the data-driven model, therefore, is
improved through time and as the number of participants increases. PAMF is evaluating 16 unique
combinations of management actions that include applying herbicide, cutting, flooding, and rest. Six
states (i.e., levels) of infestation are used to characterize the intensity of Phragmites invasion at each
site, both before and after treatment. Optimal management approaches differ by state of invasion, with
cost of treatment driving model results at lower invasion states. The PAMF program continues to expand
rapidly as managers become aware of the program and recognize the value of participation.

Testing the effects of phylogenetic and functional diversity on invaders in an experimentally
restored tallgrass prairie
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Invasive species hinder restoration efforts, and their control can be a drain on limited resources. Due to the cost and damaging
effects of traditional invasion control measures, the idea of designing species pools that are more resistant to invasion has been
gaining traction. However, a focus solely on invasion resistance may lead to the selection of dominant native species that
suppress other desired native species. Community ecology theory suggests that maximizing functional and phylogenetic
diversity of native plant species should increase invasion resistance by minimizing empty niche space for invaders to exploit.
If this theory holds true in restoration settings, it would offer a way to build more invasion-resistant communities that require
less control effort while simultaneously increasing native diversity--a common goal of many restoration projects. However,
this idea has not yet been tested in a restoration context. We investigated the effects of phylogenetic and functional diversity
on invasion resistance in a tallgrass prairie restoration experiment composed of 15 species assemblages. Across all treatments,
our experiment included 127 native species. The experimentally restored communities had varied levels of phylogenetic and
functional diversity. Each of the 127 native species was also established into two monoculture plots. We introduced three
invaders into each community and tracked their survival and growth over two growing seasons. We observed differences in
invader survival, growth, and reproduction between the diversity treatments and between the 127 native species monocultures.
Results will be synthesized with recommendations on how to build more invasion resistant native communities.

Tipping the tipping point: After a regime shift to Typha dominance can management push
the system back to a pre-invaded state?
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Typha x glauca dominance in Great Lakes wetlands is strongly influenced by nitrogen (N) loading and is managed with
varying degrees of long-term success, in part due to persistent eutrophication. However, even if N loading decreased,
invasion might persist if a regime shift, reinforced by high internal N cycling, maintains invader dominance. We used
MONDRIAN, a wetland community-ecosystem model, to explore the dynamics of Typha invasion into a 3-species native
community across a range of N loading scenarios. These included either constant or decreasing N loading where the system
starts in a high-N state and ends in a low-N state across a 65-year time period. Management was implemented 15 years post
N reduction to determine if herbiciding/burning could return the system back to a pre-invaded state. In the constant N loading
scenarios, an invasion threshold was observed between 8 and 12 g N m-2 yr-1, in which the invader proportion went from less
than 20% to greater than 80%. Typha dominance continued after dramatic N reduction, resulting in a 79% regime shift for
invader proportion and 31% regime shift for total community NPP. While management was not able to fully return the
system to a pre-invaded state, six years of management was found to be partially successful, leading to a 38% reduction in
invader NPP and 31% reduction in invader proportion compared to pre-treatment, post-regime shift levels. These results
suggest that in historically eutrophic wetlands, management can partially help return the system to a pre-invaded state after
high N loading is removed.

Wetland waterbird food resources increased by harvesting invasive cattails
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Conserving freshwater marsh waterbird communities in the Laurentian Great Lakes requires managing invasive emergent
macrophytes, which degrade bird habitat by creating dense, litter-clogged stands, and excluding plant species that provide highenergy food resources. An approach to managing invasive macrophytes in the region involves herbiciding, which stimulates
native plant and seed production, but does not address the accumulation of plant litter. Here, we experimentally evaluated the
effects of an alternative approach, harvesting invasive plants and their litter followed by flooding, on plant communities
including high-energy annual wetland plant populations. At the Shiawassee National Wildlife Refuge in Michigan, we
experimentally treated an invasive cattail (Typha × glauca) dominated wetland in three consecutive years, comparing three
treatments: sediment surface harvest, above ground harvest, and control. We monitored these treatments for waterbird-food
producing plant species and plant diversity. We used waterbird use-day data collected at the unit-scale and compared values
with satellite imagery-derived land cover changes. Compared to control plots, harvesting and flooding significantly increased
plant species richness, increased the abundance of seed and tuber producing plant species 5-fold, and increased annual plant
dominance by more than 10-times, while reducing Typha dominance and litter abundance. Over the three year experiment, usedays increased for dabbling ducks and wading birds, associated with reduced Typha cover, increased open water, and nonTypha emergent vegetation cover. Harvesting invasive plant biomass promoted a plant community composition and structure
that benefits waterbirds. This approach is particularly powerful when coupled with flooding, which results in increased
mortality of emergent invasive plants.

A valuable ecological restoration model in coal-mined area in Xuzhou, eastern
China: Panan Lake project
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Pan'an Lake has been a large coal-mined subsided lake with an area of 5 km2, which is located in Jiawang
District, Xuzhou City. It was gradually formed from underground mining by two coal mines named
Quantai and Qishan during more than 60 years with 4.5 m of average water depth, which made it not
suitable to be reclaimed as farm or fishery land, so it was abandoned for a long time. In 2005, due to the
closure of two coal mines, the industry of the region had to transform, and the subsided Pan'an Lake was
decided to be developed. In 2007, a comprehensive investigation and evaluation of Pan'an Lake was
carried out, such as the risk assessment of secondary surface deformation and its impact on building
stability, the risk assessment of underground fractured rock instability, the design and optimization
method of deformation-resistant building structure, lake water pollution control, phreatic aquifer
pollution control, and so on. After our scientific analysis and research, the local government planned
Pan'an Lake as a mining wetland park.
In the spring of 2010, the first project was in operation. Chinese Central Government supported
RMB120 million (1 US dollar = RMB 6.9 yuan) and local government raised RMB 1.2 billion yuan. The
first project covered 11 km2, in which the water area was 9.2 km2, where 160,000 trees were planted,
1km2 of flowers and 980,000 m2 of aquatic plants were planted with more than 300 species. The project
included 19 wetland islands, 24 bridges, 12 docks, 12 parking lots, 11 km of road around the lake , 7 km
of walking trails, and 10 km of wooden plank road.
In the autumn of 2013, the second project was under construction, mainly for commercial
development. The project focused on building beautiful rural wetland landscape, recreation tourism, and
rural leisure park. The wetland lake was furtherly developed as popular science display area, wetland
theme landscape area, wetland entertainment landscape area, cultural image display area, rural residence
resort and others, covering a land of 253 hectare, a water of 120 hectare, and a wetland of 20 hectare,
with a total investment of RMB 280 million yuan.
In 2017, the third project began, focusing on the development of the Pan’an Lake Science and
Education Innovation Zone, a new town, located in the south of Pan’an wetland lake with a planned area
of 20.6 km2. On May 22, 2018, the renown Evergrande Group obtained the exclusive right to operate and
manage Pan’an Lake park from local government and invested RMB 50 billion yuan to build the new
town.
The successful ecological restoration of subsided Pan'an Lake has produced great economic,
ecological, and social benefits. The value of the surrounding land increased by RMB15 billion yuan,
nearly 10 times of the precious total investment. Pan'an Wetland Park has been rated as a national AAAA
tourist attraction and a national eco-tourism demonstration. More than 5 million tourists came to Pan'an
Lake every year, which is nearly as famous as the Butchart Gardens in Victoria, Canada. More than 3,
000 new jobs have been created, and a new town is being constructed. Pan'an Lake has become a model
of comprehensive restoration of coal- mining subsided area in China.

Fig.1

Landscape before the rehabilitation of the subsided Pan’an Lake

Fig. 2 Landscape after the rehabilitation of the subsided Pan’an Lake

Demonstrating the return of locally common upland plant communities following oil sands mining
in northern Alberta, Canada
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Following oil sands mining in northern Alberta, there is an expectation that disturbed lands will be reclaimed to forested
ecosystems having similar capability to provide goods and services to society as did the pre-mining footprint. One of several
indicators for achievement of that goal is the degree to which reclaimed plant communities are converging with those of
climatically and edaphically adapted communities locally common in the surrounding non-mined landscape. Syncrude Canada
Ltd. has a long history of monitoring upland plant community development on reclaimed lands using a large set of re-measured
sample plots. This talk will summarize almost 40 years of data from that program by (i) discussing variations in rates and
patterns of observed changes to reclaimed plant community composition, (ii) quantifying the degree to which reclaimed plant
communities are converging with those of undisturbed forests, and (iii) postulating on causal factors for observed variations in
plant community trends, including the important influence of the forest canopy, that are relevant to continuous improvement
of reclamation best practices.

Monitoring the dynamics of restoring the
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Biological soil crust (biocrust) covers the surface of arid
regions around the world. Biocrusts are formed as a result
of interactions between photosynthetic organisms and soil
particles. The ability of these organisms to grow in dry
areas allows them to populate the soil surface. They serve
as an indicator of ecosystem health and environmental
engineers, in low-rainwater systems, by stabilizing the soil
surface, and soil enrichment with nutrients. In summer
2017, 150,000 m3 of process water, a byproduct of the
manufacture of phosphorus fertilizers, flowed into the
Ashalim Stream Nature Reserve. The research objectives
were to examine the effects of acid water pollution on
biocrusts in the Ashalim River, at the two different research
sites along the riverbed, and the rehabilitation treatments.
Two damaged sites were selected, in the upper sandy part
and the alluvial part of the stream. Each site carries out five
rehabilitation treatments. A series of physical, chemical,
and biological tests of the biocrusts were performed. In all
aspects, it was realized that the biocrusts were experiencing
significant damage, with the cyanobacterial population as
well as the change in the microbial populations. The area
where the biocrusts heavily damaged was the sandy part of
the Ashalim River. The best treatment was the addition of
enriched organic matter led to the formation of aggregates
in the sandy soil. The above treatment may encourage
microbial populations by supplementing with nutrients and
thus the restoration process.

Can temporary habitats that develop during the operational phase of a quarry
contribute to wider restoration goals?
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When considering the extractives sector, biodiversity is often thought of in terms of restoration post the operational
activity. However, there is increasing evidence that biodiversity can thrive within an active quarry, with habitats
occurring either spontaneously or initiated through creating basic enhancements. Functioning mostly as a support
for pioneer species, these habitats will in most cases be removed as they make way for the expanding extractive
activities, and thus make a unique contribution to population dynamics. These temporary habitats also play a
critical role in supporting post-extraction restoration as they function as a nucleus and a point from which local
biodiversity can disperse from. In a European context, with strict protection being applied to species through the
Birds and Habitats Directives, having biodiversity within an active quarry can be challenging. In the past 5 years,
much research has been focussed on how to best integrate temporary habitats within active quarry environment.
Examples of the extent of temporary habitats across the European cement sector will be presented, along with
measure integrated into quarry management to increase, in particular bird and amphibian, populations. Questions
will also be raised as to how to maximise these opportunities without triggering infringements due to the legal
framework.
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Characterization and Geochemical Behavior of Authier Lithium Mine Lithologies for
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In this study, Authier lithium mine lithologies were characterized and their geochemical behavior was evaluated with the
purpose to employ forthcoming mine waste in construction and restauration. Therefore, this project’s goal was the reduction
of the environmental footprint of mining activity by reducing the supply in off-site borrow material. However, this can be
considered if the drainage generated by water/rock interaction poses no environmental risk such as leachate with acidic pH
and/or significant toxic metal charge.
Preliminary evaluation allowed identifying three waste rock lithologies: ultramafic volcanic, basalt and peridotite, requiring
detailed investigations. Consequently, three samples of each lithology were collected from different places on the site and the
following analysis and tests were performed: elemental analysis by acid digestion followed by ICP-MS, mineralogy by X-Ray
Diffraction, paste pH, kinetic net acid generation testing (NAG), neutralizing potential (NP), and Sulfur/Carbon by induction
furnace. Further, the following parameters were calculated: the ratio of neutralizing potential to acid generation (NP: AP ratio),
the net neutralization potential (NNP) by acid/base accounting (ABA), mineralogical index (M) and NNP according to Kwong
and Paktunc approach, respectively.
To conclude, all samples were classified non-acid generating, mainly due to their low Sulfur content (<0,3%). However, in the
event of sulfide oxidation, rapid and intermediate weathering silicates were found sufficient for neutralization.
To evaluate metal leaching, kinetic tests are ongoing in situ in barrels of 400 kg rock. Sequential extraction is ongoing, to
evaluate the fractions: water soluble, exchangeable, carbonate bound, Fe-Mn oxides bound, organic matter/sulfide bound and
residual.
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Agricultural practices have been the predominant disturbance on North American grasslands. However, recent disturbances
from oil and gas activity have become increasingly problematic for conservation. With growing demand for oil and gas,
industry is implementing minimal disturbance construction techniques to reduce impacts on grasslands. A study was
undertaken to determine the impact of a large diameter pipeline right of way (ROW) on dry mixed grass prairie; if and how
far these impacts extend beyond the ROW; and the effect of time on grassland recovery. Soil and vegetation on the ROW and
transects extending 300 m on either side of the ROW were assessed over a ten year period, starting the year of construction,
at six sites along the pipeline route in southern Alberta, Canada. There were significant impacts to soil and vegetation on the
ROW and within 5 m in the first year. The trench was most impacted, followed by work and storage areas. Within two years,
soil and plant communities were on a trajectory towards reference conditions. Ten years following construction, only soil pH
and bare ground were greater and litter less on the trench relative to reference prairie. While native grass richness, dominance
and cover were similar on and off ROW, abundance of some native forb species was less on ROW. Non native plant cover
was less than 2 %. Use of minimal disturbance construction techniques reduced size and intensity of the disturbance
footprint, allowing for even sensitive arid habitat to recover within a short period of time.
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Israel is a densely populated country with a vast range of unique ecosystems. The growing need for energy
necessitates a distribution of more pipelines across the country, particularly for gas. It is essential that
companies placing these pipelines adhere to environmental requirements before, during, and after the work
so that proper ecological restoration of the disturbed areas can take place. Geoteva Environmental
Consultants have been assisting companies in applying environmental guidelines to pipeline establishment
for over 20 years. These guidelines include the excavation and return of the topsoil layer, the narrowing of
the work area, special protection of natural assets, and return of habitat heterogeneity. More specifically, in
every pipeline project undertaken, a tailor-made restoration plan was developed based on precise ecological
properties of each area. Here, we look at three such pipeline projects in three different ecosystems throughout
Israel: Mediterranean meadows in the lower Galilee, Mediterranean woods and shrubland in the Jerusalem
mountains, and arid cliffs and riverbeds in the Dead Sea. These pipeline projects were completed in the years
2017-2018, and we returned to these sites to evaluate the restoration efforts. Our analysis shows that the
ecosystem was restored and that minimal environmental and scenic damage occurred. Overall, we show that
the implementation of environmental guidelines, along with a site-specific ecological plan, proved successful
in the restoration efforts of these pipeline projects.
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Testing designed grassland mixtures on brick-based substrates to increase ecosystem services of
landfills
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Conceptual and experimental progress in community ecology benefits ecological applications. A topical issue is restoration
seed mixtures that are designed to achieve specific ecosystem functions and services. Re-cultivation layers of landfills, for
example, experience extreme climatic and soil conditions, while a reliable vegetation is needed for protecting the site. Suitable
seed mixtures must take these abiotic conditions into account. A recent suggestion is that recycled brick rubble can be re-used
as novel substrate for re-cultivation layers of landfills. The aim of our experiments was to test, whether seed mixtures which
are designed for brick-based substrates and contrasting soil moisture grow as well as standard mixtures.
Three greenhouse experiments were conducted, with substrates consisting of different brick ratios (5% vs. 30%), brick types
(clean production waste vs. demolition material), and brick pre-treatments (acid vs. control) tested on three trait-based mixtures
and one non-regional standard mixture. The trait-based mixtures were developed based on specific leaf area, seed mass and
grass-to-legume ratio.
There was no negative effect of demolition bricks and soil textures or moisture on biomass production. Acid-treated clean,
porous bricks improved biomass production of the standard mixture and the intermediate mixture, while the effect was minimal
with demolition bricks. Designed seed mixtures had biomass like the standard mixture under dry conditions but did not benefit
from high moisture. In conclusion, bricks are a useful additive for restoration substrates, and regional grassland mixtures can
replace standard mixtures on these substrates.
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The EU extractive sector commits to species protection within spontaneous temporary
habitats in its active quarries.
Dr Shane Sparg1 and Dr Carolyn Jewell2
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Dealing with the European legislation on species and habitat protection is at most part challenging. Therefore, to
avoid non-compliance, actions to “keep-out” biodiversity from active quarries are sometimes favoured. However,
this is counter supportive of the conservation actions for which derogations (special conditional permits) were
intended. HeidelbergCement and BirdLife Europe have been working in partnership since 2011 to achieve better
protection of biodiversity at extraction sites. Through this collaboration, a joint pledge was established within the
European Extractives Sector in dealing with derogations around temporary habitats. CEMBUREAU,
EUROGYPSUM, UEPG and BirdLIfe Europe have committed to a Code of Conduct with a principle to provide
a workable and legally certain framework in tackling derogations that is mutually beneficial to both the actors in
the sector and for biodiversity conservation. The derogations framework ensures that progress towards nature
conservation objectives is not jeopardised, while allowing economic developments that meet the criteria set out in
the Directives to proceed. The Code of Conduct considers a tailored approach to the derogation for the different
stages of the quarry’s life and highlights how temporary nature in its form of dynamic habitats requires
consideration when managing certain groups of species within the quarry.
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Restoration of a fen affected by an oil spill
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A train transporting oil product derailed in the Grande plée Bleue peatland in Lévis, Québec. Oil spilled from some tankers in
a fen to the north site of the track. Most of the oil was recovered by pumping but part of the oil was absorbed by the peat soil.
A restoration plan involving the replacement of the surface peat layer and the restoration of the vegetation was implemented in
2014. The objectives were to rapidly establish a plant cover and to initiate a process leading to a treed fen.
The fen peat was excavated to an average depth of 47cm over an area of 1,284m2 and was replaced by bog peat from a nearby
peatland used for horticultural peat harvest. The revegetation approach comprised collecting and spreading a mix of plant
fragments collected in a pristine bog and a restored bog, sowing a seed mix composed of 4 wetland species with a wide range
of growth conditions and planting trees and shrubs species. The site was covered by straw mulch prior the plantation. Plant
establishment was monitored over 5 years in permanent plots and survival of all planted tree and shrub was assessed.
Both objectives were met. The site was totally covered by a dense plant community dominated by graminoids 2 years after the
restoration. After 5 years, shrubs and forbs are expanding and planted trees are growing, suggesting that the site evolves toward
the original treed fen vegetation.
Un train transportant des hydrocarbures a déraillé dans la tourbière Grande plée Bleue à Lévis, Québec, entrainant le
déversement d’hydrocarbures dans un fen au nord de la voir ferrée. La majorité des hydrocarbures a été récupérée par pompage,
mais une partie s’est infiltrée dans la tourbe. Le plan de restauration qui a été développé puis appliqué en 2014 comprenait le
remplacement de la tourbe de surface et la restauration du couvert végétal. Les objectifs étaient d’établir rapidement un couvert
végétal et d’amorcer un processus menant au retour à un fen boisé.
Une profondeur d’environ 47cm de tourbe a été excavée sur 1 284m2 et remplacée par de la tourbe provenant d’un bog utilisé
pour la récolte de tourbe horticole. La méthode de végétalisation comprenait l’épandage d’un mélange de diaspores de plantes
provenant d’un bog et d’une tourbière restaurée, l’ensemencement d’un mélange de graines de 4 espèces de milieux humides
et la plantation d’arbres et d’arbustes. Le sol a été couvert d’un paillis avant la plantation. La végétation a été caractérisée dans
des parcelles permanentes pendant 5 ans et la survie/mortalité a été évaluée pour tous les individus plantés.
Les résultats montrent que les deux objectifs ont été atteints. Un couvert végétal dense dominée par les espèces graminoïdes a
complètement colonisé le site après deux ans. Cinq ans après les travaux, les arbustes et les plantes latifoliées étaient en
expansion et les arbres en croissance, ce qui suggère que le site évoluera vers le retour à un fen boisé.

Use of Biosurfactants and Microbial Degradation to Enhance Remediation of Crude Oil Contaminated Soils
in Wetlands and Coastal Marine Ecosystems
Hydrocarbon pollution of coastal ecosystems of the Nigerian Niger-Delta has resulted in the loss of
biodiversity, deaths of marine animals and the destruction of arable land. Biodegradation of petroleum is
influenced by several factors that include environmental conditions, oxygen, availability of nutrients and
access to substrate. In nature, the regulation of environmental factors may prove difficult hence the need to
enhance substrate availability for microbial degradation such as through the use of biosurfactants. In order
to assess the efficiency of biosurfactant application and the utilization of indigenous microorganisms for the
restoration of petroleum hydrocarbon contaminated soils in the Niger-Delta, close-to-nature surfactants
BioVersal FW and QF were used and compared with the efficiency of indigenous microorganisms in the
mineralization of petroleum. Degradation experiments were conducted at room temperature range of 20°C
to 25°C under aerobic condition after the addition of nutrients, close-to-nature surfactants and microbial
consortia to polluted soil samples. Microbial consortium isolated from the study area were grown on
Bushnell Haas Agar using crude oil containing mainly mid- and high boiling hydrocarbons fractions prior
to experiment.
After 28 weeks of experiment 75-84%, 62-70% and 70-87% mineralization of petroleum hydrocarbon were
observed in polluted soil when treated with microbial consortium, surfactants only and combination of
microbial consortium with surfactant respectively. Considering the results obtained, the combined use of
indigenous microorganism and biosurfactants proves most efficient. The production of biosurfactant from
indigenous microorganisms will impact massively in the restoration of the coastal ecosystems of the
Nigerian Niger-Delta.

Use of Organic Matter Amendments in Wetland Mitigation: Field and Lab Studies
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Mitigation and restoration projects generate new wetlands, which are internationally protected by the Ramsar Convention and
a no-net-loss policy in the United States. Although worldwide losses have slowed, turnover rates continue to be high. Studies
show that new wetlands often differ in structure and function from the natural wetlands they are replacing. Organic matter
amendments are often used, in some cases required, in wetland construction projects. We are evaluating various doses of five
organic amendments: composted yard waste, wood mulch, manure, biosolids and hay. We have established a total of 44 plots
and are monitoring the effect on hydric soil indicators using the three standard methods: Eh/pH; α- α dipyridyl and IRIS
(Indicators of Reduction in Soils) films. We are also monitoring biogenic gas production as well as other parameters. Early
indications show that organic matter amendments do not affect the development of hydric soil conditions. Hydric conditions
develop in response to hydrology only. The organic amendments however did show other benefits, including the relief of soil
crusting that was preventing new shoot growth. Early indications suggest some amendments may significantly increase methane
and nitrous oxide emissions. There are many objectives in site mitigation, so recommending a particular strategy such as organic
matter soil amendments may depend on the desired outcome. Using results from our field study, and a companion lab study,
we highlight some of the potential benefits and pitfalls of using organic amendments to restore wetlands.

Suggested Topic and Theme:
Restoration approaches for different biomes/ecosystems
Restoration of wetlands and aquatic ecosystems

Wetland Reclamation as a Wetland Replacement Option at a Surface Coal Mine in Central
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In 2013, the province of Alberta released a new Wetland Policy that provided the opportunity to use wetland reclamation as an
approach to compensate for natural wetland loss associated with surface mining activities. For new surface mining activities
approved after implementation of the policy in the Settled Area of the province (1 June 2015), there was an expectation to
provide wetland replacement for all permanent wetland impacts that could not be avoided or minimized. While a variety of
replacement options were made available, some mining operations decided to develop reclaimed wetlands as part of their
overall reclamation requirements under the provincial Environmental Protection and Enhancement Act (EPEA). This
presentation describes the development of the Wetland Compensation Plan for Highvale Mine, a coal mine in central Alberta,
as a requirement under its Water Act Approval and development of the associated Wetland Reclamation Monitoring Program
required under its updated EPEA Approval. Wetland reclamation at this Boreal Transition Zone location has focused on
creation of graminoid marshes and shallow open water wetlands, which are the predominant natural wetland types impacted
by this mine. Annual monitoring of reclaimed and nearby reference (i.e., natural) wetlands began in 2018 to determine if a
variety of wetland functions (e.g., floristic quality, vegetation biomass, water quality and wildlife habitat) in reclaimed wetlands
are on a trajectory to approximate the same functions measured in reference wetlands. Initial results over the past two years
show a promising trend that wetland reclamation can be a viable wetland replacement option.

“Proteger”: a sustainable soil bioengineering project for riverbank protection in the Caribbean.
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To respond to societal needs on erosion risk prevention and to guarantee the safety of human investments,
local authorities must carry out works to protect the banks of watercourses and the slopes of gullies. These
constructions are usually made of civil engineering mostly pure or concrete riprap. These techniques have a strong
negative impact on riparian ecosystems. Soil bioengineering represents a softer and environmentally friendly
option. In the Caribbean islands biodiversity hotspot, the natural flora of riverine network system has hardly been
studied and native species are still poorly used in soil bioengineering. The lack of knowledge of the structure of
riparian flora and the need for their restoration in Guadeloupe led to the emergence of the “Proteger” project in
2015 to develop and promote soil bioengineering techniques on riverbank of this territory and around. The first
phase of this project (2016-2018) aimed to describe the riparian plant assemblages, and to identify the most
suitable local species to maintain riverbanks. The second phase of the project (2019-2022) consists in controlling
the multiplication of these species. We conducted a first ex situ experiment aiming to evaluate the vegetative
propagation potential of cuttings from thirty-two native species. Experimental conditions were compatibles with
soil bioengineering works settlement. Our results indicate that among the selected species, propagation of three
trees, four shrubs and three herbs species can be controlled in low tech conditions, allowing the development of
soil bioengineering techniques in Guadeloupe and in the Caribbean.

A multidisciplinary dialogue Towards an Ecological Landscape:
Linking people, practices and projects in ecological restoration beyond boundaries
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In India, practice of ecological restoration is an emerging field and primarily involves ecological experts.

Landscape

Architecture as a profession in India is relatively well established and mainly focuses on creating preferable outdoor spaces
for human beings. Increasingly, Landscape Architects in India are exploring the practice of ecological restoration either as
significant typology of projects or as a dove-tailed design approach in the human-centric space design in the profession.
A multidisciplinary interaction comprising of ecologists, landscape architects, horticulturists, real estate developers,
architects, planners, land owners, etc. in the domain of ecological restoration is comparatively less explored in India. Till
2015, there was no such formal platform. The present paper/presentation elaborates ‘Towards an Ecological Landscape’
(TEL) in India, an academic initiative at Center for Ecological Landscapes (CEL) at Dr. Bhanuben Nanawati College of
Architecture for Women, Pune, India (BNCA). Started in 2015, with an objective to encourage the propagation of landscape
restoration practices amongst landscape architects, it involves sharing of experiences by various stakeholders through their
implemented projects, and published research. TEL addresses the need to connect multidisciplinary domains, people and
professionals as stakeholders of in an ecological approach in landscape design well-being. The geographical focus has been
Pune and the region of Western Maharashtra with the belief that for actual collaboration and cross fertilization between
people physical proximity is an important factor. Additionally a facebook page, whatsapp groups and a youtube channel
encourage continued interaction and learning.
The present study elaborates on how these events and the use of social media has enabled a wider outreach and greater
collaboration amongst multi-disciplinary professionals, educators, and the student community. The paper emphasizes that the
process of linking people, practices and projects as a significant step towards inspiring more in ecological restoration projects
to happen in India in real-time. The intended outcomes of this continuous and consistent dialogue between various fields
sharing common concerns about ecology centric approaches and its relation with people and their everyday life were
documented through interviews, feedbacks and surveys. The multidisciplinary collaborations between the participants as an
outcome were also analyzed in the present study. This paper presentation intends to share the modular, scalable and
multipliable idea of propagating the practice of ecological restoration in India with a specific focus on Landscape Architects,
its inception, the structuring of themes and activities and, its tangible and intangible outcomes.
Key words: ecological landscape, ecological restoration, Landscape Architecture, multidisciplinary collaborations
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When planning a restoration project, it is easy to overlook the importance of selecting the right native plant material (seeds,
cuttings, and container stock). Oftentimes this happens because plant materials are scarce or species selection is lacking, so
restoration practitioners simply choose what is available. This can result in the use of non-native species, a plant palette that is
not biodiverse, and native species that are adapted to a different environment than that of the restoration site. Plant material
access is a problem for any restoration project with goals of increased success at reduced costs. For U.S. government agencies
who purchase over $10 million and 2+ million pounds of seed annually, solving this problem is critical.
In the U.S., federal government agencies and their partners in the Plant Conservation Alliance are collaborating to increase the
supply of native seeds for restoration through the National Seed Strategy for Restoration and Rehabilitation to get the right
seed in the right place at the right time. The Seed Strategy charts a course to increase private and public sector coordination
across the United States on native plant materials development, thereby accelerating the pace and scale of ecological restoration.
This poster will illustrate outcomes in the first five years of this nationwide effort to build a reliable supply of native plant
materials, conduct restoration, and is creating momentum toward ensuring biodiverse locally adapted native plants are available
to meet the needs and scale of disturbances across all ecoregions.

Allelopathic Native Plants: A Novel Tool in Forest Restoration
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Less than 5% of the Tamaulipan thorn forest remains in the United States and the prevalence of invasive grasses greatly reduces
the success of restoration in this ecosystem. To improve the efficacy of restoration efforts, native plant allelopathy may have
the potential to be an effective tool and was examined for the ability to exclude or limit invasive guineagrass (Megathyrsus
maximus) in south Texas. Selected native species were tested for allelopathy in laboratory bioassays to examine the effects of
leaf extracts on the germination process and initial seedling growth, then evaluated in pot experiments for the ability to increase
grass stem mortality and reduce grass growth. In the field, the most promising species were evaluated as mulch for the reduction
of guineagrass cover and growth. Several allelopathic species were identified. Mulch from Zanthoxylum fagara almost entirely
excluded guineagrass whereas mulch from Ehretia anacua and Vachellia schaffneri reduced grass growth. This suggests that
strongly allelopathic native species can be a useful tool in restoration sites where invasive plants are an impediment; the use of
allelopathic mulch or large proportions of allelopathic species in the planting mix may be an advantageous approach.

