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Executive Summary

Ontario’s Far North is one of the world’s largest and most intact 
expanses of boreal forest and wetlands. The region has almost no 
industrial development today, but that could change with plans for 
mining operations, all-season roads, transmission lines, commer-
cial forestry and hydroelectric facilities being put forward. Climate 
change could also rapidly reshape the region.

Ontario’s Far North is the traditional territory and homeland of 
Cree and Ojibway Indigenous peoples, who have occupied the 
region for millennia. They rely on the land, freshwaters and air as 
they pursue economic development opportunities as well as hunting, 
trapping, fishing, and gathering food and medicines for nutritional 
and spiritual sustenance. First Nations’ rights to maintaining their 
lifestyle, traditions and cultures on their ancestral homelands are 
constitutionally recognized and protected in Canada under Section 
35 of the Canada Constitution Act, 19821. 

The direct, indirect, and cumulative impacts of provincial and fed-
eral governments’ resource management and development decisions 
on communities and their traditional territories, must be monitored 
to ensure that both Aboriginal and treaty rights are upheld and that 
the socio-ecological resilience of Ontario’s Far North is sustained for 
future generations.

In 2010, the Far North Science Advisory Panel, convened by Ontario’s 
Minister of Natural Resources to provide scientific advice to the gov-
ernment on land-use planning in the Far North, recommended that 
the Government of Ontario develop a program to monitor the state 
of the environment and First Nations health in a way that integrates 
Traditional Ecological Knowledge (TEK) in monitoring and plan-
ning processes. Similarly, in 2013, the Environmental Commissioner 
of Ontario, also recommended that any long-term monitoring 
programs in Ontario’s Far North developed by the Government 
of Ontario, particularly in the Ring of Fire, must include TEK and 
actively involve First Nations communities. To date, little progress 
has been made by the Government of Ontario on implementing these 
recommendations. 

1	 Constitution Act, 1982, 
Schedule B to the Canada 
Act 1982 (UK), 1982, c 11. 
Available online at:   http://
canlii.ca/t/ldsx
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The Multiple Evidence Based (MEB) approach is an innovative 
framework, adopted by the United Nation’s Intergovernmental 
Science-Policy Platform on Biodiversity and Ecosystem Services 
(IPBES), that helps weave together indigenous, local, and scientific 
knowledge for enhanced resilience and sustainability, while respect-
ing the integrity of each knowledge system.  A monitoring frame-
work rooted in MEB principles is a TEK-based Community-Based 
Monitoring (CBM) approach that reflects the interests and needs 
of local communities living with environmental change, whether 
due to climate change, industrial development, multiple stressors or 
some combination of them all (e.g., cumulative impacts). TEK-based 
CBM , within a comprehensive Multiple Evidence Based framework, 
offers an important opportunity in Ontario’s Far North, especially 
the Ring of Fire, to enable Indigenous communities to carry out their 
own TEK-based monitoring by linking natural resource monitoring 
to the priorities, expertise and traditional management institutions 
of Indigenous communities.  Such an approach would make such 
monitoring efforts more locally acceptable, relevant, and sustainable 
and, in turn, can lead to more effective conservation and land man-
agement outcomes. 

This report develops the rationale for the design and implementation 
of a long-term, equitable, and adaptive TEK-based CBM initiative in 
Ontario’s Far North. Drawing on the published scientific and pub-
licly available grey literature, we describe the basic elements of and 
approaches to CBM, including trust, ethical principles, and knowl-
edge co-creation for equitable decision-making. 

We also explore these components more practically by presenting 
six Canadian and five international case studies that show how 
TEK-based CBM has been applied for monitoring, including species 
(moose and caribou); activities on traditional territories (e.g., min-
ing, tourism, fishing, and hunting); and, subsistence needs in order 
to improve co-management of fish, wildlife, and plants. These case 
studies help illustrate how the basic components and approaches 
to TEK-based CBM are applied within various social, ecological 
and economic contexts and to meet different community needs and 
interests. 

Our review of the case studies highlights the benefits of TEK-based 
CBM including: the creation and implementation of locally relevant 
monitoring protocols; consideration of cumulative impacts; better 
informed decision-making; and increased awareness and collabora-
tion amongst the community, government agencies, and interested 
stakeholders. We also review the challenges associated with TEK-
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based CBM, including cost, capacity within the community, longev-
ity of the monitoring program, sharing of results, and establishing 
credibility to support their use and application by decision makers, 
project proponents and other interested parties. These challenges are 
not unique to TEK-based CBM projects, of course, and are appli-
cable to all monitoring programs.

We conclude that a TEK-based CBM Project must be guided by 
ethical principles that advance the process of Multiple Evidence 
Based knowledge co-production, support “both-ways2” capacity 
building, and encourage an inter-generational transfer of traditional 
knowledge and skills at the community level. Our examination of 
the context in the Far North as well as the approaches to develop-
ing and applying CBM in practice leads us to make the following 
recommendations for developing a pilot TEK-based CBM project in 
Ontario’s Far North, particularly with First Nations communities in 
the Ring of Fire. 

