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Glossary

Biocapacity: Also called biological capacity. It refers to the capacity of ecosystems to regenerate what
people demand from those surfaces. Life, including human life, competes for space. The biocapacity of a
particular surface represents its ability to regenerate what people demand. Biocapacity is therefore the
ecosystems’ capacity to produce biological materials used by people and to absorb waste material
generated by humans, under current management schemes and extraction technologies. Biocapacity
can change from year to year due to climate, management, and also what portions are considered
useful inputs to the human economy. Biocapacity is usually expressed in global hectares (Global
Footprint Network, 2021).

Biocultural diversity: This term comprises the diversity of life in all of its manifestations — biological,
cultural, and linguistic. It provides a more complex and integrated perspective on the diversity in both
nature and culture. The concept implicates that cultural diversity, including diversity of societies,
cultures and languages that have developed throughout human history, is another fundamental
expression of life’s evolutionary potential and is profoundly interrelated and interdependent with
biodiversity, through the co-evolutionary processes. (Maffi & Dilts, 2018).

Canada: In this report, Canada refers to the internationally recognized boundaries of the Canadian State.
Indigenous Peoples Lands and Territories including the lands, territories, and resources in what is now
known as Canada, have been traditionally owned, occupied or otherwise used or acquired by First
Nations, Métis and Inuit Peoples (United Nations [UN], 2007, Article 26) and subject to treaties,
agreements and other constructive arrangements with Indigenous Peoples.

Conservation: Conservation of biological diversity is a common concern of humankind. It fundamentally
requires the in-situ conservation of ecosystems and natural habitats and the maintenance and recovery
of viable populations of species in their natural surroundings (UN, 1992a). In this report, conservation is
not limited to the measures which isolate the lands for natural growth, but also include the conservation
of components of biodiversity beyond their natural habitats (i.e., ex-situ conservation) which in some
cases offers the only chance of survival for some species-at-risk, and has an essential role in conserving
genetic resources, socio-cultural values and other important ecosystem services of biodiversity (Minister
of Supply and Services Canada, 1995; Li & Pritchard, 2009). It implies the formulation of harmonious
relationships built between humans, wildlife, and ecosystems through well-managed human activities
and wise and careful use of natural assets. Conservation in Canada has historically been used as part of
colonization and to extend state authority into Indigenous territories (Littlechild, 2020). The Canadian
government has committed to elevating Indigenous-led conservation in the spirit and practice of
reconciliation.

Decolonization: Decolonization at its heart is about the “repatriation of Indigenous land and life” (Tuck
and Yang, 2012, p. 3). It is a direct challenge to colonial foundations of Canada, including a categorical
repudiation of the Doctrine of Discovery and the concept of terra nullius. It aims to unpack and
permanently disrupt structures of systemic oppression. Decolonizing involves de-centering dominant
paradigms and pluralizing voices of those who have been traditionally marginalized. It is a tireless
commitment which goes beyond cultural awareness and tokenistic inclusion.

Functional diversity: A component of biodiversity that generally concerns the range of things that
organisms do in communities and ecosystems. Critical points in developing predictive measures of
functional diversity are the choice of functional traits with which organisms are distinguished, how the
diversity of that trait information is summarized into a measure of functional diversity, and that the



measures of functional diversity are validated through quantitative analyses and experimental tests
(Petchey & Gaston, 2006).

Genetic diversity: The variation in the amount of genetic information within and among individuals of a
population, a species, an assemblage, or a community (United Nations, 1992b).

Global hectare (gha): Global hectares are the accounting unit for the Ecological Footprint and
Biocapacity accounts. These productivity-weighted biologically productive hectares allow researchers to
report both the biocapacity of the earth or a region and the demand on biocapacity (the Ecological
Footprint). A global hectare is a biologically productive hectare with world average biological
productivity for a given year. Global hectares are needed because different land types have different
levels of productivity. A global hectare of, for example, cropland, would occupy a smaller physical area
than the much less biologically productive pastureland, as more pasture would be needed to provide the
same biocapacity as one hectare of cropland. Because world productivity varies slightly from year to
year, the value of a global hectare may change slightly from year to year (Global Footprint Network,
2021).

Other effective conservation measures (OECMs): It is a conservation designation for areas that are
achieving the effective in-situ conservation of biodiversity outside of protected areas. OECM are diverse
in terms of purpose, design, governance, stakeholders and management, especially as they may
consider associated cultural, spiritual, socio-economic, and other locally relevant values. The examples
of OECMs include but are not limited to Indigenous conserved areas, sections of military reserves with
access restrictions and conservation goals, and productive landscapes managed for conservation.
(Secretariat of the Convention on Biological Diversity [SCBD], 2018; MacKinnon, 2019).

Reserve: A reserve is land set aside by Canadian federal government for the use and occupancy of a First
Nation group (Aboriginal Awareness Canada, 2021). On reserve includes six types of census subdivisions
(CSDs) legally affiliated with First Nations or Indian bands, i.e., Indian reserve (IRl), Indian settlement (S-
E) (except for the five Yukon settlements of Champagne Landing 10, Klukshu, Two and One-Half Mile
Village, Two Mile Village and Kloo Lake), Indian government district (IGD), terres réservées aux Cris (TC),
terres réservées aux Naskapis (TK) and Nisga'a land (NL), as well as the northern village of Sandy Bay in
Saskatchewan. (Statsitics Canada, 2021) Off-reserve means Indigenous peoples who are not living within
the reserve defined by the crown government.

Social license: An implicit form of agreement between a company and local stakeholders on the
operations of a project, a company, or an industry to make sure it is socially and environmentally
acceptable and legitimate. It involves a process by which the stakeholders collectively determine the
minimal conditions to be implemented so that the short- and long-term risks/threats/negative impacts
on the natural and human environment are socially and environmentally acceptable and legitimate.

Telecoupling: A telecoupling is a process that connects distant systems in which humans and nature
interact. The study of telecoupling effects evolved from the studies on teleconnections (usually referred
to as environmental interactions among climatic systems across long distances), and globalization
(studies on socio-economic interactions between distant human systems). Telecoupling implicates
complex effects of socio-economic and environmental interactions happening in global activities like
trade, migration, tourism, air circulation, and technology or information transfer over distances.
Telecouplings have five major components- systems, agents, flows, causes, and effects. This is a
transdisciplinary and multi-level framework that can be used in both research and management to
understand the increasingly visible threads connecting distant places for addressing large-scale global
sustainability challenges (Liu et al. 2015; Hull & Liu, 2018).


https://indigenousawarenesscanada.com/indigenous-awareness/what-is-a-reserve/
https://www12.statcan.gc.ca/nhs-enm/2011/as-sa/99-011-x/99-011-x2011001-eng.cfm

Executive summary

Home to large tracts of intact forest and one quarter of the wetlands remaining in the world, Canada
plays an indispensable role in maintaining global biodiversity. The past decade has been marked by
significant progress in biodiversity conservation in Canada, in particular through the expansion of
protected areas (PAs) to meet the Aichi 2020 target of conserving 10% of coastal and marine areas.
Despite this progress, biodiversity loss continues to accelerate across the country, resulting from a range
of complex and interrelated drivers including widespread extractive human activities, regional climate
change, and many others. The impacts of more frequent disasters such as heat waves, floods, and
zoonotic diseases are a warning signal: when our ecosystems are degraded, human well-being is also
harmed.

As the world transitions towards a post-2020 global biodiversity framework to succeed the Aichi
Biodiversity Targets (2011-2020), it is critical to explore how Canada can combat biodiversity loss within
our own borders and where the greatest opportunities lie to leverage the value of our rich natural assets
for a sustainable future. This report aims to draw on past knowledge and experiences in Canada to
inform the development of potential pathways towards the attainment of Canada’s commitments to
this post-2020 global biodiversity framework and the Sustainable Development Goals (SDG). The
Biodiversity Pathways for Sustainability in Canada project addresses these topics through a research
synthesis of the state of knowledge on biodiversity conservation and an outlook on potential solutions to
tackle systemic barriers in Canada. Supported by evidence from an extensive literature review and
stakeholder consultations, this report proposes actionable suggestions for policy makers to chart
biodiversity-centered pathways for sustainability in Canada and beyond. We specifically highlight the
outcomes of an online workshop held on May 26-27, 2021 that convened conservation scientists and
practitioners across Canada with diverse backgrounds and expertise to discuss barriers, strategies,
synergies, and trade-offs for ecosystem and biodiversity conservation in Canada.

This work resulted in a set of recommendations based on lessons learned over the past decade to
inform conservation policy in Canada and beyond in the context of the post-2020 global biodiversity
agenda. It is also expected to inspire research agendas by identifying knowledge gaps and the need for
developing new practices and tools in biodiversity science. The main lessons learned are summarized
here:

1. Biodiversity degradation has occurred in lockstep with colonization and the disruption of
Indigenous systems that steward ecosystems in what became Canada for millennia.
Indigenous Peoples hold relations with aspects of the natural world that respect the inherent
dignity and interconnectedness of peoples and Mother Earth. Indigenous systems prioritize the
interrelationship between biodiversity and well-being, emphasizing identity and expression,
stewardship, livelihoods and spiritual linkages that exemplify the vision of humans living in
harmony with nature and remain to be scaled up. It is vital that Indigenous systems and their
stewardship of lands and waters be elevated, respected and appropriately recognized.
Meanwhile, they are also most vulnerable to ecosystem degradation and are likely to be hit
hardest by the impacts of climate change and biodiversity loss. High attention must be paid to
the recognition and empowerment of Indigenous Peoples in Canada.



Canada has made considerable progress in PA conservation but is spatially imbalanced. 12.5%
of national terrestrial land and inland water (1.17 million km?PA) and 13.8% of national marine
areas (0.51 million km?marine PA) are now Protected and Conserved Areas in Canada. But the
main increase of PAs is in the north, while many important natural areas in the south subject to
stronger human disturbances remain unprotected.

Protecting Canadian ecosystems has global significance, in particular due to the massive but
declining extent of intact ecosystems in the north. Policies implemented in Canada can
profoundly influence conservation outcomes inside and outside our national borders.

Canada’s exports to, and consumption of imports from, other countries can lead to
biodiversity loss beyond our borders. International trade, for example in farming and fishing
products, forestry products, and energy, leads to imported/exported pressures on global
biodiversity which may not be well-documented in national statistics.

Biodiversity research in Canada remains predominantly focused on species conservation, with
gaps in knowledge and data at genetic, functional, and biocultural levels. Conservation
research at the species level remains prevalent in Canada compared with studies at other levels.
Genetic and functional diversity (including trophic level measurement) are equally important
dimensions of biodiversity for sustainability. Biocultural diversity is likewise critical, as it
holistically conceptualizes humans as one component of nature and recognizes the
interconnections between diversity in human cultures and languages and diversity in species,
habitats, and ecosystems.

Based on these lessons learned, we suggest below priority actions for Canada over the coming decade to
develop integrated biodiversity pathways for sustainability. The details of each lesson and priority
actions identified are elaborated in the full report.

1.

Enhance research and increase political attention to address consumptive impacts and
telecoupling effects on biodiversity loss.

Decolonize conservation frameworks by recognizing Indigenous rights, values, knowledge, and
practices, and embrace their leadership in biodiversity and ecosystem conservation.

Advocate for the integration of socio-economic, cultural, pastoral, and spiritual values of
biodiversity in policy frameworks.

Embrace innovative tools and mechanisms for behaviour change at community and individual
levels.

Improve regulation and legal frameworks to enhance transparency, monitoring capacity, and
accountability of extractive industries.

Develop high-quality inventory databases for biodiversity at multiple scales.

Redirect and scale up public and private investments for ecosystem and biodiversity
conservation.

Facilitate cross-scale collaboration on biodiversity conservation and sustainable development.



Background

Biodiversity is declining at an unprecedented rate. The current extinction rate at the global level is tens
to hundreds of times higher compared to the natural baseline (average over the last 10 million years),
and the rate is accelerating (IPBES, 2019a; De Vos et al., 2015). Globally, two thirds of the terrestrial
environment and more than half of marine environments have been severely altered by human actions
(IPBES, 2019b). Among approximately 8 million animal, plant, and insect species currently on Earth, as
many as 1 million are threatened with extinction, many within decades (IPBES, 2019b). Furthermore, as
biodiversity is closely interconnected with other components of socio-ecological systems, biodiversity
loss will likely compound other risks, such as natural disasters, water and food scarcities, and infectious
disease, threatening all aspects of human well-being (Future Earth, 2020).

Increased frequency, intensities, and impacts of natural disasters (e.g., forest fires, floods, droughts,
storms, and zoonotic diseases) represent a warning signal: when our ecosystems are degraded, human
well-being is also degraded. Still reeling from the social, ecological, and economic impacts of the
pandemic, the world urgently needs to seek integrated pathways to build forwards better from the
crisis. As emphasized in the Kunming Declaration adopted by global leaders in the 15th meeting of the
Conference of the Parties to the Convention on Biological Diversity (CBD COP 15), biodiversity underpins
human and planetary wellbeing, economic growth, and sustainable development (Secretariat of the
Convention on Biological Diversity [SCBD], 2021a). Biodiversity must be a central consideration of any
recovery formula as we cannot afford to rebuild a fragmented society lacking the support and
sustenance of nature.

Notwithstanding its devastating socio-economic impact on the world, the pandemic also provides a rare
opportunity for human societies to disrupt the systems keeping us locked onto an unsustainable and
inequitable pathway and transform towards a greener future. Many countries have gone through
lockdowns or other public health measures to combat the high transmission rate of COVID-19. The
restriction of international travel and increased use of teleworking and tele-communication allow us to
rethink and innovate the way we work and live. People have begun to rediscover the value of local
economies and natural ecosystems. For example, the share of domestic tourism including visits to parks
and other green spaces in total tourism expenditures are increasing in many countries (e.g., Canada, UK,
Germany, Switzerland), and is expected to increase post-pandemic as well (OECD, 2020).