An Alternative Planting Approach at Acreages Surrounding Saskatoon, Canada
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In the past 25 years, acreages around Saskatoon, Saskatchewan have been increasing, where stakeholders
plant turf grass and tree rows of non-indigenous species, further reducing the remnant range of biodiverse
grasslands historic to the region. In the Hamlet of Beaver Creek, 14 kilometres south of Saskatoon,
however, remnant prairies and their trophic webs still exist within a stabilized dune complex. Working
with local community members at three separate lots in Beaver Creek, we are developing habitat plantings
of indigenous plants using propagation methods and locally sourced plant material to: 1) enhance
biodiversity through habitat creation and better practices, 2) increase habitat connectivity, and 3) engage
and inform stakeholders of natural ecosystems in their local region. Initial implementation trials have
undergone initial plantings, including shrub, coarse woody debris, and direct seed plantings to a treed
shelterbelt, a biodiverse shrub community using live stake cuttings, and an invaded grassland community
treated with live stake cuttings and direct seeding. The plantings address absent vegetative layers of
previously established plantings for improved local ecosystem functioning, and consist of 5-10 carefully
selected species at each site based on availability, suitability to site conditions, and applicability for each of
the planting methods. Recognition of grassland species struggling after habitat destruction is increasing in
our partners with participation and education, such as through learning about associations between birds
and the invertebrates they forage on for reproduction. We discuss the collaborative and on-ground methods
here, and review the development of community engagement and education as pivotal aspects of ecosystem
restoration.

An Integrated Approach Via Ecology, Fluvial Geomorphology and Nature-Based Solutions as A
Restoration Path in An Amazonian Stream Disturbed by Silt And Clay
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Silting due to mining activities may cause loss of biodiversity and ecosystem services in streams. The aim of this research was
to evaluate the environmental integrity and test restoration methods through nature-based solutions (NBS) in an Amazonian
stream disturbed by fine sediments in Carajás National Forest (Brazil). An integrated assessment of fluvial geomorphology and
limnological characteristics was carried out in search of remaining habitats and priority areas for restoration. Experiments were
carried out to reduce the runoff of fine particles by litter addition, and to search for riparian species capable of developing
vegetative propagation on disturbed soil. Over 5 km downstream from the mining area, there was a reduced diversity of benthic
organisms and minerals in the riverbed. However, from the third kilometer downstream, greater canopy cover, less fine
sediment deposition were found in the channel. The semi-confined areas (up to 3km downstream the mining area) were
characterized by reduced longitudinal slope, fragmented forest, thick layer of silt and clay (average = 35cm) in the sediment,
buried microhabitats on the riverbed, thus highlighting the areas that demand priority recovery actions. Two riparian species
were found capable of developing in silty-clayey soils, and it was observed the potential of using suspended wood in the water
as microhabitats for macro-invertebrate colonization. It was also observed that the addition of coarse litter on the soil reduced
runoff, turbidity and TSS, showing that the interventions regarding NBS tested on an experimental scale in this research can
be suggested as actions for a restoration program.

Ants: bioindicators of ecological restoration in small Andean forest patches in Bello, Colombia
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In the San Felix district (Bello, Colombia; 2510 masl, average 17ºC), cattle ranching and agriculture are predominantly
developed; such agricultural systems have drastically reduced local biodiversity. Chemical insecticides (especially the one
known locally as "Lorsban") have severely affected local ant species. Most studies focused on this group have been conducted
in large areas or sites undergoing large-scale restoration processes. This diversity study was conducted at three sites with
different degrees of conservation, as well as at the boundaries between them, within a small patch of forest (1 ha), as follows:
1) a natural forest relict, 2) a secondary forest restored since 2015 using stakes and seedlings, and 3) a pasture frequented by
cattle. Ten pitfall traps were set for 48 hours and 50 protein baits for 90 minutes in each site, and direct collections were also
made for 60 minutes. The samples, preserved in 70% alcohol, allowed the identification of approximately 1200 individuals
belonging to 10 genera representing the subfamilies Dolichoderinae, Ecitoninae, Formicinae, Myrmicinae and Ponerina.
Generalist species were identified, dominant in grasslands and edges, while in natural and restored forests, there was less
diversity and fewer cosmopolitan species, but more specialists. Small-scale restoration seems to favor myrmecofaunal
communities associated with mountain ecosystems with better conservation status, which seem to allow more complex
assemblages to be protected from pesticides.

Application of different strategies for eradication of invasive alien plant species from Natura 2000
sites in the Maltese Islands.
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Anthropogenic impacts on natural habitats are a major concern for the Maltese Islands. A huge burden arises from intentional
or casual introduction of invasive alien plant species (IAPS) in Natura 2000 sites. IAPS are invasive to different degrees,
depending in part on propagule pressure. For certain IAPs, removal is not so straightforward and different strategies have to be
employed in their eradication. It is imperative to identify the strengths and weaknesses of the IAP, weaken the plant to reduce
its growth, collect propagules and reduce dispersion, as well as eradicate seedlings.
A comparison of the different strategies employed for the removal of two IAPs has been explored for different sites in the
Maltese Islands. Cardiospermum grandiflorum growing in a dry water course valley is being effectively controlled by cutting
off the thick main stems at ground level and collecting seed capsules when still soaked with rain or dew thus reducing seed
dispersion, as well as visiting site at regular intervals to uproot seedlings especially after periods of conditions favourable to
seed germination. By comparison, eradication of Agave spp. starts by systematically removing mother plant leaf blades by
cutting at their bases followed by removal of suckers. Concurrently, the timely removal of developing or mature inflorescences
and collection of parthenogenic plantlets can lead to effective control and eradication. Management effectiveness is assessed
from decreased propagule pressure, reduced area coverage by IAPs and increased regrowth of the suppressed indigengenous
vegetation occurring on site.

Cardiospermum grandiflorum

Agave sisalana before intervention

Before intervention

Propagules

After intervention

After intervention

Assessing 10 years of tropical peatland rewetting efforts through trends in hydrology, vegetation
and fire environmental monitoring data
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In their natural state, tropical peatlands in Indonesia are covered by dense and biodiverse tropical peat swamp forest, and, with
up 10 m of peat stored beneath the surface, offer a wide range of ecological services. However, due to extensive drainage,
logging, and conversion to plantations and agriculture over the last 40 years, more than 70 % of Indonesia’s tropical peatland
have lost their forest cover and the peat is oxidizing through exposure and drainage, and combusting through near annual fire
events. Across a peat dome in Central Kalimantan, an extensive environmental monitoring campaign was established in 2010
and has continued to record annually to date. It covers an area of 120,000 ha, with over 400 dipwells across 70 km of transects,
96 permanent vegetation monitoring plots, and fire and fuel load monitoring across the area. During this time, there has been
canal blocking, reforestation, fire management and alternative livelihood restoration efforts. There has also been two years of
extreme drought and fire during this 10-year period, and peaks in illegal logging activity. Work has now begun to establish a
restoration activity database – recording activity, year, location, and current status of all efforts across the area. We aim to
analyse what long-term trends are visible in the hydrological, vegetation and fire data in response to the canal blocking
interventions. We hope this review will provide important guidance as to which interventions have the greatest sustainable
impact and success.

An Ecological Restoration Information Archive to Support Collaborative Learning and Increase
Effectiveness of Restoration Efforts
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Ecological restoration is a young and dynamic field based on the applied science of restoration ecology. Many restoration
projects meet their goals; however, a large number of projects do not. Opportunities are limited for sharing information
regarding both effective and ineffective techniques. Scientists, practitioners and project planners all have a need for readily
available information. An archive of ecological restoration project data and documentation, including critical data used to
assess effectiveness, is one solution.
A comprehensive ecological restoration (ER) information archive containing standardized data would support evaluation of
the efficacy of distinct approaches and tools across projects and techniques. A centralized archive or database would facilitate
reporting and dissemination of lessons-learned. Access to such a public database would allow project planners to leverage a
growing archive of ecological restoration project documentation and other information needed to facilitate the effective
design of new projects. The ultimate goal of an ER information archive is to improve the delivery and effectiveness of
restoration efforts. The restoration community would see an acceleration of innovations, resulting in improved restoration
actions by advancing the science of ecological restoration and improving the practice of restoration on the ground. An ER
information archive will support project evaluations conducted under adaptive management initiatives and support metaanalysis of projects and the identification of effective restoration actions.
This poster will provide rationale, considerations, and a proposed approach for development of an ecological restoration
information archive that can support collaborative learning in the field of restoration ecology and increase restoration success.

Assessing the Intraspecific Variation in Sphagnum Traits Across Ecological Scales
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Plant functional traits can be used to predict ecosystem function. Despite the global significance of Sphagnum for carbon
sequestration, Sphagnum functional traits have yet to be measured at global scales. Here we measure Sphagnum functional
traits across Canada for S. fuscum and S. medium – which both have a global distribution – to characterize the intraspecific
variability traits related to ecosystem function. Specifically capitulum density, capitulum biomass, stem biomass, and fascicle
density were measured. Six 1 m2 vegetation plots were established in 12 peatlands across Canada for each species
(n=72/species). To capture the ecohydrological setting of each plot the ratio of hummocks to hollows and the percent cover of
all vascular species were measured. Site-scale mean annual precipitation, air temperature, and water table depth along with the
peatland type and the ecohydrological setting of each plot were used as explanatory variables for the variation in Sphagnum
traits. We compared the variance in traits across scales (between individuals in a quadrat, between quadrats within a site, and
between sites) to determine the scale dependency of intraspecific trait variability. Variation in Sphagnum functional traits was
related to plot-scale ecohydrological setting, and climate.

Assessment of the Largest Impacts on Soil Infiltration for the Prioritization of Urban
Stormwater Management
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Increasingly urbanized watersheds are creating new challenges for stormwater management, as some relevant aspects of urban
hydrology are not well understood. Stormwater mitigation in urban watersheds is heavily reliant on limited areas of greenspace,
whose hydrological functionality is essential to the control of urban ponding and flooding. Due to the compacted and disturbed
nature of soils in urban greenspaces, their capacity for infiltrating direct precipitation and runoff from impervious surfaces is
important in reducing the impacts of stormwater flows in urban areas, but is often unknown without extensive field data.
Determining which physical factors can be used to best predict where soils have the least capacity for infiltration can help
managers determine where soils should be rehabilitated to increase their functional capacity and mitigate urban runoff. This
study examines the spatial distribution of soil infiltration rates across a humid, urban watershed near Raleigh, NC and which
factors have the greatest impact on predicting areas with low soil infiltration capacity. In this study, researchers measured soil
infiltration rates distributed throughout the watershed on minimally developed, residential, and highly developed land with
differing soil types, vegetation cover, and age since development. Preliminary results show that soil infiltration capacities are
most sensitive to land use (p<0.01). Estimations of land use may be available from local records or remote sensing data. The
use of this factor in urban watersheds can be used to locate opportunities for soil rehabilitation and increased stormwater
mitigation.
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Most of the restoration studies include aboveground parameters, and little is known about plant-fungi belowground interactions.
Even less studies evaluate what happens belowground when non-native invasive species invade and are controlled. A better
understanding of what happens belowground when restoring South American coastal vegetation may be useful to better plan
restoration. To fulfil this knowledge gap, we used restinga (sandy coastal vegetation in the Brazilian Atlantic forest) as a model
to investigate belowground parameters in communities under restoration. We evaluated the effect of controlling an invasive
pine tree (Pinus spp.) on fine root productivity and ectomycorrhizal rate (% of ectomycorrhizae) in restinga plant communities,
by collecting root samples in areas not invaded and invaded, and one where pine trees were controlled. The community’s root
biomass was lower in the invaded areas, showing that invasive species hindered the development of native species, and
therefore reduced the number of fine roots. The removal of the invasive species resulted in a lower ectomycorrhizal rate. This
may be related to the pine management, possibly because the exotic ectomycorrhizae (ECMs) were already decomposed while
the native ECMs have not yet colonized those roots. Invasive species control affected fine root productivity and ECMs root
colonization, confirming that these belowground interactions should be taken into account in ecological restoration.
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Provision of clean water represents a critical ecosystem service a watershed supplies to society based on its essential renewal
cycle and the complex network of ecosystem regulating functions, providing drinking water and creating economic and social
opportunities. The scientific community has linked such opportunities to detrimental impacts on the ecological integrity of
aquatic ecosystems with the warning of potential social-ecological loss and economical risk exposure if root causes are not
identified and consensually mitigated. Future interventions entail the use of a holistic social-ecological approach during the
decision-making process that will include, beside the traditional restoration activities, social adaptive processes, and the
impact of climate change. The social-ecological dynamics of Lake St-Charles (Quebec, Canada) result in a system too
complex to analyze with the traditional linear problem-solving method. We present a social-ecological tool to support the
resource management decision-making process, capturing the regulating processes affecting the ecological integrity of the
lake. The tool is developed using the “systems thinking” method to capture and explore the system complexity with the
support of a causal loop diagram (CLD). The tool capacitates the water governance and stakeholders to better understand the
complexity of the process regulating the ecological integrity of the lake. It also allows stakeholders to realize their
responsibilities, accountabilities, gains, and losses, fostering their collaboration in the identification of mitigating measures to
achieve more favourable future scenarios. Recent declines in the lake ecosystem’s health have been attributed to the
intensification of human activities and the delayed response of the watershed governance in introducing effective mitigating
measures to stop the progressive deterioration of the lake’s ecological integrity.
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Stormwater retention/detention ponds (SWRPs) are becoming an integral part of urban planning. In addition
to representing key infrastructure in managing the quantity and quality of urban runoff, SWRPs provide
additional essential ecosystem services. This study aims to (1) assess plant and invertebrate composition and
(2) identify the factors contributing to community composition and diversity in SWRPs.
This study included 54 SWRPs categorized as: dry turf/grasses, wet, wet with a water channel, and permanent
water. The specific richness of wet SWRPs was higher and encompassed more facultative wetland plant
species than for the three other types. Both wet and wet with channel SWRPs were the most diversified in
terms of both plant and invertebrate communities. A mantel test showed a correlation of 0.53 between plant
and invertebrate communities. Plant and invertebrate communities were influenced by proximal landscapes
(2000 and 500 m radius respectively), with higher diversity of wetland and woody plants favored by the
proximity of natural forests and wetlands.
Wet and wet with channel SWRPs are the infrastructure settings most likely to accommodate diverse
vegetation and invertebrate communities. However, our preliminary results suggests that plant communities
in grass/turf SWRPs attract pollinators due to the high abundance of flowers, while permanent SWRPs attract
dragonflies. Including diversity of SWRP types may be an appropriate strategy to maximize plant and
invertebrate diversity in urban and residential settings. Additional sampling is planned for 2021 where bird
and amphibian species will be assessed to supplement our SWRP biodiversity study.
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The Shetland islands archipelago form the most northerly part of the United Kingdom and are predominately covered by
Atlantic blanket bog. Shetland also plays a significant role in the UK’s oil and gas industry, which in 2010 resulted in the
construction of an onshore natural gas processing plant on an area of bog. In an effort to mitigate and minimize the impact of
the project all peat (approximately 672,000m3) was excavated from the site, and stored “wet” into purpose built storage
containers for safeguarding until such a time that the plant could be decommissioned, possibly several decades. At this point
the peat would be reinstated and the landscape ‘restored’.
To our knowledge peat has never been stored in such a way for use in future restoration efforts. It is unknown what
consequences the storage may have on the peat properties and on processes that play a pivotal role in regulating peatland
function. Here we present results from our comparison of belowground processes ( carbon and nutrient turnover, tea bag index
and extracellular enzyme activity) between the peat store and a nearby reference bog. We will put these results in context with
other constructed systems and discuss implications for future restoration.
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At a latitude of 60° north, the Shetland islands archipelago form the most northerly part of the United Kingdom and play a
significant role in the north sea oil and gas industry. In 2010 construction began on the Shetland gas plant, an onshore natural
gas refinery receiving gas from offshore wells. Shetland also represents one of the densest areas of peatland cover in the British
Isles and as a result the site selected was one of Atlantic blanket bog. In an effort to mitigate and minimize the impact of the
project all peat (approximately 672,000m3) was excavated from the site, and stored “wet” into purpose built storage containers
for safeguarding until such a time that the plant could be decommissioned, possibly several decades. At this point the peat
would be reinstated and the landscape ‘restored’
One benefit of storing the peat in such a way is that its carbon (C) is protected from oxidation and release back into the
atmosphere for as long as it is stored. This could prove it a useful tool for mitigating carbon losses on other future unavoidable
developments on peatland systems. However, it also required an investment of carbon intensive materials and processes such
as concrete and earthworks which raises the question, from a C perspective: was it worth it? We modified an existing framework
for calculating the carbon costs of infrastructure development on UK peatlands to estimate: 1) the C cost of building the peat
stores, 2) the number of years it would take to payback the cost if peatland restoration is implemented successfully over the
site footprint and 3) the area of peatland that would need to be restored in the present day to offset the C cost of the peat store
construction at once.
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Canada’s boreal forest is an area rich in resource development including oil and gas, forestry, mining, and utilities. It is also an
area dominated by complex and interconnected wetlands which frequently intersect with industry activities. Wetlands are
critical to the ecological health of Canada’s boreal; however, these complex and diverse ecosystems are often poorly understood
and difficult to identify leaving them susceptible to the impacts of industry activities. Identifying boreal wetlands and
understanding their functions is key to supporting wetland avoidance, minimizing potential impacts and supporting wetland
conservation and restoration. Despite their importance, there are few wetland training opportunities geared towards
practitioners (e.g. land managers, planners, on-the-ground contractors, etc.). In this poster we present collaborative approaches
designed to fill this gap. We show how online, classroom and field-based approaches can be used to teach wetland identification
and classification skills and to share tools (e.g. wetland mapping, best management practices, etc.) to avoid and minimize
potential impacts to boreal wetlands. Using a case study, we demonstrate how wetland education and outreach allows for twoway knowledge exchange, providing opportunities to share knowledge and experiences relating to wetlands and the activities
that impact them. Reaching all levels of practitioners working across different industries, levels of government, and other
stakeholder groups is needed to ensure wetlands are captured as part of strategic and operational planning, construction,
maintenance, and reclamation activities. Facilitating training and knowledge exchange can help achieve shared goals of
maintaining wetland functions.

Bringing back the herds: Life Cañadas, an ecological restoration project to recover the drove
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Drove roads (DRs) are the traditional routes used by herders and livestock for their seasonal movements in search of the most
productive pastures. Spanish DRs have suffered a progressive abandonment and ecological degradation, threatening the
relevant role of DRs as ecological corridors. LIFE CAÑADAS project aims to restore and recover the functionality of some
DRs to enhance their role as providers of connectivity between Natura 2000 sites, within a predominantly agricultural matrix.
Our study area comprises the DRs network of Madrid, which is mostly characterized by the lack of use by transhumant
livestock and the subsequent deterioration.
Prior to the development of the restoration actions, we performed an initial diagnosis and sampling. Three categories of DRs
were established according to their ecological state: (i) reference (assumed to be adequately grazed and maintained) (ii)
abandoned (no livestock use, with biomass accumulation) and (iii) eroded drove roads. DRs were sampled during 2020, to
determine plants and arthropods diversity, but also soil physico-chemical characteristics, litter decomposition rate and
enzyme activity. Furthermore, social perception surveys were developed in the vicinities of the selected drove roads, to
gather information on local knowledge regarding these green infrastructures.
The main actions to restore those drove roads categorized either as abandoned or eroded involve ploughing, limiting access,
as well as the use of local sheep and goat herds to graze and defecate in both degraded plots. Several stone walls were also
installed to promote habitat heterogeneity, and native species seeds were sown.
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Wetlands play particularly important roles in the global carbon cycle through their fluxes of CO2 and CH4, two major
greenhouse gases. Expanding anthropogenic influences have accelerated the degradation of wetlands, creating demand for
restoration. Today, relatively young restored systems can make up a significant portion of wetland landscapes, thus
understanding how restored systems function and differ from natural systems is increasingly important. Here, we explore
carbon fluxes in restored freshwater wetlands and compare those to natural systems of varying ecological condition. We used
non-steady state methane chambers to sample greenhouse gas fluxes from restored and natural wetlands in central Ohio, and
quantified carbon sequestration using radiometric (137-Cs, 210-Pb) dating. Wetland condition was verified using the Floristic
Quality Assessment Index; high condition wetlands had mean FQAI values of 21.2, compared to 12.0 at low condition sites
and 12.5 at restored sites. High condition natural sites had the highest methane emission rates; 13.4 mg/m2hr versus 5.9 mg/m2hr
in restored and 2.7 mg/m2hr in low condition sites. Conversely, we found that low condition wetlands had higher soil carbon
sequestration rates; 85 gC/m2yr compared to 8 and 42 gC/m2yr in higher condition and restored sites, respectively. Our results
suggest restored wetland carbon flux rates are intermediate between high and low condition natural sites, and indicate that
restored systems may not contribute disproportionately to wetland greenhouse gas emissions. Thus, our findings support
restoration initiatives and emphasize wetland ecosystems’ potential for climate mitigation.
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Woodland caribou (Rangifer tarandus caribou) are a threatened species federally and provincially in Alberta. Habitat
restoration is critical to maintaining suitable habitat to support healthy populations. Current reclamation criteria in Alberta do
not support practices that facilitate the restoration of low productivity black spruce and lichen-dominated ecosystems which
are important predator refuge and foraging habitats for caribou.
At a steam assisted gravity drainage (SADG) facility in northeastern Alberta, a trial
program was developed to recover caribou habitat on six oil sands exploration well
(OSE) sites in bog or fen habitats. Well sites underwent habitat restoration in 2014
with each site split into quadrants with four treatment types:
•
•
•
•

Inverted mound, planted with seedlings and transplanted lichen mats
Non-inverted mound, planted with seedlings and transplanted lichen mats
Planted seedlings and transplanted lichen mats
Control area with no mounding, planting or lichen transplantation

Success of the treatments was measured by health of lichen mats, height and density
of seedlings, and overall ground cover of vegetation species over a five year postTreated Oil Sands Exploration Well site
treatment period. Positive results have been recorded over three monitoring events
with mounding treatments returning the OSE wells back to conifer cover habitat
more quickly measured by height of planted and naturally regenerating seedlings. Density of seedlings have surpassed
recommended reclamation targets. Lichen transplants performed poorly across all treatment types. Natural regeneration of
graminoid species was highest and coverage of woody shrub species was lowest in mounding treatments compared to the
control and planting only treatments.
Key words: woodland caribou, peatland restoration, seedlings, lichen
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Vernal pools are isolated, ephemeral wetlands that provide breeding habitat for many amphibian species. This presentation
discusses challenges associated with restoration of vernal habitat at an industrial site. Ramboll US Corporation (Ramboll), a
multidisciplinary engineering, design and environmental consultancy, is assisting with mitigation of vernal habitat at an
industrial redevelopment site along the Delaware River, in New Jersey, USA. In the 1970s, an aboveground storage tank and
a containment basin were constructed. Following removal of the tank in the early 1990s and subsequent lack of maintenance,
the feature developed into an isolated wetland supporting several vernal dependent amphibian species: wood frog (Lithobates
sylvaticus); spring peeper (Pseudacris crucifer); and American toad (Anaxyrus americanus). The basin and surrounding
landscape were located in a previously industrial area comprised of significantly degraded habitat. Considering the basin
location and overall redevelopment project, avoidance and minimization of impacts was not practicable, and mitigation was
required.
Ramboll designed an onsite vernal habitat mitigation project located adjacent to a large forested wetland complex away from
the main redevelopment area. The mitigation posed several restoration challenges: (1) accessing the remote mitigation area;
(2) removing invasive vegetation; (3) grading with net zero cut and fill; (4) establishing native vegetative communities; (5) and
creating suitable habitat for the desired species. The final design was selected to maximize benefits for vernal species through
the establishment of breeding pools, restoration of vegetation, and protection of dispersal habitat. Construction was completed
in April 2019 and is now monitored to determine the project’s success.
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Peat restoration is a top priority in Indonesia because of the peat fires that impact the health and economy of local and regional
communities. The Indonesian Peat Restoration Agency (BRG) was mandated to restore 2 million hectares of degraded peatland
by 2020. To improve successful and cost-effective restoration approaches and adapt and refine existing techniques, peatland
restoration needs to be meaningfully monitored and assessed. The Flux and Chameleon Project uses a series of Chameleon soil
moisture sensors to directly measure peat water dynamics continuously. This technique empowers researchers, the government
and Indonesian society to monitor and assess the success of peat restoration, specifically the extent of peat re-wetting, and,
when dry, the risk of peat fires. The Chameleon measures soil moisture at 3 depths (in this study10, 25 and 40 cm) and the soil
temperature at one depth (in this study 10 cm). The Chameleon installation has been running for 13 months to December 2019
and early results have shown that the method is viable in this ecosystem, and has received strong positive responses from local
government and community stakeholders. The use of this technique to measure water moisture within the degraded tropical
peatlands can play a direct role in improving fire management and prevention, monitoring the success of re-wetting efforts of
the peat, and support Indonesia in mitigating climate change. All data is presented in the form of color tables which provides
information of all depths and can be accessed via https://via.farm/visualisefarm/351/.
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Forest fires are one of the main factors of degradation of ecosystems. The areas with the highest incidence of fires are called
critical areas; their identification is useful to delimitate zones for management, restoration and conservation actions. Here, we
evaluate the relationship of the incidence of fires with the change in land cover and use in critical areas of forest fires to plan
restoration actions. Morelos state is located in central Mexico where forest fires occur due to natural and anthropogenic causes.
To determine the types of vegetation affected and the causes related to these fires, a 10-year period was analyzed using national
fire inventories prepared by the National Forestry Commission (CONAFOR) and GIS tools. Two types of vegetation were
identified as affected by the fires: pine forests and dry forest, which are the ecosystems with the largest area in the state. These
two types of vegetation occur mainly in two municipalities Huitzilac and Tepoztlan where critical fire areas are mostly
concentrated. In Huitzilac the critical areas are in the pine forests with a total of 1.9 ha. In the municipality of Tepoztlán the
critical areas correspond to dry forest with a total area of 7.1 ha; there, forest fires have been recurrent for up to 4 consecutive
years. The main causes of fires have been the change in land use due to mining activities and agricultural.
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Loss of ecosystem engineers, such as oysters, create cascading effects through a community by decreasing critical habitat
leading to substantial losses of biodiversity. To reverse the global decline of oyster reefs, numerous methods for restoration
have been developed. However post-restoration monitoring usually focuses only on oyster abundance and does not document
changes in trophic dynamics. Evaluation of species diversity and community interactions are needed to better understand
community development post-restoration and the true value of restoration activities as related to ecosystem services,
particularly for fisheries and eco-tourism activities. We present a framework for incorporating trophic interactions into
success metrics of oyster reef restoration in Indian River Lagoon, Florida, USA. Post-restoration monitoring was conducted
at restored and control oyster reefs before restoration and seasonally for three years post-restoration by an interdisciplinary
team of scientists. Biological data included oysters, infauna, macroinvertebrates, fishes, and birds and physical data on
hydrodynamics and nutrient fluxes. We used this comprehensive dataset to evaluate recovery of community structure over
time, from the base of the food chain to apex predators. Trophic structure developed from the bottom up, with majority of
species utilizing restored reefs during first three years representing primary (48%) and secondary consumers (46%). Both
trophic levels were largely comprised of generalist and opportunistic foragers, with detritivores representing the most
common foraging strategy. Increasing trends were observed in abundances and species richness with time since restoration
and influenced by increased habitat quality from oyster recruitment and growth and abundances of lower trophic levels postrestoration.
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Recent work has suggested that microbial assemblages within wetland ecosystems may serve as bioindicators for the restoration
of wetland functions, as microbes make direct contributions to nutrient retention, cycling, and redox potential within soil. Our
project seeks to understand patterns of microbial assemblage structure and function across federally restored agricultural
easements as part of the USDA Natural Resources Conservation Service (NRCS) Wetland Reserve Program (WRP) in western
Tennessee and western Kentucky, within the greater Mississippi Alluvial Valley. Our lab has developed a novel methodology
for collecting microbial assemblages from soil cores, allowing for fine-scale spatial analysis within the organic layer of wetland
soils. The purpose of this study was to uncover broad to fine-scale spatial patterns and determine the contribution of microbial
assemblages to nitrogen (N) cycling within and among wetlands by developing diversity profiles from high-throughput DNA
sequencing data, measurements of soil geochemistry, functional N cycling genes (Beta amoA, Periplasmic nxrB, COMA amoA,
nosZ-I and nosZ-II quantitative PCR makers), and nutrient flux rates from soil core incubations. Comparisons of microbial
assemblages contained in the top and bottom of the organic layer, and among remnant forest, tree planting, and shallow water
habitats across eight restored wetlands will be done to investigate the forces driving spatial variation of community structure
and function across varying restoration practices among wetlands. This work aims to address temporal and spatial dynamics of
restored wetland soils in a multidisciplinary context to better link microbial processes with whole easement nutrient retention
and restoring wetland ecological services.
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Coral reef restoration employs sexual propagation to produce genetically diverse coral propagules by culturing
millions of larvae that can form aggregations upon settlement. However, little is known about the performance of coral
spat in different group sizes, especially during the early post-settlement phase, where high mortality occurs. Here, we
investigated the performance of Acropora verweyi juveniles in varying group sizes of spat aggregations. Specifically,
we examined the survival and growth rate of coral spat, with four group size levels: solitary spat, 2, 3-5, 6-9, and 1028, over 21 weeks post-settlement. The highest survival was detected in the 6-9 aggregated spat group followed by
the 3-5 and 10-28 groups, with lower survival in the 2-polyp group and solitary spat. Overall, 7.4% of the 338 coral
spat reared in ex-situ conditions survived up to the last 21 week monitoring. Growth rates were significantly higher in
the 6-9 and 10-28 group sizes (~0.016 mm2/week and ~0.042 mm2/week, respectively) than in smaller group sizes
(~0.002 to ~0.007 mm2/week). As expected, the mean surface area of solitary spat (~0.35 mm2) was two- to ten-fold
smaller than the larger aggregations. Results revealed that aggregations of at least six A. verweyi spat performed better
in terms of survival and growth rate, than small aggregations and solitary polyps, at least up to five months postsettlement. The increased colony size, especially in larger group sizes, may offer an enhanced survival for coral spat
during the critical early post-settlement. This outcome provides potential advantages for reef restoration using coral
larval propagation.

Creating Habitat: A Statewide Experiment for the Western Monarch (Danaus plexippus)
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The Western Monarch’s migratory population has dropped by over 90% in 3 years, putting the migratory phenomena in peril
in coming decades, if not sooner (Xerces 2020). Extinction is driven in part by loss and degradation of migratory and breeding
habitat. To increase habitat connectivity and fill knowledge gaps, River Partners established a project to enhance over 600 acres
of habitat across California. Collaboration among public agencies, academics and species experts led to prioritization of sites
where monarch habitat could be integrated into planned activities on existing restoration areas with irrigation infrastructure, as
well as areas with relatively low weed pressure, limited pesticide use on adjacent land, and overall state-wide geographic
representation. Experimental design considered habitat plot size, distance to water, and vertical structure, while milkweed and
additional pollinator plant densities are consistent across the large geographical range and differing ecotypes. Multiple
pollinator-visited plants were included at sites to floral landscapes with sustained flowering phenology. Responses to the
restoration experiment will take into account flowering diversity and examine patterns in pollinator abundance and diversity,
in addition to patterns of monarch egg deposition. This project design is novel with regards to its state-wide scale, collaborative
planning, and also transferability—our methods can be implemented on diverse restoration projects to support the recovery of
this imperiled species today.