Recommendations
•	 Setting the stage for a pilot CBM project. A CBM project should 

be created through a gradually unfolding “bottom-up” process 
with full community engagement through all of the phases (i.e., 
CBM introduction, laying the groundwork, defining appropriate 
terminology, defining indicators and methodology, incubation, 
and implementation). The introduction could begin as a series of 
informal and formal discussions with leadership and community 
members. A series of presentations and/or a workshop could be 
organized to connect respective local community members with 
CBM experts and CBM practitioners in other First Nation com-
munities. The latter would be invaluable for sharing their practi-
cal experiences of running a CBM project to achieve community 
goals. 

•	 Laying the groundwork for a pilot CBM project. A TEK-based 
CBM project requires long-term commitment from the partici-
pating community and its partners to the MEB-based process. 
CBM relies on TEK (but can use relevant modern technology 
and scientific data when necessary and appropriate) and should 
support ongoing land-based activities of local residents. Once a 
community (or several of them) decides to develop a Pilot CBM 
project, a CBM Working Group, including community members, 
should be established to guide and manage the development and 
implementation of the project (e.g., fundraising, training, moni-
toring, data management, reporting). At the same time, specific 

2	 “Both-ways” refers to local 
communities learning about 
science, and scientists learn-
ing about traditional knowl-
edge and cultural practices. 
See also: http://www.inte-
grativescience.ca/Principles/
TwoEyedSeeing/
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mechanisms should be explored and developed for integrating the 
information and recommendations from the CBM project into 
local and regional decision-making processes. In Ontario’s Far 
North, for example, this could include the Regional Framework 
Agreement signed in 2014 between the Government of Ontario 
and nine Matawa First Nations3. The Agreement creates an 
opportunity to develop a MEB mechanism for meaningful, equi-
table, and respectful knowledge co-creation in communities, 
whereby local TEK is valued alongside science-based expertise to 
detect and interpret environmental and social change in the Ring 
of Fire. Community-based land use planning and project-based 
impact assessments are two other decision-making processes in 
Ontario’s Far North that would benefit from CBM outcomes. 

•	 Develop and define locally appropriate terminology for a pilot 
CBM project. Work with the community to develop cultur-
ally appropriate terminology, preferably in the local language, in 
order to describe TEK-based CBM in a way that makes it mean-
ingful for the community members, particularly Elders, women 
and youth. The results of these discussions could be captured in 
different forms (e.g., text, photo, video or audio recordings) and 
shared with the community and others.

•	 Develop a set of TEK-based indicators based on local needs and 
interests. Locally relevant indicators (for example, for Cultural 
Keystone Species4) should be developed through a process of full, 
active, and gender- and age-balanced participation by Indigenous 
community members in all aspects of project planning. A diverse 
team of trusted collaborators and advisors can help the commu-
nity to develop approaches that are clear, culturally appropriate 
and methodologically robust. The process of engaging Indigenous 
communities in selecting these indicators and developing these 
methodologies provides an opportunity for community empow-
erment that conventional approaches to monitoring (e.g., scientif-
ic methods in environmental monitoring) or proponent-led moni-
toring (e.g., project-based impact assessment) fail to provide. At 
the end of this stage, a set of locally-relevant CBM indicators 
would be agreed upon and a set of methodological guidelines 
for their monitoring, data entry, analysis and reporting would be 
developed. This would include designing data collection, storage, 
and sharing protocols between the community and its external 
partners, as well as community member consent protocols for 
data gathering, use and sharing. All these methodologies should 

3	 The Agreement is available 
for download at: http://www.
mndm.gov.on.ca/sites/default/
files/rof_regional_frame-
work_agreement_2014.pdf

4	 Cultural Keystone Species 
influence the cultural iden-
tity of a group of people 
via the species role in sub-
sistence, spirituality, and/or 
Indigenous economies and 
maintaining the connections 
to these species through tra-
ditional practices is crucial 
for the social-ecological resil-
ience of Indigenous cultures 
(Noble et al. 2016).
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be summarized in a user-friendly CBM Project Guide for use by 
the local CBM Project Researchers, allies, and community mem-
bers. In Ontario’s Far North, Eabametoong First Nation devel-
oped a biodiversity atlas as one way to document the animals 
and plants that were important to the community (Eabametoong 
First Nation 2016). 