Adopting a hopeful framing for transforming the socio-ecological system brings to light new
opportunities as well as the need for more ambitious commitments from policy makers to protect and
restore natural habitats, unleash the potential of natural capital, and secure and value the ecosystem
services that humans depend on. Canada supports a globally significant diversity of tundra, forest,
grassland, freshwater, and marine ecosystems. In 2015, the average terrestrial biodiversity intactness in
Canada was 84%, indicating a very high level of biodiversity remaining relative to a baseline ecosystem
with minimal human impact (Newbold et al., 2016). There is great potential for Canada to lead a
biodiversity-centered model for resilient recovery if policy makers act now.

And yet, to date, biodiversity protection efforts in Canada and the world have been far from
sufficient. The Aichi Biodiversity Targets set between 2011-2020 as part of a broader effort to
consolidate global efforts to halt biodiversity loss have largely been a failure. Despite partial progress,
none of the 20 Aichi Targets have been fully achieved. Around the world, natural habitats continue to be
degraded, vast numbers of species remain threatened by extinction, and more than half a trillion dollars
of environmentally damaging government subsidies are still in effect (SCBD, 2020a). In line with these
global trends, Canada is also not doing enough. While its total territorial area is larger than the United



States, the extent of PAs in Canada (1.68 million km?) is only half of that in the U.S. (2.8 million km?)
(UNEP-WCMC, 2021). In Canada, of the 38.2% of terrestrial area covered by forest in 2020, only 8.5% is
conserved as part of a system of legally established PAs (United Nations, 2021). The biocapacity in
Canada was once 26.8 global hectares (gha) in 1963, nearly three times of the ecological footprint of
consumption, making it one of the most important ecological reserves in the world. Now, however,
Canada’s biocapacity has dropped to 15 gha, placing its critical role as a key biocapacity reserve for the
world at risk (Global Footprint Network, 2021).

To accelerate progress towards halting biodiversity loss by 2030 and supporting biodiversity recovery by
2050, the United Nations Convention on Biological Diversity is convening the global community to
develop a post-2020 global biodiversity framework. Following up on the virtual meeting held this past
October, global decision-makers will convene in-person early next spring to conclude the negotiations of
the post-2020 global biodiversity framework for a post-COVID world. Capitalizing on this global
momentum, Canada must build on past knowledge and experiences to set new ambitious and effective
goals that align with the post-2020 biodiversity framework and must position biodiversity as a central
consideration within a green and resilient COVID-19 national recovery plan.

This report is developed through a SSHRC-funded project — Biodiversity Pathways for Sustainability in
Canada (BPSC). Supported and facilitated by Future Earth, Sustainability in Digital Age, and Concordia
University, the BPSC team conducted an extensive literature review and organized a Canada-wide
workshop in May 2021 convening diverse stakeholders to discuss the past and future for Canada’s
biodiversity conservation. This report presents the outcomes of this literature review and workshop.

Objectives

This report synthesizes different types of knowledge and experience on biodiversity and conservation
policy in Canada to produce evidence-based insights to inform the development of potential pathways
towards the attainment of Canada’s commitments to a post-2020 global biodiversity framework. We
also aim to support the creation of a nature-based development plan for Canada over the next decade
and to inspire conservation researchers and practitioners to contribute to a green transformation
through Indigenous leadership, scientific research, innovative conservation practices, and cross-scale
collaborations. We achieve this through a retrospective assessment of Canada’s progress against the
Aichi 2011-2020 Biodiversity Targets and a synthesis of the literature review, and through consultation
with experts from across the country in a workshop, the outcomes of which highlight root problem:s,
potential solutions, and priority actions.

The report focuses on addressing the guiding questions below:

What is the biodiversity status of Canada, where we have made good progress, and where are we
lagging?
How can Canada combat biodiversity loss within and beyond our own borders?

Where are the biggest opportunities to leverage the value of our rich natural assets for a sustainable
future more broadly?



Methods

This report is a knowledge synthesis of a wide range of scientific and grey literature, as well as outcomes
of a workshop. Four methods were applied: Aichi Target analysis, literature review (137 articles), policy
review (122 legislations), and a two-day, multi-stakeholder expert workshop with follow-up interviews.
Below are the detailed descriptions of each method.

Aichi Target analysis

Guided by the global Aichi Biodiversity Targets, Canada developed 19 national targets in 2015
(Secretariat of the Convention on Biological Diversity [SCBD], 2020b). These targets were contextualized
for Canada as part of its National Biodiversity Strategy and Action Plan and involve 4 parts (Goals): (1)
protecting ecosystem and biodiversity resources, (2) mitigating direct and indirect pressures, (3)
collecting information to support conservation planning, and (4) engaging communities for
environmental stewardship. To facilitate the analysis, we categorized the detailed targets as
environmental, economic, governmental, and socio-cultural components (Table 1). Environmental
components focus on the protection, management, and restoration of natural assets. Economic
components focus on mitigating the impacts of extractive human activities and re-organizing capital,
industry, and trade. Governmental components focus on institutional mechanisms, legal frameworks,
and other governance-related aspects of society. Finally, socio-cultural components include knowledge
generation and mobilization, cultural and ethical concerns, as well as scientific research and education.
Evidence and data were collected on each target to assess the progress. Data were sourced primarily
from SCBD (2021b).

In the analysis, the “Progress” column (see Tables 7, 8, and 9) was used as a summary of progress
Canada has achieved on each target, which was based on the synthesis of related literature, data, and
workshop discussions. “Sufficient progress” indicates that Canada has met the targets by 2020 and is
expected to continue making progress in the future. “Insufficient progress” indicates that Canada has
not met the targets by 2020 but is closing the gap and requires more efforts in the next decade. “Off
track” indicates that Canada has not met the targets by 2020 and is deviating from the target, thus
requiring specific attention and re-examination of action plans.

Table 1. Categorization of Canada’s Aichi Biodiversity Targets by component type. The four goals (Goals A, B, C,
D) and the nineteen targets (represented by “No.”) were collected directly from the Canada Aichi Biodiversity
framework (SCBD, 2020b). The keywords and component types were identified by the research team. The colours
were used to differentiate the four different goals (Blue: Goal A, Yellow: Goal B, Red: Goal C, Green: Goal D).

No. |Goals Keywords Detailed Targets Component
type
1|Goal A: By 2020, Protected By 2020, at least 17 percent of terrestrial areas and inland water, |Environmental
Canada's lands and areas (PAs) |and 10 percent of coastal and marine areas are conserved through
waters are planned and |and Other networks of protected areas and other effective area-based
managed using an Effective conservation measures.
ecosystem approach to |Conservation
support biodiversity Measures

conservation outcomes [(OECMs)

i Ipcal,l regilonal, and  Igpecies By 2020, species that are secure remain secure, and populations  |Environmental
national scales of species at risk listed under federal law exhibit trends that are
consistent with recovery strategies and management plans.
3 Wetlands By 2020, Canada's wetlands are conserved or enhanced to sustain|Environmental

their ecosystem services through retention, restoration and
management activities.

4 Municipal By 2020, biodiversity considerations are integrated into municipal |Governmental
planning planning and activities of major municipalities across Canada.




Climate

By 2020, the ability of Canadian ecological systems to adapt to

Governmental

and indirect pressures as
well as cumulative

management of Canada's forests

change climate change is better understood, and priority adaptation
adaptation ~ |measures are underway.
6|Goal B: By 2020, direct |Forests By 2020, continued progress is made on the sustainable Environmental

and more actively
engaged in its
stewardship

biodiversity conservation activities.

7 o . Farmland By 2020, agricultural working landscapes provide a stable or Economic
effects on biodiversity improved level of biodiversity and habitat capacity
are reduced, and - - - -
production and Aquaculture By 2020, all aquaculture in Canada is managed under a science- |Economic
consumption of based regime that promotes the sustainable use of aquatic
Canada'’s biological resources (including marine, freshwater and land based) in ways
resources are more that conserve biodiversity.
9|sustainable Fishing By 2020, all fish and invertebrate stocks and aquatic plants are Economic
managed and harvested sustainably, legally and applying
ecosystem-based approaches.
10 Water quality |By 2020, pollution levels in Canadian waters, including pollution Economic
from excess nutrients, are reduced or maintained at levels that
support healthy aquatic ecosystems.
11 Invasive By 2020, pathways of invasive alien species introductions are Environmental
Alien Species |identified, and risk-based intervention or management plans are in
place for priority pathways and species.
12 Indigenous  |By 2020, customary use by Aboriginal peoples of biological Governmental
governance |[resources is maintained, compatible with their conservation and
sustainable use.
13 Innovation By 2020, innovative mechanisms for fostering the conservation Governmental
and sustainable use of biodiversity are developed and applied.
14|Goal C: By 2020, Scientific By 2020, the science base for biodiversity is enhanced and Environmental
Canadians have Knowledge |knowledge of biodiversity is better integrated and more accessible.
15 _acfiequatg andbrelevant Aboriginal  |By 2020, Aboriginal traditional knowledge is respected, promoted |Governmental
information about knowledge  |and, where made available by Aboriginal peoples, regularly,
biodiversity and' meaningfully, and effectively informing biodiversity conservation
ecosystem services to and management decision-making.
support conservation - — -
16| planning and decision- Spatlal By 2020, Ca.nada has a comprehenswg inventory of protected Socio-cultural
making inventory spaces that includes private conservation areas.
17 Natural By 2020, measures of natural capital related to biodiversity and Governmental
Capital ecosystem services are developed on a national scale, and
accounting  [progress is made in integrating them into Canada's national
statistical system.
18(Goal D: By 2020, Education By 2020, biodiversity is integrated into the elementary and Socio-cultural
Canadians are informed secondary school curricula
1g|about the value of nature [picipation |By 2020, more Canadians get out into nature and participate in | Socio-cultural

Literature review

To develop a broad understanding of biodiversity change in Canada, we reviewed 528 articles found on
Web of Science by entering the keywords “Ecolog*”, “Biodiversity”, or “specie*” associated with

“Driver*”, “pressure*”, “stress*”, “factor*”, “benefit*”, “impact*”, or “influence*”, searching for articles

published between 2015 and 2020 to focus on the most recent understanding and trends. A first
screening of the titles removed papers unrelated to biodiversity and duplicates. A second screening of
the abstract and of the article removed papers related to methodology and tools for biodiversity
surveys. Papers on past extinctions and which exclusively focus on climate change were removed
because they do not specifically address the questions guiding this literature review. These screening
processes reduced the total number of papers reviewed from 528 to 137.
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Figure 1. Conceptual framework guiding the literature review on biodiversity status in Canada. The arrows
represent the flow direction of the impact. The arrows pointing to the center represent the negative (Pressures)
and positive (Responses) impacts of the socio-ecological system on the status of biodiversity. The outward arrows
represent the positive (Benefits) and negative (Trade-offs) impacts of biodiversity change on other parts of the
socio-ecological system.

Based on the framework developed to guide the review of biodiversity status (Figure 1), information was
compiled on each paper regarding: study scope, biodiversity type, contributing factors, flow
(inflow/outflow), relationship type (positive/negative), dimensions (environmental, economic,
governmental, and socio-cultural), and detailed relationship with biodiversity. Solutions to slow or halt
biodiversity loss proposed by each study were also recorded and categorized. A posteriori, the different
factors were regrouped in narrower groups (Table 2). For instance, temperature, heat, and moisture
were regrouped under the category Climate. The information was summarized by counting how often
(numbers of papers) the factors were associated with a particular trend. In the same way, proposed
solutions were summarized into categories: PAs (Protected Areas), Sustainable Harvest Strategies,
Sustainable Forest or Fisheries Management, International Collaboration, etc. We counted how often
each solution was proposed.
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Table 2. List of categories used to summarize the different factors that impact biodiversity.

Categories Example Factors

Climate Climate change, hydraulic stress, drought, fire, temperature, moisture, extreme heat,
carbon dioxide, humidity

Biotic Beetle attack, plant communities, invasive species (e.g., rats), disease, algal bloom

Biogeochemical cycles NPC (Nitrogen, Phosphorous, and Carbon cycles), water cycles, nutrients, ozone

Socio-cultural Societal characteristics (local involvement, social taboos), stakeholders’ perceptions,
human density, stakeholder engagement, livelihood, well-being

Geophysical Environmental conditions (depth, substrate), hydrodynamics, biomes

Governance Jurisdiction, political will, scientific and citizen engagement in decision-making

Construction Hydropower, local direct impacts, construction, urban development, roads

Economic Economic pressures, e-commerce, economic sustainability, payment for ecosystem
services

Habitat degradation Salinization, water quality, natural causes, habitat destruction, habitat loss, habitat
fragmentation, disturbance

Harvest Fishing industry, plant productivity, harvest, harvesting

Land management Land use, land management, stream management, deforestation

Legislation POPs (Persistent Organic Pollutants) regulations, fish restriction

Ocean changes Ocean acidification, decalcification, stratification, water warming, oxygen depletion

Protected Areas (PAs) Marine PAs, interventions to rebuild marine life, marine reserves, enforcement of PAs,
delineation of PAs

Pollution Contaminants, microplastics, light, noise, mercury exposure, interactions between
stressors, UVR (Ultraviolet Radiation), chemical pollution, metal, toxins, macroplastics,
insecticides

Species conservation Captivity, conservation policies by animal tracking

Policy review

In response to Canada’s commitment to the 1992 United Nations Convention on Biological Diversity,
provincial and territorial governments developed and implemented legislation, policies, and regulations
to support Convention objectives. To assess policies on biodiversity conservation across Canada, we
evaluated provincial and territorial acts developed to protect biodiversity for all 10 provinces and 3
territories. We limited our policy evaluation to legislations categorized by Environment and Climate
Change Canada in the ministerial briefing handbook as “Biodiversity and Wildlife”. Repealed or expired
laws were excluded from the analysis. For each piece of legislation, we analyzed sections related to
biodiversity and summarized how biodiversity was defined, the main conservation strategy employed,
and methods of implementation.