Cultivars of popular restoration grass developed for drought do not differ in performance or drought-related traits
from other accessions
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Numerous functional traits, including various root traits, may be important contributors to plant performance under
drought. However, root traits are rarely considered in the development of plant materials for revegetation. In this
study, conducted at Colorado State University, we assessed whether cultivars of the perennial grass, Elymus
trachycaulus (Slender wheatgrass) developed for drought differ in (a) performance, (b) aboveground and belowground
traits, and (c) trait responses to drought from other cultivars and wild accessions. We also assessed trait plasticity to
determine which traits are most stable between high and low water conditions and thus promising candidates for future
study. Finally, we identified which suites of traits are related to a plant’s ability to maintain aboveground biomass
productivity under water deficit (i.e., drought resistance) which is vital to successful revegetation in arid systems.
Drought cultivars did not outperform other accessions in biomass production, nor did they clearly differ from other
accessions in traits related to drought-coping strategies. We found root diameter to vary little between moisture
conditions and observed few differences among trait relationships between moisture conditions. A primary axis of
functional variation related to resource acquisition (plant height, root length, root tips) was associated with
aboveground biomass production in both control and drought conditions.
As “drought cultivars” of E. trachycaulus did not outperform other accessions under drought conditions and do not
appear to possess superior traits for drought resistance, identifying new sources of the species for restoration of
drought-prone systems may be warranted.

Definition of reference ecosystems and succession trajectories from vegetation inventories as a tool
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Diego Mauricio Cabrera Amaya1
1

Vegetation researcher, Scientific Department of Jardín Botánico de Bogotá José Celestino Mutis, Colombia
dmcabreraa@unal.edu.co

Large unaltered remnants of wetlands and forests are virtually non-existent today in Bogotá and its surroundings. Hence, in
order to define theoretical reference ecosystems, I made 366 vegetation plots (50-100 m2) on wetlands, and exotic and native
grasslands, scrublands and forests (between 2500-3700 m a.s.l.), and run a Neighbor joining similarity analysis applied to
species cover to compare them. I run another similarity analysis with Ward's method using structure variables to find possible
states of structural complexity in the resulting groups of the first analysis, and therefore possible succesional trajectories of
them. This methodology assumes a space-for-time substitution approach to analyze the ecological succession.
I defined 15 floristic groups (reference ecosystems) and identified their indicator species (Fig1A). I found seven different
states of structural development, 4 for woody vegetation and 2-3 for herbaceous vegetation (Fig1B). I made a catalog with
the features of each reference ecosystem for each state of development (average, maximum and minimum values): 1)
Floristic (richness, diversity, composition). 2) Structure (bare soil, basal area, total cover and layer cover, number of
individuals). 3) Ecology (epiphytism, natural regeneration).
These results represent a novel input for future restoration plans at the ecosystem or landscape scale in the region because
include a wide range of ecosystems, can serve as a guide to design strategies and set goals, but at the same time they can
work as indicators of the success of the restoration actions implemented or as null hypothesis for testing validity of the
reference ecosystems and successional trajectories proposed.

Fig1. Cross similarity analysis of Bogotá vegetation. A) Floristic similarity: reference ecosystems. B) Structural similarity:
complexity and succession.

Delaying an ecological burn after clearing dense stands of invasive alien Acacia saligna
as a strategy to up-scale restoration efforts
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One of the challenges encountered when restoring critically endangered Sand Fynbos ecosystems invaded with
dense stands of alien Acacia saligna is an intact Acacia soil seedbank which poses high risks of re-invasion. The
resurgence is often stimulated and intensified by immediate use of fire to stimulate germination of residual
native seeds and to clear slash during alien clearing. This study explored the efficacy of delaying use of fire to
reduce the intensity of resurging Acacia after clearing, assuming the seed bank declined by 80% if left unburnt
for two years as reported in previous studies. Experimental plots were set up at a site cleared of dense Acacia
stands in 2017 but only burnt and sown with Fynbos seeds in 2020. There was no significant difference in
densities of Acacia seedlings recruited in sown and unsown plots. However, the percentage cover of Acacia
seedlings was significantly higher in unsown than in sown plots due to robust recruitment of annual native
species. Also, Acacia densities in delayed burn plots were lower than in plots burnt immediately after clearing.
Therefore, delaying burning after clearing Acacia stands, presents a scaling up opportunity provided the
seedbank depletes to manageable size.
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Design Process for Well-being:
A positive preventive strategy through conservation of landscape resources
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Landscape means natural and physical attributes of land, air, water and vegetation that change over time. ‘Landscape
Resource’ is an integrative ecological system which is applied to a group of resources within a spatial area and which
concerns humans, their values and well-being as a major part in the urban context. In the proximity of urban areas, the
degradation of ecology and associated process is a commonly observed phenomenon in Indian cities. The serene natural
landscapes in the city surrounds are constantly under pressure of insensitive large scale developments which happen
regardless of valuing the existing landscape resources and they impose irreversible damage to these valuable natural settings
rich in resources. Landscape Architects can play a crucial role in analyzing the ecological potential of the site through a
holistic landscape design process and a responsible design attitude.
The present paper emphasizes on the methodology derived as part of an academic design studio project at master’s level in
Landscape Architecture, titled as “Landscape as a Resource”. Through the academic studio, the proposed landscape design
project located on the hilly terrain on outskirts of Pune, a city in India, addresses the societal challenges of human health and
wellbeing of elderly community and its relationship with landscape resources in a real- life setting. Site survey, social
survey, field studies and literature review were the methods used to evolve the landscape design process. Inventorying,
mapping and appraisal of landscape resources based on values such as ecological, aesthetical and functional were also done
to formulate landscape design brief.
The studio outcome focused on giving landscape design solutions to create a holistic well-being, based on the ‘Conservation
of Landscape Resources’. The design process was evolved step by step and then employed as a positive preventive strategy,
intending to contribute to the well-being of users as well as the landscape and to reduce the future ecological degradation
associated with the proposed development on the given site.
Keywords: Landscape resource, well-being, ecological conservation and restoration, design process
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Detailed Wetland Mapping to Facilitate Wetland Conservation in Relation to Renewable Energy
Project Developments in the Parkland and Grassland Regions of Alberta, Canada
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Detailed wetland inventories are now required to comply with both the application and permitting stages of renewable energy
development projects (i.e., wind & solar) in Alberta. This need has become more apparent as many new projects are being
proposed outside of the traditional renewable energy project corridor in the southwestern Foothills and are now being proposed
in areas with much higher wetland densities in the Parkland and Grassland regions of central and southern Alberta. Accurate
wetland inventories are particularly important during the project planning phase to avoid or minimize wetland impacts.
Additionally, production and use of these inventories demonstrate clear adherence to the wetland conservation objectives in
the Alberta Wetland Policy and provincial wildlife directives for renewable energy projects. Wetland inventories can also
eliminate or substantially reduce costly wetland replacement requirements for unanticipated wetland impacts. Some wetland
inventories are intially based on the Alberta Merged Wetland Inventory (AMWI), however, this amalgamation of regional
wetland inventories is based on different types of source data from various years with different data capture specifications,
resulting in considerable variation in the level of detail and accuracy. Furthermore, given the highly dynamic nature and
relatively small size of most prairie wetlands, inventory data are typically considered invalid if not not captured within three
years of construction to represent current conditions on the project area. This presentation focusses on the advantages of using
soft-copy mapping tools (ArcGIS and PurVIEW) to produce detailed 1:2000 scale wetland inventories based on the Alberta
Wetland Classification System.

Do’s and Don’ts of Subtidal Mussel Reef Restoration
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The global loss of bivalve reefs combined with a growing awareness of the ecosystem benefits they provide has resulted in an
upsurge of interest in their restoration. Although techniques for restoring oyster reefs are well-advanced, the effective
restoration of mussel reefs lags well behind. Over the last two years, multiple field deployments and laboratory analyses in
New Zealand have revealed critical “dos” and “don’ts” for green-lipped mussel (Perna canaliculus) restoration that will likely
have a wider application.
Do: Use adult mussels (70-100 mm shell lengths (SL)) to re-establish subtidal reefs - but be prepared for a very inefficient
restoration program where 1-tonne of adult mussels will cover less than 10 m2.
Don’t: Use juvenile mussels (10-30 mm SL) for the initial establishment of mussel reefs.
Do: Use subadult mussels (30-50 mm SL) for more efficient mussel reef restoration, but don’t think it is as straightforward as
spreading them across the seafloor like you do with adults – if you do, they will disappear.
Do: Use subadult mussels when they are protected from, or are resistant to, predation and hydrodynamic dislodgement.
Don’t: Use biodegradable substrate to improve subadult mussel survival.
Do: Carefully source your subadult mussels used for restoration based on greater attachment thread thickness, thread number,
and shell strength.
Don’t: Assume this will work for all mussels, so do investigate this for other species and tidal zones!

Ecological restoration sites on degraded hillsides can have the potential to be planted to
become beautiful intriguing outdoor educational classrooms.
Paul Melsom.
Eagleowl on Lantau. Hong Kong SAR China
eagleowlonlantau1@gmail.com

Hong Kong has an amazing diversity of more than four hundred native tree species, many of which are beautiful and
intriguing to observe in their own right, with the vast majority of the local population including the new generations
completely unaware of their existence.
This twenty-year-old tree biodiversity enhancement and restoration project on a seriously degraded hillside,
has been planted with over one hundred different native tree species on either side of a wide-open path corridor and
also includes interplanted native shrubs, herbs, climbers as well as allowing for the important integration of some
regenerating native trees. Trees trialed for this purpose include common through to less common native species
which have been planted to inspire and arouse floral curiosity for every visitor. They include trees with an array of
interesting attributes from interesting tree forms, the spectacular flowering, scented flowers, a wide variety of
interesting fruits, aromatic leaves and trees for medicinal uses. It makes for a great outdoor classroom for
educational purposes for all ages providing local flora references for familiarisation and for ease of exacting plant
identifications.
Additionally, the ease of accessibility to these youth trees enables the pollinators on the flowering low branches
to be more easily observed. A major revelation has been the unexpected high diversity of nocturnal pollinating moth
species on some tree species.
In conclusion where possible native tree restoration projects should include hiking trails with wide avenues
planted with a wide range of tree flora to give opportunities for everyone to learn.

Effect of seismic line restoration methods on nutrient cycling in a boreal Alberta fen
Peatlands, a type of wetland with, 40 cm or thicker layer of partially-decomposed plant matter,
cover at least 30% of the global boreal region. Therefore, resource exploration and extraction
activities in boreal Canada frequently occur within peatlands. These activities have resulted in an
extensive web of linear disturbances (~5-8 m wide), known as seismic lines, with at least 1900
km2 of seismic lines in Alberta’s peatland ecosystems. There are no regulations to restore these
seismic lines, thus they are mostly left to self-regenerate, but tree regrowth is poor. There is no
definitive method to restore peatland seismic lines and little research on post-restoration
ecosystem function. The objective of our study is to determine how restoration treatments alter
pore water nutrient concentrations, mineralization rates, and plant nutrient content in a fen
directly after restoration and one-year post-restoration. To achieve this, seismic lines were
reconfigured to create new ecosites that were monitored by analyzing porewater nutrients,
mineralization rates, and decomposition rates. Additionally, fertilizer was added to determine
how nutrient addition affected nutrient cycling and vegetation outcomes. The physical changes to
the microtopography is beginning to show influence on hydrology and moisture, but they are not
strongly influencing the nutrient dynamics yet. However, some nutrient cycling spatial trends
were observed. Results from this study will provide valuable information for improving future
restoration success leading to reduced seismic line disturbance, which will not only benefit
humanity, but will aid in the conservation of wildlife, such as the woodland caribou (Rangifer
tarandus caribou).

Natural Processes for the Restoration of Drastically Disturbed Sites
David Polster
Natural systems have been ‘restoring’ disturbed sites (landslides, volcanic eruptions, shoreline erosion,
etc.) for millions of years. By understanding how these natural systems operate they can be applied to
sites humans disturb (mines, industrial developments, etc.). Natural systems initiate recovery using
pioneering species such as Willows (Salix spp.), Balsam Poplar (Populus balsamifera L.) or Alder (Alnus
spp.). The seeds of these species are designed to travel long distances and use commonly occurring
conditions to get established. Balsam Poplar and Willows have light fluffy seeds that at some times of the
year look like snow. They land on puddles or other waterbodies and are blown to the wet mud at the
edges of the puddle or on the shore of the waterbody where they germinate and grow. By creating these
conditions (making puddles) on a mine site these species can be encouraged to establish on sites that are
being reclaimed. The cost of these treatments are a fraction of traditional reclamation costs and because
the resulting vegetation is appropriate to the area and the site where it establishes, natural processes can
provide effective strategies for the reclamation of mining disturbances. Examples are drawn from the
author’s experience.

Effects of freeze-thaw cycles on bioavailable phosphorus mobilization in riparian buffer zones.
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Agricultural land dominates Lake Erie’s watershed in southern Ontario. Growing evidence links the loss of
riparian wetlands with agroecosystem surface water phosphorus (P) pollution, leading to eutrophication. Management
practices include the restoration of riparian buffer zone (RBZ) wetlands. The relatively high productivity and organic
matter in RBZ wetlands facilitate the biogeochemical cycling and storage of P. However, reduced snowpack in
response to climate change is predicted to expose wetland soils to freeze-thaw cycles (FTC). Research on RBZ wetland
P to date seldom considers the impacts of seasonal FTC on P losses. We have focused on the mobilization of P during
spring freshet until the recovery of P resumes during the growing season. To address this, RBZ wetland soil (0-15cm)
was sampled in transects from an agricultural field through a wetland adjacent to the Grand River, Ontario. During
the non-growing season soil was sampled and analyzed both in vitro and in situ. Soil properties, bioavailable P, and
the soil microbiome were tracked over the non-growing season using soil probes to monitor temperature and
conductivity. Soil P extraction techniques were applied to assess changes with soil properties and FTC occurrence.
FTC (+/- 4°C) experiments were conducted to understand how FTC impact microbial respiration, biomass P, and
changes in bioavailable P. Investigating the relationship between FTC, P bioavailability, and microorganisms helps
identify seasonal conditions that cause RBZ to serve as a source of P to waterways. The results are important to guide
surface water quality management in response to changing climate conditions.

Effects of Plant-Derived Smoke on Seed Germination in New England, USA
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Beginning in earnest in the early 1990s, increased research focus on the impact of plant-derived smoke on seed germination
has critically advanced ecological restoration efforts across the globe. However, studies to date have largely focused on
geographic regions dominated by fire, such as Western Australia, South Africa, and the western United States. Given the
growing body of literature documenting smoke-responsive seed outside of traditional fire-reliant landscapes, as well as a
dearth of research on this topic in New England generally, an interdisciplinary working group has emerged to investigate
responses of regional seed to smoke. Academics, conservation practitioners, and growers have assembled a framework and
pilot procedure for evaluating germination treatments with variable smoke water concentrations and fuel sources. Thus far we
have evaluated 4 native species (2 grasses, 1 perennial forb, 1 shrub), which demonstrated variable sensitivity to fuel sources
(tissues from individual species or mix of species) and smoke concentration. Maximum germination was achieved at 1%
smoke water agar for both grasses and 10% for Vaccinium angustifolium and Liatris novae-angliae. Germination for all
species was suppressed under 20% smoke water, as compared to control (water agar). Future work will expand the taxonomic
scope, with the aim of evaluating native and non-native functional analogs when exposed to smoke water derived from fires
fueled by conspecific and heterospecific (analog) plant tissues. Early results show potential for taxon-specific seed priming
and/or site application to suppress or stimulate germination of specific taxa, as well as general auditing of the soil seed bank.

Elizabeth, New Jersey Wetland Restoration – Ecological Uplift in an Urban Setting
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This urban wetland restoration site was a previously significantly disturbed mosaic of wetland and upland woodland
comprised of a monoculture of common reed (Phragmites australis), and eastern cottonwood (Populus deltoides),
respectively, on historic fill. Restoration efforts included removal of common reed, historic fill, and associated refuse;
grading to appropriate elevations to support targeted freshwater wetland habitats; and subsequently planting desirable
native flora. Inherent in all restoration projects in New Jersey and the surrounding region are the challenges associated
with deer and Canada goose herbivory; invasive species management; and adaptive management strategies that are
costly and time sensitive to maintain a restoration site’s positive developmental trajectory. Presently, there are a
variety of freshwater wetland habitats, ranging from inundated emergent wetland to forested wetland that are rare in
this highly urbanized portion of New Jersey. Additionally, its location adjacent to an existing tidal wetland mitigation
site has resulted in a contiguous greenspace providing valuable ecosystem services, including sediment retention and
roosting, foraging, and nesting opportunities for both resident and migratory bird species.

Enhancing ecosystem services through ecosystem restoration as part of climate change adaptation
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Restoration of northern disturbed ecosystems has considerable potential in terms of adaptation to the rapidly changing climate.
A number of ecosystem restoration projects were implemented in the Russian Arctic (Nenets Autonomous Okrug - NAO,
Yamalo-Nenets AO, Republic of Sakha-Yakutia) and Finland (Oulu Province). This experience is limited in the Nordic regions.
There is a lack of methodological support and channels for sharing information on ecological restoration projects, both in terms
of planning and implementation and reporting on climate change adaptation. The Northern Forum launched the project
“Enhancing ecosystem services through ecosystem restoration as part of climate change adaptation” to ensure that all actors
involved in environmental management are aware of the effectiveness of Northern ecosystems restoration for climate change
mitigation and adaptation purposes and to create the preconditions for introducing this experience into land use practice. The
experimental works on ecological restoration were organised in NAO since year 2013. Monitoring works include assessment
of changes in carbon balance including GHG emissions and could be used in the climate related regional reporting. Based on
these results, the regions involved, will upscale the available experience and include ecosystem restoration activities in the
regional adaptation plans supported by stakeholders. The project aims to produce the overview of the existing international
experience on Northern ecosystems restoration; to identify the list of barriers and difficulties in ecosystem restoration projects
implementation; to set up a Russian language web page informing all interested on the most recent information on methods,
practices on Northern ecosystems restoration; and suggest the way for reporting on ecosystem restoration in the frame of NDCs.
In preparation to the project planning and implementation in partner regions the inventory of degraded lands and prioritisation
for needs of ecosystem restoration was carried out in the pilot area in the Numto Nature Park, KHMAO designating 8 % of the
area or 1600 ha suitable for ecosystem restoration projects.

Environmental Debt in Riparian Preservation Areas and Socioeconomics in Sao Paulo state,
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The majority of Brazilian remaining native vegetation occurs inside private properties. Therefore, environmental policies
effectiveness is affected landowners' decisions. Brazilian Native Vegetation Protection Law delimits riparian permanent
preservation areas (RPA) defined according to stream and river widths. Restoration legal needs (the environmental debt or
passive) can increase native cover in Brazil. However, costly ecological restoration may prevent small owners from doing that.
For that matter, it is extremely important to understand and know the socioeconomic variables behind the restoration debt in
certain areas in Brazil. Thus, we aimed at analyzing distribution of environmental debt in these RPA and relating it to the socio
economic condition of the municipalities. We found that Sao Paulo state has 51.22% of environmental debt within its RPA.
Environmental debt in Sao Paulo state was associated with the vulnerability to poverty (Figure 1). Many of these regions were
rich (low vulnerability to poverty) and total planting might be well applied for compliance with legislation. In other places,
where environmental debt and vulnerability to poverty were high, assisted natural regeneration might be an efficient technique,
along with agroforestry systems. Some regions where low environmental debt coincided with poverty, environmental
compensation could play an important role in a policy mix for socially equitable conservation and restoration.

Figure 1. Vulnerability to poverty and Environmental debt analysis with Bivariate Local Moran's I (Dark red means highhigh relations, light red, high-low, dark blue, low-high, and light blue, low-low, grey areas are not significant).

Evaluating forest regeneration on seismic lines in forestry cutblocks and mature forests using
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Alberta’s boreal forests are extensively disturbed and fragmented by seismic exploration which requires narrow linear cleanings
cut through natural ecosystems spanning many kilometers known as seismic lines. Tree regeneration on seismic lines is
generally considered a slow process due to factors including: repeated line use, soil compaction, and low light availability,
leading to the persistence of these features on the landscape with potential impacts on wildlife movement and predator-prey
dynamics. Forest harvesting and subsequent reforestation activities (site preparation, and tree planting) may facilitate tree
growth on seismic lines and effectively erase them from the landscape; however this hypothesis has not yet been investigated.
In this study, tree and shrub development were assessed in upland mixedwood boreal forests along transects on and off ~5m
wide seismic lines within cutblocks, as well as on seismic lines in nearby mature undisturbed forests near Manning, Alberta.
This study includes two objectives: (1) characterize forest regeneration on seismic lines within cutblocks and compare
regeneration on planted cutblock lines with naturally regenerating lines and, (2) assess the potential use of remote sensing
imagery for evaluating seismic line recovery by comparing regeneration classifications derived from 2019 imagery with the
field data collected in 2020. Results from this study will provide insight into the regeneration characteristics of seismic lines
on cutblocks, as well as provide a field-validation of regeneration classifications derived from aerial imagery. These insights
can be applied at broader spatial scales to better understand the current and future state of seismic lines across Alberta’s
landscape.

Evolutionary history losses in Atlantic Forest restorations
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One of the main concerns in restoration ecology is to determine when a forest is recovered and what indicators should be
evaluated to make that decision. Historically, the main indicators are measures of taxonomic richness and vegetation structure.
The local evolutionary history was never deeply discussed as a restoration success indicator. Therefore, our goal was to test if
and how the evolutionary history of woody plants is being recovered in young Brazilian Atlantic Forest restorations.
We evaluated both established and regenerating strata of 14 restoration sites (3 to 8 years since seedlings planting) and
compared with 14 reference ecosystems. We hypothesized six possible scenarios and calculated both alpha (MPD and MNTD)
and beta (Unifrac – decomposed into nestedness and turnover phenomena) phylogenetic diversity metrics.
We found that both strata of restorations have the same amount of old (MPD) and recent (MNTD) evolutionary history as the
reference ecosystems. However, the beta results indicate high dissimilarity arising due to phylogenetic turnover. This pattern
fits the false recovery scenario, in which restorations hold the same amount of alpha phylogenetic diversity as the reference
ecosystems but, the species that compose these communities belong to distinct lineages. This scenario can be a result of poor
species pool selection for seedling plantings. Monitoring of restorations if fundamental to evaluate if the arrival of new native
species via seed dispersal from the adjacent fragments can potentially recover the local evolutionary history.

Potential scenarios for phylogenetic alpha (α) and beta (β) diversity of woody plant assemblages of
restoration areas. The circles represent the portion (volume and position) occupied by woody plants
species from restoration (green circles) and reference ecosystems (orange circles) within the
multidimensional phylogenetic space.
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In Finland, voluntary nature conservation programs have been widely accepted by the public,
particularly in forest conservation. The state funded METSO program (2008-2025) has been
widely accepted by forest family owners across Finland. However, the government funding for
such schemes is limited and they do not exist for a wider range of habitat types nor with
different approaches for non-landowners. Biodiversity offsetting has recently gained attention
and there is ongoing discussion on how to implement it.
Our research assesses the possibility of voluntary biodiversity conservation actions in Finland.
We evaluate how open Finnish citizens would be towards participating in different voluntary
ecological compensation mechanisms, and whether they prefer certain habitats.
A choice experiment survey was designed with four attributes to identify citizen preferences
towards voluntary biodiversity offset scenarios. The selected attributes were habitat, distance
from home, habitat restoration class, and voluntary offset mechanism. For simplicity, we
focused on five broad habitat types: spruce mires, herb-rich forests, meadows, headwater
streams and archipelago, and the restoration actions were grouped in three classes. The
voluntary offset mechanisms were volunteer work, donation to NGO and nature tax
contribution. The survey is conducted in three stages online using Webropol: focus groups (15
people), pilot group (50 people) and finally a large-scale online survey in April-May 2021, in
which any resident of Finland can answer. The results will be available before the conference.
During the conference, we will describe what habitat types, restoration actions, and offset
mechanisms are preferred and what are the main socio-demographic drivers behind those
preferences.
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The economic rationale for investing in natural assets is undisputed, but funding for this investment remains elusive. A
multitude of factors, including lack of true financial cost accounting for biodiversity, and the tough economic climate, hamper
novel funding efforts.
This poster presents a mechanism that seeks to ensure sustained financial support for the ecological management of local
neighbourhood environments within the City of Cape Town, a city in the heart of the smallest floral kingdom in the world.
Land transformation through ongoing urban expansion remains high in South Africa. The Cape Town Environmental Education
Trust (CTEET) have engaged in facilitating funding for high biodiversity value land through a conservation levy associated
with residential and/or business estate development. These structures have, for the last 12 years, secured financing for
ecological restoration and management, and have been enabled through co-management arrangements.
Recently CTEET have proposed the extension of this mechanism for the development of a 71 hectare mixed-use development
upstream of a local nature reserve in the City.
This poster will unpack the details of this mechanism, and show how the spirit of intent already established between key
stakeholders, as well as the legal grounds for the implementation of this mechanism, bode well for its success.
At CTEET we believe personal investment towards stewarding nature must become the norm. We hope that this mechanism
will be one more enabler securing our national heritage and treasure: the Cape Floral Kingdom.

Mapping trajectories of forest change in the tropics to understand the drivers of long-term forest
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Over the past decade, world leaders have committed to large initiatives aiming to mitigate climate change, with forest
restoration taking an ever-growing role in these efforts. However, in order for forest restoration to have a real impact on climate
change, restoration projects must persist for a sufficient time period without undergoing further landcover change, such as
being recleared. It is thus necessary to understand the driving forces of continuous change across a landscape, as opposed to
seeing change as absolute. In so doing, we can gain a greater understanding of the driving forces behind successful forest
regrowth at the landscape scale.
Using the Landtrendr algorithm in Google Earth Engine, we mapped trends of change spanning thirty years for two watersheds
in Ecuador (Pastaza) and Bolivia (Chapare). We then examined the factors (economic, social, and biophysical) correlated with
perennial forest regrowth using multivariate analysis. The dominant landcover trends across the landscape varied altitudinally.
The Amazonian basin saw a dominance of deforestation with pockets of slow forest regeneration, whereas the Andean regions
were more split and saw quicker regrowth (potentially restoration).
Patches of forest regrowth near small, poor, and relatively isolated populations had the most longevity. This result highlights
the impact of working with small local populations, and the importance of including them in project decision-making. Through
this multi-faceted approach, we can better understand the landscapes we are working to restore, and the importance of human
drivers in achieving successful restoration.

Forest transition and the importance of participatory land use planning for family farmers: how
to make forests a good business?
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The DSAF/NEA-PB/UFSB team, responsible for research actions, technical assistance and rural extension for approximately
350 family farmers, developed a historical series on the land use and cover of “Nova Vitória” Association (Bahia, Brazil), in
order to subsidize participatory land planning. Between 1990 and 2018, there was a decrease in pasture areas from 67% to 23%
and a significant increase in forest vegetation from 24% to 53%, corroborating forest transition hypothesis, that mostly occurred
before the occupation of the farm by family farmers. “Nova Vitória” is formed by of 64 families allocated on plots of around
5 hectares, in wich legal private protected areas occupy between 42 and 50% of their plots. The protected áreas surplus in each
lot, associated with the small size of the lots, can bring insecurity to the establishment of families and increase the pressure on
regenerating forest remnants. As a strategy to subsidize land use planning, the team also made a diagnosis about the use that
farmers already make or intend to make of native vegetation areas. Most respondents indicated that they don’t do activities in
forest areas (55%), but they cited the use of wood for hoe handles (34%), removal of firewood for stoves (25%) and of medicines
and home remedies collect (14%). This is considered a first step to develop a Sustainable Forest Management Plan for the
forest areas of “Nova Vitória” Association, with the active participation of farmers throughout the process.

Forests for Future: Developing forest landscapes for livelihoods and climate adaptation in
Southwest Ethiopia
Stefanie Brandes1, Ashebir Wondimu2, Svane Bender1
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Forests in Southwest (SW) Ethiopia have been greatly degraded and reduced, leading to isolated forest patches, preventing
gene flow of the forests’ flora and fauna, and reducing ecosystem services. This, in turn, increases the vulnerability of forests
and two million people of forest dependent communities. To maintain SW Ethiopia’s valuable high forests as carbon sinks,
habitats, sustainable livelihood sources and long-term ecosystem service suppliers, NABU and their project partner Ethio
Wetlands and Natural Resources Association (EWNRA) are implementing a capacity building and forest landscape restoration
(FLR) project (2020 – 2022) in three zones of Ethiopia’s Southern Nations, Nationalities and Peoples’ Region: Bench-Sheko,
Kafa and Sheka Zones.
FLR demands strong collaboration of different actors, which needs improvement in SW Ethiopia’s forest sector. Hence, the
project established the Southwest Forest Alliance platform to increase the exchange, capacity building and effective
coordination towards FLR implementation. This happens through conducting participatory restoration potential assessments to
identify suitable FLR options for the project sites; and enhancing the communities’ capacities in sustainably managing forests
and improving their livelihoods.
We expect joint measures for FLR and conservation; updated maps of SW Ethiopia’s land cover/forest status; Forest Action
Plans as community-based tools for FLR implementation and sustainable income resources; and the direct capacity support of
over 2,000 community members.
The project will not only contribute to forest conservation, hence, climate adaptation and livelihood improvement, but also
build a basis for follow-up, larger scale activities beyond our project sites. The outcomes will furthermore support Ethiopia’s
15 million hectare FLR commitment.

Franklin-98 Living Shoreline Project
Erick (Rick) Harter 1, Josh Adams 2, Nigel Temple 1, Evan Blythe 2
2

1
WSP USA, USA
Apalachee Regional Planning Council, USA
Rick.Harter@wsp.com

Background: Highway 98 along Apalachicola Bay suffers from erosion that damages the roadway, requiring costly repairs.
Objectives: To enhance ecological productivity and reduce erosion, nearshore reefs and emergent saltmarsh will be created.
These reefs will become colonized with various marine species, including oysters, which will help serve as a source of larval
oysters for other parts of the bay. Reefs will be low and broad (like natural reefs) rather than high and narrow (like many living
shoreline breakwaters).
Methods: The footprint of the reefs and marsh are determined by water depths and avoidance of seagrasses. To assess project
performance, monitoring will occur for a total of five years (i.e., five annual events over about 4 ½ years) to provide a
before/after comparison. Upon completion of the post-construction monitoring, scientists will conduct a full analysis and
interpretation of the data using a before/after and control/impact (BACI) approach.
Monitoring will evaluate the following metrics:
•

Reefs – acreage, live/dead oyster density, and size frequency distribution

•

Intertidal marsh – acreage and percent cover by species

•

Erosion Control – change in shoreline position and elevation

Results: The preliminary design involves a complex mosaic of estuarine habitats that are configured in natural shapes. The first
round of preconstruction monitoring mostly indicates the absence of oysters and marsh, but small reference patches of both
habitat types suggest good project performance in terms of oyster recruitment and marsh development.
Conclusions: Living shoreline designs that are driven by site characteristics, rather than traditional linear breakwaters provide
a more-natural mosaic of habitats.

Freshwater mussel restoration approaches; a systematic review of the global mussel restoration
toolbox
Roland A Eveleens1, Catherine M. Febria 1
1
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Particular species groups, such as unionid freshwater mussels, provide important ecosystem functions and services but are often
overlooked and disproportionately in need of restoration. As species recovery often exhibits delays in recovery, refinement of
current approaches and a better understanding of available tools are required. In the Laurentian Great Lakes of North America,
14 of 35 unionid mussel species found in Ontario, Canada are federally classified at risk of extinction. To inform efforts in the
Great Lakes, we look to global efforts and in particular how aspects of their complex life history are being addressed. Unionids
depend on multiple trophic levels to survive; they rely on fish hosts during juvenile stages, feed on algae and organic matter,
and interact with other filter-feeding species. It is unclear how effectively such interactions are considered in restoration, and
this may be an underexplored aspect underpinning restoration. Here we present a global review of unionid mussel restoration
including the extent to which community interactions have been addressed. Preliminary results suggest that few efforts are
being reported with a select focus on certain areas globally. Some efforts incorporate community interactions, but results are
only promising for catchments where populations have not been completely extirpated. Sequenced approaches to managing
abiotic and biotic aspects should be considered particularly if coordinated at appropriate scales. Further development of a
restoration toolbox is necessary to not only determine suitable restoration tools, but also best direct the development of
coordinated approaches that harmonize efforts across scales.

From Brownfield to Greenfield: Restoring Wetlands and Habitats on Formerly Contaminated
Sites
William E. Young, PWS1, Martin J. McHugh2
1
2
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When we look back at all the projects constructed over 43 years, we were surprised to find how many were Superfunds,
Brownfields, Landfills and Industrial sites, highly polluted, closed to the public, often abandoned by bankrupt industries. All
the sites are large, so the restoration opportunities are abundant. This paper is not about the cleanup, but about the abundant
ecological restoration opportunities these sites presented.
We come in after a remediation contractor performs clean up and brings the site to full EPA compliance. There is usually a
restoration component to return the land to some habitat function and biodiversity.
Case Study #1: Harrison Ave Landfill, Camden, NJ
Up until 1971, the site on Harrison Ave along the Delaware River was an unregulated landfill. The NJDEP closed the landfill
in 1971 due to hazardous conditions. Thanks to a $25 million-dollar grant, the 86-acre site is being capped and closed. In
2015, a 22-acre portion of the landfill was turned into the Salvation Army Ray & Joan Kroc Community Center. The remaining
64 acres is being turned into Cramer Hill Regional Park, with acres of living shorelines, freshwater tidal wetlands, conservation
areas, a public fishing pond and kayak channel, playground, sensory garden and stunning overlooks of Philadelphia, the Ben
Franklin Bridge, Petty’s Island, and panoramic views of the Delaware River. The project started in 2018. Crews planted over
237,098 plants in 2019.
Case Study #2 is Cranbury Brickyard, Cranbury, NJ
Cranbury Brickyard is a 460-acre site in Monmouth County, NJ, not far from NJ Turnpike. 140 acres was impacted by decades
of industrial development, including munitions, flares, fireworks, chemicals and repellants. The NJDEP closed the site in 1954
when two plant workers died in an explosion. It laid dormant for decades. In 2006, a company came and undertook an extensive
cleanup of the site. Significant natural resource restoration was required in the remediation plan, and Langan Engineering
developed a mitigation plan that called for the creation of 23 acres of freshwater wetlands, 8.5 acres of vernal pool habitat, 5.5
acres of wetland enhancement, and over 100 acres of preservation of forested wetland and forested uplands.
Cast Study #3 Former Nuodex Facility, Keasby, NJ
An extensive remediation was performed from 2010 to 2019 on this 150-acre facility on the Raritan River. Major remedial
actions completed to date include installation of a hydraulic barrier wall, soil cap and temporary groundwater treatment system,
removal lead-impacted material, toxaphene impacted soil, and radiological contaminated materials.
Mitigation and Restoration began in 2012 with an invasive species removal program, followed by grading, placement of
imported planting media and over one-half million tree/shrub/plug restoration plantings. The engineered hydrological
connections (e.g. weirs) between the Southern Wetland/Tidal Wetland (7.4 acre) and Southern Wetlands (23 acres) and Central
Wetland (10.3 acres) have also been constructed. A 2.1-mile boardwalk/tail, Wildlife Observation platforms, nest boxes and
habitat structures have converted this highly contaminated site to Woodbridge Wetlands Park, with access to the Raritan River
for the first time in eighty years.

Grasslands need active restoration after removal of invasive King Ranch bluestem
Charlotte Reemts1
1

The Nature Conservancy, USA (8 pt)

King Ranch bluestem (Bothriochloa ischaemum) has invaded grasslands throughout the southern Great Plains of the United
States. Here I share data from two sites where we removed King Ranch bluestem through prescribed fire and manual
removal.
At the first site, we burned a grassland dominated by King Ranch bluestem in late summer (September). The fire was
successful: 12 years later, King Ranch cover was still only 22% (down from 76% pre-burn), showing that most plants
were completely killed. However, native grass cover remain low (increasing only to 18% from 10% pre-burn).
At the second site, we manually removed King Ranch bluestem from plots by clipping plants just above the soil (to
avoid soil disturbance), usually killing the plant. Before removal, cover of King Ranch bluestem was 75%. Bare ground in
these removal plots remained over 20% for the first three years, indicating slow recolonization by both grasses and forbs.
Even after 6 years, grass cover remained low.
Even when removal of this invasive grass was successful, native grasses did not recolonize the sites for 6+ years. These
data suggest that simply removing this invasive grass is not enough: sites will need active restoration (planting and/or
seeding) to restore native grassland plant communities.

King Ranch bluestem
Unburned

Burned

King Ranch
bluestem
Removal plot
Left: Twelve years after a late-summer prescribed fire, King Ranch bluestem is still absent from burned sites but native grasses
remain uncommon. Right: after 6 years of manually removing King Ranch bluestem, the removal plot has more bare ground
than the surrounding King Ranch bluestem-dominated grassland.

Homing leopards, restoring ecological connectivity over a Chinese
mountain range in the name of its apex predator

Yiqing Wang, Ziyu Ma, Yue Dong, Heng Zhang, Tianti Li
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How do national forest restoration policies unfold on the ground in rural Bolivia?
Meagan Rathjen1, Zhao Ma1
Purdue University, USA
mrathjen@purdue.edu

National policies legalized deforestation from 2006 to 2011, resulting in forest and groundwater loss, increasing water
insecurity for rural Bolivians. To account for this, Bolivia committed to restore 4.5 million hectares of forest by 2030,
emphasizing an improvement in water security. Our research addresses a gap in literature to understand how national policies
unfold in a local context. This case study assesses national restoration policies and programs at multiple scales to identify
synergies and trade-offs in restoration planning and implementation. We consider who benefits and how, who has decisionmaking power, and how to balance environmental and social goals. Our study focuses on 10 rural communities in two
municipalities in a semi-arid agro-ecological zone. We conducted and analyzed 42 semi-structured interviews and participant
observations with community members and governmental and non-governmental actors. Our results show all actors perceive
benefits from forest restoration, especially to improve water security. Community members have local ecological knowledge
regarding the best location and species for forest restoration. All actors desire a balance between social and environmental
benefits, but have different priorities on who should benefit and how. Restoration policies emphasize community
engagement, however, community participation in decision-making is lacking. Bureaucratic obstacles and misinformation
resulted in unintended consequences by excluding community members and providing species ill-fitted for livelihoods and
water conservation. A lack of community inclusion in decision-making can lead to unsuccessful restoration outcomes. These
insights show the importance of community decision-making and involvement in restoration and can inform the development
of inclusive and effective restoration planning.

How Project Drivers Influence Use of SER Principles for Successful Restoration in the Kootenay
Region of British Columbia, Canada
Zachary Moore1, Rebecca Wilson1, Emily Pejic1
1
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The Society for Ecological Restoration (SER) has developed several key documents and recommendations pertaining to the
planning, implementation, and monitoring of ecological restoration projects. A critical document is the second edition of their
International Principles and Standards for the Practice of Ecological Restoration, outlining 8 key principles that are
recommended for use by restoration practitioners internationally. However, there is no known research examining the work of
practitioners in relation to these principles within Western Canada. We developed a survey for practitioners in an intermountainous region of British Columbia, Canada to examine their knowledge of SER’s 8 principles, how they are incorporated
into recent projects, and how they may be influenced by ecosystem type, organizational type, or the drivers of the project.
Results are still being collected at this time but are expected to be fully compiled for over 60 organizations practising ecological
restoration in the area by early March 2021. At this time, we have three main hypotheses related to our survey design. We
expect that most practitioners are actively using SER principles, with or without direct awareness of the document outlining
them. We expect that different organizational types (ie. private, non-profit, government, or indigenous community) will have
different adherence to the SER principles. Finally, we expect that the drivers of projects will interact with organization type in
determining which principles are used during the practise of restoration. Results of this project will help to determine the
relevance and usage of SER’s International Principles to ecological restoration in Western Canada.

How resilient and generalist frugivores can surrogate specialized ones as seed dispersers in
ecological restoration
Eduardo D.B. Rigacci1, Cristiane P. Zaniratto2, José O.V. Ferreira1, Jasmim F. Oliveira1, Maria E.F.Morandi3, Jéssica G.
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One of the most ubiquitous plant-animal interactions mediated by vertebrates in the tropics is seed dispersal. In most restoring
sites and urban fragments, forest-generalist partial frugivores represent the bulk of animal biomass, even though their potential
as seed dispersers is disregarded in most restoration efforts. Our study aimed to propose a technique named Induced Seed
Dispersal (ISD), aiming to amplify the role of generalist frugivorous in seed dispersal in a restoration context. As this technique
was primarily intended for the enrichment of restored or degraded areas, we chose two experimental situations that represent a
common environmental scenario in the Atlantic rain forest of Brazil: a heavily degraded 251-ha forest fragment and a 447-ha
restored site. We kept suspended and ground feeding stations for more than a year (figure 1). Weekly, on the degraded fragment,
we offered fleshy native fruits whereas, on the restored site, we provided fleshy commercial fruits (e.g., bananas) with seeds of
Cecropia hololeuca (Urticaceae) embedded in the pulp and also some native fleshy fruits. On both sites, trail cameras monitored
the frugivore's visits. In total, 2928 fruits were consumed or removed, 830 in the degraded fragment, and 2098 in the restored
area. At least 30 generalist frugivorous species (mammals, birds, and one reptile) interacted with the fruits offered in the feeders
in both study sites combined. Our study consolidated a pathway to employ and consider resilient generalist frugivores as
essential allies in restoration efforts in tropical regions.

Figure 1: The two types of feeding stations used in the ISD experiment in the forest fragment: a suspended feeder at the top a
wooden pole (left) and a ground feeder made of a 40 cm diameter plastic dish (right).

Identifying and detecting species at scale to protect and restore ecosystems
Elena Fernandez-Miranda, Nadine Nolan and Shuning Bian
Dendra Systems, UK
elena@dendra.io

Lord Howe Island is a World Heritage Property, home to 113 plant species that exist nowhere else in the world. To
date, 20 species have gone extinct, and up to 50 species are listed as threatened. The world heritage site is working
on a holistic island-wide restoration programme to protect this paradise, particularly from invasive species that pose
a threat to the island's unique environment. Dendra Systems is providing aerial mapping and AI technology to
accelerate the LHI Board efforts, giving the opportunity to efficiently and accurately identify, locate, and quantify
known, new, and emerging invasive weeds. Dendra Systems carried out 100Ha of ecosystem assessment and
identified, located, and quantified more than the 10 priority weed species in less than 2 months, including: Round
Asparagus (Asparagus aethiopicus), Morning Glory (Ipomoea cairica), Silky Oak (Grevillea robusta), Illawarra
Flame Tree (Brachychiton acerifolius), Coral tree (Erythrina xsykesii), Crofton Weed (Ageratina Adenophora),
Formosa Lilly (Lilium formosanum), Tobacco bush (Solanum mauritianum), Bitou bush (Chrysanthemoides
monilifera subsp. rotundata), Fleabane (Conyza species), Cherry Guava (Psidium cattleianum), Bridal Creeper
(Asparagus asparagoides). Combining data ecology, data science, machine learning and field operations we have
accelerated scale, facilitated access to remote areas which reduces personnel risk and empowered an unparalleled
control over ecosystem restoration to quickly direct work efforts where they are most needed.

Impact of Emerald Ash Borer (EAB) on the Ecohydrology of Black Ash Wetlands
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The invasive insect, emerald ash borer (EAB; Agrilus planipennis Fairmaire), was likely introduced in North America in the
1990s and is responsible for the extensive loss of ash trees in Canada and the USA. In black ash wetlands, the complete loss
of the dominant tree, black ash (Fraxinus nigra Marsh), may have considerable impacts on wetland ecohydrology. A longterm study on the impact of EAB on the hydrology, ecology, and carbon dynamics of black ash wetlands was initiated in
2011 in small black ash dominated wetlands (0.23-1.19 ha) located in northern Michigan, USA. Following simulated EAB
infestation, treated plots experienced significantly higher water tables, reduced transpiration, and increased export of
DOC/TDN loads. While the water table was significantly higher in treated plots, the magnitude of the change was mitigated
by a strong hydrologic connection of these wetlands to regional groundwater. The density of the herbaceous understory plant
community in treatment plots significantly increased and its composition slightly shifted to more hydrophilic plants.
However, tree seedling establishment did not decline despite increased herbaceous competition. Mortality induced changes in
wetland hydrology significantly increased CO2 fluxes from soil and fresh down wood. If planted on natural or created
hummocks, silver maple (Acer saccharinum L.), American elm (Ulmus americana L.), and northern white cedar (Thuja
occidentalis L.) were determined to be viable alternative species to plant following the loss of black ash. Future work will
quantify the longer term impacts on the hydrology, ecology, and carbon dynamics of black ash wetlands.

Improving ecological restoration outputs and outcomes
Elizabeth Benjamin1, Molly Middlebrook Amos1, Louis Blume2, Craig Palmer1, Brick Fevold1, Tim Lewis1, and Judith
Schofield1
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EPA’s Great Lakes National Program Office (GLNPO) and the Interagency Ecological Restoration Quality Committee are
pleased to announce the recent publication of the Application of Quality Assurance and Quality Control Principles to
Ecological Restoration Project Monitoring (EPA-905-K19-001, April 2019) to address the unique challenges associated with
controlling and documenting the quality of ecological monitoring data. This guidance document describes QA/QC strategies
that can improve the quality of data collected and increase certainty in decision making, with a broader goal of improving
ecological restoration success. Anticipated users include ecological restoration specialists and stakeholders representing
federal, state and tribal agencies, non-governmental organizations, civic and local groups, and the academic community.
The practices, procedures, information, and concepts outlined in this guidance provide the following benefits to practitioners
and stakeholders:
•
•
•
•

Save time and resources by enhancing the consistency of documentation and procedures in current and future
projects.
Improve data quality for ecological measurements and observations, aid in evaluating project success, and
incorporate long-term effectiveness monitoring as feedback to adaptive management.
Encourage a common approach to QA/QC across multiple entities involved in ecological restoration projects to
improve data comparability over time and support comparison of various restoration strategies.
Serve as a consolidated collection of the best QA/QC practices for ecological restoration projects across multiple
agencies.

The poster will provide an overview of the guidance document and key strategies to control and document the quality of
ecological monitoring data to support sound decisions.

In vitro asymbiotic germination of some indigenous terrestrial orchids of the Maltese Islands.
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In vitro seed germination used to propagate terrestrial orchids ensures rapid protocorm growth under optimal conditions. This
research aims at optimising in vitro asymbiotic germination to increase survival rate of protocorms during and post
acclimatization.
Mature capsules of three indigenous orchid species namely Anacamptis coriophora, Ophrys bombyliflora and Serapias
parviflora were collected before dehiscence and stored at room temperature. Seed sterilization was achieved by soaking in 5%
sodium hypochlorite solution followed by germination on various media supplemented with different growth regulators.
Abiotic variables tested included different temperature regimes, relative humidity and different sucrose concentration which
were analyzed at different stages of plantlet formation.
Orchid seeds were considered germinated after rhizoids formation. Malmgren’s modified orchid medium, supplied with 5%
coconut milk and 1μM 6-benzylaminopurine has shown high germination percentages (95.7%, 90.2%, 93.7% respectively) as
well as the fastest maturation rates (12, 35, 24 days) till rhizoid formation at 20°C in the dark. A. coriophora plantlets formed
a well-defined bulbous root in less than six months on the same medium supplied with 10% sucrose. At present, well-developed
plantlets of the three species plantlets are awaiting to be acclimatized. The study developed a successful method for the in vitro
propagation for these indigenous orchids (Figure 1). Further studies are envisaged including the association with their natural
fungal symbiont, the production of axenic fungal cultures and testing these on the plantlets to aid ex vitro acclimatization. This
study is a collaboration with the SiMaSeed project intended for habitat restoration of Natura2000 sites in the Maltese Islands.

Influence of distance from forest on early spontaneous vegetation succession following small-scale
gold-mining in the southeast Peruvian Amazon
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The present study aimed to analyze the influence of distance from forest reference and stands age on spontaneous succession
in abandoned gold-mining lands in the southeast of the Peruvian Amazon (Madre de Dios). We evaluated the species richness,
floristic, forest cover, and vegetation structure of spontaneous vegetation stands with different times of abandonment (1-6
years). Twelve plots of 10 m x 25 m were used, where all individuals with DBH > 1 cm were inventoried. The DBH and height
of all trees and shrubs were measured. We determined the Value of Importance (IV) and the Shannon-Weaver index to evaluate
the species diversity. We used the distance-based redundancy analysis (dbRDA) and regression analysis to evaluate the
influence of the environmental variables on the floristic composition and floristics-structural attributes, respectively. We found
451 stems grouped into 59 species and 21 families. The three most important species were Cecropia membranacea,
Chromolaena laevigata, and Ochroma pyramidale that together represented 54% of IV. The stands age, vegetation cover, and
tree-shrub cover all were significantly correlated with vegetation diversity (P-value<0.05), while the distance from the forest
had a significant effect on abundance of natural regeneration. However, dbRDA analysis showed that only the distance from
the forest had a significant effect on floristic composition of spontaneous vegetation (P-value<0.01). Our results suggest that
the forest restoration of abandoned gold-mining areas in the Peruvian Amazon should take the distance from forest into account,
and they should take advantage of the potential of natural regeneration to accelerate this process.

Invasive cattail residence time affects plant communities and belowground processes
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Native plant species have important functions in Great Lakes coastal wetlands, which are threatened by invasive
species. Invasive species like hybrid cattail (Typha x glauca) outcompete native plant species and are associated with higher
biomass and soil nutrient content, likely impacting belowground conditions and processes. My research tests the hypothesis
that soil seed bank and microbial diversity decrease along a gradient of time-since-invasion by Typha. I collected soil samples
from Sand Island Marsh, a Typha-invaded wetland located in the St. Marys River in northern Michigan. I conducted a seedling
emergence study evaluating the viable seed bank in areas with differing ages of Typha invasion and determined the species
richness and diversity of the seed bank. I extracted DNA from soil cores to analyze the bacterial community present. To
determine microbial diversity, I classified taxonomic differences in bacteria by sequencing 16S sRNA gene amplicons. The
extant plant community was significantly different in areas invaded for over 20 years compared to areas invaded in the past 5
years, but I found no reduction in seed bank plant diversity. The results indicate that removing Typha from sites invaded for
less than 20-years could result in passive native plant community regeneration, without the need for additional planting. I expect
microbial community data to indicate a similar shift in community after 20 years of invasion. Taken together, these results
inform restoration efforts by showing how the age of invasion affects the biodiversity of the microbial and plant communities
in wetlands and how those communities interact.

Key factors for success of living plants in soil bioengineering for riverbank protection in Calgary
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In urbanized areas, riverbanks are submitted to strong anthropic pressures, with embankments and erosion
protection works often protecting municipal infrastructure and the public. Unlike conventional engineering
techniques, soil bioengineering techniques use the mechanical property of vegetation to control bank erosion and
fulfill both protection and several important riverbank ecological functions. These soil bioengineering techniques
rely on living vegetation such as plantings and live staking, and their erosion control effectiveness is strongly
related to vegetation survival and development. The success of vegetation establishment is highly variable and the
success factors have not attracted much scientific attention. In this study, we investigated the importance of plant
characteristics and environmental factors on plant survival and growth.
In Calgary, Alberta in 2018 and 2019, 70 riverbank soil bioengineering works were sampled; they ranged
from simple revegetation operations with live staking and plantings through complex construction mixing several
bioengineering techniques, or a combination of riprap and soil bioengineering techniques. For each soil
bioengineering technique within each site, vegetation survivorship, health, vigour and growth traits were linked to
different environmental factors.
There was a significant higher survival of plantings over cuttings and differences of survivorship between
live cutting species. Fences had an effect on planting survival and growth. The effect of soil fertilization, shade
and aspect were less obvious.
The drought conditions in Calgary give an advantage to plantings over cuttings, so the adjustment of the
type of technique used, species selection, and the implementation of accompanying measures such as fences or
irrigation is essential.

Lessons learned from 20 years of hyperabundant wildlife management in Canada’s National
Parks
Heather Clarke, Emily Gonzales, Kyle Artelle
Parks Canada Agency, Canada
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Across Canada, overabundant (hyperabundant) wildlife has transformed boreal forests into “moose savannahs” and kelp forests
into urchin deserts. This problem is magnified in protected areas where the eradication of natural predators and suppression of
hunting facilitates increases in wildlife populations. For over 20 years, Parks Canada has restored missing components of
natural ecosystems by managing hyperabundant wildlife through partnerships with Indigenous people and stakeholders. We
reviewed past management approaches and used ecological monitoring data, standardized surveys, and ecological and social
benefit wheels to assess the effectiveness of hyperabundant management programs in each of four areas: ecological,
operational, communications, and engagement. Over 70% of the programs assessed had positive ecosystem responses due to
the successful reduction of their hyperabundant wildlife population. Program implementation has been conducted effectively;
however, in some cases resource requirements exceeded availability. Programs were effectively communicated and overall
public perception has been positive. Engagement with partners and stakeholders has provided mutually-beneficial,
collaborative relationships, with management benefiting from, and representing, Indigenous knowledge and values.
We identified key features related to effectiveness outcomes to highlight lessons learned and inform evidence-based
recommendations for future management approaches. Our work will inform the planning and implementation of effective,
engaging, and enduring hyperabundant wildlife management across a broad range of ecological, geographic, and social
contexts.

Leçons apprises après vingt années de gestion des espèces fauniques surabondantes dans les parcs
nationaux du Canada
Heather Clarke, Emily Gonzales, Kyle Artelle
Agence Parcs Canada, Canada
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D’un bout à l’autre du Canada, certaines espèces fauniques surabondantes ont transformé des forêts boréales en « savanes
d’orignaux » et des étendues de varech en déserts d’oursins. Ce problème est amplifié dans les aires protégées où l’éradication
des prédateurs naturels et la suppression de la chasse favorisent l’augmentation des populations d’animaux sauvages. Depuis
plus de 20 ans, Parcs Canada restaure des éléments manquants dans les écosystèmes naturels en gérant des espèces fauniques
surabondantes au moyen de partenariats avec des peuples autochtones et des intervenants. Nous avons examiné les approches
de gestion déjà appliquées et avons utilisé des données de surveillance écologique, des sondages normalisés ainsi que les
rouages des avantages écologiques et sociaux pour évaluer l’efficacité des programmes de gestion de la surabondance dans
chacun des quatre domaines suivants : écologie, opérations, communications et mobilisation. Plus de 70 % des programmes
évalués ont eu des effets positifs sur les écosystèmes grâce à une réduction efficace des populations fauniques surabondantes.
La mise en œuvre des programmes a été menée de manière efficace; toutefois, dans certains cas, les besoins en ressources
étaient plus grands que les ressources disponibles. Les programmes ont été communiqués efficacement, et la perception
générale du public était positive. La mobilisation des partenaires et des intervenants a permis d’établir des relations de
collaboration mutuellement avantageuses : la gestion était améliorée par le savoir et les valeurs autochtones, et était
représentative de ceux-ci.
Nous avons cerné les principales caractéristiques liées aux résultats en matière d’efficacité, afin de faire ressortir les leçons
apprises et de formuler des recommandations fondées sur des données probantes pour les futures approches de gestion. Notre
travail servira à orienter la planification et la mise en œuvre d’une gestion efficace, mobilisatrice et durable des espèces
fauniques surabondantes dans une grande variété de contextes écologiques, géographiques et sociaux.

LIFE Nieblas - Reforestation & Climate Change Mitigation: tests, evaluation and transfer of
innovative methods based on fog collection
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Figure 1. A traditional fog captor (left) and general view of the El Andén area (Gran Canaria), where the captors will be applied
in the context of the LIFE Nieblas Project (right).
The impacts of climate change are becoming increasingly perceptible and severe. Many semi-arid regions are suffering
significant declines in water availability and temperature increases. This has led to faster desertification and more forest fires.
It is necessary to implement adaptation measures aimed at reducing the vulnerability of these ecosystems and strengthening
their resilience. LIFE Nieblas aims to evaluate the mitigation of the different impacts and effects of climate change by testing
innovative methodologies of reforestation. These innovative methodologies, based on the collection of fog water for watering
the planted seedlings on restoration projects, do not significantly increase the carbon footprint, and in some cases, it could even
reduce it compared with the traditional methodologies. Their effectiveness and their costs and benefits, including as far as
possible the externalities they produce, will be taken into account.
The main goals of the project are:
• Demonstrate and disseminate the effectiveness, efficiency and capacity of the innovative methodologies and the equipment
linked to them in contrast to traditional methodologies.
• Create synergies between the results of the Project and reforestation, environmental, agrarian, and energy and water
management sectors and policies in the EU.
• Awareness and consciousness raising on the relevance of forest covers (and specially the laurel one) regarding water
resources; showing the environmental (and for the improvement of the resilience to Climate Change) importance of its
conservation, recovery, and extension.

Linear Disturbance Restoration in Mountain Caribou Habitat: Lessons from BC’s Quintette Pilot
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Mountain caribou populations in Southern and Central BC have decreased significantly over the past 20 years due to increased
predation rates driven by habitat degradation. As part of BC’s caribou recovery strategy, the Province is promoting habitat
restoration to accelerate the return of contiguous functional caribou habitat. Caribou habitat restoration is an emerging field
that has predominantly been applied to low-lying boreal caribou habitat to date, with limited implementation in mid to high
elevation habitat typical to the mountain ecotypes.
In 2019 the Province implemented a pilot restoration program in the Quintette herd range of central mountain caribou targeting
legacy linear disturbances (roadways, trails, exploratory seismic lines). Restoration techniques aimed to reduce the travel of
predators, primary prey, and humans into critical caribou habitat, as well as accelerate revegetation to match the surrounding
forest cover and increase the availability of functional habitat. This project was also viewed as an opportunity to test techniques
implemented for boreal caribou habitat restoration in mountainous habitats, and to build local capacity.
The project employed a variety of techniques based on site conditions and desired restoration state. These include hand-felling
adjacent trees to block access and line of site, mechanical site preparation, and seedling planting.
Approximately 30 km of legacy linear disturbance were restored using a variety of techniques. The results of year one
monitoring will be presented as part of the poster, as well as a discussion of lessons learned for working within the varied and
remote habitat areas favoured by mountain caribou.

Litter mixing effect on decomposition in a 30 year-old partially drained peatland
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Litter decomposition is a key process controlling carbon sequestration in Sphagnum dominated peatlands. Peatland
drainage decreases water table level, increases vascular plant richness, and alters species evenness. We hypothesized
that abiotic and biotic changes following peatland draining would greatly accelerate litter decomposition. We tested
the hypothesis by a litter decomposition experiment in two areas, undrained and of a 30-year-old partially drained
peatland. We used shoots of a peat moss Sphagnum magellanicum and leaves of a dwarf shrub Potentilla fruticosa
separately (single species) and mixture of the two (mixed species - Sphagnum: Potentilla) in three ratios: M1 (50:50),
M2 (30:70), and M3 (70:30). After six months of decomposition, for single species litter, Potentilla with low initial
C/N ratio decomposed much faster than Sphagnum litter with high initial C/N ratio on both undrained and partially
drained peatland. Overall, mixed litter produced antagonistic effect (observed less than expected) on decomposition
and C/N ratio. Litter treatment M3 (Sphagnum dominated) produced lower mass loss than other mixtures. The
undrained area showed higher decomposition than drained area. Drainage treatment interacted with species richness
resulting in slow decomposition in the undrained area. Our study suggests that drainage-induced alternation in plant
diversity produced slower litter decomposition than what we expected. However, over time mixed litter induced
decreased C/N ratio may enhance decomposition and reduce carbon sequestration in drained peatlands.

Long-term changes in the abundance of invasive alien plant species during the restoration of
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Land use change and invasive alien species cause much of the biodiversity loss in terrestrial ecosystems. Habitat
restoration aims to counteract the former and control the latter, but restorative interactions themselves cause
disturbance and invasive plants may be the first to colonize disturbed sites. Invasive alien species can alter
ecosystem functions with their effects persisting even after removal, making restoration more difficult.
We evaluated the changes in the abundance of invasive plant species in long-term (16, 20, 22 years long) datasets
related to sand grassland restoration in the Kiskunság and the Nyírség, Hungary. The experiments included
mowing, microbiological nitrogen immobilization and seeding as main treatments. We identified all invasive plant
species and analyzed the long-term trends in their cover at the species level and for annual and perennial species
depending on time and treatments.
We found that initial chemical treatment and mowing was effective in targeting woody invasive species, but others
could colonize and spread to the treated plots. Carbon amendment had little effect on these plants. Seeding
significantly reduced their abundance compared to other treatments. We also found a decrease in annual species
and a gradual increase of perennial invasive species irrespective of treatments.
We conclude that direct restoration methods focusing on one species at a time can successfully control target
species, but can inadvertently promote the spread of other invasive plants. We also conclude that seeding is the
best method to control the spread of invasive species in sand grassland restoration.