To understand how biodiversity is defined differently across jurisdictions, we first identified whether
biodiversity and different levels of biodiversity were defined. We then categorized legislation using the
three commonly used levels of biodiversity identified in the literature: genetic, species, and ecosystem
level diversity (Harper & Hawksworth, 1994; Lyashevska & Farnsworth, 2012; Verma, 2016).

We categorized conservation strategies employed in legislation into groups representing common
methods utilized by jurisdictions (Table 3). One legislation may include multiple biodiversity strategies.
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For legislation where PAs were identified as a strategy, we further classified legislation by main purpose

(Table 4).

For the implementation of conservation strategies, we focused our summary on how frameworks, rules,
and regulations outlined in legislation interacted with the public, groups of interest, and with other
jurisdictions. We identified general categories of stakeholders that were engaged in strategies as an
actor through consultation, planning, development, or implementation processes (Table 5). For groups
of interest, we focused on how legislation involved Indigenous groups, beyond responsibilities and rights
detailed in treaties for each jurisdiction. Here, we noted if Indigenous involvement is mentioned in the
legislation and how involvement was carried out.

Table 3. Biodiversity conservation strategies described in legislation.

Strategy

Description

Protected areas (PAs)

Legislation with provisions for setting aside land for protection. PAs under these pieces
of legislation set limits on allowable activity.

Resource management

Legislation detailing rules and regulations on the management and exploitation of
natural resources. Rules and regulations here apply to the sustainability of natural
resources and can entail strategies to mitigate or manage impact on biodiversity.

Species protection

Legislation with provisions specifically for the protection of identified species of
interest through protection, rehabilitation, and/or education.

Land management

Legislation with provisions regarding land use planning, focusing on mitigating the
impacts of human development on biodiversity.

Invasive species

Legislation identifying criteria for identifying invasive species and methods for
mitigating, managing, and preventing the impact of invasive species on biodiversity or
resources.

Habitat rehabilitation

Legislation detailing provisions for the restoration of habitat for species of interest or
wildlife.

Pollution/contaminants

Legislation with rules, regulations, and frameworks for addressing pollution or
contamination. Legislation must include some reference to biodiversity. Under this
category, some legislation considers biodiversity as a component of the environment.

Climate change
mitigation/adaptation

Legislation with rules, regulations, and frameworks for tackling the effects of climate
change or reducing greenhouse gas emissions. Legislation must contain some mention
of biodiversity.

Research

Legislation supporting or promoting research on biodiversity. Research can be broad
and can include support of local efforts.

Outreach/education

Legislation with provisions aimed at increasing public engagement with the outdoors,
nature, and biodiversity in Canada.

Table 4. Main purpose of PAs for biodiversity conservation.

Purpose

Description

Recreation

PAs set aside for the purpose of promoting or maintaining outdoor recreation. These
areas can be mixed use with hunting and fishing but are separate from areas whose
goals are primarily focused on hunting and fishing.
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Biodiversity PAs set aside for biodiversity conservation. These areas have rules and regulations
limiting most human activity on the land and contain few exceptions, generally
reserved for research on threatened species or ecosystems.

Stewardship PAs managed through stewardship. These areas have conservation goals that are
developed in agreement with local governments, provincial or territorial governments,
and/or non-profit organizations.

Hunting/fishing PAs set aside to create and conserve opportunities for hunting or fishing. Rules,
regulations, and strategies can be put in place for limits around harvest and for the
continuation of sustainable harvests into the future.

Table 5. Parties involved in the planning, development, and/or consultation process of conservation strategies.

Purpose Description

Landowners Legislation that includes agreements with legal owners of land for stewardship,
management, or sale of land for conservation.

General public Legislation that details the involvement of public bodies or selected individuals in
advisory councils or committees, or that requires public consultation for the
implementation of conservation strategies.

Local communities Local communities include community members, local governments, or groups.
Legislation involves these communities in planning, consultation, or development of
conservation strategies.

Non-governmental Legislation involving non-governmental organizations (NGOs), frequently those with
organizations (NGOs) the purpose of protecting the environment. Legislation involving NGOs typically
outlines the responsibilities of said NGOs in managing conservation strategies.

Industry Legislation detailing involvement of industries and their responsibilities. Does not
include individuals like farmers.

Academic institutions Legislation detailing the involvement of individuals from western, academic institutions
in the planning, development, or implementation of conservation strategies.

Workshop

The goal of the workshop was to co-develop biodiversity-centered pathways for sustainable
development in Canada with shared targets and vision, based on Canada’s commitment to reach the
Sustainable Development Goals (SDG) by 2030 and build a society where “humans live in harmony with
nature” by 2050. Through facilitated dialogue and exchanges between experts in many sectors engaged
in biodiversity conservation, the workshop’s objectives were to:

i) define goals for biodiversity conservation in Canada in the short- and long-term,

ii) identify key challenges and opportunities for sustainable development more broadly when addressing
biodiversity needs, and

iii) develop a set of key strategies for Canada to tackle systemic barriers and to transform society across
sectors and scales towards a resilient and equitable future.

Workshop participants were recruited via email. A first round of participants was identified through
Advisory Committee recommendations, and then through the snowball method (where existing
participants suggested new participants). The workshop was conducted online through the Zoom

14



platform over two days (three one-hour sessions per day). A follow-up interview was also conducted
with each participant. Participants represent different stakeholder groups and communities engaged
with biodiversity conservation in Canada. Their roles include but are not limited to biodiversity
conservation researchers and professionals, Indigenous scholars/leaders, governmental employees, SDG
experts, digital innovators, social activists, private sector employees, and scientists in other research
domains (e.g., sociology, anthropology, climate science, etc.). Under the guidance of lead expert
facilitator Erin Dixon, four facilitators took turns to lead the six sessions, and four additional co-
facilitators guided conversations in breakout rooms. Participants were able to share inputs through
Jamboard (jamboard.google.com/), Zoom chat, as well as in Google Docs. Workshop participants also
completed a survey (https://ee.kobotoolbox.org/x/5sBXuGKh) and received the preparation materials
described below prior to the workshop:

e Equity and inclusion protocol,
® Pre-read document containing information on the workshop flow and related concepts (Aichi
targets and SDGs),
e Invitation to complete a short survey about their thoughts on the Aichi targets,
Consent forms for video/audio recording during the workshop and follow-up interviews, and
e Technical guidance for setting up Zoom, and Jamboard.

The workshop was held on May 27-28, 2021 from 1:00pm-4:30pm EDT, with 28 stakeholders across
Canada participating. The workshop consisted of six sessions, each of which centered around a key topic
for the development of biodiversity pathways (Table 6).

Table 6. Session targets and discussion questions.

Session target (Session outcomes in brackets) Questions

(Q represents the main question used as a prompt for
speakers to brainstorm using chat and Jamboard. Q1-Q4 are
specific questions asked during breakout groups)

Session 1. Target-setting (A well-articulated vision |Q: How do Canada's past biodiversity targets align with your
and suggestions for target-setting to enhance vision? Anything missing?

biodiversity in Canada in the next few decades) Q1: What do we need to change - what’s missing? For
example, what could be the targets - how could we approach
them differently?

Session 2. Key strategies (A list of key strategies for |Q: What is holding Canada back from achieving our vision?
biodiversity conservation) Q1. What are the barriers to achieving targets?

Q2. What do you suggest are the strategies/key steps to
address these barriers? (Aim to identify 5 or so strategies)?
Q3: What are the features behind each strategy (from the
perspectives of time scale, value, feasibility, and knowledge

systems)?
Session 3. Linking to SDGs (Mapping between Q: How do the strategies proposed connect to the SDGs and
biodiversity strategies and SDGs, along with points |to other goals?
of explanation for synergies and tradeoffs) Q1: What are the connections between the 5 or so strategies

you identified and the SDGs and other goals?
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Session 4. Tackling the trade-offs (Identify potential
tradeoffs, explore a list of possible innovative
solutions)

Q1: What do you sense are the biodiversity needs behind the
five strategies your group proposed?

Q2: Are there any corresponding development needs? that
conflict with each biodiversity need respectively?

Q3. Considering the needs on both ends, where does the
current focus in Canada tend towards?

Q4. What is emerging in terms of potential
pathways/solutions to address the conflicts and tension?

Session 5. Refining the scenarios (Clarify the details
of the pathways with indicators, actors, enabling
factors, and risks. Revise the strategies and targets
for both short- and long-term)

Ql: If we are to implement these proposed strategies, how
do we measure the progress? (indicators)

Q2: Who are the main actors that could support these
strategies? (actors)

Q3: What are the constraints/barriers for the success of
these strategies? (risks and uncertainties)

Q4: How can barriers be overcome? (enabling factors)

Session 6. Systemic reflection and transformation
(Apply systems thinking, facilitate mutual
understanding and behaviour changes through
reflection)

Q1: What struck you in the process, what have you learned?
What is making you rethink and go deeper?

Q2: What do you sense is still missing in the system?

Q3: What might you change for the next steps?

Assets obtained throughout the workshop included the following:

Graphic visualizations for plenary and breakout sessions,

Thoughts represented as post-it notes collected through Jamboard,

Meeting notes drafted by facilitators, and

Audio recordings and transcripts of each recording using otter.ai to supplement meeting notes.

In summary, the knowledge synthesis presented in this report is based on the Aichi target analysis,
literature review, policy analysis, and insights from the workshop. Results are categorized into four

components:
[ ]
assets.
[ ]
organizing capital, industry, and trade.
[ ]
governance-related aspects of society.
[ ]

Environmental component: focus on the protection, management, and restoration of natural
Economic component: focus on mitigating the impacts of extractive human activities and re-
Governmental component: focus on institutional mechanisms, legal frameworks, and other

Socio-cultural component: focus on knowledge generation and mobilization, cultural and ethical

concerns, as well as scientific research and education
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Results: Canada’s progress and challenges in biodiversity protection

The results shared in this report are a synthesis of the knowledge obtained from assessing Canada’s
progress towards the Aichi Biodiversity Targets, from the literature review on biodiversity status and
drivers of change, the policy review on Canada’s biodiversity conservation strategies, as well as insights
from the workshop on biodiversity pathways. For each component described in the methods section
above, we assess Canada’s progress and failures with regards to the Aichi Biodiversity Targets,
supported by the literature review and policy review. Workshop outcomes are embedded to fill any
knowledge gaps not found in the literature and to provide targeted suggestions of actions to address

challenges.

Environmental component

In the environmental component, Canada’s Aichi targets include establishment of protected areas (PAs),
other effective conservation measures (OECMs), the protection, management, and recovery of species
at risk, wetlands, and forests ecosystems, as well as interventions related to invasive and alien species.
While progress towards most of the targets is sufficient, protection of terrestrial lands and species at

risk remain to be improved (Table 7).

Table 7. Environmental components of progress towards Canada’s Aichi Biodiversity Targets. Five targets were
identified as environmental components of biodiversity conservation as they focus on the protection,
management, and restoration of natural assets. The colours represent the Goals they belong to in the Canada Aichi
Target framework (SCBD, 2020b, Table 1). Environmental components can be found in Goal A (blue) and Goal B
(yellow). The keywords are used for the ease of reading and understanding (also see Table 1). An explanation of
each value in the “Progress” column can be found in the Methods section. A detailed analysis can be found in the

main text of Results.

and consumption of Canada's biological
resources are more sustainable

for priority pathways and species.

No. |Goals Keywords |Detailed Targets Progress
1|Goal A: By 2020, Canada's lands and PAs and By 2020, at least 17 percent of terrestrial areas |Sufficient progress
waters are planned and managed using an [other and inland water, and 10 percent of coastal and |for marine.
ecosystem approach to support effective marine areas, are conserved through networks |Insufficient
biodiversity conservation outcomes at conservatio |of PAs and other effective area-based progress for
local, regional and national scales n measures |conservation measures. terrestrial
2|Goal A: By 2020, Canada's lands and Species By 2020, species that are secure remain secure, |Insufficient
waters are planned and managed using an and populations of species at risk listed under  |progress
ecosystem approach to support federal law exhibit trends that are consistent with
biodiversity conservation outcomes at recovery strategies and management plans.
local, regional and national scales
3|Goal A: By 2020, Canada's lands and Wetlands [By 2020, Canada's wetlands are conserved or  |Sufficient progress
waters are planned and managed using an enhanced to sustain their ecosystem services
ecosystem approach to support through retention, restoration and management
biodiversity conservation outcomes at activities.
local, regional and national scales
6|Goal B: By 2020, direct and indirect Forests By 2020, continued progress is made on the Sufficient progress
pressures as well as cumulative effects on sustainable management of Canada's forests
biodiversity are reduced, and production
and consumption of Canada's biological
resources are more sustainable
11|Goal B: By 2020, direct and indirect Invasive By 2020, pathways of invasive alien species Sufficient progress
pressures as well as cumulative effects on |Alien introductions are identified, and risk-based
biodiversity are reduced, and production |Species intervention or management plans are in place
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Canada has made considerable progress in PA conservation but is spatially imbalanced. 12.5% of
national terrestrial land and inland waters (1.17 million km?2 PA) and 13.8% of national marine areas
(0.51 million km? marine PA) are now Protected and Conserved Areas in Canada. We have achieved the
target of 10% for marine PAs but conservation efforts remain to be improved for terrestrial PAs. The
situation is especially challenging in the south of Canada, where population density is high, land is
fragmented, and there are significantly more pressures from extractive activities (Figure 2).

a. Population distribution as of 2014 b. Percentage of conserved areas by ecozone as of 2019
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Figure 2. Population distribution (2014) and respective conserved areas (2019) in Canada. Population distribution
(2014) and respective conserved areas (2019) in Canada (Statistics Canada, 2015; Environment and Climate Change
Canada [ECCC], 2020). Note: Adapted from “National Conserved Areas,” by Environment and Climate Change
Canada, 2019. Retrieved from https://www.canada.ca/en/environment-climate-change/services/environmental-
indicators/conserved-areas.html. Copyright (2021) by Government of Canada.
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Figure 3. 1990-2020 time series of % Canadian terrestrial and marine areas that are protected and/or conserved.
(Canadian Environmental Sustainability Indicators Program [CESI], 2021). Note: Reprinted from “National
Conserved Areas,” by Environment and Climate Change Canada, 2020. Retrieved from
https://www.canada.ca/en/environment-climate-change/services/environmental-indicators/conserved-
areas.html. Copyright (2021) by Government of Canada.
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Significantly more conservation work remains to be done to meet 2025 targets. The Government of
Canada is now committed to conserving 25% of Canada’s land and 25% of its oceans by 2025
(Government of Canada, 2021). While it took 30 years to double the percentage of PAs on land (from
<6% in 1990 to 12.5% in 2019, see Figure 3), a target of doubling the percentage within the next 5 years
is very ambitious and requires much more effort from all actors.