Managing moose population in Forillon National park to protect the ecosystem
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Moose is a large herbivore with the ability, particularly at high densities, to modify forest regeneration
dynamics and even transform entire forest ecosystems into grasslands. When moose populations reach very
high densities, the survival of some species, such as species at risk, forest regeneration and biodiversity
may all be negatively affected. An overabundant population of moose can threaten the ecological integrity
of an ecosystem.
The latest assessments of moose in Forillon National Park in Québec show that they are more abundant
(35/10 km²) than the forest can support (10-20/10 km²) to maintain its balance. This situation is the result of
the absence of factors that regulate their population, such as wolves or hunting, since diseases and parasites
seem to have little influence. The latest spruce budworm outbreak in the 80’s has also increased food
availability by rejuvenating forest stands. Our results have shown that the negative impact of overabundant
moose on the ecosystem has only recently begun to be detected.
Facing this situation, park management implemented a number of measures (aerial and terrestrial surveys,
exclosures, browse surveys) to assess the impact of the moose population on the park’s ecosystem. A new
five-year management plan with various measures to control the population was launched in order to
protect the forest ecosystem and all the species that depend on it for shelter and food. This approach is
being conducted in a proactive manner to avoid having to restore the ecosystem.
FRENCH TRANSLATION
L'orignal est un grand herbivore qui a la capacité, en particulier à des densités élevées, de modifier la
dynamique de régénération des forêts, allant jusqu’à les transformer en prairies. La survie de certaines
espèces, telles que les espèces en péril, peut alors être affectée ainsi que la régénération des forêts et sa
biodiversité. Ainsi, une surpopulation d'orignaux peut menacer l'intégrité de tout un écosystème.
Actuellement, l'orignal à Forillon est trop abondant (35/10 km²) pour permettre à la forêt de maintenir son
équilibre. Cette situation est attribuée à l'absence de facteurs régulant la population, tels que les prédateurs
ou la chasse, les maladies et les parasites ayant peu d'influence. La dernière épidémie de tordeuse des
bourgeons de l'épinette survenu au cours des années 80 a également rajeuni les peuplements forestiers,
augmentant la disponibilité de nourriture pour l'orignal. Nos résultats montrent que l’impact négatif des
orignaux sur l’écosystème n'a commencé qu’à se faire sentir que récemment.
Face à cette situation, les gestionnaires du parc ont mis en place un certain nombre de mesures (inventaires
aériens et terrestres, exclos, inventaires de brout) pour évaluer l'impact de la population d'orignaux sur
l'écosystème du parc. L'adoption d’un nouveau plan de gestion quinquennal contenant diverses mesures de
contrôle de la population afin de protéger sa forêt et toutes les espèces animales qui en dépendent pour se
loger et se nourrir est également en cours. Toutes ces mesures sont réalisées de manière proactive pour
éviter d'avoir à restaurer un écosystème.

Marsh plants enhance coastal marsh resilience by changing sediment oxygen and sulfide
concentrations in an urban, eutrophic estuary
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Despite considerable efforts to restore coastal wetlands, the ecological mechanisms contributing to the success or failure of
restoration are rarely assessed. Accumulation of hydrogen sulfide in sediments may accelerate rates of marsh loss in
eutrophic estuaries. We used a chronosequence of restored marshes in urbanized and eutrophic Jamaica Bay (New York City,
USA) to assess how sediment redox conditions change among seasons and over the lifetime of restored marshes. We also
compared a stable extant marsh to one that has deteriorated over the past 50 years. We collected seasonal sediment cores
from each marsh, and used a motorized microprofiling system to measure the vertical distribution of oxygen and sulfide. We
fit a logistic function to each profile to estimate: (1) maximum concentrations, (2) rates of increase/decline, and (3) depths of
maximum increase/decline. We quantified sediment density, porosity, organic content, and belowground plant biomass, and
estimated differences in daily tidal inundation among sites using water-level loggers. We found that minimum oxygen and
maximum sulfide concentrations occur during summer. Sulfide concentrations were highest in sites that experienced the
longest daily tidal inundation, including the degraded extant marsh and the oldest restored marsh. Spatial patterns in oxygen
and sulfide were related to belowground plant biomass, supporting our hypothesis that root growth increases sediment
oxygen and partially alleviates sulfide stress. Our data support the growing body of evidence that belowground plant growth
may enhance the resilience of marshes to sea-level rise by increasing marsh elevation and facilitating oxygen diffusion into
marsh sediments.

Contributions and limits of the use of permaculture technics in the regenerative
practice
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The publication of the third edition of the World Atlas on Desertification and the IPBES Land Degradation
and Restoration Assessment Report in 2018 provides an alarming picture of the state of land degradation at
the international level. Based on twenty interviews and a participatory observation, this case study on the
Altiplano Ecosystem Restoration Camp in the Murcia region of Spain proposes a series of contributions and
limits of the use of permaculture technics in regenerative design projects.

Keywords: Permaculture, Restoration, Regeneration, Desertification, Degradation, Ecosystems, Agriculture.
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The Quintette Mine is a steelmaking-coal property located 20 km south of Tumbler Ridge, BC within the Quintette caribou
herd range. The mine used to contain alpine areas that supported the Quintette herd; however, caribou no longer use the areas
altered by mining. The Quintette herd has declined over the past decade and is a federal species at risk. Portions of the Quintette
Mine (Quintette Legacy) are undergoing closure and reclamation procedures. Restoring caribou habitat is a key objective of
the closure and reclamation plan. To address the challenges associated with restoring caribou habitat in alpine areas, a research
partnership was formed between Teck Resources Ltd., Stantec, Treaty 8 First Nations, and BC Institute of Technology/Simon
Fraser University Master’s program in Ecological Restoration.
A caribou habitat restoration model was developed to provide insight to areas that could be prioritized for restoration. The
modelling approach used resource selections functions (RSF) and barrier analyses to apply information about habitat selection
by the Quintette herd to legacy mine sites. Results from the RSF models depict landscape features that could provide the highest
value for caribou if restored, and barriers that currently limit use of the site. High elevation (>1600 m) waste dump platforms
had the highest probability of use, particularly during the summer. Results from the barrier analysis suggest that steep slopes
(>22°) may limit caribou movement across the site. The findings provide insight to restoration activities that could support
caribou re-use of the Quintette Legacy and facilitate the recovery of caribou habitat.

Modern Monitoring Methods for Meadow Mending Mastery
Quantifying the Physical Linkages Between Wet Meadow Restoration Treatments and Environmental Outcomes
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Wet meadow restoration often targets a wide range of ecological issues. However, few comprehensive field studies
have been performed to verify the performance of these restoration activities. For the impacted Deer Creek Meadow
at the boundary of the Cascade and Sierra Nevada mountain ranges in California, USA, our team is fortunate to have
the opportunity to establish and execute a monitoring strategy prior to the design and construction of a restoration
project. This enables us to gather pre- and post-project monitoring datasets to aid in establishing realistic restoration
goals. Here, we present our preliminary monitoring approach and datasets to solicit feedback.
The restoration will treat the incised channel likely through raising of the streambed. The rise of the stream’s water
surface elevation will likely extend into the riparian zone, reducing the depth to groundwater. We hypothesize that a
decrease in groundwater depth will support the recovery of hydric vegetation by reducing the pressure gradient that
plants must exert to draw water out of the soil. This recovery will likely result in the increase in the rate of
evapotranspiration due to plant uptake. Our primary goal is to validate this hypothesis with field data. Additionally,
we would like to monitor if our restoration treatments lead to increased summer base flows and reductions to
summer water temperatures.
We are eager to show a recently collected aerial drone-derived high-resolution digital surface model and orthoimage
showing the impacted meadow and some associated preliminary datasets.

Monitoring Changes in Icelandic Fen Wetlands Following Restoration
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As a sparsely populated island with vast areas of drained wetlands, large portion of Iceland’s greenhouse gas emissions originate
from the land use sector (LULUCF). Due to the volcanic nature of the island the wetland soils have high mineral content, are
generally fertile and have relatively high pH. The vegetation is characterized by vascular plants and virtual absence of
sphagnum moss. Icelandic wetlands have high breeding bird density and are internationally important habitat for birds. There
is a need for increased research on impact of drainage and subsequently restoration of wetlands, as well as to analyze the
relationship between drainage levels and various ecosystem factors. In 2017 a monitoring program was initiated on four drained
sites in S-, W- and N-Iceland to assess changes following restoration, implemented in 2019. In monthly measuring sessions
Reco and methane fluxes were measured using the closed chamber method and water level depth and soil temperature measured
simultaneously. Primary results show variability between sites as well as great annual variations. In the first year after
restoration water level has risen and gotten more stable. Overall, lower R eco is seen after restoration and closely follows rise in
water level. Confirming wetland restoration as an important climate action but also shows the importance of further research.

Multiphase marsh restoration at Galveston Island State Park, Texas
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Galveston Bay is the largest major estuary along the Texas Gulf Coast and plays a key role in commercial fisheries in the
United States. However, over 35,000 acres of emergent wetlands and 1,800 acres of seagrasses have been lost from Galveston
Bay since the 1950s. Since 1999, HDR Engineering has been working in partnership with the Texas Parks and Wildlife
Department, the Texas General Land Office, and the National Fish and Wildlife Foundation to restore and protect critical
estuarine habitats within Galveston Island State Park that would be lost from subsidence, shoreline erosion, and/or sea level
rise. Through advanced engineering, environmental permitting, and adaptive management strategies, more than 90 acres of
marsh complex has been created within Carancahua Cove and over 5,400 linear feet of rock breakwater has been constructed
in Carancahua Cove during the most recent restoration phase in 2017. A total of 700 acres of critical habitat for fishes, colonial
waterbirds, shorebirds, and wading birds have been restored through multiple phases of the project including design, permitting,
vegetation planting, and yearly monitoring, with additional restoration and protection to be constructed. Yearly monitoring
has been conducted to assess the performance of the restoration efforts based on criteria including marsh grass coverage,
shoreline change rate, and breakwater condition. Based on three years of monitoring, percent vegetation cover on created marsh
mounds has increased on average from 30 to 74 percent (n=81) and natural establishment of native high marsh vegetation was
observed. Lastly, shoreline change rate decreased from -19.0 feet/year to approximately -9.9 feet/year (n=9), the average width
of fringe marsh along perimeter marsh mounds increased from 24 feet to 31 feet, and accretion was observed along interior
marsh mounds. These preliminary results indicate the success of the recent phase and provide valuable insight on
implementation of habitat restoration and protection in Galveston Bay.

Peasant Territories and Stewardship of Nature in neoliberal Mexico
Alejandra Guzmán Luna1, Bruce G. Ferguson2
1

Gund Institute-Agroecology and Livelihood Collaborative, University of Vermont, United States of America
2
Department of Agriculture, Society and Environment, El Colegio de la Frontera Sur (ECOSUR), Mexico
aguzmnlu@uvm.edu

Success and permanence of ecological restoration rarely depends on ecological factors alone, especially in the Global South.
Practitioners should knowledge that in many of the territories they pretend to restore, peasants are struggling to fulfill their
right to a healthy environment and quality food. We will analyze Mexican approaches to reconciling nature care with food
production in light of the international movement to recover the dignity of peasant and indigenous livelihoods. We compare
the drivers and outcomes of efforts originating from governments (and allied NGO’s) with those of efforts emerging from the
peasant sphere. The current populist federal government has established a massive program, Sembrando Vida, that seeks
integration between rights to food and a healthy environment. Although this is the first time the Mexican government has
paid serious attention to agroecology, the program largely follows a mainly neoliberal logic in which food production,
restoration, and conservation occur in separate spaces. On the other hand, peasants’ initiatives more fully integrate
stewardship of nature with the reproduction of their livelihoods and reassertion of their control of the land. In some cases,
those initiatives take advantage of neoliberal government policy. Thus, shades of gray apparent in different territorial peasant
strategies are born of the black and white extremes of agroecology and “fortress” conservation.
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Peatland communities in western Canada have slowly developed over thousands of years with wildfires being a
constant influence on these systems. As fires move through mature peatland communities, the aftermath is an open
landscape where pioneer peatland species establish and develop. The open landscape supports the growth of
successional species to create a mature forest, which is then ready for the fire interval cycle to continue. Fire cycles
have been a constant on the landscape with little disruption; however, as climate change in western Canada has
altered precipitation and temperature regimes, typical vegetation succession patterns that establish after peatland
fires may be changing. The Chisholm fire of 2001 burned over 116,000 hectares of forest in northern Alberta, with
most of the area being peatlands (treed fens). Vegetation surveys were completed throughout 2018 and 2019 within
the burned peatlands of the Chisholm area and compared to an unburnt control area to identify species richness,
diversity, composition and vegetation trends. I found, within the re-establishing peatland, a healthy, thriving and
diverse community that is developing towards a community similar to the offsite mature treed fen. After almost 20
years of recovery, the affected vegetation community is dominated by peatland species. With temperatures and
precipitation levels continually changing, the area is at a transition state in which the community may be maintained
on the landscape or the area may experience a regime shift to a drier state.

Evaluation of survival and performance in plantings of Sideroxylon capiri (Sapotaceae) for
ecological restoration in a deciduous forest
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The Deciduous Forest (DF) has a high land use conversion, the 7% of the global deforestation is due to mining, while the 18.3%
of Mexican territory and 29% of the total Morelos territory are under concession for this activity. This study was carried out in
ecological restoration plantings as a mitigation measure for the limestone extraction activity, with the intention of maintain
Sideroxylon capiri with viable populations. S. capiri is a Neotropical native tree and classified as near threatened species by
the IUCN red list and as threatened in the Mexico national regulation. In 2017, plantings of ecological restoration were
established in five different sites, one inside the quarry and four in external areas, with a total of 635 S. capiri trees. We evaluate
the effect of the variables soil depth and circundante vegetation density and richness in each site as well as precipitation and
temperature per year in S. capiri survival and performance (diameter size and height), in four years (2017 to 2020). The results
of the variables analysis per year in each site and between sites will presented. The results of this work will help propose
modifications or complements to improve the restoration strategy in this particular mining area and others ecological restoration
sites in DF.

Performances of Alnus formosana seedling of mud planting and mulching in Taiwanese
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In the past decades, many vegetable farmlands had been abandoned in Taiwanese mid-mountainous areas. These lands are
characterized by drought due to higher than 70% gravel content, and are extremely alkaline due to long-term use of chicken
manure and a large amount of lime. In this globally unique degraded land, there is no natural regeneration of any tree species,
and traditional reforestation methods are rarely successful. This study aimed to explore the effects of gravel-removed planting
and mulching on Alnus formosana seedlings. After 30-month monitoring, both mud planting and mulching could improve the
survival rate of seedlings (8.5% for original gravel soil planting, 47.8% for gravel-removed soil planting, and 57.8% for gravelremoved mud planting; 46.7% without mulching, 53.3% with peat mulching, and 58.3% with biochar mulching). The results
suggested that removing gravel and mulching can increase the water capacity of the field and thus increase the survival of the
seedlings. On the other, removing gravel and mulching has no significant difference in the growth of seedlings in diameter and
height. Consequently, removing gravel of soil and mulching could promote A. formosana survival in the degraded land, but
these measures are not helpful to the initial growth of surviving seedlings.

Playa Wetland Restoration Prioritization:
Accounting for Legacy Effects of Hydrologic Modification and Intensifying Drought
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Prioritizing resources for wetland restoration must increasingly account for the legacies of previous land-use practices and
ongoing climate change. Playa wetlands provide critical seasonal habitat for wildlife, but may be impacted by historic
hydrologic modifications and intensifying droughts. To support restoration planning, we asked: (1) what are the trends in
playa inundation? (2) what are the factors influencing inundation? (3) how is playa inundation affected by increasingly severe
drought? (4) do certain playas provide hydrologic refugia during droughts, and (5) if so, how are refugia patterns related to
historical modifications? We evaluated a 30-year time series (1985–2015) of inundation using remotely-sensed surface-water
data for 153 playas of the Great Basin, USA. Inundation likelihood and duration were greatest in modified playas and
increased with wetter weather. Inundation probability was projected to decrease from 22% in average years to 11% in
extreme drought, with a respective decrease in annual wetted duration from 1.7 to 0.9 months. We determined that only 4%
of playas qualified as drought refugia (inundated for at least 2 months in each of the 5 driest years). Although refugial playas
were larger and more likely to have been modified, this may be because land managers selected refugial playas for
modification. These inundation patterns will inform efforts to restore and conserve wetland functions at sites across two
large national wildlife refuges as the climate changes. In addition, the remote sensing methods employed allowed for
landscape-scale habitat assessment, while also providing a framework for continued monitoring and evaluation.

Positive Plant-Plant Interactions Increase Restoration Success for Thorn Scrub/Thorn
Forest Plant Communities in Semi-Arid South Texas
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Restoration of thorn scrub and thorn forest communities in semi-arid South Texas is hindered by harsh environmental
conditions and hypercompetitive invasive grasses. High levels of solar radiation, temperatures, and inconsistent
rainfall increase stress for transplanted seedlings; invasive grasses exacerbate those stressors leading to low success
rates in restoration plantings. The success of thorn scrub/thorn forest restoration efforts depends on increasing seedling
survival and growth by reducing stress after transplantation. High-density planting of three different planting mixes
(monospecific Ehretia anacua, Forestiera angustifolia, and a mix of nine native species) and the use of the native
nurse plant Bacharris neglecta were evaluated as potential strategies for increased restoration success. Both highdensity planting and the use of nurse plants are promising for restoring thorn scrub/thorn forest plant communities.
Seedling growth was increased in high density plots for E. anacua and was only greater for F. angustifolia in mixed
planting plots. Seedling survival was increased in high-density treatments for E. anacua while F. angustifolia was
unaffected by planting density. Invasive grass cover was reduced in mixed plots most likely because of the increased
functional diversity compared to the two monospecific treatments. The use of the nurse plant has neutral to negative
effects on growth of F. angustifolia likely due to competition however, survival was greatly increased under a nurse
plant canopy. These findings emphasize importance of positive plant-plant interactions in semi-arid restoration efforts.
Both of these restoration strategies should be further studied for their applications in restoration of arid land plant
communities.

Post-hoc analyses reveal increased density of rare plant inflorescence along restoration trajectory
Ashlynn N. Smith1,2, Barbara Cory1, Emily E.D. Coffey, PhD1, Deborah Miller, PhD2
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Rare plants found in grasslands of the Southeast United States are severely threatened by hardwood encroachment. Restoration
monitoring typically relies on randomly placed transects and small plots for monitoring vegetation response to restoration
actions. However, due to the naturally scarce distribution of rare plants, they seldom appear in monitoring plots placed over a
large project area. Without targeted and broad surveys for rare plants, practitioners may miss the response of rare plants in
association with restoration efforts.
To capture species-level rare plant data efficiently across a large-scale grassland restoration project in Deer Lake State Park
(Walton County, FL), we conducted a site-wide inventory with a Trimble Geo7X and utilized post-analysis in ArcGIS Pro to
analyze both spatial and temporal trends in rare plant flowering. We surveyed three restoration conditions for six rare plant
species. This rapid assessment method allowed us to collect species-level inventory data and make determinations of restoration
outcomes based on original project goals. Densities of rare plant inflorescences were significantly different between treatment
groups (MRPP, A = 0.124, p = 0.008). Subsequent pairwise comparisons revealed the density of rare plant flowers was
significantly greater in restored compared to unrestored areas (A = 0.085, p = 0.034) and further investigation revealed
significant differences in rare plant flower densities only occur after a minimum of three years following restoration action (A
= 0.032, p = 0.045). These results suggest rare plant flowering does increase after hardwood removal, but post-restoration
maintenance is required to reach densities similar to reference conditions.

Potential Applications of the Mutualism between Smooth Cordgrass (Spartina alterniflora)
and Ribbed Mussel (Geukensia demissa) for Restoration of Urban Wetlands
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Efforts to restore degraded ecosystems often focus on the effects of single species on ecosystem
processes while neglecting the influence of species interactions. Understanding these interactions
can expedite the restoration process and prevent unforeseen negative outcomes. We measure the
strength of mutualistic interactions between smooth cordgrass (Spartina alterniflora) and ribbed
mussels (Geukensia demissa), two dominant coastal wetland species in the eastern US, to
determine their combined impact on sediment stability and nitrogen-removal services. Previous
work has shown that the addition of mussels to a recently restored marsh in Jamaica Bay (New
York, NY, USA) enhanced rates of nitrogen removal. However, in contrast to experiments
performed in natural marshes, we observed no effect on plant growth. Here we consider the
possibility that the mussel-cordgrass mutualism is context-specific, responding to local abiotic
conditions such as nutrient availability and sediment supply. We plan to compare results of
mussel additions between restored sites in Jamaica Bay and Randall’s Island, two sites in NY
that have been the subject of recent restoration efforts but that differ in rates of sediment supply.
We are also working to analyze georeferenced surveys of invertebrate populations conducted by
the National Park Service in Jamaica Bay. We will use these data, in combination with archived
aerial imagery, to detect trends in the abundances of S. alterniflora and G. demissa following
restoration, relative to a stable extant marsh. We will synthesize the observational and
manipulative components of our study to quantify the utility of the cordgrass-mussel mutualism
in restoring urban ecosystems.

Prescribed fire effects on grassland small mammal community structure in Eastern North Dakota,
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Grassland small mammal communities change composition following fire, primarily due to changes in vegetation structure and
cover. In North American grasslands, species that prefer open areas (e.g., deer mice [Peromyscus maniculatus]) replace those
that prefer greater litter depth (e.g., meadow voles [Microtus pennsylvanicus]). While this dynamic is documented in the
southern Great Plains of the United States, we ask how fire related vegetation changes alter small mammal communities in the
northern Great Plains.
We did this in a fire managed 383 ha native grassland site in eastern North Dakota, USA subdivided into seven units. We
randomly selected 40% of the points in each unit of a previously established permanent grid. At each point, we set four pairs
of break-back traps for five consecutive nights (~ 3500 trap nights yearly).
We captured 970 small mammals representing 10 species in summers 2018-2020. Small mammal composition varied with fire
history where recently burned units were distinct from units burned two, three, or four years ago. In 2018, meadow voles and
mice were positively and negatively related to litter depth, respectively. However, in 2019 meadow voles were most numerous
in the most recently burned unit. Conditions were extremely wet during the 2020 field season. In this case, we captured 42
individuals primarily consisting of meadow voles. This finding suggest that small mammal responses to fire are temporally
dynamic and are more strongly determined by temporal environmental conditions that originally hypothesized.

Priority areas for restoration in permanent preservation areas of rural properties in the Brazilian
Amazon
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Environmental degradation due to the misuse of natural resources has drastically changed landscapes in the Amazon. At the
same time, discussion, knowledge, and actions on the conservation of forest remnants and restoration of degraded environments
have increased worldwide. In this study, we propose to evaluate: (1) to evaluate the process of landscape change over the last
36 years (1984-2020); (2) to identify degraded environments within legally established permanent preservation areas (PPA’s);
and (3) to map environmental liabilities in degraded rural properties which, according to environmental regulations, must be
recovered. The priority areas for restoration were defined considering: a) the environmental liabilities of each rural property;
b) the remnant forest in each rural property; c) the rural properties’ boundaries; and d) the degraded PPAs in each rural property.
Deforestation followed by land use change in Paragominas municipality increased from 12% (2,336 km2) in 1984 to 45%
(8,783 km2) in 2020. Its water network had 20,149 km of rivers and 15,824 springs, and of this total, 4,416 km of rivers and
approximately 6,157 springs were in areas under pressure. We identify 638.85 km2 of environmental liabilities, which, must be
recovered. When producers protect PPA’s in properties, they conserve soil and water resources as well as contribute to
biodiversity maintenance. Despite the consistent reduction over the last few years, forest loss and degradation in the Brazilian
Amazon have begun to increase again under President Bolsonaro’s current government. In his statements, he has made it clear
that he has no interest in the environment.

Project Upsculpt: Wetland Inspired Educational Art that Promotes Preservation
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Ask a student which of Earth’s biomes are most “valuable” and you will likely get a response of rainforest, reef or even, simply,
“the Ocean.” That is likely because these areas are “pretty” and desirable to visit. To these students, “value” has a very specific
meaning equating to appearance and, tangibly, what the area can provide to them.
Ecological “value” has a specific, measurable, meaning. Ecological value of a biome is measured in what services will be lost
or decreased through its degradation. It is this “value” that I redirect Students’ opinions to while studying our local biome, the
tidal wetland. To a student, living in coastal New York, ironically the correct answer to my question is found at home. The
ecological value of a wetland is considered the highest of any biome, singularly valued over 20%. It is a true powerhouse of
services, ranging from nursery to flood control to water quality protection.
Through multiple on-site visits to our local wetland, my students learn to correctly “value” it and are thus less likely to engage
in or support activities that will lead to its degradation. In an effort to then promote the value of a tidal wetland, and to help
support these long-term goals, the students create original “upsculpted” artwork depicting wetland species and their trophic
structures out of material collected within it. This “upsculpted art” will be the focus of my poster session. A discussion of
technique and methodology will be provided. Artwork will also be on display.

Wetlands

Source: Christensen et al, “The Environment and you,” Pearson, 2019

“Snowy Egret” Cindy Roe

“Upsculpt” is a non-profit, 501(c)(3), organization that uses upcycling + sculpture to create environmentally conscious art that
educates and engages the public regarding issues surrounding marine debris. We remove plastic from beaches and bring
attention to the problem, while creating beauty from waste.

Propagation of Corylus cornuta from seed and softwood cuttings for revegetation of disturbed sites
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Shrubs comprise a significant portion of plant communities in northern Alberta boreal forest ecosystems and, as such, are
critical to the success of oil sands revegetation efforts. Presently, shrub seedlings are primarily produced by commercial
nurseries from wild harvested seed. Although Corylus cornuta Marshall is a characteristic species of some boreal upland
ecosites, it is challenging to harvest sufficient seeds from natural sites due to low production and competition from wildlife
and seeds are difficult to germinate. Our work has focused on methods to improve seed germination with stratification, and
on rooting softwood cuttings. Wild harvested nuts (seeds) were separated by sheath colour (green vs brown) and greensheathed seeds were stratified (cold moist) for 0, 8, 16 and 23 weeks whereas brown-sheathed seeds were subjected to a 0, 8,
12, 16, 20 and 23 week stratification period. We observed that at least 16 weeks of cold moist stratification was required for
seeds (94% eRH) to attain about 60% germination of green-sheathed seeds and at least 35% germination of brown-sheathed
seeds. Softwood cuttings were harvested from two sites (late June / early July) and divided into four groups (no treatment,
bottom heat only, 0.8% IBA only, and IBA with bottom heat). All cuttings were struck in a mixture of perlite, peat, sand and
vermiculite (2:1:1:1 by volume) and placed on greenhouse benches. Destructive sampling occurred 7, 9 and 11 weeks postplanting and numerous root parameters were measured. We observed that IBA was critical to obtain rooting percentages
upwards of 65% as well as increased root biomass, maximum length and number of roots. Differences between populations
were recorded for time required to root and the impact of bottom heat.

Propagation of some indigenous plant species of the Maltese Islands.
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The Mediterranean basin is a biodiversity hotspot but many of these species are under threat in many countries; the Maltese
Islands are especially so due to habitat loss and degradation as a major impact of overpopulation. To stop biodiversity loss, a
better understanding of the “know-how” for in situ and ex situ propagation protocols is required. The aim was to investigate
such protocols.
The seeds were collected from May to July and from October to December at 11 different locations. Seeds were then cleaned
and stored in the Seed Bank at the Department of Biology, University of Malta. Depending on seeds availability for different
species, seeds were sown in a 2:1 ratio compost perlite. The germination was tested under semi-controlled conditions (T°, L/D)
as well as in greenhouse. For two critically endangered species, which do not produce a good amount of seeds, propagation by
cuttings was also carried out, using 60 cuttings for Cheirolophus crassifolius and 120 for Helichrysum melitense.
The seeds of 18 indigenous plants namely Coronilla valentina, Erica multiflora, Eryngium maritimum, Fagonia cretica, Laurus
nobilis, Pancratium maritimum, Pinus halepensis, Prasium majus, Quercus ilex, Tetraclinis articulata, Teucrium flavum,
Drimia maritima, Phlomis fruticosa, Periploca angustifolia, Thymbra capitata, Euphorbia dendroides such as Euphorbia
melitensis (endemic), Ferula melitensis (endemic) were germinated and developed in mature plants.
The lack of seeds availability for Cheirolophus crassifolius and Helichrysum melitense, both endemic and critically endangered
species, did not allow us to perform germination tests. On the other hand, the propagation by cuttings using 1-Naphthaleneacetic
acid 0.6g/L as rooting hormone was successfully carried out on both species. Roots were developed in 90% of the cuttings,
which were all acclimatized as independent plants.
All the plantlets produced will be reintroduced into degraded areas of Maltese Natura2000 protected areas as part of a habitat
restoration process.

Figure 1. Plants propagated for restoration. Mass propagation of indigenous and endemic plants.
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Oil sands mining in Canada has disrupted large regions of boreal plains peatlands which contain some of the most carbon dense
soils in the world. Here we present eight years of carbon dynamics from one of two large-scale watersheds (58 ha) constructed
with the purpose of restoring boreal peatlands to the landscape. Utilizing salvaged peat from recently disturbed peatlands, and
a design that maintains near-surface water tables, resulted in a limited loss of the carbon pool and the promotion of native
wetland species habitat. The development of wetland species over the first three years also promoted rapid carbon uptake from
the atmosphere while the saturated and anoxic soils limited oxidation of the organic matter. However, recent years have seen a
large reduction in the amount of carbon sequestered. Fluorescence analysis of the dissolved organic matter suggests that the
fraction of highly humified organic matter is increasing so the reductions in net primary production may be a result of changes
to the vegetation community and not in the biogeochemical conditions that limit mineralization of the carbon pool in the peat
substrate.

Recovery of a native tree after invasive tree removal in riparian systems of the western US
Alexander R. B. Goetz1, Ian Moffit1, Anna A. Sher1
1

Department of Biological Sciences, University of Denver, USA
alexander.goetz23@du.edu

Removal of invasive species does not completely restore an ecosystem to its pre-invasion state, instead creating a
novel ecosystem that can have variable recovery trajectories leading to a range of functional outcomes. Removal of
Tamarix spp. in the American Southwest has had deleterious impacts on habitat availability for the endangered
Southwestern willow flycatcher (Empidonax extimus trailii, abbr. SWFL), which nests readily in Tamarix when native
Salix canopy is not present. If we can identify conditions leading to more native vegetation cover as well as habitat
protection for the SWFL, we can prioritize restoration efforts more effectively and reduce conflict
between conservation goals. To determine whether reduction in the invasive tree led to more habitat, as measured by
increased cover of Salix and specifically Salix exigua (the most common species), we compiled data on vegetation,
soils, and geographic conditions in 243 sites where Tamarix had been subject to active removal and/or biocontrol and
172 reference sites. We found that (1) while decreased Tamarix cover is associated with an increase in Salix, the
increase does not compensate for the overall losses in canopy cover. (2) We did not find a significant difference in
Salix cover among Tamarix removal methods or relative to negative reference sites; however, sites where herbicide
was applied at any point had higher Salix cover. (3) We found significant impacts of several environmental
characteristics including soil properties, distance to water, and initial Salix cover on Salix and specifically S. exigua
cover across sites. Our data reflect the fact that Salix and Tamarix occupy distinct environmental niches. Our findings
demonstrate that removal of an invasive species does not necessarily lead to reestablishment of the native species it
appeared to displace, and that this may be due to the invader occupying a different niche than the native species. We
suggest that in the case of promoting habitat for SWFL and other birds, outcomes of restoration activity can be
improved by focusing Tamarix removal on sites more likely to promote Salix growth based on environmental
characteristics.

Recruitment of woody materials to enhance the restoration of linear features in caribou habitat
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Stem bending and tree hinging are restoration techniques used to accelerate the recovery of woodland caribou
populations while reducing use of linear corridors by other prey and predator species in caribou habitat. On one
hand, these techniques may increase surface roughness creating microclimate, which promote tree regeneration
along linear features. Notwithstanding, application of these treatments may pose the risk of facilitating unintended
disease or insect outbreaks to the surrounding stands. Seismic lines in South Clyde restoration area located within
the Cold Lake Air Weapons Range in Alberta were restored in 2017. Stem bending and tree hinging were applied
in addition to mounding, screefing and planting. Aerial and on-the-ground assessments were conducted in 2019 to
evaluate the risks associated with stem bending or tree hinging treatments in adjacent stands and to understand
factors that render stem bending and tree hinging treatments more effective at deactivating seismic lines.
Overall, insect attacks and disease outbreaks were not evident on untreated and treated lines. On-the-ground
assessment did not find the presence of insects that have the potential to become epidemic on woody material
recruited by those treatments. A number of site factors contributed to the efficacy of blocking access to treated lines,
including treated tree species, diameter at breast height and techniques used to fall trees. The outcome of this work
is to enhance and expand current practices in linear restoration programs, which will help to accelerate caribou
habitat recovery through the restoration that decreases forest and landscape fragmentation.
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As we enter the United Nations Decade on Ecosystem Restoration, reevaluating the relationship between science and
policy is increasingly important. Despite their inherent interdependence, restoration ecology as a scientific discipline,
ecological restoration as a practice, and the policies driving restoration efforts do not represent a unified force. We
discuss challenges associated with this disunion including those linked to some of the social dimensions of restoration
and limitations associated with existing policy. Social challenges include collaboration and community engagement,
incentive structures, divergent perspectives and values, transboundary knowledge sharing, and their roles in meeting
restoration targets. We simultaneously provide a review of existing federal legislation and describe major policies
directly or indirectly related to ecological restoration in the United States. In doing so, we further document potential
challenges to meeting management and recovery goals while synthesizing recommendations to fortify connections
between restoration science and policy. Potential solutions exist in transdisciplinary collaboration, defining monitoring
and recovery standards, and leveraging both the incredible rate of innovation in ecological restoration and the
tremendous impetus driving global restoration targets and initiatives. Identifying challenges provides a pathway to
reevaluate past legacies and identify forward-looking, actionable solutions. With the knowledge that current
conservation practices are not enough to mitigate environmental degradation and protect all biological diversity, we
focus on streamlining transdisciplinary problem-solving strategies to face the augmented ecological issues of today.

Removal of Nitroaromatic Compounds from Trinitrotoluene (TNT) Contaminated Soil in A
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The production of nitroaromatic compounds are highly increased due to wide industrial applications. They are released into
near environment accidentally or intentionally in the form of waste, are mostly anthropogenic and recalcitrant, cause serious
health and ecological problems. Laboratory scale constructed wetland planted with Phargmitis austrilus and Typha latifolia
was designed to treat TNT contaminated soil. After the establishment of wetland system, TNT contaminated soil was treated
with through bioremediation, domestic wastewater as co-substrates and TNT degrading bacterial strains were added for
effective removal of nitroaromatic compounds. COD, Total Nitrogen, nitrate and Sulphate were reduced to 77.08%, 60.08%,
83.33% and 67.91% respectively in bioremediation of TNT polluted soil. In biostimulation, the COD, TN, NO3 and SO4
reduction was 83.36%, 83.59%, 94.65% and 81.09% respectively. Similarly, in bio-augmentation COD, TN, NO3 and
sulphate were reduced to 81.08%, 84.61%, 82.14% and 91.34% correspondingly after thirty days. FTIR results indicated the
biotransformation of Nitroaromatic compounds into different intermediates. Phytoxicity test showed that treated water had no
toxic effect on seed germinations and plants growth and could be used for irrigation or released into water bodies. So it was
concluded from the studies that assisted bioremediation and constructed wetland is well-suited treatment option for in-situ
treatment of nitroaromatic compounds.
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Natural peatlands are important long-term sinks of carbon. However, the extraction of peat promotes an increase in organic
matter decomposition and a decrease in soil moisture, leading to the mortality of many plant species adapted to wetter areas
that would normally uptake a large amount of carbon. Extraction may also foster the establishment of sedge species (e.g.
Eriophorum), whose expansive root structures allow them to tolerate larger temperature and moisture ranges than the typical
plant species found in a natural peatland. A recent study that explored the carbon dynamics following extraction in an
unrestored peatland found the site to be an overall source of carbon; mainly from the vast cover of bare peat, but also from a
small proportion (5%) covered by Eriophorum (Figure 1). Thus, we supplemented the results of that study with manual gas
chamber measurements at a natural ombrotrophic bog in Eastern Ontario, which show that autotrophic respiration of
Eriophorum contributes around 60% of the total ecosystem respiration. This suggests that should Eriophorum continue to
spread across an extracted peatland, carbon emissions may be further exacerbated. The proposed goal of this project is to
explore respiration and its sources at a newly restored site, that will most likely have a greater vascular plant cover and higher
decomposition rates as compared to that of a natural peatland. Since restoration efforts aim to both restore the carbon sink
functioning and to protect the residual peat from decomposition, this study will help managers assess the importance of
peatland restoration.

Figure 1. Saint-Alexandre de Kamouraska, QC, Canada (near Riviere du Loup, QC)

Restoration and Monitoring of Hymenocallis coronaria in Stevens Creek, South Carolina
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Hymenocallis coronaria, commonly known as the rocky shoals spider lily, is a rare and imperiled aquatic macrophyte
that is endemic to fall line streams of the southeastern United States. H. coronaria is considered an indicator species
for shoal habitat quality and its beautiful blooms are culturally important to local communities. Unfortunately, H.
coronaria populations have been declining throughout their range due to flow modification, herbivory impacts, and
anthropogenic water quality degradation, leading to increased interest in the restoration of this charismatic species.
Therefore, a need exists to identify effective restoration methods and suitable habitat characteristics to inform future
restoration and management actions. This study evaluated the effectiveness of different restoration methods across
experimental plots within a shoal in Stevens Creek, South Carolina. Herbivory and water quality were monitored
within two shoals, one with a robust H. coronaria colony and the other a declining colony. We hypothesize that
outplanted greenhouse-propagated bulbs embedded in coir matting will have a higher survival rate than those
outplanted directly into the shoal and that the plots will not be a significant source of variation. There currently are no
observed differences in herbivory and preliminary analyses indicate that the shoal with a declining colony has a higher
pH. Moving forward, our habitat research will be expanded to include water quantity and physical habitat
characteristics. The restoration portion of our research will continue with spring and summer restoration efforts to
further examine how season, life stage, habitat characteristics, and method affect restoration success of H. coronaria.

Restoration initiatives in the bauxite mining environment: contributions to Atlantic Forest
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Brazil has the fourth largest reserve of bauxite in the world and is considered the fourth largest producer of this ore.
Therefore, bauxite mining contributes significantly to the country's socioeconomic development. To ensure sustainability,
mining companies need to carry out forest restoration actions both in mined areas and in compensation areas, aiming to
recover local biodiversity. The objective of this work was to summarize results of all the 12 peer-reviewed publications and 2
ongoing studies addressing ecological impacts of restoration techniques on biodiversity recover in areas of the Companhia
Brasileira de Alumínio (CBA) in Minas Gerais, Southeastern Brazil. In the studies monitoring shrub and tree diversity in 5
restoration areas, 155 native species of the Atlantic Forest were found, 61 in the planting of seedlings, 106 in the inventories
for evaluation of these plantings and 92 in natural regeneration. Moreover, 56.1% of all tree and shrub species are dispersed
by animals and some of these species are threatened with extinction in native forest patches of the region due to the history of
fragmentation of the landscape by the pressure of agriculture and livestock. In the studies monitoring bird community in 3
restoration areas, 85 bird species were found. Importantly, 32.9% of them are frugivorous and play a significant role in seed
dispersal. Furthermore, 14.1% are endemic to the Atlantic Forest. Thus, these studies show how forest restoration in the
bauxite mining environment is promoting the recovery of plant and bird species that are important to reestablish fundamental
ecological processes.

Restoration of abandoned peat quarries for climate change mitigation (Lithuania)
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Peatlands cover 10% of Lithuania, 45% peatlands are used for forestry, 39% for agriculture, 2% for the peat industry (+2% as
abandoned quarries). Most destroyed and abandoned peat quarries are a legacy of Soviet times when no care has been taken to
restore damaged ecosystems. After abandonment, such areas remained heavily drained for decades and gradually overgrow by
woody vegetation, in the driest places remain bare peat. These areas lost the possibility to provide ecosystem services and
become a permanent source of GHG emissions.
International project LIFE Peat Restore LIFE1CCM/DE/000138 (2016–2021) in Lithuania is concentrated in the restoration of
1. abandoned post-mined areas in Puscia (80 ha) and Sachara (88 ha) peatlands, 2. prepared for peat mining, but not exploited
Amalva peatland (215 ha). All restoration actions are focused on climate change mitigation by reducing GHG emissions from
severely damaged peatlands. GEST approach combining studies of vegetation and groundwater level changes was used to
evaluate the effectiveness of restoration activities. A comparison of GWP of the three restored peatlands shows that all restored
peatlands will remain as a source of GHG emissions for the next 30 years, but their GWP will decrease significantly: 1. Puscia
peatland from 970 to 520 CO2 eq./year; 2. Sachara peatland from 840 to 250 CO2 eq./year and 3. in Amalva peatland from
5770 to 1500 CO2 eq./year.
Restoration of abandoned peat quarries is beneficial for climate change mitigation and can improve the state of biodiversity
even in severely damaged ecosystems.

Restoration of boreal semi-natural grasslands in a complex floodplain landscape: social-ecological
resilience at the farm level
Solvita Rūsiņa1, Ivo Vinogradovs1, Anna Marija Fīrere1, Baiba Strazdiņa2, Madara Krūzmane1, Marta Ancāne1
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In the light of grassland restoration, a focal unit in a hierarchy of social-ecological systems (SES) is a farm comprising
grasslands as an ecological subsystem and a household as a social subsystem. Despite the long tradition of grassland
conservation, there is little evidence on farm level SES, especially in complex landscapes and across long time scales.
Our objective was to evaluate the process and outcomes of semi-natural grassland restoration in a complex floodplain landscape
over a period of 17 years in relation to a social-ecological resilience, and to identify the main challenges to achieve socialecological resilience at the farm level.
Study site is a livestock farm with 70 ha of pasture located in the Gauja River floodplain, Latvia. Restoration started in 2004
with establishing grazing with beef cattle, and continued in the LIFE project LIFE16NAT/LV/000262, 2017–2023. We used
the framework developed by Krievins et al. (2018) based on seven principles for building resilience of SES by Bigg’s et al.
(2012). We interviewed farm manager and analyzed project materials. Ecosystem resilience was evaluated in terms of
vegetation diversity.
The principle ‘maintain diversity and redundancy’ was met after the initial continuous stocking was transformed into adaptive
stocking and a herd was transformed from intensive to extensive breed. Being a partner of long-term restoration initiatives the
farm fulfilled principles ‘manage slow variables’ and ‘manage connectivity’. Four governance principles were challenging to
evaluate, due to a lack of monitoring data on social subsystem. Floodplain moisture regime expressed in low pasture
productivity and seasonal availability for pasturing was the main challenge for biodiversity management and sustainability of
farm economics. The resilience of social subsystem was influenced by external factors such as frequently changing agrienvironmental policy.
The SES framework enabled an in-depth detection of the farm level social and ecological challenges for a long-term sustainable
restoration of semi-natural grasslands in a complex floodplain landscape. It highlighted the need for farm-level social and
economic aspects to be included in the monitoring frameworks of restoration projects. SES framework was instrumental in
identifying the importance of farm-economics for viability of ecological benefits beyond the lifetime of the restoration project
implementation.

Restoration of degraded savannah woodland in Namibia
Manushka Moodley1, Progress Kashandula2
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Background
Bush encroachment is a serious land degradation phenomenon affecting up to 45 million hectares of the Namibian savannah
ecosystem. It has severe negative consequences on key ecosystem services, threatening biodiversity, water resources and the
livelihoods of communities and farmers who depend on the land.
Large tracts of degraded woodland across Namibia meet the FAO definition of a forest.
Objectives
To enable forest restoration via the application of responsible forest certification.
Methods
Implementation of the Forest Stewardship Council’s (FSC) National Forest Stewardship Standard for Namibia and the FSC
Ecosystem Services Procedure across private and community managed farms, applying the 10 Principles of responsible forest
management.
Leverage the sale of the FSC certified products (charcoal) from certified farms to international markets.
Conclusion
There is a substantial international market demand for responsibly sourced charcoal and other biomass products globally. The
use of biomass from encroacher and invasive tree species to fund its thinning and removal from landscapes which are degraded
has proven to be a model to which can at least temporarily, restore rangelands whilst ensuring environmental and social values
are protected. The sale of verified ES can provided additional financial benefits to farmers to fund restoration activities at farm
level.

Restoration of tree cover on forest roads to improve the habitat of boreal woodland caribou in
Quebec
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In Canada, the woodland caribou (Rangifer tarandus caribou) is a "threatened" species under the Species at Risk Act. Among
the disturbances to caribou habitat, the presence of a road network is one of the most damaging. Indeed, the roads generated by
the forest industry facilitates movement for predators and promotes regeneration of leafy tree species favorable to competing
caribou species.
Since natural regeneration of these roads may take several decades to establish, a trial project to dismantle and reforest the
forest roads was undertaken in Quebec, to test different approaches of rapid restoration of tree vegetation: Four species were
planted (jack pine - Pinus banksiana, black spruce - Picea mariana, tamarack - Larix laricina, green alder - Alnus viridis ssp.
crispa) combined with three soil preparation techniques (mechanical with bucket or teeth excavator, and direct planting). The
first follow-up data obtained two years after planting showed good adaptation of the alder, illustrated by almost no mortality
(99% survival), as well as a height and a diameter greater than conifers. Among the latter, jack pine was the species that
performed best, with an annual aerial growth about twice that of the other two species. Although it requires additional results,
it may be interesting to consider restoring these forest roads with a mixed alder / jack pine plantation, the alder allowing to
quickly close the road and the jack pine being able to slowly take over and limited the increase of deciduous tree species.

Restoration Timing and Design Influence Free-living and Parasite Diversity in a Restored Tidal
Marsh
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1
Department of Biology, East Carolina University, USA
Department of Coastal Studies, East Carolina University, USA
3
Research Coordinator – North Carolina Coastal Reserve & National Estuarine Research Reserve, USA
moorech16@students.ecu.edu
2

Trophically-transmitted parasites require multiple invertebrate and vertebrate hosts to complete lifecycles. Previous studies
have shown that parasite diversity in more easily sampled intermediate hosts (e.g. mollusks, crustaceans, and small fish) can
have good predictive power for the community diversity of other taxa required for the parasite to complete its lifecycle (e.g.
birds, fish, terrapins). We used parasite diversity as an indicator of overall community diversity to evaluate the success of
different oyster reef restoration designs within the Rachel Carson National Estuarine Research Reserve, located in the state of
North Carolina (USA). Restoration experiments were conducted using a block design incorporating three replicates of three
treatments: control (no restoration), stacked bags of oyster shell, and Oyster Catcher™ material. We quantified parasite
diversity in mudsnails, crustaceans, and small benthic fishes, both pre- and post-restoration, over a 16-month restoration
trajectory. Overall, host and parasite richness were positively correlated between crab parasites and free-living crustaceans,
fish parasites and free-living fish, and snail parasites and free-living fish. In addition, extrapolation curves of taxa richness
revealed an influence of restoration design, with shell bags having the greatest richness among all treatments post-restoration.
Other metrics like habitat complexity, temperature, and dissolved oxygen were also important in explaining changes in hostparasite diversity. Our study is among the first to incorporate parasites into the experimental design and monitoring of a
restoration project. We demonstrate that the response of free-living taxa and their parasites to restoration can be relatively fast
and is sensitive to restoration design and site-specific environmental factors.

Restored urban road vegetation offers floral resources for insect pollinators and contributes to
climate regulation
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Human populations are growing in many cities, and thus urbanization is increasing with negative effects on
biodiversity and ecosystem services (ES). This calls for restoration of urban green infrastructure (UGI), that could
integrate biodiversity in urban systems, provide multiple benefits to humans, and increase climate change
adaptation. Here, we aim at understanding the potential of small patches of grassland vegetation along urban roads
for biodiversity fostering and climate adaptation. Along a gradient of urbanization in Munich, a densely populated
European city, 23 patches of native grassland vegetation were established and managed with a single cut per year.
In the second year of development, the offer of floral resources for pollinators was quantified and compared between
urbanization levels. In addition, we also assessed regulatory ES, i.e. microclimate at the surface level and water
infiltration capacity, and compared them with those offered by road verge lawns (controls). Restored road vegetation
had more flower resources for pollinators, particularly in semi-rural areas. We also found that the surface
temperature was lower in restored grasslands than in lawns in all urbanization levels, and that larger structural
complexity of the former better explains this temperature decrease. The infiltration rate of water was higher in the
urban restored grasslands, while not significantly higher than in peri-urban and semi-rural control plots with wellestablished lawns. These results improve the knowledge about functioning and management of UGI. We conclude
that restoring and adjusting the management of urban grasslands generate pollinator-friendly greenspaces and
contribute to climate resilient cities.

Richness and abundance of bats and birds in 12-year-old restoration settings
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After plant cover is recovered, it is assumed that flying animal will use restored areas. The objective of this study was to
evaluate richness and abundance of bats and birds in 12-years-old restoration settings in the tropical rainforest of Los Tuxtlas,
Veracruz, Mexico. In 2006, cattle grazing was excluded from 24 30×30 m plots: eight plots were planted with 12 winddispersed tree species, eight plots were planted with 12 animal-dispersed species, and eight plots were left to undergo natural
succession (no plantings). We use 18 plots to sample bats and birds in 2017 and 2018; two mist nets of 12 m were put in the
18 plots, 2 days per plot. For bats, nets were open at 18:00 hr for 5 hours while for birds, nets were open at 5:00 hr for 4 hours.
With an effort of capture of 21,120 mt/hrs/net, we registered 509 bats from 16 species. With an effort of capture of 20,352
mt/hrs/net, we registered 180 birds from 46 species. Overall trophic guilds, richness and abundance of birds of were
significantly higher in natural succession while insectivorous birds were also more abundant in natural succession. Overall
trophic guilds, richness and abundance of bats were similar at all restoration treatments while a higher abundance of frugivorous
bats was registered in the plantings of animal-dispersed species. Insectivorous birds found more resources in natural succession
while frugivorous bats did so in plantings which included trees dispersed by bats of at least 16 planted or naturally recruited
tree species.

Safeguarding success:
Exploring community engagement strategies that support long-term restoration success in
European wetlands
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The effective engagement of local communities is essential to safeguard the long-term success of ecosystem restoration efforts.
However, research efforts on understanding the effectiveness of community engagement strategies has predominantly focused
on the community-based restoration of tropical forests, which has left other ecosystems understudied, including freshwater
wetlands which also harbor high levels of biodiversity and act as carbon sinks.
By interviewing project managers, we explored community engagement strategies employed by nine previously completed
freshwater wetland restoration projects across Europe, which were funded by the EU LIFE program between 2011 and 2015.
Qualitative content analysis of these interviews revealed commonly-used consultative and co-productive typologies of
community engagement strategies. Furthermore, the perspective of the project managers emphasized five most important
community engagement strategies to support the long-term success of restoration projects. These included (i) partnering with
local governmental bodies to build upon pre-existing networks of trust; (ii) effectively empowering local communities and
integrating their knowledge in decision-making processes; (iii) using context-adapted, relevant education of key stakeholders
on the benefits of restoring biodiversity; (iv) building effective personal relationships through one-on-one meetings; and (v)
maintaining high levels of engagement by starting similar restoration projects in adjacent areas.
Possible explanations for the effectiveness of these community engagement strategies in safeguarding restoration success are
discussed using the Theory of Participation (Reed et al. 2018). These community engagement strategies may guide
practitioners to enhance the long-term effectiveness of future wetland restoration efforts in Europe and beyond, for the benefit
of the planet and its people.
[NB: this is a work-in-progress and conclusions may slightly change]
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Scaling farmer-based restoration solutions at a watershed level
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Background
Agriculture is often cited as one of the principle drivers of deforestation. Smallholder farmers, however, are in fact on the
front lines of fighting environmental degradation when equipped with restorative practices such as agroforestry and
conservation agriculture.
Objectives
This presentation will demonstrate how farmer-based restoration solutions, when scaled to a watershed level, result in visible
and lasting ecological and economic impact.
Methods
A case study approach shows how smallholder farmers are enacting ecological change. Multiple data sources such as
household surveys, participatory workshops, and remote sensing are used to understand the impact of restoration practices. A
difference in differences (DID) sampling approach is employed to provide a better understanding of the link between farmer
action and restoration outcomes.
Results
Smallholder farmers in a variety of countries are collaboratively implementing restorative farming practices such as
agroforestry, soil conservation, and conservation agriculture, resulting in increased vegetative cover at a watershed scale,
increased soil quality, and improved household well-being. DID results also suggest that these benefits are shared among the
entire population in a watershed, even among households who are less involved in restorative practices, if sufficient scale is
achieved.
Conclusion
Smallholder farmers can be on the frontlines of ecological restoration when working collaboratively to implement restorative
practices such as agroforestry and conservation agriculture. When this collaboration takes place at a watershed scale, the
impact is both visible and lasting. This represents an opportunity for smallholder farmers to have a global impact on critical
and urgent priorities such as climate change.
Please name the file using the reference number indicated during the submission process. If you have any questions or
comments, please do not hesitate to contact SER2021@conferium.com
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The National Tree Seed Centre (NTSC) is Canada's only national seed bank conserving the genetic diversity of temperate and
boreal forest species. Since 1967, the NTSC has curated a living library for the global research community, with over 18,000
unique collections of 120 native woody species, detailed by collection coordinates. This diverse collection is available to anyone
researching any aspect of ecology, biochemistry, breeding, genomics, restoration, reclamation, climate change or for
educational purposes. Seed collections to protect and study herbaceous plant species at risk are also underway with First
Nations, Parks Canada, NGOs and jurisdictional governments.
In this virtual workshop, NTSC staff will lead a tour of the seed bank, tissue culture and cryogenic facilities in Fredericton,
New Brunswick. We will demonstrate the core collection activities, seed quality control, standard and exploratory testing, and
50 years of seed trait data available for restoration planning. Federal collaborators will present related research from the fields
of genomics, Species at Risk recovery, and climate-based seed transfer.
The NTSC will engage SER2021 participants to help overcome challenges related to seed supply and conservation in Canada,
before cumulative stressors accelerate. Key questions include “How can NTSC support your projects and supply chain of native
plant materials?”, “How do we encourage policies requiring appropriate seed outside of industrial forestry?”, and “What
Canadian species need a seed-based action plan now?”. Workshop polling and post-conference surveys will harness the power
of this conference to improve seed-based restoration outcomes in all temperate forest biomes.
Proposal for Workshop Syllabus – +30 mins (approved by Karma and Alexa March 9th) = 120 minutes
All recorded presentations are due to submit to SER2021 by April 19, 2021.
Section

Duration

Lead(s)

Topic & Suggested Format

Introduction

15 mins

Donnie McPhee

Overview, History, Projects & Collaborators of the NTSC
5 min Live Welcome + 10 min Recorded Powerpoint
Quick history, primary/developing mandate, global &
Canadian research network (new Tableau map summary),
AR vs GC, new types of collections, in-house seed research,
knowledge transfer/training agreements.

NTSC Tour & Testing

15 mins

All

15 mins recorded video tour featuring NTSC lab in action,
freezers, germinators, greenhouse, testing methodology and
value-added data.

NTSC Extension #1

+5=15 mins

Martin Williams

Recorded tour + slides as needed. Transition to extended
AFC conservation team facilities & recovery projects: tour
cryogenic storage, tissue culture, highlight CONFORGEN
targets, butternut recovery and Furbisher’s lousewort.

NTSC Extension #2

+5=10 mins

Nathalie Isabel

Recorded tour in tissue culture lab + slide or two as needed.
Highlight 1-2 key LFC studies or tools impacting seed
supply and restoration outcomes. Mention main conference
presentation if accepted.

NTSC Extension #3

+5=10 mins

Dan McKenney
or John Pedlar

Recorded Powerpoint. Highlight 1-2 key GLFC studies or
tools impacting seed supply and restoration outcomes, i.e.

Plant Hardiness, SeedWhere, Forest Change. Mention main
conference presentation if accepted.
NTSC Extension #4

+5=10 mins

Nicolas Mansuy

Recorded Powerpoint. Highlight 1-2 key NFC studies or
tools impacting seed supply and restoration outcomes in
Western Canada/Alberta in particular. Mention main
conference presentation (accepted).

Seed Supply Intro

5 mins

Melissa
Spearing

Quick overview of the NTSC CE project and outcomes by
2023. Lead into interactive section for feedback and
discussion.

Q&A
/
Polling:
Canadian Seed Supply
Solutions for SER
2021

+10=40 mins

Moderators:
Melissa
Spearing,
Donnie McPhee

Moderator panel of NRCan representatives after their
recorded talks to have open discussion about seed supply
issues from their perspective. Try to stay focused on
forested/woody ecosystems or Species at Risk case studies).
Moderated by key questions:
1.

2.
3.

What policies or organizations are working to
encourage genetically appropriate seed supply in
your area? What would you like to see in place? Is
it better to encourage or legislate best practices?
For Canadian participants, what species need a
seed-based action plan now? What is not getting
attention and limited in its restoration potential?
Live polling & data collection for NTSC research
objectives:
a. Were you aware of the NTSC or its
mandate prior to SER2021? Note
location/continent?
b. Have you ever requested seed from NTSC
before?
c. Are you engaged in restoration research
where use of NTSC seed samples or data
would be of benefit to your work?
d. Are you engaged in seed collection
similar to the NTSC standards we
explained?
e. Would you be open to future
collaboration on targeted projects if you
are working in a gap area?
f. Do you need assistance or training with
native seed collection, testing or
certification?
g. Can NTSC contact you about projects,
training and seed supply surveys? Link to
opt-in email, name, affiliation.

Provide final slide about which NRCan reps will be
presenting or available in other SER2021 sessions.
Post-Workshop
Survey

Provide link to post-workshop survey (NRCan Survey
Monkey, English & French). May be too much immediately
to ask participants to do during the conference but follow up
after the 24th by email if attendees opted in (CASL).

Additional Poster Submission for Main Conference – Same as W5 Workshop

Scaling Up Ecologically Appropriate Seed Supply in Canada:
How the National Tree Seed Centre Can Help
Donnie McPhee1, Martin Williams1, Melissa Spearing1 (10 pt)
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The National Tree Seed Centre (NTSC) is Canada's only national seed bank conserving the genetic diversity of temperate and
boreal forest species. Since 1967, the NTSC has curated a living library for the global research community, with over 18,000
unique collections of 120 native woody species, detailed by collection coordinates. This diverse collection is available to anyone
researching any aspect of ecology, biochemistry, breeding, genomics, restoration, reclamation, climate change or for
educational purposes. Seed collections to protect and study herbaceous plant species at risk are also underway with First
Nations, Parks Canada, NGOs and jurisdictional governments.
The NTSC is actively engaged in a four-year project (2019-2023) to assess seed supply chain issues in Canada and establish
new connections in the restoration ecology field. Collaborations will foster species-specific and regional action plans to
maintain genetic diversity, as well as a database of practitioners across Canada to increase capacity and native seed quantity.
Interim results presented in this poster include Canadian gap analysis and improving standards of our own collection,
knowledge transfer and training material, and results and germplasm to assist Species at Risk recovery. Using Canadian federal
ecodistricts as a planning tool for representative genetic samples, climate based seed transfer and cumulative impacts are
anticipated to proactively plan collections ahead of 2030-2040 needs.
We welcome all SER2021 participants to contribute their expertise by participating in post-conference surveys and future
extension. This project is expected to improve seed-based restoration outcomes for all temperate and boreal forest biomes.

Seasonal burns in longleaf pine forests alter soil properties but not microbial characteristics
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Effects of fire on longleaf pine structure, diversity and biogeochemistry are widely acknowledged, but little is known about the
soil and bacterial community under a frequent fire regime applied in different seasons. In this study, three burn season
treatments (spring, summer, winter) and a no burn control were applied for 45 years in an upland second growth, naturally
regenerated longleaf pine forest in the southeastern United States. Results showed that soil properties, including pH, organic
matter (%), total N (%), total C (%), cation exchange capacity, Ca, Mg, K, etc. were significantly different in the no burn
control compared to seasonally burned treatments. However, P concentration did not differ significantly between burned and
unburned treatments. While burning caused significant changes in most soil properties, season of burning itself rarely showed
significant effects. Total microbial biomass, including bacterial and fungal biomass, as estimated using PFLA (Phospholipid
Fatty Acid Analysis) concentrations, were largely similar between no burn (3,129.17 ng/g soil) and the three burn season
treatments (2,354.22 to 3,810.10 ng/g soil). Seasonal burning did not have a substantial effect on bacterial composition or
diversity at phylum, family, or operational taxonomic units (OTUs) levels, identified using next generation sequencing (NGS).
This study suggests that microbial communities are resilient to long-term repeated seasonal burning.

Seed morphometrics as a tool to site-specific seed sourcing for population reinforcement
Arthur Lamoliere1,2, Marco Iannaccone1,2, Sandro Lanfranco1, Joseph Buhagiar1,2
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Seed-based ecological restoration requires a careful selection of the source genetic material when aiming at the conservation
of an evolutionarily significant unit or a strict endemic species. The Mediterranean basin is a biodiversity hotspot, characterised
by high endemism shaped by the history of the climatic events. Plant population restoration requires specific considerations
when it comes to seed sourcing. Morphological description of a discriminant feature is the most commonly used taxonomic
criteria, however, multivariate morphometrics detect intraspecific morphological variations. Phenotype characterisation
provides an accessible argument in seed sourcing prior to site restoration.
Mericarps of the strict endemic Ferula melitensis (Brullo et al., 2018) were collected from three different sites in the Maltese
Islands and subjected to multivariate morphometrics based on ImageJ analysis. The shape of the mericarps has an important
taxonomic role for this genus, and elongation variability in the characteristic oblong shape of the mericarp is found to be the
main discriminant feature between populations (Figure 1), highlighting the morphological variability of this species at small
geographical scale.
These results complete the recent morphological and genetic analysis of Ferula melitensis, which have established it as a
distinct species from the more widespread Ferula communis. Consideration of the phenotype of the target species is crucial for
population reinforcement, and the implementation of this standardised methodology using open-access software (ImageJ,
Particles8) ensures both replicability and application to a wide range of species. The results provide a crucial tool for the
improvement of sourcing site-specific seed material for native population reinforcement.