Looking beyond the numbers, the quality of the protection is also of concern. Taking a closer look at
progress in marine areas, the percentage of conserved areas did not improve significantly until 2016,
when the federal government established the Pathway to Canada Target 1 initiative (Pathway team,
2021). From a geographical perspective, a large increase in conserved area over the past few years
results primarily from the recent addition of arctic basins as marine PAs (Figure 4). While this implies
significant progress and commitments by the federal government for marine PAs, the supporting
infrastructure, management and maintenance mechanisms, and coordination with and capacity building
for local communities may take longer and require more attention and monitoring indicators.

o Constrvod aroas Canda 2015 A o 30 sowm b. Conserved areas, Canada, 2019 o

B Terrestrial protected areas

W Terrestrial areas conserved
with other measures

B Marine protected areas

B Marine areas conserved
with other measures

Figure 4. Conserved areas between 2018 and 2019. The dark blue polygon in the north in panel b is one of the
largest newly established marine PAs in Canada (Canadian Environmental Sustainability Indicators Program (CESI),
2021). Note: Adapted from “National Conserved Areas,” by Environment and Climate Change Canada, 2019.
Retrieved from https://www.canada.ca/en/environment-climate-change/services/environmental-
indicators/conserved-areas.html. Copyright (2021) by Government of Canada.

At the species level, recovery progress is slow and information for assessment is lacking. According to
a study in 2014, of 369 species that were assessed by the Committee on the Status of Endangered
Wildlife in Canada (COSEWIC), the status of more than 115 species (30%) had deteriorated, twice as
many as those species whose status had improved (52 species) (Favaro et al., 2014). As of November
2019, there are still only 55 species that have shown progress towards achieving objectives related to
improving population size and distribution. Among 189 species that were re-assessed in 2021, we do not
have sufficient information to assess 30% (59 species) and more than 10% (14 species) show mixed
evidence of both improvement and deterioration (The Committee on the Status of Endangered Wildlife
in Canada [COSEWIC], 2021).
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Figure 5. Change in species status based on COSEWIC’s assessment from 1977 to 2013. The x-axis represents the
initial COSEWIC Assessment in 1977 and the y-axis represents the recent COSEWIC assessment in 2013. In each
box, the number on the left represents the total number of species and the fraction on the right represents the
percentage of species within the box with reference to all species in the column. The status of all species listed
below the horizontal zero line has deteriorated since 1977 (Favaro et al., 2014) Note: Reprinted from “Trends in
Extinction Risk for Imperiled Species in Canada,” by B. Favaro et al., 2014. Retrieved from
https://doi.org/10.1371/journal.pone.0113118. Copyright (2014) by PLoS ONE.

Biodiversity research at the species level remains prevalent, compared with other indicators of
biodiversity which are nonetheless equally important. According to our literature review on drivers of
change in biodiversity, many types and levels of biodiversity were reportedly impacted. Of these, species
and ecosystem biodiversity are the most common reported, but others such as genetic, behavioural,
functional, and biocultural are represented in the literature as well. However, species level research
continues to be the dominant focus of conservation science. This has led to a potential over-reliance on
measures of abundance and population size as key indicators of the state of biodiversity, which may fail
to capture the breadth of changes in biodiversity resulting from drivers of change.
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Figure 6. Directional impacts of drivers of change on different drivers of biodiversity. The x-axis represents the
type of biodiversity investigated by each paper. The height of each bar represents the total number of papers
looking at this dimension of biodiversity. The results are divided into three columns from left to right (headings at
the top of the figure) based on the reported direction of the impact of the driver on biodiversity: negative, positive,
and scale-dependent. The colour of the bars represents different drivers impacting biodiversity, which align with
the four component types used to categorize aspects of Canada’s Aichi Biodiversity Targets (e.g., environmental,
governmental, economic, and socio-cultural).

Studies also show that different drivers may incur positive, negative, and/or scale-dependent impacts
on biodiversity. As shown in Figure 6, environmental factors like climate change and ocean change are
the most well studied. Interestingly, while their impacts on species diversity are primarily scale-
dependent, their impacts on ecosystem biodiversity are predominantly negative. Governmental factors
like legislation or PAs can usually help to improve biodiversity while economic factors like construction,
land management, trade, and harvest tend to reduce biodiversity. The socio-cultural dimension of
biodiversity is mostly scale-dependent, indicating the complexity of this factor and that the design of
related biodiversity measures should be based on the local context and take into account the effect of
scale.
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Economic component

In the economic component, Canada’s Aichi targets focus on mitigation and management measures on
farmland, aquaculture, fishing, and water quality. The targets collectively aim to reduce direct and
indirect pressures as well as addressing their cumulative effects on biodiversity. While there is good
progress in reducing pressures in the agriculture and aquaculture sectors, fishing and water quality
remain considerable pressures on the ecosystem.

Table 8. Economic components of progress towards Canada’s Aichi Biodiversity Targets. Four targets were
identified as economic components of biodiversity conservation as they focus on mitigating the impacts of
extractive human activities and re-organizing capital, industry, and trade. The colours represent the Goals they
belong to in the Canada Aichi Target framework (SCBD, 2020b, Table 1). Economic components can be found in
Goal B (yellow). The keywords are used for the ease of reading and understanding (also see Table 1). An
explanation of each value in the “Progress” column can be found in the Methods section. A detailed analysis can
be found in the main text of Results.

No. |Goals Keywords |Detailed Targets Progress

7 Goal B: By 2020, direct and indirect Farmland |By 2020, agricultural working landscapes provide | Sufficient
pressures as well as cumulative effects on a stable or improved level of biodiversity and progress
biodiversity are reduced, and production and habitat capacity

consumption of Canada's biological
resources are more sustainable

8 Goal B: By 2020, direct and indirect Aquaculture | By 2020, all aquaculture in Canada is managed Sufficient
pressures as well as cumulative effects on under a science-based regime that promotes the |progress
biodiversity are reduced, and production and sustainable use of aquatic resources (including
consumption of Canada's biological marine, freshwater and land based) in ways that
resources are more sustainable conserve biodiversity.

9 Goal B: By 2020, direct and indirect Fishing By 2020, all fish and invertebrate stocks and Insufficient
pressures as well as cumulative effects on aquatic plants are managed and harvested progress
biodiversity are reduced, and production and sustainably, legally and applying ecosystem-
consumption of Canada's biological based approaches.
resources are more sustainable

10 |Goal B: By 2020, direct and indirect Water By 2020, pollution levels in Canadian waters, Insufficient
pressures as well as cumulative effects on quality including pollution from excess nutrients, are progress
biodiversity are reduced, and production and reduced or maintained at levels that support
consumption of Canada's biological healthy aquatic ecosystems.

resources are more sustainable

Canada’s water quality requires improvement for human and ecosystem health and is insecure for
Indigenous peoples and local communities. Strongly affected by the distribution of human activities,
water quality in the south of Canada is worse than in the north, especially in the Great Lakes and St.
Lawrence River region where more than 20% of water remains marginal (i.e., water quality is frequently
threatened or impaired, conditions often depart from natural or desirable levels) (Figure 7). This is one
of the key leading factors for species extinction/extirpation in aquatic environments in Canada in
addition to overfishing (e.g., in the case of the original St. Lawrence River Striped Bass, once considered
extinct) (COSEWIC, 2019). The main pressures on freshwater ecosystems are anthropogenic, including
industrial effluent from mining, agricultural runoff, and municipal sewage pollution and waste
accumulated as a result of urbanization. Canada faces real threats to its water security, especially
Indigenous peoples who suffer from insecure access to clean freshwater with limited infrastructure
(Cecco, 2021). Furthermore, there is an increasing threat of contamination as municipal waste and the
risk of pipeline ruptures increases (Pettipas et al., 2016; Environmental Defense Canada, 2021, The
Conference Board of Canada, 2013). Canada ranks 4th out of 17 peer OECD countries for water quality,
following Sweden, Norway, and Austria (The Conference Board of Canada, 2013). Still, increases in toxic
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algal blooms in Canadian lakes and coastal water have heightened risks to human health (Winter et al.,
2011; Environment and Climate Change Canada [ECCC], 2021). Water-related incidents (e.g., E. coli
contamination, lead-laced drinking water) concern not only people but also impact the abundance and
health of aquatic species (Chattha, 2021; Radio-Canada, 2010; Kimmett & Wrobel, 2019; Spehar &
Fiandt, 1986; Meshesha et al., 2020). Considering issues related to increasing municipal waste (Figure 8)
and other marine pollution (e.g., plastic pollution and radioactive wastewater), water quality in the next
decade in Canada, especially in coastal regions, should be closely monitored and carefully regulated,
incorporating elements of waste management and emergency response systems.
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Figure 7. Regional water quality in Canada (a. Monitoring data collected during 2016-2018 and b. Monitoring
data collected during 2017-2019) (ECCC, 2021). The water quality levels include: Excellent (blue): Water quality is
protected with a virtual absence of threat of impairment, conditions are very close to natural; Good (green): Water
quality is protected with only a minor degree of threat or impairment, conditions rarely depart from natural or
desirable levels; Fair (yellow): Water quality is usually protected but occasionally threatened or impaired,
conditions sometimes depart from natural or desirable levels; Marginal (orange): Water quality is frequently
threatened or impaired, conditions often depart from natural or desirable levels; Poor (red): Water quality is
almost always threatened or impaired, conditions usually depart from natural or desired levels. Note: Adapted
from “Water quality in Canadian rivers,” by Environment and Climate Change Canada, 2021. Retrieved from
https://www.canada.ca/en/environment-climate-change/services/environmental-indicators/water-quality-
canadian-rivers.html. Copyright (2021) by Government of Canada.

Top five most found litter items in Canada in 2020:
Cigarette Butts (83,693); Tiny plastic or foam (77,705); Food wrappers (21,800); Paper (17,534); Bottle caps (13,285)
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Figure 8. Weight of trash and type of litter picked up on Canadian shorelines based on citizen science data

(Ocean Wise, 2021).

m Construction work (45) from CA

® Public administration and defence services compulsory social security
services (75) from CA

m Dairy products from CA
Hotel and restaurant services (55) from CA

M Real estate services (70) from CA

® Products of meat cattle from CA

B Products of forestry, logging and related services (02) from CA

| Food products nec from US

W Motor Gasoline from CA

m Vegetables, fruit, nuts from CA

M Recreational, cultural and sporting services (92) from CA

m Air transport services (62) from CA

= Motor vehicles, trailers and semi-trailers (34) from US

® Meat products nec from CA

Electricity by coal from CA
Figure 9. Top 15 commodities with potential for associated biodiversity loss due to consumption in Canada in

2018. CA refers to products produced in Canada, US refers to products produced and imported from the United
States of America, and “nec” refers to products not classified elsewhere. (Stadler et al., 2018; Bulle et al., 2019).

24



Canada’s exports to, and consumption of imports from, other countries can lead to biodiversity loss
beyond our boundaries. In addition to the main pressures on biodiversity like climate change and
habitat modification, international trade, for example the trade of farming and fishing products, forestry
products, building and packaging materials, chemicals, plastic, rubber, and energy, leads to imported
and exported pressures on global biodiversity. For example, consuming timber, fish, and other species
imported from outside of Canada can result in biodiversity loss in other countries, increased risk of
encroachment of invasive species, and increased waste pollution. These pressures occur across borders
and thus may not be well-documented in national statistics. With the dramatic increase of
environmental and socio-economic interactions between distant regions of the world (known as tele-
coupling effects) due in large part to a proliferation in transportation, information, and communication
technologies, international trade will continue to be a considerable threat to biodiversity loss at the
global scale (Carrasco et al., 2017).