Figure 1 Linear discriminant analysis of 3 wild populations of Ferula melitensis, indicated by different coloured elipses. The
blue arrows represent the loadings of the most important discriminant coefficients. The diagram on the left indicates some
morphometric parameters of a mericarp of Ferula melitensis. The scan at the bottom represents 20 mericarps as part of one
of the samples tested.

Seed viability, germination, and early survival of Spartina alterniflora from the Bay of
Fundy and Northumberland Strait for salt marsh restoration
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Along the east coasts of North America, the saltwater cordgrass Spartina alterniflora is the bioengineer species of salt
marshes, and essential for salt marsh restoration. However, at north temperate latitudes, little is known about its
reproductive biology. Our research objective is to determine and compare seed viability, germination success and
early seedling survival for different populations of S. alterniflora (both phenotypes: short and tall forms) in Maritime
Canada. Specifically, we had short-form and tall-form S. alterniflora locations for each of 4 replicate salt marshes in
each of the Bay of Fundy (macrotidal environment) and Northumberland Strait (microtidal environment). In
September-October 2020, we collected ripe seeds (i.e., caryopsis) from each location once our shake test showed ~10
felled seeds. Seeds were stored for cold stratification, submerged in freshwater and 40 ppt saltwater at 4oC for ~12
wk. Following this, seed viability tested using tetrazolium chloride (TTC) was ~35–55%. Germination, under
recommended diurnal thermoperiod conditions and scored using appearance of embryonic shoot (epicotyl) and root,
was on average 35±1% after 2 wks and 45±2% after 1 mo (±SE, n=252 batches), with higher germination following
freshwater (41–50% after 2 wks) than saltwater (22–26%) storage. Further, germination patterns were similar for
short-form and tall-form phenotypes, but more variable and somewhat lower in the Northumberland Strait than in Bay
of Fundy. Growth and survival of seedlings are being quantified in the greenhouse under three watering treatments: 0
ppt, 10 ppt, and incremental increases of 5 ppt/wk starting at 10 ppt, until full strength seawater is reached. Current
average seedling survival after 8 wks in the greenhouse is 50.1%. Future plans include evaluating performance of
seedling during outplanting in summer 2021. This research will contribute to creating a guide for salt marsh restoration
and creation for Maritime Canada, by evaluating the strategy of using S. alterniflora seedlings.

Seeds of Success: Cultivating 20 Years of Plant Conservation
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Seeds of Success (SOS) is a national native seed collection program in the United States, led by the Bureau of Land
Management (BLM) in partnership with the USDA Forest Service, U.S. Fish and Wildlife Service, USDA Agricultural
Research Service and many non-federal partners. SOS is the first step in the native plant materials development process to
increase the quality and quantity of native seed available for restoring and supporting resilient ecosystems. SOS collections of
wildland native seed are used for seed research and development such as germination trials, common garden studies, and
protocol establishment. Additional uses include germplasm conservation, seed production, and ecosystem restoration. Portions
of each collection are also held in long-term storage facilities for conservation.
SOS was established in 2001 by the BLM and includes many partners, such as botanic gardens, arboreta, zoos, and
municipalities. All SOS teams share a common protocol to coordinate seed collecting and species targeting efforts.
To date, SOS has made more than 26,000 native seed collections comprising 5,800 unique taxa from 43 states across the US.
In 2015, BLM received a $3.5 million mitigation award because of Hurricane Sandy to collect seed in coastal habitats from
Virginia to Maine. Current SOS priorities include ecoregional programs in the Great Basin, Colorado Plateau, and Mojave
Desert. Efforts are also underway to expand partnerships in the Southeastern U.S. to preserve the incredible plant biodiversity
of the region.

Figure 1: Location of Seeds of Success collections made between 2001-2020
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The stoichiometric relationships between organic carbon (C), nitrogen (N) and phosphorus (P) are important features of the
functioning of wetlands. We conducted a synthesis of the C:N:P stoichiometry of soils in intact, drained and restored wetlands
from literature and Canadian wetlands. Soil C:N ratio in freshwater marsh soils remains surprisingly constrained within a range
of 10 to 30:1. Drainage and restoration show no significant effects on soil C:N ratio compared to intact wetlands, suggesting
that C and N are lost and regained proportionally. Yet, soil C: P and N:P ratios are significantly smaller in drained and restored
sites than intact wetlands, mainly induced by the decrease of C and N after drainage, instead of an enrichment of P. P
concentrations are not consistent under any certain land management in our study and show very site-dependent, probably
relevant to the soil texture, Al3+ and Fe3+ concentration and the parent material at different sites. Our results show that soil C:P
and N:P ratios are positively related to soil C concentration (R 2 = 0.86 and 0.79, respectively; both p < 0.001), suggesting the
overriding control of soil OC on determining the soil stoichiometric characteristics in freshwater marshes.

Spatial planning for restoring populations of marine vertebrates and their habitats: A challenging
management task
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Integral ecosystem restoration actions must consider restoring fauna populations and their associated critical habitats. A unified
ecosystem restoration demands the development of complementary and integral approaches to restore all seascapes’ elements,
instead of working from narrow taxonomic perspectives.
Marine vertebrate populations are elements of high ecological and economical relevance for their ecosystems, such as in the
Gulf of Mexico where multiple nations share marine resources. International treaties and national laws protect several of these
species and foster the identification of their critical habitats for restoring their populations. Habitat suitability analysis and niche
modelling is used to identify those critical habitats for management and restoring purposes.
We assessed the habitat suitability of the Spanish mackerel (Scomberomorus maculatus), Sperm whale (Physeter
macrocephalus), and shortfin mako shark (Isurus oxyrinchus) in the Gulf of Mexico, to identify overlapping areas of their highsuitability habitats to be proposed for special management and protection to restore their populations.
We used a Hutchinsonian approach for niche modelling, based on their occurrence records. Their distribution was associated
to particular ocean conditions, and all models were statically significant (>0.7 AUC). We delimited highly suitable zones for
them and defined their potential distribution polygons to propose strategic areas for management and restoration (wildlife
refuge and no-take zones), according to Mexican legislation. The identification of the critical habitats for these species
contributes with basic information for marine spatial management implementation and promotes ecosystem restoration
strategies for species of high ecological and economical interest.

Habitat suitability for marine megavertebrates to define zones for special management that contribute to restore their
populations and associated critical habitats.

Species diversity induces idiosyncratic effects on litter decomposition in a degraded meadow
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Background & objectives: Litter decomposition is a fundamental path for nutrient cycling in a natural ecosystem. However,
it remains unclear how species diversity, including richness and evenness, affects the decomposition dynamics in the context
of grassland degradation.
Methods: Using a litter bag technique, we investigated the litter-mixing effects of two co-existing dominant species (Leymus
chinensis Lc and Phragmites australis Pa), as monocultures and mixtures with evenness (Lc:Pa) from M1 (30:70%), M2
(50:50%), and M3 (70:30%), on decomposition processes over time (60 and 365 days). The litter bags were placed on the soil
surface along a degradation gradient (near-pristine (NP), lightly degraded (LD), and highly degraded (HD)).
Results & conclusion: We found that (1) mass loss in mixture compositions was significantly and positively correlated with
initial nitrogen (N) and cellulose contents; (2) litter mixing (richness and evenness) influenced decomposition dynamics
individually and in interaction with the incubation days and the degradation gradients; (3) in GLM, non-additive antagonistic
effects were more prominent than additive or neutral effects in final litter and nutrients except for carbon (C); (4) in nutrients
(C, N, lignin) and C/N ratio, additive effects shifted to non-additive with incubation time. We speculated that the occurrence
of non-additive positive or negative effects varied with litter and nutrients mass remaining in each degraded gradient under the
mechanism of initial litter quality of monoculture species, soil properties of experimental sites, and incubation time. Our study
has important implications for grassland improvement and protection by considering species richness, as well as, species
evenness.

Figure: Conceptual framework of the study.

Stream-bank Restoration: New York Native Grasses, Sedges and Forbs in Gravel
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Background: A failing 1990’s flood control structure along Fall Creek, a protected waterway, designed to preserve the integrity
of the intact flood plain forest, and unique 8-acre natural area, needed attention to prevent its collapse. This historic natural
area managed by Cornell Botanic Gardens and used by elementary through graduate students to study native plants, offered an
opportunity to demonstrate a novel streambank restoration.
Objectives: The objectives were to stabilize the streambank and restore the site with drought tolerant herbaceous native plants
capable of establishing and thriving in gravel: grasses, sedges, and forbs; to be a model for future habitat restoration; to be a
teaching tool for classes; and to appeal aesthetically to students and visitors.
Methods: Working with Cornell University’s Environmental Engineering team, a gabion basket structure was modified,
anchored, and fitted with additional drainage. The Natural Areas staff botanist, staff gardener and Finger lakes Native Plant
Society steering committee member developed a restoration plan and a design for seeding and planting the site using locally
sourced gravel and regionally sourced seeds.
Results: The stabilization of the new structure, with a rapidly thriving, drought tolerant native plant community representing
both common and rare species of the New York flora, is aesthetically appealing to landscape architects, students, and visitors.
Conclusion: Within three years, an established community of plants has developed; site stabilization has been fully achieved;
seedling recruitment is annually occurring; and aesthetic criteria have been met, demonstrating the positive impact of a
created, functioning landscape.

Techniques and Example of restoration on the Mediterranean Mountain:
Campanarios de Azaba Reserve
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The Campanarios de Azaba estate is located in the municipality of Espeja (Salamanca). Acquired by FNYH
through the funds of the Life project: "Conservation of Biodiversity in the Iberian West (2009-2012)".
The farm, previously dedicated to agricultural use in livestock farming, agriculture and forestry, given its
location in the Iberian West (a biodiversity hot spot), following its acquisition, and with the de-intensification
of the agricultural use, has been devoted to nature conservation as a priority, with the aim of turning it into a
biodiversity shelter and supply centre for the Natural Area where it is located. The following methods have
been applied:
- Study of the quality of the ecosystem, based on groups of insects
- Initial assessment of biodiversity on the basis of mycological populations
- Restoration and improvement of evergreen pastures of Quercus sp and gallery forests Forestry work
- Creation and restoration of Mediterranean ponds
- Nesting infrastructure for target birds
- Improving trophic resources for necrophagous birds
- Plan for the improvement of trophic resources for predators (field rabbit, red partridge and pigeon)
- Improvement of Cerambyx pig populations
- Improvement of Euphydryas aurinia populations
- Management of public use

The application of the above methods has led to a progressive enrichment of biodiversity as a whole. Birds,
mammals, amphibians, reptiles, insects and fungi have increased their population levels. The Reserve has
become a privileged enclave for the shelter, rest, feeding and breeding of the priority fauna species of the
target area.

The Canadian Conservation and Land Management Knowledge Network: Connecting and
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The Canadian Conservation and Land Management (CCLM) Knowledge Network is a collaboration between several leading
organizations in Canadian land management research, practice, and knowledge exchange. CCLM collaborators have developed
an online, robust, knowledge-sharing platform to connect practitioners working across diverse Canadian landscapes to current
and relevant resources. The Network hosts sub-portals to consolidate information on wetlands, boreal caribou, and land
management, with the potential to develop and host additional portals through future growth and collaborations. Restoration,
reclamation, and rewilding best practices are a focus of the knowledge portals.

The fate of biological soil crusts after fire: A meta-analysis
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Fire is a global disturbance that is predicted to increase in frequency and severity in many parts of the world due to climate
change. Biological soil crust (biocrust) communities are often overlooked in fire studies despite having a substantial effect on
ecological function and the adjacent communities. The goal of this study is to synthesize and analyze existing data elucidating
the recovery of biocrust cover following fire at the global-scale and suggest avenues for future research. We performed a metaanalysis of studies from 1984 to 2019 to address the response of biocrust after fire and determine the moderating factors
governing their response. Overall, fire reduced biocrust cover by 50% and had a significantly negative effect on biocrusts
classified as cyanobacteria or algal dominated. Additionally, as time since fire increased, total biocrust cover increased but this
response was modulated by biocrust type indicating compliance with traditional biocrust successional models. However, there
was significant unexplained heterogeneity within the meta-analysis. This reflects a critical need for more studies specifically
addressing the effect of fire on biocrust communities as they are an ecosystem engineer in drylands around the world. We
suggest more thorough characterization of biocrust organisms through field and laboratory studies to understand the
mechanisms of biocrust response to fire. Additionally, research is needed across a broader geographic range to represent the
known distribution of biocrust communities, particularly as fires increase in severity and scope.
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Arbuscular mycorrhizal (AM) fungi can increase plant access to soil phosphorus and have been shown to impact prairie plant
community composition. It is hypothesized that phosphorus fertilization would reduce the dependence of prairie plants on
AM fungi. This lower dependency could stimulate a reduction in preferential allocation to the most effective mutualist by the
plant, leading to an overall decay in the mutualistic quality of the AM fungal community. We measured the impacts of
phosphorus fertilization and host plant identity on AM fungi mutualistic quality. We allowed a fungal community to
differentiate in response to fertilization and host species over two growing seasons. We then assayed the benefit these
differentiated communities confer to little bluestem (Schizachyrium scoparium), a responsive late successional prairie plant
species.
A molecular analysis of AM fungal community compositions show that AM fungal communities changed in response to both
phosphorus fertilization (P=0.005) and plant host identity (P=0.001). We analyzed final plant heights as a measure of AM
fungi mutualistic quality and found no significant relationship between plant height and previous host identity (P= 0.112). The
fertilized and unfertilized treatments also revealed no significant relationship with plant height (P=0.228). The changes in
AM fungal community structure in response to fertilization and plant host identities indicate a relationship between nutrient
loading and AM fungal communities. However, we did not find a relationship between plant height and AM fungal
composition, indicating that fertilization may not necessarily lead to a decline in the mutualistic benefits from AM fungi.

The Ontario Tree Atlas Project: Using participatory science to map the occurrence of over 100
tree species in Ontario, Canada
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The Ontario Tree Atlas Project began in 1994 in an effort to document, for the first time, the distribution and abundance of the
major tree species in Ontario, Canada. At the time of the projects’ inception and still today, the distribution and abundance of
Ontario’s trees had never been comprehensively determined, and the species range maps used in books and guides remain
largely generalized. Throughout the data collection phase of the project, from 1995 to 2006, over 1,300 volunteers contributed
63,000 observations of species abundance, generating valuable information for the conservation and management of Ontario’s
trees. As we reach twenty-five years since the project began, the Tree Atlas data can now serve as a historical point-in-time
estimate of species occurrence. Pre-dating the advent of popular online participatory science platforms such as iNaturalist and
others, the observations offer a comparison for how species occurrences have been altered by three decades of environmental
change. Data from the Tree Atlas was shared publicly for the first time in 2021 through the publication of the Ontario Tree
Atlas and will ultimately be made available through an online interactive mapping platform.

The potential of the soil of oak (Quercus humboldtii Bonpl. 1805) microbiota in
Colombia for conservation and restoration.
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Quercus humboldtii forms almost monospecific communities and dominates the high Andean forests in
Colombia. Anthropogenic activities threaten the species and, therefore, the functioning of its ecosystems. The
role of beneficial microorganisms, such as rhizobacteria (RB) and ectomycorrhizal fungi (EcM), is relevant to
the conservation and restoration of these forests but is still little explored. We proposed to characterize the
main genera of EcM and the RB associated with Q. humboldtii and partially elucidate their role in the
conservation and eventual restoration of these forests. Existing information on EcM and RB was reviewed,
conceptual and hypothetical models of the dynamics of the microbiota associated with Q. humboldtii were
constructed, and a restoration protocol was outlined. Boletus, Leccinum, Lactarius, Russula, and Lactifluus
dominate mature forests (BM), while Laccaria, Cantharellus, Inocybe, and Leccinum early-intermediate (IT)
sites. EcM of BMs promotes C accumulation as they compete better in more organic soils and, with the help
of BRs, extract nitrogen (N) and phosphorus (P). More generalist species (IT) have a high potential for
restoring heavily degraded and heavy metal soils. RB are more critical in the P and N cycle in these soils.
Quercus humboldtii should be planted with EcM of IT and nutrient solubilizing BR on partially shaded sites
and, later, depending on connectivity, introduce EcM of BM.

The Flood Monitoring and Preventative Restoration for the Floodplain by Bow River of Calgary
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Because of the metropolitanization develops too fast in Calgary, there are no enough green areas, which leading this city
suffered heavily flood by the Bow river in the summer of 2013. To provide local government with accurate and efficient
flood monitoring and preventative restoration strategies, the research will focus on the floodplain area by the upstream and
downstream of Bow river of Calgary, where had been suffered by flooding on 7th, July, 2013. The flood monitoring system
has been established on the Hec- Ras and SNAP modeling platform by applying Sentinel-1 and Sentinel-2 Satellite radar
data. The research has realized the flood prevention capability assessment of soil and vegetation by remote sensing, which
provides flood restoration strategy (Residential Relocation, Restoring Wetland, Building Levee, Returning Farmland) and
Asylum areas for severe flood areas by the Bow river, and establishes a more comprehensive and accurate flood prevention
and restoration system for responding the future of extreme weather.

Image 1. The research site map @ Liyuan Qian

Image 2. Technology Roadmap of the Flood Monitoring and Preventative Restoration @ Liyuan Qian

Image 3. Flood rick assessment modeling for Calgary. Selecting the 3 most severe flood areas by the Bow river, which will be analysis and provided
flood restoration strategy in below content. The smaller of the flood risk level number, the flood risk is more severe.@ Liyuan Qian

Image 4. The sections cross flood modeling offers the accurate location and restoration strategy (yellow line-Residential Relocation, blue line -Restoring
Wetland, red line-Building Levee, orange line-Returning Farmland) for the 3 most severe flood areas depend the flood rick assessment modeling. @
Liyuan Qian

Image 5. 3 Asylum areas (Green Wireframes) for 3 severe flood areas by the Bow river. @ Liyuan Qian

The Restoration and Forestry Observatory – A platform to monitor restoration in Brazil
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The United Nations Decade on Ecosystem Restoration represents a great opportunity for job creation, food and water security,
biodiversity conservation and climate change mitigation. The goal of the decade is to restore 170 million hectares over the
world. Brazil has committed to restore 12 million hectares by 2030.
Leaded by the Brazilian Coalition on Climate, Forests and Agriculture, a movement that encompasses several important
stakeholders on agribusiness sector and civil society organizations in the environmental area in Brazil, the Restoration and
Forestry Observatory was developed to monitor and measure the progress of restored land in all 6 Brazilian biomes by allowing
users to consult and account areas under restoration for different geographies, providing transparency and reliability to monitor
the committed goals.
The compiled dataset compass three main types of information: restoration projects sites, naturally restored vegetation based
on satellite imagery and forestry. The source of information varies widely from public, private or ONG sector, and scales (local,
regional and national), nevertheless this effort aimed to provide information of most successful restoration techniques, passive
or active, and to support public managers to design strategies for large scale forest restoration and forestry.
Despite of several challenges to develop the Observatory, such as data availability and accessibility, data integration at multiplescales and different mapping sources, the Observatory will provide more completely understanding of restoration dynamics for
different territories, also by providing visibility to the restoration projects and its organizations and it may induce appropriate
environment to create new coalitions on the restoration agenda.

Tropical dry forest seedling growth and survivorship depends upon fertilization and
irrigation
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Tropical dry forests are critically endangered, as 97% of their area is threatened by human disturbances. Thus,
countries like Colombia have prioritize its restoration establishing an ambitious project to restore 12,000 hectares of
dry forest. Previous initiatives using passive restoration methods in this area were unsuccessful due to lack of
precipitation, and soil nutrient depletion. That is why this project employs active interventions including large-scale
planting of seedlings and management using fertilizers and irrigation. To test the efficacy of these practices we
established a large-scale experiment in south-western Colombia on abandoned pastures to determine 1) if fertilizer
application and irrigation increase seedling survivorship and growth and 2) if phosphorus is the only nutrient limiting
plant growth. We also evaluated the costs of these practices. We planted 11,382 seedlings of 11 native species coupled
with six treatments: 50g complete fertilizer+water, 25g complete fertilizer+water, phosphorus+water, 50g complete
fertilizer-water, water, and a control. Survival and growth were measured seasonally over 1.5 years. Survivorship after
1.5 years ranged from 45%–97% among species. Treatments that lacked supplemental water experienced higher initial
mortality, however, after 1.5 years no differences among treatments were found. Plants that received any complete
fertilizer treatment had the highest growth rates, suggesting that phosphorus is not the only limiting nutrient. Our data
show that water is key for early seedling establishment and fertilization with multiple nutrients increases seedling
growth more than watering after seedling established. Importantly, high rates of fertilizer application had no additional
benefit to growth compared to low doses.

La Croissance et la survie des semis de forêt tropical sèche dépendent de la fertilisation et
de l’irrigation
Les forêts tropicales sèches sont gravement menacées, car 97% de leur superficie est menacée par les perturbations
humaines. Ainsi, des pays comme la Colombie ont priorisé sa restauration en établissant un projet ambitieux de
restauration de 12,000 hectares de forêt sèche. Les initiatives précédentes utilisant des méthodes de restauration
passive dans cette zone ont échoué en raison du manque de précipitations et de l'épuisement des éléments nutritifs du
sol. C'est pourquoi ce projet utilise des interventions actives, notamment la plantation à grande échelle de plants et la
gestion à l'aide d'engrais et d'irrigation. Pour tester l'efficacité de ces pratiques, nous avons mis en place une expérience
à grande échelle dans le sud-ouest de la Colombie sur des pâturages abandonnés pour déterminer 1) si l'application
d'engrais et l'irrigation augmentent la survie et la croissance des semis et 2) si le phosphore est le seul nutriment
limitant la croissance des plantes. Nous avons également évalué les coûts de ces pratiques. Nous avons planté 11,382
plants de 11 espèces indigènes couplés à six traitements : 50g d'engrais complet + eau, 25g d'engrais complet + eau,
phosphore + eau, 50g d'engrais complet-eau, eau et un témoin. La survie et la croissance ont été mesurées de façon
saisonnière sur 1,5 an. La survie après 1,5 an variait de 45% à 97% parmi les espèces. Les traitements qui manquaient
d'eau supplémentaire ont connu une mortalité initiale plus élevée, cependant, après 1,5 an, aucune différence entre les
traitements n'a été trouvée. Les plantes qui ont reçu un traitement d'engrais complet ont eu les taux de croissance les
plus élevés, ce qui suggère que le phosphore n'est pas le seul nutriment limitant. Nos données montrent que l'eau est
essentielle pour l'établissement précoce des semis et que la fertilisation avec de multiples nutriments augmente la
croissance des semis plus que l'arrosage après l'établissement des semis. Surtout, des taux élevés d'application
d'engrais n'avaient aucun avantage supplémentaire pour la croissance par rapport aux faibles doses.

Understanding the Interaction Between Habitat Use of Free-Roaming Horses and the
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Greater sage-grouse (Centrocercus urophasianus) is a sagebrush obligate bird species found throughout western
North America. Over the past 60 years, sage-grouse populations have been declining in many areas due in part to
anthropogenic and natural disturbances. In addition to greater sage-grouse, free-roaming horses invasively occupy
sagebrush dominated landscapes and have been found to impact rangeland health and availability of natural
resources. Free-roaming horse populations have exponentially increased since the passage of the Wild FreeRoaming Horses and Burros Act of 1971. The act protects horses on public lands and allows them to impact the
ecosystem in a largely unmanaged way. This study was designed to identify the potential impact of horse presence
on the abundance of greater sage-grouse, as a sagebrush obligate species. The objectives of this study include 1)
quantifying sage-grouse lek attendance throughout specific areas in Utah and Nevada and relating trends to habitat
conditions and 2) determining the potential influence of herbivory by ungulates on sage-grouse late brood-rearing
habitat in the Great Basin. With the use of detailed mapping of sage-grouse habitat and Herd Management Areas
coupled with field data collection, we were able to gain insight into understanding whether horse presence greatly
impacts proliferation of sage-grouse populations or not. Our data suggest that feral horse presence does not have as
much of an impact on sage-grouse lek attendance, as has been previously suggested; however, we found notable
habitat differences in regions known for late brood-rearing of sage-grouse after thorough comparisons of areas with
and without horse presence. With further understanding of how horses impact the arid and semi-arid regions of
North America, we can potentially restore native habitat and species through management and policy.

Understanding the role of tree species dominance on forest restoration outcomes in the tropics.
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The planting of fast-growing pioneer species is a promising strategy to facilitate forest regeneration in the tropics. However, to
develop resilient and sustainable restoration strategies in the long term, it is also key to maximize species diversity in restoration
efforts. In this context, understanding how trees respond to changes in the dominance and diversity of neighbouring tree species
is crucial to guide decision makers and conservation practitioners towards cost-effective restoration methods. Reforestation
experiments, where tree species interactions can be manipulated, offer unique opportunities to evaluate the outcomes of these
different restoration strategies. In 2017, we planted ~20,000 trees of 60 native species in 40 0.5-ha plots. To understand the
role of pioneer tree species dominance on tree growth and survival, we established four treatments where the abundance of the
native broad-leaved pioneer tree Ochroma pyramidale (balsa) was manipulated.
After four years of mortality and growth data collection, we compiled preliminary results on tree growth and survival. We did
not detect any significant difference in the average tree growth and survival between the restored treatments. However, we
observed trends that may predict future outcomes of the experiment. For example, tree survival tends to be greater in the midabundance balsa vs the high and low abundance treatments, suggesting a potential effect of balsa abundance on neighbouring
trees in the long term. These findings suggest that variables other than tree interactions, such as local soil conditions, may be
more important when explaining growth and mortality patterns at these early stages of forest restoration. The long term effect
of tree species interactions on restoration outcomes needs to be further investigated.

Use of native pine species to recover degraded areas and increase their resilience in the Cointzio
micro-watershed of the Municipality of Morelia Michoacán, Mexico
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In the Cointzio micro-basin, the loss of forest cover has caused soil erosion, and silting of the Cointzio dam. The vegetation of
the micro-basin favors water infiltration, which provides an important input of water to the city of Morelia. Thus, it is essential
to carry out soil recovery actions through the introduction of native species.
The objective of the work was to evaluate the development of different pine species introduced in degraded areas, to avoid soil
loss and to afford the ecosystem resilience.
In the community of El Escobal, the introduction of 250 one-year-old plants of P. pseudostrobus, P. oaxacana and P. patula
was carried out by random planting in an area of gullies of 40 X 40 m. and one with secondary vegetation of 40 X 40 m. To
relate the growth and survival of the seedlings, microclimate features were determined.
After eight months, the survival was 54%, being taller in the secondary vegetation (73%) and lower in gullies (27%). Height
growth was higher in the gullies area and lower in the secondary vegetation area without significant differences, diameter
growth was higher in secondary vegetation and lower in gullies with significant differences. Features of soil indicated
differences in pH, organic material, soil moisture and, differences between nutrients phosphorous, calcium and magnesium
concentrations. The difference in photosynthetically active radiation was consistent with the orientation and with the presence
of plant cover of each area. Our results suggest the best species to recover degraded areas in these ecosystems, was P.
pseudostrobus.

Use of tarpaulin as a method of control Urochloa brizantha on the crown region of
seedlings in native tree planting in Cerrado biome
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Invasive species are among the leading causes of global ecological degradation. When invasion occurs
in hotspots, such as the Cerrado biome, the aggravation becomes even more worrying. In Cerrado, african
grasses, mainly of the genus Urochloa, introduced for livestock purposes, have become a barrier to ecological
restoration in recent decades. Then, the control of these exotic grasses is essential. Therefore we tested the
efficiency of seedling crowning using polystyrene plastic tarpaulin to control Urochloa brizantha The study
area (16º33'26,5''S; 49º17'25,7''W) was allocated in the 10-month-old native tree planting in Cerrado biome, in
Brazil. The treatment consisted of crowing with a 1m 2 of a fragment of polystyrene plastic tarpaulin on 30
seedlings of the species Anadenanthera colubrina (Vell.) Brenan,. Others 30 seedlings has not received the
tarpaulin, acting as the control group. We collected data of seedling survival, height’s (H) and collar diameter
(CD) increases, the soil cover of U.brizantha, using 40 cm x 60 cm template, in dry season and rainy season
and the physical soil properties (porosity, moisture, hydraulic conductivity) in rainy season. All data were
submitted to multivariate analysis. It was concluded that the effect of tarpaulin use was sufficient to eliminate
U.brizantha from the crowning region, not influencing the mortality and incremental rate of H and CD and was
more pronounced in the rainy season than in the dry season, but increased the soil compaction.
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Figure 1:Set of photographic records showing installation of plastic tarpaulin (A, B), collection of rate of soil
cover with Urochloa brizantha in the treatment group (C), collection of rate of soil cover with Urochloa
brizantha in the control group, using 40 cm x 60 cm template (D).

Figure 2: Diagram resulting from Principal Component Analysis involving the physical properties of the soil
(DS, Mi, Me, Ma, DMG, KSat), mortality (M), median increase in height (I.H) of seedlings, median increase
of collar diameter’s (I.DAC) of seedlings, and the rate of brachiaria grass (Urochloa brizantha) in dry season
(BRAQ.SC) and rainy season (BRAQ.CH) for the control (cross-shaped markers) and treatment (dot-shaped
markers) groups. The horizontal separation between the control and treatment groups shows the effectiveness
of using tarpaulin to eliminate U. brizantha from the crowing region. Despite that, the positioning of the “DS”
vector orientate for the points of the treatment group, indicates that the use of the tarpaulin increased the soil
compaction below that tarpaulin.

Using Benthic Barriers to Control Yellow Flag Iris (Iris pseudacorus)
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Yellow flag iris (Iris pseudacorus L.) is an aggressive aquatic invasive plant that alters ecosystem function
and reduces wildlife habitat quality. Until recently, the only method of control was labour intensive, and
possibly not effective, hand removal. A comparison of mortality of yellow flag iris using rubber benthic
barriers, aggressive cutting, versus a control was studied at Dutch Lake and Vaseux Lake, BC (n=4 and
n=5, respectively). Yellow flag iris response was significantly different between the two sites, but
biologically the results were identical: the benthic barrier killed yellow flag iris rhizomes within 70 days of
treatment. One year after treatment, the mortality rate using aggressive cutting was as effective as the
benthic barrier at Dutch Lake where the water levels remained high, but not at Vaseaux Lake where the
water levels fluctuated. One year after treatment, the sites were assessed for vegetation regrowth and no
yellow flag iris regrowth was recorded for sites treated with benthic barriers at either location. However, at
Dutch Lake, where the water levels had remained high during the course of the study, the aggressive
cutting treatment also had no regrowth. These results indicate that rubber benthic barriers are an effective
treatment for yellow flag iris and may be suitable for other, similar species. Additionally, it may be
possible to control yellow flag iris with cutting alone if water levels remain high.