The private sector continues to exhibit strong potential for facilitating green transformations and
should be engaged in biodiversity conservation along with public sectors. In addition to reducing the
economic pressures on nature, we must consider applying economic levers to strengthen biodiversity
conservation. More precisely, privately-owned businesses, often the main providers of goods and
services in society, should be actively engaged in biodiversity financing and green business innovation
(MacDonald, 2010). Biodiversity cannot be at heart of sustainable development if the supply chains led
by private sectors continue environmentally harmful practices (Adam, 2017). Furthermore, a thriving,
nature-positive private sector can be an essential component of poverty reduction and job creation. As
of December 2019, there were 1.23 million businesses in Canada, of which 1.2 million (97.9 percent)
were small businesses (Innovation, Science and Economic Development Canada, 2020). In many cases,
private sector businesses are extractive and pollutive, affecting biodiversity in a negative way (Addison
et al., 2019). Still, we found many examples across the world where companies have managed to align
biodiversity and development needs. For example, Yorkshire Water restored over 280 km? of peatlands
in UK, IBIS Rice engaged in conservation efforts for the ibis bird species and protected over 500km? of
forest habitat in Cambodia, Kering restored 100,000 km? of rangelands in Mongolia, Chevron restricted
invasive species in Australia, and Rabobank conserved forest through sustainable agriculture at the
global level (Smith et al., 2020). These examples demonstrate the potential of the private sector to
support biodiversity conservation while maintaining corporate profits and will likely become a winning
business model over the coming decade as environmental risks translate to financial risks (World
Economic Forum, 2020). The public sector should work closely with the private sector to enhance
corporate accountability for environmental impacts and to tap into the potential for innovation in the
private sector that can facilitate transformations towards a green economy (Fox et al., 2002;
Skomoroshchenko et al., 2021).
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Governmental component

In the governmental component, Canada’s Aichi targets include mainstreaming the consideration of
biodiversity into municipal planning, climate change adaptation plans, Indigenous governance,
innovation systems, and natural capital accounting. While there has been sufficient progress towards
most governmental targets, support for Indigenous peoples and Indigenous governance has been
insufficiently addressed to date.

Table 9. Governmental components of progress towards Canada’s Aichi Biodiversity Targets. The listed five
targets were identified as governmental components of biodiversity conservation as they focus on institutional
mechanisms, legal frameworks, and other governance-related aspects of society. The colours represent the Goals
they belong to in the Canada Aichi Target framework (SCBD, 2020b, Table 1). Governmental components can be
found in Goal A (Blue), B (yellow), and C (Red). The keywords are used for the ease of reading and understanding
(also see Table 1). An explanation of each value in the “Progress” column can be found in the Methods section. A
detailed analysis can be found in the main text of Results.

No. |Goals Keywords Detailed Targets Progress

4 Goal A: By 2020, Canada's lands and waters |Municipal By 2020, biodiversity considerations are Sufficient
are planned and managed using an planning integrated into municipal planning and activities |progress
ecosystem approach to support biodiversity of major municipalities across Canada.

conservation outcomes at local, regional and
national scales

5 |Goal A: By 2020, Canada's lands and waters | Climate By 2020, the ability of Canadian ecological Sufficient
are planned and managed using an Change systems to adapt to climate change is better progress
ecosystem approach to support biodiversity |adaptation understood, and priority adaptation measures are
conservation outcomes at local, regional and underway.
national scales

12 |Goal B: By 2020, direct and indirect Indigenous By 2020, customary use by Aboriginal peoples of | Off track
pressures as well as cumulative effects on governance biological resources is maintained, compatible
biodiversity are reduced, and production and with their conservation and sustainable use.

consumption of Canada's biological
resources are more sustainable

13 |Goal B: By 2020, direct and indirect Innovation By 2020, innovative mechanisms for fostering the | Sufficient
pressures as well as cumulative effects on conservation and sustainable use of biodiversity |progress
biodiversity are reduced, and production and are developed and applied.

consumption of Canada's biological
resources are more sustainable

17 |Goal C: By 2020, Canadians have adequate |Natural capital |By 2020, measures of natural capital related to | Sufficient

and relevant information about biodiversity accounting biodiversity and ecosystem services are progress
and ecosystem services to support developed on a national scale, and progress is
conservation planning and decision-making made in integrating them into Canada's national

statistical system.

Recognizing and respecting Indigenous rights and self-determination is key for biodiversity protection.
Globally, Indigenous peoples are disproportionately impacted by environmental degradation, and this is
also true in Canada. Many Indigenous peoples conduct themselves in profound relationality to the
natural environment and therefore exercise a different ethic, attributing different values to aspects of
the natural environment and all living beings upon Mother Earth. Indigenous Peoples have taken on key
roles as environmental stewards and guardians to protect, manage, and restore traditional territories (P.
Fox, pers. comm., 2021). But they are too often estranged from their lands, waters and resources by
Crown governments (federal, provincial and territorial) in order to facilitate tenure systems based on
colonization and private ownership (The Indigenous Circle of Experts [ICE], 2018; Aboriginal Awareness
Canada, 2021). We need to make room for ethical spaces to support Indigenous-led conservation
movements, enable communication across different knowledge systems, and heal the relationships
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between humans and our planet (Ermine 2007; ICE, 2018; Buxton et al., 2021; Baxter & Trebilcock,
2010). Evidence has shown that resurgent Indigenous governance provides potential for increased
conservation effectiveness (Artelle et al., 2019). The importance and necessity of protecting Indigenous
rights, upholding their values, and respecting their own governance systems has been affirmed by the
United Nations Declaration on the Rights of Indigenous Peoples (UNDRIP) (UN, 2007) which is now
enshrined in federal legislation in Canada (Statutes of Canada 2021 c-14). This was also emphasized at
Article 15 in the recent Kunming Declaration, a global pledge to take urgent and integrated actions to
integrate biodiversity considerations in all sectors of the global economy, to position biodiversity at the
heart of recovery plans and development agendas around the world and to carry this out with the full
participation of Indigenous Peoples (SCBD, 2021a).

The concrete mechanisms to recognize Indigenous knowledge systems and self-determination are
severely lacking. As of 2018, there are 147 mechanisms at federal and provincial levels that allow for
inclusion or integration of Indigenous knowledge to inform government decision-making (ECCC, 2016;
ECCC 2018). While 34 additional mechanisms have been added since 2014, only four of them are new
mechanisms established since 2014 (i.e. the Commission for Environmental Cooperation (CEC)
Traditional Ecological Knowledge Expert Group; the Intergovernmental Council established by the
Northwest Territories Intergovernmental Agreement on Lands and Resources Management; the SK2
Central woodland caribou integrated range planning table; and the SK2 West woodland caribou
integrated range planning table), all others being either old ones, duplicated, or not yet founded (Table
10; ECCC, 2018). The Aboriginal Peoples Survey also shows a decline in customary use of biological
resources by Indigenous peoples off the reserve, especially in youth and young adults (from 41% in 2006
to 33% in 2017 for hunting, fishing, and trapping, and from 26% in 2006 to 22% in 2017 for gathering
wild plants or berries) (Figure 10). While most respondents to this survey indicate willingness to spend
more time in keeping these traditional activities, practices, and life ways, several barriers persist,
including lack of time due to other forms of employment, remote location, lack of money or equipment,
lack of companions, and/or physical disabilities. Some respondents also felt constrained by quota
restrictions (Kumar et al., 2019).

Table 10. Status of Indigenous Knowledge Decision Mechanisms added to the table since 2014. (ECCC, 2018)
Note: Adapted from “Canada Target 15: Detailed Assessment Report,” by Environment and Climate Change
Canada, 2018. Retrieved from https://chm.cbd.int/api/v2013/documents/7987131F-C55F-9831-37F2-
A4E906A8A156/attachments/Canada%20Target%2015%20Detailed%20Report.pdf. Copyright (2018) by
Government of Canada.

Type of mechanisms added to the table since 2014 |Count number of mechanisms

New mechanisms founded since 2014|4
Mechanisms founded before 2014|7

Mechanisms with no info on date founded|15

Mechanisms in plan but not yet founded |3

Mechanisms suggested to be removed|5

Total added mechanisms|34
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Figure 10. Annual prevalence of natural resource-dependent activities among Indigenous adults living off
reserve (2001-2017). The data used for this figure is from the Aboriginal Peoples Survey (Statistics Canada, 2020).
Panel a shows the percentage of Indigenous respondents who go hunting, fishing, and/or trapping by age class
where blue represents individuals 15 to 24 years, orange 25 to 54 years and grey 55 years or older. Panel b shows
the percentage of Indigenous respondents who go gathering wild plants or berries. Error bars denote 95%
confidence intervals. Adapted from “Aboriginal Peoples Survey,” by Kumar et al., 2019. Retrieved from
https://www150.statcan.gc.ca/n1/pub/89-653-x/89-653-x2019001-eng.htm

Biodiversity degradation has occurred in parallel with colonization and the disruption of Indigenous
systems that stewarded ecosystems in what became Canada for millennia. Over Canada’s history,
lands, waters and resources were appropriated from Indigenous peoples without their consent.
Indigenous peoples suffer from historic and ongoing injustice as a result of being dispossessed and at
times forcibly removed from their lands and territories, preventing them from exercising their right to
development in accordance with their own needs and interests (See p. 2 in UNDRIP). The relationship
between Indigenous peoples and their ecosystems have been disturbed, thus harming entire socio-
ecological processes (K. Artelle, pers. comm., 2021). To make it worse, the reserves to which the Crown
governments forcibly re-located Indigenous peoples are mostly remote, 80% of which are distant from
service centers where basic goods can be obtained (Aboriginal Awareness Canada, 2021). The basic
needs of potable water, adequate wastewater systems, food security, and shelter are not met in many
Indigenous communities. Despite the improvements of funding and government-led efforts in Canada
over recent decades, the well-being of Indigenous peoples still lags behind non-Indigenous populations
with an exponentially increasing gap (Leach et al., 2020). Whether it be through a lens of human rights

28



or biodiversity, it is imperative to respect and protect the right to self-determination for Indigenous
Peoples (D. Littlechild, pers. comm., 2021)

Another related issue is a lack of integrated approach in biodiversity governance in Canada. The
complex feature of biodiversity conservation in terms of its scales, scopes, and factors intrinsically asks
for a multi-sectoral, interdisciplinary, and systematic approach in governance. However, the weakness in
breaking silos between jurisdictions in Canada is well recognized by many studies (Standing Committee
on Environment and Sustainable Development, 2016; Commissioner on Environment and Sustainability,
2018; Ray et al., 2021). A whole-of-government instrument has not been effectively adopted in
implementing Canada’s National Biodiversity Strategy and Action Plan (NBSAP) (Ray et al., 2021). While
reporting responsibility falls under one federal ministry (i.e., ECCC), many other bodies across Canada’s
federal, provincial, and territorial level assume important roles in the implementation of biodiversity
conservation. There requires a stronger leadership to align multi-level efforts to national targets in
biodiversity protection, building a society that lives and develops as a vibrant part of nature.

While progress has been made to mainstream biodiversity in municipal planning, more explicit
definitions of scope and monitoring mechanisms are required for effective implementation. We
reviewed the provincial and territorial acts and strategic plans across Canada and found a total of 85
pieces of legislation across all provinces and territories that had active legislation categorized by
Environment and Climate Change Canada as “Biodiversity and Wildlife”. On average, each province or
territory had six pieces of active legislation relating to biodiversity conservation, with Ontario having the
most. Still, biodiversity conservation strategies were often buried within other policies, without
reference to explicit monitoring mechanisms, measures of conservation success, or clear regulations.
For example, biodiversity was not always defined (28% undefined); when it was defined, the definition
was often inconsistent across the legislation. Again, as mentioned earlier, the most common level of
biodiversity referred to was species diversity, followed by ecosystem diversity, then genetic diversity.
Many pieces of legislation mentioned only one level of biodiversity and only two pieces of legislation out
of the 85 found in total touched on all the three levels of biodiversity.

Similarly, conservation strategies prescribed in the legislation are mostly focused on PAs and many are
one-sided. Biodiversity conservation strategies described in legislation varied across provinces and
territories; however, a few strategies were found commonly across Canada. The most common
biodiversity conservation strategy was the use of Pas (or area-based conservation), encompassing 63%
of all legislation reviewed, followed by resource management (37%) and land management (33%). More
than one third of the pieces of legislation analyzed included only one type of conservation strategy. For
others who adopted at least two strategies, the most common combinations identified were
pollution/contaminants and land management, and resource management and PAs.

Most pieces of legislation require the involvement of the general public and local communities for the
implementation of biodiversity strategies, but the extent is sometimes superficial and biased.
Biodiversity conservation requires efforts from all types of stakeholders. Many scholars have
demonstrated the importance of collective action and bottom-up approach for managing natural assets
which are common pool resources (Ostrom, 1990; Levin, 2010; Berkes, 2008). According to our study,
89% of the acts reviewed relied on the involvement of local communities for biodiversity conservation.
Involvement was generally framed as taking place through consultations or through committees and
advisory boards. Involvement of the public in committees or advisory boards was typically through
appointment by the minister responsible for administering legislation. Indigenous groups were not
frequently involved or mentioned in legislation beyond their treaty rights. 28% of legislation reviewed
provided further details on the involvement with Indigenous peoples and local communities through
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membership on committees or advisory boards, consultations, or through joint planning processes or
agreements entailed. Other jurisdictions outside of the province or territory were mentioned in 32% of
legislation, mainly through mentions of agreements or management with the federal government.

Protecting Canadian ecosystems has global significance. Canada’s contribution to global ecosystem
values is among the highest, particularly considering its massive but declining extent of intact
ecosystems in the north (Figure 11). Policies implemented in Canada can profoundly influence
conservation outcomes inside and outside its borders (Coristine et al., 2019). As a signatory to the
United Nations Convention on Biological Diversity (UNCBD), and a member in “High Ambition Coalition
for Nature and People”, Canada has the mandate to spare no efforts to protect its ecosystem assets for
the benefit of Canadians and global communities. This requires not only significant investments, like the
Canada Nature Legacy Initiative (Government of Canada, 2019), but also cross-sector, cross-scale, and
cross-border collaborations to collectively stem the loss of biodiversity and the degradation of nature.
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Figure 11. Distribution of current PAs in relation to intact forest landscapes and areas of direct human impact.
(Robertson et al., 2017).

Socio-cultural component

In the socio-cultural component of biodiversity conservation efforts, Canada’s Aichi targets include
enhanced scientific knowledge, respect for and promotion of Indigenous knowledge, comprehensive
spatial inventory, education, and participation. Of all four components examined in our analysis, this is
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the component where the most targets have demonstrated insufficient progress according to both the
literature review and workshop discussions (Table 11).

Table 11. Socio-cultural components of progress towards Canada’s Aichi Biodiversity Targets. The listed five
targets were identified as socio-cultural components of biodiversity conservation as they focus on knowledge
generation and mobilization, cultural and ethical concerns, as well as scientific research and education. The colours
represent the Goals they belong to in the Canada Aichi Target framework (SCBD, 2020b, Table 1). Socio-cultural
components can be found in Goal C (Red) and D (Green). The keywords are used for the ease of reading and
understanding (also see Table 1). An explanation on each value in the “Progress” column can be found in the
Methods section. A detailed analysis can be found in the main text of Results.

No. |Goals Keywords Detailed Targets Progress

14 | Goal C: By 2020, Canadians have Scientific By 2020, the science base for biodiversity is Insufficient
adequate and relevant information Knowledge |enhanced and knowledge of biodiversity is better progress
about biodiversity and ecosystem integrated and more accessible.

services to support conservation
planning and decision-making

15 |Goal C: By 2020, Canadians have Aboriginal By 2020, Aboriginal traditional knowledge is Insufficient
adequate and relevant information knowledge respected, promoted and, where made available by |progress
about biodiversity and ecosystem Aboriginal peoples, regularly, meaningfully and
services to support conservation effectively informing biodiversity conservation and
planning and decision-making management decision-making.

16 |Goal C: By 2020, Canadians have Spatial By 2020, Canada has a comprehensive inventory of | Insufficient
adequate and relevant information inventory protected spaces that includes private conservation |progress
about biodiversity and ecosystem areas.

services to support conservation
planning and decision-making

18 |Goal D: By 2020, Canadians are Education By 2020, biodiversity is integrated into the elementary | Sufficient
informed about the value of nature and and secondary school curricula progress
more actively engaged in its
stewardship

19 |Goal D: By 2020, Canadians are Participation |By 2020, more Canadians get out into nature and Sufficient
informed about the value of nature and participate in biodiversity conservation activities. progress
more actively engaged in its
stewardship

Biodiversity research in Canada remains predominantly focused on species conservation, with gaps in
knowledge and data at genetic, functional, and biocultural levels. As mentioned in the Environmental
component, conservation research in Canada at the species level remains prevalent compared with
studies at other levels. Genetic and functional diversity are equally as important as species diversity but
are understudied. Biocultural diversity intrinsically places humans as one part of nature and recognizes
the interconnection between diversity of human cultures and languages and the diversity of species,
habitats, and ecosystems. Biocultural diversity is also under-investigated compared to species diversity.

Despite its importance to decision-making and action, our knowledge of biodiversity across spatial
and temporal scales is lacking. Most data on the status and trends of Canada’s biodiversity remains
fragmented and scattered across institutions and libraries. The wealth of information hidden in
unstructured biodiversity datasets has not been effectively translated into decision-making. For
example, we need a more comprehensive observation network in Canada to collect more complete
knowledge on species richness and composition (taxonomic diversity), functional diversity, and on
ecosystem diversity. The work of the Group on Earth Observations Biodiversity Observation Network,
headquartered in Montreal, Canada, and the recently launched United Nations Biodiversity Lab are
helping to shift us in this direction — but more support is needed. Comprehensive and consistent data
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collection is a prerequisite to exploring complex questions such as how climate change and other
interconnected anthropogenic and biophysical factors impact biodiversity.

Equally important, Indigenous knowledge includes profound understanding of genetic resources and
the relationship between humans and nature. Indigenous knowledge has been developed through the
beliefs and understandings that Indigenous peoples acquired through long-term observations and
associations with a place. It is well-established that Indigenous knowledge can make significant
contributions to sustainable development, including by elevating values of biological resources for
modern industry, agriculture, and other sectors (Townsend et al., 2020; Ried et al., 2021). Indigenous
knowledge should be considered as a critical input to decision-making on biodiversity conservation
(Buxton et al., 2021; Maseyk et al., 2019). This valuable knowledge has been built up and handed down
over generations. It is essential that Indigenous and traditional knowledge is understood and valued
appropriately by those who use it and that the rights of Indigenous and local communities are
considered during negotiations over access to and use of genetic resources. Failing to do this can put the
knowledge, the resources, and the communities at risk.

During the workshop, participants specifically discussed the potential barriers that prevent Canada from
moving forward as a leader for biodiversity-centered development. In addition to above-mentioned
factors like extractive economy, consumption, insufficient implementation strategies, lack of knowledge,
and lack of consolidated data on biodiversity, participants specifically pointed out multiple barriers
stemming from dominant worldviews, mindsets, and human greed. Indeed, cultural and philosophical
barriers for developing integrated biodiversity conservation pathways persist. While not easy to
identify and even more difficult to shift, these barriers requiring shifts in value systems have the highest
potential to truly transform systems (Meadows, 1999) and incentivize behaviour change and stronger
commitments by all actors in the long-term (Neves, 2019).
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Figure 12. Graphic depiction of the workshop session exploring the barriers and corresponding strategies for
achieving the vision of “human living in harmony with nature”.
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Implications for

policy making

Integrating biodiversity for sustainable development

The biodiversity crisis is well observed and acknowledged to be largely human-driven (e.g., Campbell et
al. 2017; Smith et al. 2020). A large part of the challenge is that there is such a wide diversity of drivers
that negatively impact biodiversity. For example, threats can be either local (i.e., dams, construction) or
global (i.e., climate change, ocean changes, etc.). They also can be highly variable in type; for instance,
global changes will modify environmental conditions on a large scale and over a long period of time
while construction is punctual in space and time. Social norms and customary management of land can
also have significant impact on the biodiversity trends that can be either positive or negative depending
on the context. Yet, overall human development and biodiversity conservation are not necessarily
antagonistic. Indeed, biodiversity can help reach some of our sustainable development goals (Wood et
al. 2018). Table 12 summarizes the key needs and trade-offs of biodiversity conservation that need to be
considered in policy making, according to workshop participants.

Table 12. Needs for biodiversity conservation and potential trade-offs and solutions. This table summarizes
discussions held by participants of the workshop with added notes by the authors (italics).

Biodiversity Needs

Potential Trade-offs

Solutions

Connectivity across
scales

Road development, resource
extraction

Coordinated and polycentric systems

Maintaining biodiversity
at different scales

Federal planning vs. other
governmental levels, private land
planning

Harmonizing goals across municipalities (operational
goals), biocentric development goals

Long-term commitment

Short-term commitment of
private sectors, capitalism

Economic incentives, sustainable market initiatives,
redefining temporal baselines

System of accountability
and transparency

Traditional economic
development model

Subnational monitoring, federal systems, evaluation
tools for corporations, natural capital accounting

Minimum
environmental
standards for human
activities

Economic profit, economic
growth

Social license, regulations, and legal framework for
accountability

Integration of ethics
considerations in
industry funding

Profits for developers and donors

Independent board for public-private funding

Personal and
communities’
involvement in local
Biodiversity

Housing development, equitable
access to quality of living

Green spaces and parks in urban areas

Resources and support
for Indigenous people

N/A (existing governance regime
and historic bias/discrimination)

Highlight bright spots and wise practices (recognize,
respect, and protect self-determination rights of
Indigenous people, support Indigenous governance
systems)

Support to Indigenous
knowledge systems

N/A (expansion of western
knowledge system for technology

development economic growth)

Cross-cultural dialogues, Two-Eyed Seeing, education
on Indigenous knowledge systems
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Maintaining fully Fossil fuel economy, resource- Disruption of the concept of sustainable
functional and resilient |based economy development, intergovernmental and third-party
ecosystems collaboration
Maintain intact forests |Paper production, renewable Incentives to protect nature

energy
Decolonizing Capitalist society Respect rights and sovereignty of Indigenous people,
conservation framework breaking the dichotomy between humans and nature
Moving from Capitalist society Learn to see beauty, forest touch-feel, meditation
guantitative to being bored
traditional and holistic
knowledge

In addition to Table 12 we present some key policy considerations under each of the four components
(environmental, economic, governmental, socio-cultural) analyzed in this report. These
recommendations have been summarized more succinctly in a related Evidence Brief and are intended
to provide avenues for further reflection.

Environmental component

Develop high-quality inventory databases and maps for biodiversity at multiple scales.
Apply standardized indicators (both quantitative and qualitative) to support evidence-based
policy making.

Compile high-quality records of biodiversity across multiple dimensions, including rural and
urban areas, northern and southern areas of Canada, and on both habitat quality (species
abundance and richness) and wildlife permeability (habitat connectedness).

Related tools and resources:

Essential Biodiversity Variables
GEOBON
UN Biodiversity Lab

EarthMap
Global Biodiversity Information Facility

Economic component

Support the advancement of research and increase political attention and general awareness to
address consumptive impacts on biodiversity loss. Reframe a virtuous pattern of consumption
with environmental accounting and social marketing.

Redirect and scale up public and private investments for ecosystems and biodiversity. Employ
effective economic levers to retrofit extractive/polluting industries. Identify financial incentives
for investing in the long-term well-being of nature and society.

Develop effective economic mechanisms (e.g., subsidies, green stocks, taxes, and rebates) that
retrofit polluting/destructive industries and finance for biodiversity and green transformation.

Related tools and resources:

Life Cycle Assessment
Task Force on Nature-related Financial Disclosure (TNFD)
Biodiversity Finance (BIOFIN) Approach
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https://www.nature.com/articles/s41559-019-0826-1
https://www.nature.com/articles/s41559-019-0826-1
https://geobon.org/
https://unbiodiversitylab.org/
https://earthmap.org/
https://www.gbif.org/
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/life-cycle-assessment#:~:text=Life%20cycle%20assessment%20is%20a,From%3A%20Environmental%20Management%2C%202017
https://tnfd.info/
https://www.biodiversityfinance.net/

Green New Deal

Sustainable Stock Exchange
Carbon market

Payment for ecosystem services
Debt-for-environment swaps
The Lion’s Share

Governmental component

Decolonize conservation frameworks in Canada by recognizing Indigenous leadership in nature-
based conservation, secure self-determination rights for Indigenous peoples, build trust, and
continue learning from Indigenous peoples.

Embrace innovative tools and mechanisms for behavioural changes at community and individual
levels. Leverage the power of digital innovation and citizen science.

Improve regulation and legal frameworks to enhance transparency, monitoring capacity, and
accountability of industry and other activities that are destructive to nature. Use tools like social
licenses to develop a sound and transparent system and hold extractive industries accountable
for nature-related financial impacts. Co-develop and deliver a risk management and disclosure
framework to report and act on evolving nature-related risks and support a shift in financial
flows away from nature-negative outcomes and towards nature-positive outcomes.

Related tools and resources:

The United Nations Declaration on the Rights of Indigenous Peoples (UNDRIP)
Recommendations from ‘We rise together’ report

Two-Eyed Seeing framework

System of Environmental Economic Accounting

Gross Ecosystem Product

Natural capital accounting

Behavioural Science

Botanic gardens for biodiversity governance

The little book of green nudges

Social license

Socio-cultural component

Adhere to FAIR (Findable, Accessible, Interoperable, Reusable) data principles and CARE
(Collective benefits, Authority to control, Responsibility, and Ethics) principles of Indigenous
data governance to guide the collection, use, and sharing of data.

Encourage the sharing of wise practices and tools for Indigenous-led biodiversity conservation.
Provide space for Indigenous peoples to tell stories and educate using their own languages.
Respect Indigenous values, cultures, and customary use of natural resources and seek guidance
from Indigenous peoples for biodiversity conservation.

Advocate for integrating the consideration of socio-economic, cultural, pastoral, and spiritual
values of biodiversity in decision-making. Encourage interdisciplinary research and capacity
building to identify, clarify, and communicate socio-economic, cultural, and spiritual values of
biodiversity. Transform prevailing development models through value-led conservation and
biocultural approaches.
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https://en.wikipedia.org/wiki/Green_New_Deal#Canada
https://sseinitiative.org/
https://www.oecd.org/env/cc/carbonmarkets.htm
https://www.oecd.org/env/cc/carbonmarkets.htm
https://www.pnas.org/content/105/28/9465
https://www.oecd.org/env/outreach/debt-for-environmentswaps.htm
https://www.thelionssharefund.com/content/thelionssharefund/en/home/
https://www.un.org/development/desa/indigenouspeoples/declaration-on-the-rights-of-indigenous-peoples.html
https://www.iccaconsortium.org/index.php/2018/03/28/launch-of-indigenous-circle-of-experts-report-we-rise-together/
https://onlinelibrary.wiley.com/doi/full/10.1111/faf.12516
https://seea.un.org/ecosystem-accounting
https://www.iucn.org/asia/countries/china/gross-ecosystem-product-gep%EF%BC%89#:~:text=GEP%20is%20the%20total%20value,biophysical%20value%20and%20monetary%20value.
https://seea.un.org/home/Natural-Capital-Accounting-Project
https://seea.un.org/home/Natural-Capital-Accounting-Project
https://www.uninnovation.network/behavioural-science
http://www.sunypress.edu/p-6723-postnormal-conservation.aspx
https://www.unep.org/explore-topics/education-environment/what-we-do/little-book-green-nudges
https://socialicense.com/index.html
https://socialicense.com/index.html

- Facilitate cross-scale collaboration on biodiversity conservation and sustainable development.
Establish a multi-partner network for environmental awareness-raising and coordinated actions
with the support of advertisement companies, media organizations, social activists, and digital
innovators.