Title: Using Floating Treatment Wetlands to Remove Nutrients and Restore Meadow Marsh
Habitats in Wetland Systems in the northeastern United States
Authors: Kevin Killigrew, Dr. Rachel Schultz, Dr. Michael Chislock
Abstract: A significant threat that watersheds face is nutrient pollution, particularly excess
phosphorus in freshwater systems. Floating treatment wetlands (FTWs) can remove excess
phosphorus by plant and microbial uptake directly in the water column. We examined
phosphorus removal rates in a mesocosm setting using different combinations of four wetland
plant species native to northeastern North America; Carex stricta (tussock sedge), Iris versicolor
(northern blue flag), Juncus effusus (common rush), and Eleocharis palustris (common
spikerush), two different substrate conditions; no substrate and coconut coir, and a control with
no plants or substrate. Each substrate was paired with three different plant combinations, tussock
species (Carex stricta and Iris versicolor), reed species (Juncus effusus and Eleocharis
palustris), and a mixture. We determined the total phosphorus and orthophosphate removal rates
along with changes over time in chlorophyll-a, phycocyanin, dissolved oxygen, specific
conductivity, and pH. Based on our results from week 1 and week 7 of this 9-week experiment,
we found that tussock species with coconut peat substrate had the highest mean total phosphorus
removal percentage at 76%. All three plant combinations with coconut peat substrate had mean
removal percentages greater than 70%, while only one plant combination with no substrate had
removal percentages over 70%. The treatment with the lowest total phosphorus removal
percentage was the control at 55% removal. Future directions of this study include a field
application of FTWs to determine nitrogen and phosphorus removal rates in aquaculture ponds,
and testing the efficacy of transplanting FTW plants into wetlands to extend their lifecycle.
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Using Google Earth for Planning, implementation and monitoring of invasive species management as a
part of restoration initiative in and around Bandipur Tiger Reserve, Karnataka, India
Ramesh, V.; Hanumanth, C.R.; and Moghe, K.A.
Junglescapes, a non-profit based in Bangalore is carrying out ecological restoration in a Tiger landscape
of southern India since last 12 years. A key aspect of the project involves management of Lantana
camara over a large heterogeneous area of over 8000 ha. A mapping using GIS tools to detect relative
abundance of Lantana camara helped prioritize areas for management. However, management of
invasive species requires micro-level planning and implementation considering the topography,
presence of native vegetation and secondary invasive species, etc. Lantana management demands high
level of customized treatment and rigour which is difficult to achieve in larger plot sizes. These were
aspects aimed to be addressed by this methodology.
Land parcels of approximately 100 acres were selected using Google Earth in the priority areas. These
were further divided into 10 to 12 acre grids. The grid map (polygons) and coordinates of the polygon
corners were shared as KML / KMZ files and transferred to handheld GPS device. These grids were
surveyed physically for documenting baseline conditions. This real time data in combination with
photographs and Google image were used for developing the treatment plan for each grid. Use of
Google Earth image with survey waypoints and photograph enabled virtual tour of the site which
enabled coordination with field managers working on site. Post-implementation monitoring, resurgence
of native vegetation and habitat use by fauna also were plotted in the Google Earth image, which
provides an insight to ecological role of restored area as a wildlife life habitat in the larger context.

Vegetation Function and Diversity on Reclaimed Surface-mined Lands of Southeastern Ohio,
USA
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Surface coal mining has transformed certain regions of Appalachia. Reclamation laws have evolved over the past fifty years,
creating spatiotemporal variability in reclaimed landscapes. While the vegetation composition of reclaimed lands is well
understood, less is known about the associated development of ecological function. We used two attributes of the plant
community—diversity and the capacity to absorb photosynthetically active radiation—as fundamental indicators of ecosystem
composition and function. Using both satellite-derived light reflectance and field sampling, we characterized the successional
trajectory of reclaimed lands, reference forest, and reference grasslands in southeastern Ohio, USA. We also assessed the
importance of active management in ecosystem restoration. The reclaimed lands in this study represent four different eras of
regulation, from pre-1972 to post-1981. We compared the Normalized Difference Vegetation Index (NDVI) within and among
sites from 2000-2016, and the Shannon-Wiener diversity index among sites in 2016-2017. In this study, the oldest reclamation
sites (45-50 years since reclamation) achieved the highest capacity for light absorption by 2016, suggesting that time since
disturbance, reclamation technique, or a combination of the two are conducive to the restoration of ecological function.
Younger reclaimed sites (25-35 years since reclamation) accrued function more rapidly than older sites—reaching NDVI
equivalence with reference ecosystems 28-34 years after mining—suggesting that reclamation technique can accelerate
recovery. Active management of reclaimed lands does not improve light absorption capacity, but it does increase plant
diversity, which is linked to a variety of other ecological functions.

Vegetative Community and Health Assessment of a Constructed Juncus-dominated Salt
Marsh in the Northern Gulf of Mexico
Patrick Biber1
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Deer Island provides a buffer from storm and flood damage as well as shore-line stabilization to the mainland of
Biloxi, Mississippi. The US Army Corps of Engineers and MS Department of Marine Resources have conducted
restoration with beneficial use material, and two sites have since been planted with native vegetation. The sites are
anticipated to function similarly to the Juncus roemerianus dominated salt marshes natural to the northern Gulf of
Mexico and provides a test case for the success of future salt marsh loss mitigation.
This study assessed the vegetative health of the constructed sites using vascular plant community diversity and
biomass, as well as relating these parameters to geomorphological characteristics of the area by measuring elevation
and soil condition. Sampling in Spring and Fall 2017 through 2019 demonstrated establishment of planted salt marsh
and naturally-recruited sand-berm vegetation but planted J. roemerianus, however, failed to establish. The two
constructed sites were found to have a diverse array of vegetation, but function of the salt marsh in terms of root
production and sediment organic carbon deposition remained underdeveloped when compared to the natural reference
site.
Sea level rise was projected at the two constructed sites under three scenarios to assess the sites’ vulnerability to rising
sea levels. All sites were found to be vulnerable to sea level rise except under the lowest sea level rise scenario. Further
monitoring should be conducted to observe the development of ecological functions at these constructed marshes and
evaluate their success in the long term.

Biology, Ecology, and Use of Forbs in Restoration of the Great Basin, USA
Corey Gucker1, Nancy Shaw2, Anne Halford3
1

Univerity of Nevada, Reno, US
US Department of Agriculture, Rocky Mountain Research Station (emeritus), US
3
US Department of Interior, Bureau of Land Management, US
cgucker@unr.edu

2

Fires and other disturbances that are severe enough to remove native seed or occurring in areas with depleted native
seedbanks require seeding or planting to restore native plant communities and ecosystem resiliency. Native forbs,
long overlooked in revegetation, are important to pollinators, wildlife, and ecosystem functioning in sagebrush
(Artemisia spp.) ecosystems in the Great Basin, USA. For the past 25 years, an extensive, multi-disciplinary research
effort involving various institutions and agencies has improved our understanding of the biology and ecology of
western US forb species and provided guidance for their use in restoration. Yet, the information and practical
knowledge gathered has yet to be compiled and synthesized.
An online book, Western Forbs: Biology, Ecology, and Use in Restoration, is synthesizing published data and
unpublished protocols necessary for seed collectors, growers, practitioners, and land managers to increase the supply
and use of appropriate native forb seed sources for restoration of sagebrush steppe and other western ecosystems.
The book is made up of chapters focusing on individual forb species including distribution, biological
characteristics, ecosystem importance and function, and knowledge gained through seed harvesting, seed production
in agricultural fields, and wildland planting.

Wetland Centre at Evergreen Park: Creating a Boreal Wetland Training, Research, and
Demonstration Site in North Western Alberta
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Ducks Unlimited Canada (DUC) and the Evergreen Learning and Innovation Society (ELIS) are developing a Wetland
Centre at Evergreen Park in the County of Grande Prairie, Alberta, Canada. The Wetland Centre will be the first of its kind in
western Canada and will be a physical site for hosting wetland training, research, and demonstrations. Building on the
success of ELIS’ existing resource demonstration site, this project is bringing together local and provincial government,
Indigenous communities, research and education groups, non-profits, industry, and other stakeholders to create a hub for
wetland knowledge-sharing. Located in northwest Alberta’s Mighty Peace Watershed, the Wetland Centre is ideally
positioned to engage the industries who operate in the watershed including oil and gas, forestry, agriculture, utilities, and
more. Over 30% of the Mighty Peace Watershed is wetland, dominated by swamps and peatlands. These wetlands provide
critical ecosystem services but are often poorly understood and present numerous planning, operational, restoration, and
reclamation challenges. The Wetland Centre will provide a central, location to bring together diverse groups to learn from
each other and share information about boreal wetlands and industry best practices for wetland avoidance, minimization,
restoration, and reclamation. This poster will provide an overview of the Wetland Centre development process including
strategic planning, stakeholder engagement, and current activities, present key learnings from the project thus far and identify
future opportunities for wetland training, research, and demonstrations at the Centre.

Wetland effects on climate: A global analysis
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Wetlands play a major role in global carbon dynamics though carbon (C) sequestration in soil and (woody)
biomass. However, wetlands are also an important source of the greenhouse gas methane (CH4). Since wetlands are
both a source for CH4 and a sink for CO2, it can be challenging to determine their overall effect on the climate.
Further, wetlands that have a net warming effect early in their history can transition to having a lifetime cooling
effect as they age. The time when this transition occurs is known as the radiative forcing switchover time.
Determining the lifetime climatic effect of wetlands could be valuable information for mitigating climate change and
promoting wetland conservation. This study is an ongoing global meta-analysis of wetland greenhouse gas fluxes (C
sequestration and CH4 emissions) and wetland ages. Because there are relatively few sites where all three of these
values have been reported, we are using resampling techniques and our database of wetland fluxes and ages to create
a series of “virtual” wetlands for different wetland types and locations. For individual sites and the “virtual”
wetlands, radiative forcing switchover times were calculated and compared with wetland ages to determine if each
wetland has had a lifetime warming or cooling effect on the climate. Analyses to date, which have focused on
peatlands, indicate that many peatlands are old enough to have had a lifetime cooling effect. This early analysis
provides a strong case for protecting older wetlands due to their beneficial effect on the climate.

Wetland Vegetation Community Mapping with Very High Resolution Optical and Multispectral
Imagery Using a UAV
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Wetlands are diverse biomes that provide vital ecosystem services to local communities including water purification,
nutrient cycling, and habitat for a large number of species2. Scientific efforts have largely focused on exploring the services
provided by low-altitude wetlands, but the importance of alpine wetlands is poorly understood. In Alberta, Glacier and
snow-fed alpine wetlands are under threat from a combination of a warming climate, logging, and tourism; losing the
ecosystem services provided by these alpine wetlands could result in losing significant amounts of snow melt storage each
year3. 80% of the Bow River basins’ water comes from mountain snow melt while the remaining 20% comes from rain,
glaciers and groundwater1.
In order to understand the health and resilience of alpine wetlands under the threat of climate change, Alberta
Innovates has funded an interdisciplinary project in Kananaskis that aims to better understand alpine wetlands, the hydrology
of the region and to identify remotely sensed indicators of wetland diversity and function. As a key part of this
interdisciplinary project, multispectral and optical UAV imagery was collected across an altitude gradient of 18 wetlands.
Remotely sensed imagery allows for visualization of the wetland that cannot be obtained from the ground, and enables these
features to be mapped, cataloged and accuracy tested against ecological plot surveys. We demonstrate that using remotely
sensed indicators to map wetland vegetation communities at very high resolutions can reduce the need for extensive in-situ
sampling, and have the potential to facilitate environmental policy adoption.
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Wetlands in Agricultural Landscapes as Habitat for Aquatic Wildlife
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Wetlands provide critical habitat and valuable ecosystem services. However, land use conversion in southern Ontario over the
past 200 years has led to the loss of 72% of wetlands. Wetlands in agricultural landscapes may offset wetland loss but are
susceptible to contamination by pesticides and nutrients. We tested to what degree wetlands in agricultural landscapes
supported aquatic wildlife based on surrounding land cover. We expected that wetlands surrounded by agricultural activity
would be low quality habitat for aquatic species due to impaired water quality. We sampled 28 open-water wetlands in
southwestern Ontario that were created, restored, or enhanced by Ducks Unlimited Canada within the past 5–10 years in
partnership with local landowners. These wetlands were surrounded by forests, grasslands, and/or agricultural fields (Figure
1). We measured pesticide and nutrient levels and identified the aquatic invertebrate and fish communities throughout the
summer after planting season. Of the pesticides tested for, 24 compounds were detected across 36% of wetlands. From our
preliminary identification of invertebrates, 53 taxa were found across wetlands (14 ± 1.4 per wetland), with greater diversity in
wetlands with cooler water temperatures and more surrounding forest cover (p = 0.04). Eight fish species were found across
89% of wetlands (2 ± 0.3 per wetland). Restoring wetlands in agricultural landscapes may therefore provide habitat for and
bolster wetland-dependent species, as long as there are no long-term negative effects on these species, and will help to offset
wetland loss in Ontario.

Figure 1. Wetlands surrounded by an agricultural field (left), a grassland (centre), and a forest (right).

Where to restore: Using regional and local soil maps to identify potential pine barren and sand
plain habitat
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Tools to identify locations for restoration and rewilding efforts are especially crucial where land conversion, succession, and
other processes leave potential habitat cryptic on the landscape. We quantified potential habitat for the globally rare pine barren
and sand plain ecosystems of New York State, whose current extent is greatly reduced from the past yet host a variety of rare
and threatened biota. They occur almost exclusively on deep, sand and gravel soils. We used spatially explicit soil maps at two
spatial scales to identify glacially-derived sand and gravel soils that, potentially, support these ecosystems. We matched the
output of our analysis with known distributions of remnant habitat and indicator species.
Our analysis revealed over 1.8 million ha of sand and gravel soils, 50 times the area of known pine barren and sand plain
habitat. Our modeled soils matched closely onto known distributions of indicator arthropod, amphibian, and plant species.
More than half of the potential area is presently forested, with nearly all of the remainder split between agriculture and urban
land uses.
Our analysis shows that opportunities exist to supplement the conservation of existing habitat by restoring sites that possess
suitable physical soil conditions. We suggest that priority be given to areas that are nearby existing high-quality habitat,
including ones that are currently forested or even agricultural. Combining soils maps with the locations of remnant populations
can greatly expand the palette open to those seeking to restore and rewild landscapes for the sake of biodiversity conservation
and ecosystem services.

Figure 1: Distribution of sand and gravel soils in New York State. Colors indicate current land-cover type.

Withering Waterscapes: The Story of the East Kolkata Wetlands, India
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The city of Kolkata, India is home to a natural wetland to its east which treats the city’s wastewater using sewage-fed fisheries
before it drains into the Bay of Bengal. Designated as a Ramsar site in 2002, the East Kolkata Wetlands (EKW) aid in resource
recovery by producing food and creating employment while saving the heavy costs of artificial wastewater treatment. Despite
the Ramsar designation the EKW is encroached by transit corridors and real estate and polluted by unregulated waste disposal.
Post-colonial urban waterscapes like the EKW in India are threatened due to the increasing demand for urban infrastructural
services. In this research, building on ethnographic and archival data, we examine the systemic structure of the governance and
operation of the EKW to assess the influence of this growing footprint of urban infrastructure on the robustness of the EKW as
a social-ecological system (SES). We find several pervasive dichotomies arising from discrepancies between organizational
structure and operational patterns, that act as barriers to adopting a symbiotic relationship between urban development and
sustainable water management in post-colonial cities like Kolkata.

Assisted natural regeneration as a forest restoration method
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Assisted natural regeneration is a forest restoration method that has received more attention in the last decade, mainly in
landscapes that have forest remnants and local resilience. Several management actions can be applied, including grass control
and biodiversity enrichment through the reintroduction of different species groups. This video aims to demonstrate the
operational actions carried out in an assisted natural regeneration experiment in the Doce River basin, in south-eastern Brazil,
which consisted of three types of interventions applied in areas undergoing natural regeneration that were set aside 3 to 8 years
ago. The treatments were: i) weed control and fertilization of wildlings, ii) weed control + enrichment planting using seedlings
of five tree species and iii) weed control + enrichment planting using seedlings of fifteen tree species. The video will show
exotic grass control, the delimitation of planting-holes and soil preparation using post hole diggers, tree seedling planting,
fertilization of wildlings and planted seedlings, and the preliminary results after 12 months. We will also demonstrate some
practical challenges and detail topics related to planning, deployment and monitoring. It consists of an assembly of records
filmed during the operations plus a demonstration of how to allocate the seedlings with an animation, all using appropriate
captions in English and a list of the challenges and lessons learned at the end of the video. We expect this will contribute to
other forest restoration practitioners or researchers who aim to implement similar experiments.

Bird perches for seed dispersion in disturbed dry mountain forests: Implications for Ecological
Restoration
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Large areas of subtropical dry mountain forests at northwest Argentine have been transformed into mountain pastures due to
cattle ranching and intentional fires. Restoration of these degraded areas depends on seed dispersal from the forest remnants,
dispersion mediated mainly by birds. Artificial perches are a useful ecological restoration tool because they increment the
structure of the standing vegetation and encourage disperser birds to alight. We placed artificial bird perches to restore a
degraded area at Campo Alegre Private Provincial Reserve at northwest Argentine. We aim to know which plant species reach
the perches through the seed rain generated by birds. We placed six experimental units where we installed four artificial bird
perches and four control treatments. Under each perch and control area we placed a 0.56 m 2 seed trap and we collected seeds
every 15 days during two consecutive summer seasons (2018-2020). All the species collected were native. Only 2 ornithocoric
seeds we found in control areas. In contrast, under bird perches we collected 4994 ornithocoric seeds in total. The most abundant
species was the shrub Rubus imperialis, but we also found six tree species (Scutia buxiflora, Zanthoxylum coco, Schinus
mirtyfolius, Sapium haematospermum, Allophylus edulis, Blepharocalyx salicifolius). Although seed dispersion is increased by
artificial perching, it is important to evaluate if such seeds are capable to germinate and establish in the disturbed areas.

Establishing an Ecological Workforce

Developing Training and Qualifications Certificate
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A coalition of restoration industry leaders, employers, community colleges, training providers, and workforce
development partners are establishing an Ecological Workforce Training Program and industry-recognized
Certificate. The Program, which will be piloted in June 2021, is a combination of specially developed curriculum
supplemented by worksite training.
The Program delivers specially designed curriculum to the on-the-ground restoration laborers and equipment
operators, giving them the skills and knowledge to work appropriately in ecologically sensitive habitats, including
an understanding of the permitting requirements and restrictions, habitat types, and species of concern.
It is on the ground where the labor force interfaces with the resources, yet there currently is no specialized, publicly
available training for those workers. The extent to which workers are trained in this specialty is primarily based on
on-the-job training, which varies dramatically between employers. Lack of industry standards can lead to damage to
resources and unsatisfactory project outcomes.
Creation of a respected training program will foster recognition of Environmental Restoration activities as an
economic driver and identify an Ecological Workforce separate from and with more specialized skills than,
traditional civil construction laborers. This initiative is a powerful means of addressing the long-standing barriers to
employment in restoration work faced by many in our underserved communities. The Program will expeditiously
retrain laborers of all levels into highly paid and fulfilling jobs with excellent wages and benefits, while supporting
more successful restoration project outcomes.

Introducing seagrass restoration path of Enhalus acoroides (Linnaeus f.) Royle in Thailand
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The seagrass meadows are one of the most important ecosystems in the coastal areas as they provide various ecosystem services
for global biodiversity, human-wellbeing, climate change adaptation and mitigation. However, these ecosystems are declining
in alarming rate especially in the Southeast Asian region where the pressures on seagrass meadows have remained same for the
last 20 years. In Thailand, the restoration and the monitoring of seagrass ecosystems has been limited, combined with different
methodologies across the country and the lack of monitoring options. The objective of this short video is to introduce the path
for restoration of Enhalus acoroides from the seedling and all the most important steps included in the restoration. The video
is following the major steps of fruit and seed collection, growth of the seeds in the laboratory, planting in the field and monthly
monitoring. This short video provides the opportunity to share the knowledge on the appropriate methodology to the local
communities, restoration practitioners and other interested parties from government or private sector as outreach programs.

LIFE: EU FUNDING FOR ECOLOGICAL RESTORATION ACTIONS
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Background
The LIFE programme is the European Union (EU)’s funding instrument for environment and climate action. It has co-financed
more than 5 500 projects across the EU and beyond1, and it represents the largest and most efficient financial mechanism for
social-ecological restoration in Europe.
Objectives
A video will be produced to show how the LIFE programme contribution enables conservation actions to achieve ecological
restoration in the EU. More specifically, the video is aimed at sharing LIFE best practices with a general public, as well as at
inspiring professionals working in ecological restoration worldwide to take action (local authorities, technicians, private
landowners…).
Methods
Selected successful LIFE projects from numerous EU countries and different biogeographical areas will be contacted to provide
audiovisual material that highlights their achievements on restoration actions to combat biodiversity loss, climate change and
adverse effect of inappropriate land use. Examples may include, among others, LIFE to alvars, Cumbrian BogsLIFE+, and
LIFE-GREEN4GREY.
Expected results
One informative clip of around 1-2 minutes will highlight new approaches and innovative techniques within ecological
restoration. A simple but well-structured script, supported with keywords and other engaging elements, will result in an
attractive and inspiring video that will feature in #SER2021. It will be promoted through LIFE’s social media and other suitable
communication channels such as the LIFE newsletter. Dissemination actions will of course be tailored to the event’s objectives
and happen in accordance with relevant dates in its calendar.
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Long-term burn season effects on an upland longleaf pine forest
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The longleaf pine ecosystem of the southeastern United States is a fire-dependent ecosystem. Fire is essential to its natural
regeneration and maintenance of species rich understory and habitat for a variety of wildlife. In the absence of fire, longleaf
pine dominated forests are gradually succeeded by hardwood species and the understory loses its species richness. Conversely,
the introduction of fire into the long-unburned degraded longleaf pine forests can help restore these ecosystems. Both fire
frequency as well as season of burn may affect structure and composition of these forests. For example, winter-burned forests
may have higher abundance of shrubby species in the understory compared to summer-burned forests, which may be richer in
graminoids. Also, long unburned forests have reduced abundance of longleaf pine in the overstory. At the Escambia
Experimental Forest in southeastern United States, we have maintained long-term research plots that have been burned either
in summer, winter, or fall on a biannual basis since 1973, along with unburned control plots. These plots distinctly demonstrate
the long-term effects of seasonal burning compared to fire exclusion on overstory and understory composition, and are an
excellent resource for creating a video aimed at educating researchers, restoration practitioners, students, landowners, and
general public. We will create a high-quality, professionally recorded and edited 3- minute video that will provide a virtual
field trip to these long-term seasonally burned longleaf pine plots and present some important results from the research. After
watching the video, the audience will have improved understanding of the relevance of fire and season of burn in sustaining
and/or restoring longleaf pine forests.

Producing native plant materials for restoration of paramos in Ecuador
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Since 2000, Fund for the Protection of Water (FONAG) has worked on activities for the recovery of degraded ecosystems
focusing on paramos, wetlands and mountain forests in source water areas around Quito, the capital of Ecuador. Since 2003,
native and exotic forest species have been planted. Since 2014, native shrub and tree species have been used through nurseries
with the capacity to provide additional new species. However, there was no traceability of the origin of the genetic material
used.
Recognizing the value of using native, ecologically appropriate, and genetically diverse plant material to support ecosystem
recovery aiming at greater resilience in the face of unpredictable climate conditions, in 2018, a program was started to produce
paramo species from seeds with traceable origin. The video will show how you the system governance that FONAG took to
generate plant production contracts for each specific site to be restored and how this process has resulted in the production of
more native species that previously did not exist in nurseries, especially shrubs. Since then, 361,200 plants of more than 20
different species have been produced and used in the restoration of approximately 360 hectares.
We want showed how this has led to restauration project improvements and challenges, from climatic conditions, soil
preparation, seed collection and maintenance until the plants are ready for planting at the restoration site.

Presentation format: Short video.
Thematic series: Advancing the science and practice of restoration, Restoration as a nature-based solution; Empowering, and
engaging local communities.

Raising up Providence Island mangroves after Iota's fury
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On November 16, IOTA, the largest hurricane of 2020 in the Atlantic reached winds of about 250Km h-1. It was at 18
kilometers from the Providencia and Santa Catalina Islands (Colombia) being category 5. IOTA left in his wake close to 98%
of the houses destroyed and affectations at least 93% of its plant covers in these Caribbean Island. In mangrove ecosystems
particularly, the Hurricane left approximately 70% of the coverage affected mainly by defoliation, breaking of branches and
trunks, and accumulation of large-scale debris. The impact of the hurricane was particularly evident in fringe mangroves
dominated by Rhizophora mangle (red mangrove), while in basin forests dominated by Avicennia germinans, Laguncularia
racemosa, Conocarpus erectus, the forests showed better health, natural regeneration and even, regrowth twenty days after the
occurrence of the phenomenon. In this video, a series of photographs and short videos have compiled that show the impact of
the Hurricane on these ecosystems and the first steps that have been taken for their restoration, including characterization
fieldwork and “first aid” measures for this valuable ecosystem, worked with the local community.

Restoration Techniques and Experiences in Quito's Paramo and Cloud Forest Ecosystems by the
World's First Water Fund FONAG as Member of the Acción Andina Initiative in Ecuador
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To protect and recover the city's water sources during its 2020-2021 campaign, FONAG the first water protection fund in the
world, carried out restoration projects in the paramo and cloud forest ecosystems surrounding Ecuador's capital, Quito, as a
member of Acción Andina, a Latin-American initiative for the conservation and restoration of high-altitude native forests.
Northwest of the city, FONAG produced 30,000 native plants in local nurseries including Polylepis pauta for restoration at
high-altitude sites (3,700-3,900 m) and around 15 species of native cloud forest (1,800-2,200 m) plants from different stages
of ecological succession. FONAG is using this production, together with 20,000 more individuals already produced and ready
to plant, to restore around 40 hectares of native forest cleared for livestock farming. This restoration features different plant
combinations chosen in accordance with the degradation levels of each restored site, e.g., with pioneer species used in higher
proportions where the forest was almost fully replaced by non-native grasses. Northeast of the city, FONAG is restoring
fragmented Polylepis forests, highly important in hydrological regulation within the paramo ecosystem, starting with 15,000
Polylepis incana individuals planted on 20 hectares of land believed to have been previously part of a larger forest patch lost
to deforestation. Continuing these efforts, we have begun production of 30,000 more Polylepis incana and P. pauta plants from
seeds collected in the remaining forest and due to be planted in late 2021 for the restoration of around 30 more hectares of
deforested land.

Restoring Forest Roadways to Benefit The Threatened Southern Mountain Caribou
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The Caribou Flats roadways lies within the population range boundary of the Chase caribou herd. Federally, the Chase
herd is considered part of the Southern Mountain population of caribou (Rangifer tarandus caribou) and listed as
threatened on Schedule 1 of the Federal Species At Risk Act. The recovery strategy for Southern Mountain caribou
recommends undertaking actions to improve habitats in current ranges by restoring linear features, such as old roads, and
making habitat less suitable for other prey species.
In collaboration with Tsay Keh Dene Nation, our project team restored the Caribou Flats roadway using functional and
ecological restoration techniques. The intent was to make the road less suitable for other prey species, predator travel, and
human recreational and hunting use. This road was an ideal candidate for restoration since it provided access from low to
high elevation, and was adjacent to a known caribou migration corridor. Functional restoration techniques such as tree
felling and hinging, and access control, were employed to reduce line of sight and travel opportunities along the road. The
ecological restoration techniques employed included road decompaction, mounding, ripping, and tree planting. Before
road restoration work commenced, baseline vegetation and camera-trap data were collected for comparison, during future
monitoring work.
In the short-term, the functional restoration techniques were expected to both reduce predator line of sight along the road
and reduce human use. This reduced use is expected to allow the planted seedlings to establish, and in the long-term, return
the road to a mature forest environment.

Seed dispersal networks in tropical forest: restoration of its structure
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Given the importance of interactions between dispersers and plants for ecological restoration, modelling becomes a necessary
tool to create simplified representations of complex ecological systems to process analysis about the ecosystems. The present
study is based on the integration of restoration, birds, and interactions databases. In this sense the main aim of this study was
to characterize the potential dispersal networks structure of restoration areas located in the Atlantic Forest domain, with
different landscapes context, ages, and restoration methods. An algorithm was carried to estimate potential dispersal networks
of 142 restoration projects and to model the most important restoration variables that promote seed dispersal by avian
community. As result of the modelling, it was founded that nestedness was significative only in 9 projects, number of
interactions was not related with age, and the planting method promoted a greater number of vertices in networks. Further,
number of zoochoric species and forest amount had a wide importance to structuring networks. Through the interactions
network structure, it was possible to suggest key species for the dispersal networks structure by the metric betweenness
centrality. The ecological modelling presented good potential to estimate the most important variables to structure dispersal
networks in ecological restoration projects. It also may be useful as a tool for the construction of restoration protocols. Finally,
the model used in the present study allows the identification of the main variables responsible to optimize the structuring of
dispersal networks and to promote ecological processes inherent to tropical forests.

Where is the Innovation in the Brazilian Atlantic forest restoration initiatives? A preliminary
study
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In recent years, countries have engaged in large-scale international forest restoration agreements, aiming to improve the
connectivity between ecosystems, landscapes and people. However, to meet these goals, it is necessary to overcome existing
barriers, connect different stakeholders and promote an ecosystem that favors the emergence of innovations and the search for
multifaceted solutions in forest restoration initiatives. The main objective of our research was to understand the role of
innovation in restoration initiatives in the Brazilian Atlantic Forest, and as specific objectives to understand the types of
innovation and which drivers constituted the institutional ecosystems where the innovations occurred and the relationship
between them. We found 66 innovations, most of them (61%) were catalogued as product and organizational innovations.
Those were distributed in only 9 Brazilian states, concentrated in São Paulo and Paraná (50%). São Paulo state presented the
best innovative ecosystem and a higher number of innovations, that is, a good interaction between analyzed drivers (GDP,
presence of research institutes, higher research investments, better environment legislation, higher number of forest nursery,
land requiring restoration). We found that those factors are crucial to favorable an institutional environment to the innovation
on restoration. We also found that the institutional ecosystem's maintenance depends and is transformed by the innovations it
produces. To maintain the positive feedback of this virtuous cycle, it is essential to connect the interested parties and create
strategic alliances that seek collective solutions.
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