Related tools and resources:

- FAIR Principle

- CARE Principle
- Wise Practices

- Iportal - Indigenous studies portal research tool

- Conservation through reconciliation

- Biocultural indicators

- Interactive maps for truth and reconciliation

- Indigenous perspectives education guide

- iNaturalist

- Key information needs to move from knowledge to action for biodiversity conservation in
Canada

Conclusion

Biodiversity is an intrinsic characteristic of nature, which human beings are both a part of and heavily
dependent on, yet the value of biodiversity is not well-understood by the general public. The Kunming
Declaration emerging from the recent United Nations Convention on Biological Diversity 15th
Conference of the Parties (Part 1) has reconfirmed global commitments to work together for biodiversity
and ecosystem protection. The vision of “humans living in harmony with nature” is a beautiful picture
requiring contributions from all actors. Canada, as host of a globally significant wealth of biodiversity
and endowed with rich knowledge and wisdom from Indigenous peoples, can take the lead in
demonstrating how we might value and protect such a biodiversity-rich society. While many of the
suggestions proposed in this report fall on the shoulders of local, provincial, and federal governments,
we also urge other sectors of society like business, citizens, and educators to stand up and take action.
Your knowledge and efforts can help to increase public awareness of the issues surrounding biodiversity
conservation and contribute to the development of innovative disruptions, leveraging digital technology
and citizen science to shift values and transform the system. Biodiversity protection is not just a policy,
or a measure, or a campaign. Protecting Canada’s biodiversity calls for long-term commitments,
transformation of societal and cultural values, self-healing, and reconciliation with nature.

36


https://www.nature.com/articles/sdata201618
https://datascience.codata.org/articles/10.5334/dsj-2020-043/
https://wisepractices.ca/
https://conservation-reconciliation.ca/
https://cicada.world/files/pb/CICADA-CBC_PolicyBrief1_Biocultural-indicators.pdf
https://cicada.world/files/pb/CICADA-CBC_PolicyBrief1_Biocultural-indicators.pdf
https://nctr.ca/records/view-your-records/archival-map/
https://fb.historicacanada.ca/education/english/indigenous-perspectives/
https://www.inaturalist.org/
https://doi.org/10.1016/j.biocon.2021.108983
https://doi.org/10.1016/j.biocon.2021.108983

Bibliography

Aboriginal Awareness Canada. (2021). What is a Reserve? Indigenous Awareness Canada.
https://indigenousawarenesscanada.com/indigenous-awareness/what-is-a-reserve/.

Adams, W. (2017). Sleeping with the enemy? Biodiversity conservation, corporations and the green
economy.

Addison, P. F., Bull, J. W., & Milner, & Gulland, E. J. (2019). Using conservation science to advance
corporate biodiversity accountability. Conservation Biology, 33(2), 307-318.

Artelle, K. A., Zurba, M., Bhattacharyya, J., Chan, D. E., Brown, K., Housty, J., & Moola, F. (2019).
Supporting resurgent Indigenous-led governance: A nascent mechanism for just and effective
conservation. Biological Conservation, 240, 108284.

Baxter, J., & Trebilcock, M. (2010). International Perspectives on First Nations Land Tenure Reform.
Aboriginal Policy Research Consortium International (APRCi), (33). https://ir.lib.uwo.ca/aprci/33.

Berkes, F. (2008). Commons in a multi-level world. International journal of the commons, 2(1), 1-6.

Bulle, C., Margni, M., Patouillard, L., Boulay, A. M., Bourgault, G., De Bruille, V., ... & Jolliet, 0. (2019).
IMPACT World+: a globally regionalized life cycle impact assessment method. The International Journal
of Life Cycle Assessment, 24(9), 1653-1674.

Buxton, R. T., Bennett, J. R., Reid, A. J., Shulman, C., Cooke, S. J., Francis, C. M., ... & Smith, P. A. (2021).
Key information needs to move from knowledge to action for biodiversity conservation in Canada.
Biological Conservation, 256, 108983.

Cadotte, M. W., Carscadden, K., & Mirotchnick, N. (2011). Beyond species: functional diversity and the
maintenance of ecological processes and services. Journal of Applied Ecology, 48(5), 1079-1087.

Campbell, C. S., Bean, C. W., & Parsons, K. J. (2017). Conservation evo-devo: preserving biodiversity by
understanding its origins. Trends in ecology & evolution, 32(10), 746-759.

Canadian Environmental Sustainability Indicators Program (CESI). (2021). Canadian Protected and
Conserved Areas Database. Retrieved from: https://www.canada.ca/en/environment-climate-
change/services/national-wildlife-areas/protected-conserved-areas-database.html.

Carrasco, L. R., Chan, J., McGrath, F. L., & Nghiem, L. T. (2017). Biodiversity conservation in a telecoupled
world. Ecology and Society, 22(3).

Cecco, L. (2021). Dozens of Canada’s First Nations lack drinking water: ‘Unacceptable in a country so
rich’. The Guardian. Retrieved from https://www.theguardian.com/world/2021/apr/30/canada-first-
nations-justin-trudeau-drinking-water.

Chattha, S. (2021). B.C. residents say water is the top environmental issue: Poll. Water Canada.
Retrieved from https://www.watercanada.net/b-c-residents-say-water-is-the-top-environmental-issue-
poll/.

37


https://ir.lib.uwo.ca/aprci/33
https://www.canada.ca/en/environment-climate-change/services/national-wildlife-areas/protected-conserved-areas-database.html

Chaudhary, A., & Mooers, A. O. (2018). Terrestrial vertebrate biodiversity loss under future global land
use change scenarios. Sustainability, 10(8), 2764.

Commissioner on Environment and Sustainability (CESD). (2018). Report 3 — Conserving Biodiversity.
2018 spring reports of the Commissioner on Environment and Sustainability to the Parliament of
Canada. Retrieved from oag-bvg.gc.ca/internet/English/parl_cesd 201804 03 e _42994.html

Committee on the Status of Endangered Wildlife in Canada (COSEWIC). (2021). Wildlife species at risk
[Online table]. Retrieved from: https://www.canada.ca/en/environment-climate-
change/services/environmental-indicators/changes-status-wildlife-species-risk.html.

Committee on the Status of Endangered Wildlife in Canada [COSEWIC] Secretariat. (2019). Original St.
Lawrence River Striped Bass Extinct. The Committee on the Status of Endangered Wildlife in Canada
(COSEWIC). Retrieved from https://www.cosewic.ca/index.php/en-ca/news-and-events/press-release-
striped-bass-nov-2019.

Coristine, L. E., Colla, S., Bennett, N., Carlsson, A. M., Davy, C., Davies, K. T., ... & Ford, A. T. (2019).
National contributions to global ecosystem values. Conservation Biology, 33(5), 1219-1223. DOI:
10.1111/cobi.13284.

De Vos, J. M., Joppa, L. N., Gittleman, J. L., Stephens, P. R., & Pimm, S. L. (2015). Estimating the normal
background rate of species extinction. Conservation biology, 29(2), 452-462.

Environment and Climate Change Canada [ECCC]. (2016). Baseline Information for Canadian Aboriginal
Traditional Knowledge Target Deliverable 3. Retrieved from http://twk.pm/m9chuiklvu.

Environment and Climate Change Canada [ECCC]. (2018). Canada Target 15: Detailed Assessment
Report. Retrieved from https://chm.cbd.int/api/v2013/documents/7987131F-C55F-9831-37F2-
A4E906A8A156/attachments/Canada%20Target%2015%20Detailed%20Report.pdf and
http://twk.pm/keolk7elry.

Environment and Climate Change Canada [ECCC]. (2020). Canadian Protected and Conserved Areas
Database [Online map]. Retrieved from https://www.canada.ca/en/environment-climate-
change/services/environmental-indicators/conserved-areas.html.

Environment and Climate Change Canada [ECCC]. (2021). Water quality in Canadian rivers [Online map].
Retrieved from https://www.canada.ca/en/environment-climate-change/services/environmental-
indicators/water-quality-canadian-rivers.html.

Environmental Defense Canada. (2021). Energy east — A threat to our drinking water. Environmental
Defense. Retrieved from https://environmentaldefence.ca/report/energy-east-a-threat-to-our-drinking-
water/.

Favaro, B., Claar, D. C., Fox, C. H., Freshwater, C., Holden, J. J., Roberts, A., & UVic Research Derby.
(2014). Trends in extinction risk for imperiled species in Canada. PLoS One, 9(11), e113118.

Fox, T., Ward, H., & Howard, B. (2002). Public sector roles in strengthening corporate social
responsibility: A baseline study. Washington, DC: World Bank.

38


https://www.canada.ca/en/environment-climate-change/services/environmental-indicators/changes-status-wildlife-species-risk.html
https://www.cosewic.ca/index.php/en-ca/news-and-events/press-release-striped-bass-nov-2019
http://twk.pm/m9chuiklvu
https://chm.cbd.int/api/v2013/documents/7987131F-C55F-9831-37F2-A4E906A8A156/attachments/Canada%20Target%2015%20Detailed%20Report.pdf
http://twk.pm/keolk7elry
http://twk.pm/keolk7elry
https://www.canada.ca/en/environment-climate-change/services/environmental-indicators/conserved-areas.html
https://www.canada.ca/en/environment-climate-change/services/environmental-indicators/water-quality-canadian-rivers.html

Future Earth (2020). Risks Perceptions Report 2020: First Edition. Future Earth. Retrieved from
https://futureearth.org/wp-content/uploads/2020/02/RPR_2020_Report.pdf.

Gadgil, M., Berkes, F., & Folke, C. (1993). Indigenous knowledge for biodiversity conservation. Ambio,
151-156.

Global Footprint Network. (2021). Glossary. Global Footprint Network — Advancing the Science of
Sustainability. Retrieved from https://www.footprintnetwork.org/resources/glossary/.

Government of Canada. (2019). Nature Legacy for Canada. Retrieved from
https://www.canada.ca/en/environment-climate-change/services/sustainable-development/strategic-
environmental-assessment/public-statements/nature-legacy-canada.html.

Government of Canada. (2021). Canada Target 1 Challenge. Government of Canada. Retrieved from
https://www.canada.ca/en/environment-climate-change/services/nature-legacy/canada-target-one-
challenge.html.

Greffe T, Agez M, Lin M, Bulle C. (2021). Major drivers of biodiversity loss from Canada production and
consumption [Manuscript in Preparation]. The International Reference Center for Life Cycle of Products,
Services and Systems (CIRAIG).

Harper, J. L., & Hawksworth, D. L. (1994). Biodiversity: measurement and estimation. Preface.

Hooper, D. U., Adair, E. C., Cardinale, B. J., Byrnes, J. E., Hungate, B. A., Matulich, K. L., ... & O’Connor, M.
I. (2012). A global synthesis reveals biodiversity loss as a major driver of ecosystem change. Nature,
486(7401), 105-108.

Hull, V., & Liu, J. (2018). Telecoupling: A new frontier for global sustainability. Ecology and Society, 23(4).

Innovation, Science and Economic Development Canada. (2020). Key Small Business Statistics — 2020.
Government of Canada. Retrieved from https://www.ic.gc.ca/eic/site/061.nsf/eng/h_03126.html

IPBES (2019a): Summary for policymakers of the global assessment report on biodiversity and
ecosystem services of the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem
Services. S. Diaz, J. Settele, E. S. Brondizio, H. T. Ngo, M. Gueze, J. Agard, A. Arneth, P. Balvanera, K. A.
Brauman, S. H. M. Butchart, K. M. A. Chan, L. A. Garibaldi, K. Ichii, J. Liu, S. M. Subramanian, G. F.
Midgley, P. Miloslavich, Z. Molnar, D. Obura, A. Pfaff, S. Polasky, A. Purvis, J. Razzaque, B. Reyers, R. Roy
Chowdhury, Y. J. Shin, I. J. Visseren-Hamakers, K. J. Willis, and C. N. Zayas (eds.). IPBES secretariat, Bonn,
Germany. 56 pages. https://doi.org/10.5281/zenodo.3553579.

IPBES (2019b): Global assessment report on biodiversity and ecosystem services of the
Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services. E. S. Brondizio, J.
Settele, S. Diaz, and H. T. Ngo (editors). IPBES secretariat, Bonn, Germany. 1148 pages.
https://doi.org/10.5281/zenodo.3831673.

Kimmett, C., & Wrobel, M. (2019). Inside the investigation that exposed lead-laced drinking water in

Canada. Global News. Retrieved from https://globalnews.ca/news/6134683/inside-the-investigation-
tainted-water-canada/.

39


https://www.ic.gc.ca/eic/site/061.nsf/eng/h_03126.html

Kumar, M.B., Furgal, C., Hutchinson, P., Roseborough, W., & Kootoo-Chiarello, S. (2019). Harvesting
activities among First Nations people living off reserve, Métis and Inuit: Time trends, barriers and
associated factors. Aboriginal Peoples Survey. Statistics Canada. Retrieved from:
https://www150.statcan.gc.ca/n1/pub/89-653-x/89-653-x2019001-eng.htm.

Leach, D. M., Baer, L. A., & Yu, P. (2020). Linking Indigenous Communities with Regional Development.
Organisation for Economic Cooperation and Development. The OECD Observer, 1-3.

Levin, S. (2010). Crossing scales, crossing disciplines: collective motion and collective action in the Global
Commons. Philosophical Transactions of the Royal Society B: Biological Sciences, 365(1537), 13-18.

Li, D. Z., & Pritchard, H. W. (2009). The science and economics of ex situ plant conservation. Trends in
plant science, 14(11), 614-621.

Littlechild, D. B., Finegan, C., & McGregor, D. (2021). “Reconciliation” in undergraduate education in
Canada: the application of Indigenous knowledge in conservation. FACETS, 6(1), 665-685.

Liu, J., Hull, V., Batistella, M., DeFries, R., Dietz, T., Fu, F., ... & Zhu, C. (2013). Framing sustainability in a
telecoupled world. Ecology and Society, 18(2).

Lyashevska, O., & Farnsworth, K. D. (2012). How many dimensions of biodiversity do we need?.
Ecological Indicators, 18, 485-492.

MacDonald, K. I. (2010). The devil is in the (bio) diversity: Private sector “engagement” and the
restructuring of biodiversity conservation. Antipode, 42(3), 513-550.

MacKinnon, K. (2019). Other Effective Area-based Conserved Measures (OECM). Convention on
Biological Diversity. Retrieved from
https://www.cbd.int/protected/partnership/vilm/presentations/15_oecm_mackinnon.pdf.

Maffi, L., & Dilts, 0. (2018). An introduction to biocultural diversity. Terralingua. Retrieved from
https://terralingua.org/wp-content/uploads/2018/09/Biocultural-Diversity-Toolkit_vol-1.pdf.

Maseyk, F. J., Dominati, E. J., & Mackay, A. D. (2019). More than a'nice to have': integrating indigenous
biodiversity into agroecosystems in New Zealand. New Zealand Journal of Ecology, 43(2), 1-12.

Meshesha, T. W., Wang, J., & Melaku, N. D. (2020). Modelling spatiotemporal patterns of water quality
and its impacts on aquatic ecosystem in the cold climate region of Alberta, Canada. Journal of
Hydrology, 587, 124952.

Minister of Supply and Services Canada. (1995). Canadian Biodiversity Strategy: Canada’s Response to
the Convention on Biological Diversity. Retrieved from https://biodivcanada.chm-
cbd.net/sites/ca/files/2017-12/CBS_e.pdf.

Neves, K. G. (2019). Postnormal conservation: botanic gardens and the reordering of biodiversity
governance. SUNY Press.

Newbold, T., Hudson, L. N., Arnell, A. P., Contu, S., De Palma, A., Ferrier, S., ... & Purvis, A. (2016). Has
land use pushed terrestrial biodiversity beyond the planetary boundary? A global assessment. Science,
353(6296), 288-291. Database retrieved from www.unbiodiversitylab.org.

40



Ocean Wise. (2021). Annual data. Shoreline Cleanup. Retrieved from
https://shorelinecleanup.org/impact-visualized-data.

OECD. (2020). Rebuilding tourism for the future: COVID-19 policy responses and recovery.

Ogar, E., Pecl, G., & Mustonen, T. (2020). Science must embrace traditional and indigenous knowledge
to solve our biodiversity crisis. One Earth, 3(2), 162-165.

Ostrom, E. (1990). Governing the commons: The evolution of institutions for collective action.
Cambridge university press.

Outeiro, L., Gajardo, C., Oyarzo, H., Ther, F., Cornejo, P., Villasante, S., & Ventine, L. B. (2015). Framing
local ecological knowledge to value marine ecosystem services for the customary sea tenure of
aboriginal communities in southern Chile. Ecosystem Services, 16, 354-364.

Pathway team (2021). A new approach to conservation in Canada. Pathway to Canada Target 1.
Retrieved from https://www.conservation2020canada.ca/home.

Pereira, H. M., Leadley, P. W., Proenga, V., Alkemade, R., Scharlemann, J. P., Fernandez-Manjarrés, J. F.,
... & Walpole, M. (2010). Scenarios for global biodiversity in the 21st century. Science, 330(6010), 1496-
1501.

Petchey, O. L., & Gaston, K. J. (2006). Functional diversity: back to basics and looking forward. Ecology
letters, 9(6), 741-758.

Pettipas, S., Bernier, M., & Walker, T. R. (2016). A Canadian policy framework to mitigate plastic marine
pollution. Marine Policy, 68, 117-122.

Potapov, P., Yaroshenko, A., Turubanova, S., Dubinin, M., Laestadius, L., Thies, C., ... & Zhuravleva, I.
(2008). Mapping the world’s intact forest landscapes by remote sensing. Ecology and Society, 13(2).

Radio-Canada. (2010). Inside Walkerton: Canada's worst-ever E. coli contamination. CBC News.
Retrieved from https://www.cbc.ca/news/canada/inside-walkerton-canada-s-worst-ever-e-coli-
contamination-1.887200.

Ray, J. C., Grimm, J., & Olive, A. (2021). The biodiversity crisis in Canada: failures and challenges of
federal and sub-national strategic and legal frameworks. FACETS, 6(1), 1044-1068.

Reid, A. J., Eckert, L. E., Lane, J. F., Young, N., Hinch, S. G., Darimont, C. T., ... & Marshall, A. (2021). “Two-
Eyed Seeing”: An Indigenous framework to transform fisheries research and management. Fish and
Fisheries, 22(2), 243-261.

Robertson, C., Schuster, R., Mitchell, M., Cameron, R., Jacob, A., & Preston, S. (2017). Identifying Areas
Important for Biodiversity and Ecosystem Services in Canada. Pathway to Canada Target 1. Retrieved
https://staticl.squarespace.com/static/57e007452e69cf9a7af0a033/t/5b51dd1203ce64a352395576/15
32091672029/Identifying+areas+important+for+biodiversity+and+ecosystem+services+in+Canada.pdf.

Secretariat of the Convention on Biological Diversity [SCBD]. (2018). Decision adopted by the conference
of the parties to the Convention on Biological Diversity. Convention on Biological Diversity. Retrieved
from https://www.cbd.int/doc/decisions/cop-14/cop-14-dec-08-en.pdf.

41



Secretariat of the Convention on Biological Diversity [SCBD]. (2020a). Global Biodiversity Outlook 5 —
Summary for Policy Makers. Montréal. Retrieved from: https://www.cbd.int/gbo5.

Secretariat of the Convention on Biological Diversity [SCBD]. (2020b). Canada National Targets.
Convention on Biological Diversity. Retrieved October 25, 2021, from
https://www.cbd.int/countries/targets/?country=ca.

Secretariat of the Convention on Biological Diversity [SCBD]. (2021a). Kunming Declaration. The High-
Level Segment of the UN Biodiversity Conference 2020 (Part 1) “Ecological Civilization: Building a Shared
Future for All Life on Earth”. Retrieved from
https://www.cbd.int/doc/c/df35/4b94/5e86e1ee09bc8c7d4b35aaf0/kunmingdeclaration-en.pdf.

Secretariat of the Convention on Biological Diversity [SCBD]. (2021b). 2020 Biodiversity Goals and
Targets for Canada. Biodivcanada|Canada’s national biodiversity clearing-house. Retrieved from:
https://biodivcanada.chm-cbd.net/2020-biodiversity-goals-and-targets-canada.

Skomoroshchenko, A. A., Vasyakin, B. S., Samodelko, L. S., & Kucheryavenko, D. M. (2021). Integration
Mechanisms for Financing Green Economy in the Region in Industry 4.0 for Strategic Security: Public—
Private Partnership vs. Clustering. In Industry 4.0 (pp. 179-187). Palgrave Macmillan, Cham.

Smith, T., Beagley, L., Bull, J., Milner-Gulland, E. J., Smith, M., Vorhies, F., & Addison, P. F. (2020).
Biodiversity means business: Reframing global biodiversity goals for the private sector. Conservation
Letters, 13(1), e12690.

Spehar, R. L., & Fiandt, J. T. (1986). Acute and chronic effects of water quality criteria-based metal
mixtures on three aquatic species. Environmental Toxicology and Chemistry: An International Journal,
5(10), 917-931.

Stadler, K., Wood, R., Bulavskaya, T., Sodersten, C. J., Simas, M., Schmidt, S., ... & Tukker, A. (2018).
EXIOBASE 3: Developing a time series of detailed environmentally extended multi-regional input-output
tables. Journal of Industrial Ecology, 22(3), 502-515.

Standing Committee on Environment and Sustainable Development (ENVI). (2016). Federal sustainability
for future generations — a report following an assessment of the federal sustainable development Act.
ENVI Committee Report. June 2016, 42nd Parliament, 1st Session. Retrieved from
ourcommons.ca/DocumentViewer/en/42-1/ENVI/report-2/page-5.

Statistics Canada. (2015). Annual Demographic Estimates: Subprovincial Areas [Online map]. Retrieved
from: https://www150.statcan.gc.ca/n1/pub/91-214-x/2015000/section04-eng.htm.

Statistics Canada. (2020). Aboriginal Peoples Survey [Online database]. Retrieved from:
https://www150.statcan.gc.ca/nl/en/catalogue/89-653-X.

Statistics Canada. (2021). Aboriginal Peoples in Canada: First Nations People, Métis and Inuit. Retrieved
from: https://www12.statcan.gc.ca/nhs-enm/2011/as-sa/99-011-x/99-011-x2011001-eng.cfm.

The Conference Board of Canada. (2013). Water Quality Index. The Conference Board of Canada.
Retrieved from https://www.conferenceboard.ca/HCP/Details/environment/water-quality-index.aspx.

42



The Indigenous Circle of Experts [ICE]. (2018). We Rise Together: Achieving Pathway to Canada Target 1
through the creation of Indigenous Protected and Conserved Areas in the spirit and practice of
reconciliation. https://www.conservation2020canada.ca/s/PA234-ICE_Report_2018 Mar_22_web.pdf.

Townsend, J., Moola, F., & Craig, M. K. (2020). Indigenous Peoples are critical to the success of nature-
based solutions to climate change.

Tuck, E., & Yang, K. W. (2012). Decolonization is not a metaphor. Decolonization: Indigeneity, education
& society, 1(1).

UNEP-WCMC (2021). Protected Area Profile for United States of America from the World Database of
Protected Areas, October 2021. Available at: www.protectedplanet.net.

United Nations [UN]. (1992a). Convention on Biological Diversity. Retrieved from
https://cbd.int/doc/legal/cbd-en.pdf.

United Nations [UN]. (1992b). Environment and Development (Terminology bulletin: 344). United
Nations, New York, USA. Retrieved from https://biodiversitya-z.org/content/genetic-diversity.

United Nations [UN]. (2007). United Nations Declaration on The Rights of Indigenous Peoples. Retrieved
from https://www.un.org/esa/socdev/unpfii/documents/DRIPS_en.pdf.

United Nations [UN]. (2021). Statistics: SDG Indicators Database — Country Profile Canada [Database].
Department of Economic and Social Affairs. Retrieved from
https://unstats.un.org/sdgs/UNSDG/countryprofiles/CAN#goal-15.

Verma, A. K. (2016). Biodiversity: Its different levels and values. International Journal on Environmental
Sciences, 7(2), 143-145.

Warren, D. M. (1996). Indigenous knowledge, biodiversity conservation and development. Sustainable
development in third world countries: Applied and theoretical perspectives, 81-88.

Winter, J. G., DeSellas, A. M., Fletcher, R., Heintsch, L., Morley, A., Nakamoto, L., & Utsumi, K. (2011).
Algal blooms in Ontario, Canada: Increases in reports since 1994. Lake and Reservoir Management,
27(2), 107-114.

Wood, S. L., Jones, S. K., Johnson, J. A,, Brauman, K. A., Chaplin-Kramer, R., Fremier, A,, ... & DeClerck, F.
A. (2018). Distilling the role of ecosystem services in the Sustainable Development Goals. Ecosystem
services, 29, 70-82.

World Economic Forum. (2020). Nature risk rising: Why the crisis engulfing nature matters for business
and the economy. Geneva, Switzerland: World Economic Forum.

Young, H. S., McCauley, D. J., Galetti, M., & Dirzo, R. (2016). Patterns, causes, and consequences of
anthropocene defaunation. Annual Review of Ecology, Evolution, and Systematics, 47, 333-358.

43



Appendices

Ot — | O bemarion

il
20Co

O Fries -
?ﬁ?gw K @ wsisss
ViSiON —
\, 2030 e 1
/_/\/‘/ %
2020 [
s TARGERS

\ ~,
GOVERNMENT <.~ }~S0Ci0-ECONOMIC
N\ ‘.’r
CUTYBA = ENVRONMENTAL

© s

Figure Al. Conceptual framework of the workshop. In the workshop, we adopted six steps to explore the
biodiversity pathways following a theory of change. Over the two days, we followed the mountain
paths: soaring with vision, into the targets, barriers and strategies, visiting the whole system externally
and from within, returning to care for and fill in the gaps, tackling the trade-offs, and reimagining the
future. We closed our circle by awakening a biodiversity-centered pathway for system transformation.
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Figure A2. An impression of “thriving biodiversity” collectively described by the workshop participants.
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Figure A4. Visualization of strategies proposed across sectors and disciplines for biodiversity conservation
proposed by workshop participants.
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Figure A5. Highlights on the key questions, statements, and suggestions raised by workshop participants when
discussing trade-offs between realizing biodiversity needs and other development needs.
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Figure A6. A manifestation of thoughts collected when workshop participants were asked to revisit and refine
the scenarios for possible future after talking through the deep causes of biodiversity loss and trade-offs.
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Figure A7. A visual crystallization of workshop participants’ reflections on system transformation and potential
ways forward.
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