•	 Enable CBM project incubation and implementation. Once the 
indicators are defined, methodologies for data collection, stor-
age and analysis are finalized, and initial training and support 
are underway, the pilot monitoring stage of the project would 
commence. Depending on the focus of the Pilot CBM Project, 
the monitoring cycle could be tied to the community’s seasonal 
calendar (e.g., subsistence activities) and depend on community 
members’ availability. It would include a series of interviews, 
data archival, and interpretation methods, verification work-
shops, as well as community discussions and information sharing 
sessions about the progress of the Pilot CBM project. The annual 
monitoring cycle could be designed in stages, so that community 
members receive periodic updates on the project’s progress and 
have regular opportunities to provide input and verify the data 
interpretation. 
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a CBM program.
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Introduction

At 452,000 km2 – an area the size of California –  Ontario’s Far 
North is one of the world’s largest continuous intact expanses of 
boreal forest free from industrial development (Chetkiewicz and 
Lintner, 2014) (Figure 1). Ecosystems in Ontario’s Far North pos-
sess a “high level of ecological integrity and provide ecosystem 
services far beyond its borders” (Far North Science Advisory Panel 
2010).  The boreal forest is home to more than 50 species of mam-
mals, including threatened boreal caribou (MNR 2009), and 190 
species of birds. Lakes and rivers in Ontario’s Far North support 
over 50 species of freshwater fish. The boreal forests, and wetlands 
and peatlands that comprise the Hudson Bay Lowland, contain the 
world’s single greatest reserve of carbon stocks, critical for regulating 
the local, regional and global climate (Carlson et al. 2010). Forests 
and freshwater systems provide multiple ecosystem services, such 
as provisioning (e.g., source of timber, fuel, and food), supporting 
(e.g., maintain soils), and cultural (e.g., important for the well-being 
of local, particularly First Nations, communities) (Abraham et al. 
2011). 

Though described as intact (Far North Science Advisory Panel 2010), 
Ontario’s Far North is by no means devoid of people. For millen-
nia, it has been the traditional territory of Cree and Ojibway First 
Nations who number around 40,000 people and live in 34 commu-
nities, 31 of which are remote and connected to the rest of Ontario 
by winter roads and air transport (Figure 2). Most of these com-
munities still rely on hunting, trapping, fishing, and gathering foods 
and medicines throughout their traditional territories for nutritional 
and spiritual sustenance. First Nations’ rights to maintaining their 
lifestyle, traditions and cultures on their ancestral homelands are 
recognized and protected in Canada (Section 35, Constitution Act, 
19825).

Ontario’s Far North is an interdependent social-ecological system 
(SES)6 where First Nations’ well-being is inextricably linked to the 
ecological integrity of the region. That is, changes in one (e.g., eco-
logical, like early spring thaw and more intense wildfires) have direct 
implications on the other (e.g., social, like reduced access to hunting 
and fishing areas and evacuations due to flooding and fires) and vice 
versa (Chapin et al. 2004). 

5	 Described online at: http://
indigenousfoundations.arts.
ubc.ca/home/government-pol-
icy/constitution-act-1982-sec-
tion-35.html

6	 Socio-ecological systems 
(SES) are defined as: a coher-
ent system of biophysical and 
social factors that regularly 
interact in a resilient, sus-
tained manner; occur at 
several spatial, temporal, and 
organisational scales; may be 
hierarchically linked and con-
tain a set of critical resources 
(natural, socio-economic, and 
cultural) whose flow and use 
is regulated by a combination 
of ecological and social fac-
tors; and are dynamic and 
complex systems with con-
tinuous adaptation (Berkes et 
al. 2008).
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Ĵ

Ĵ
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Ĵ

Ĵ
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Ĵ

[ i [ i[ i
[ i

[ i

[ i

[ i

[ i
[ i

[ i

[ i
[ i

[ i

[ i
[ i

A
lb

an
y

W
ee

nu
sk

C
at

 L
ak

e

W
eb

eq
ui

e

W
ap

ek
ek

a

W
un

nu
m

in
D

ee
r L

ak
e

K
in

gf
is

he
r

Sa
nd

y 
La

ke

Pi
ka

ng
ik

um

K
ee

-W
ay

-W
in

K
as

he
ch

ew
an

Fo
rt

 S
ev

er
n

W
aw

ak
ap

ew
in

Po
pl

ar
 H

ill

Sa
ch

ig
o 

La
ke

M
ar

te
n 

Fa
lls

A
tta

w
ap

is
ka

t

M
cD

ow
el

l L
ak

e

B
ea

rs
ki

n 
La

ke

K
as

ab
on

ik
a 

La
ke

M
is

hk
ee

go
ga

m
an

g

M
us

kr
at

 D
am

 L
ak

e

N
or

th
 S

pi
rit

 L
ak

e

N
or

th
 C

ar
ib

ou
 L

ak
e

Sl
at

e 
Fa

lls

N
ib

in
am

ik

N
es

ka
nt

ag
a

M
oo

se
 C

re
e

Ea
ba

m
et

oo
ng

K
itc

he
nu

hm
ay

ko
os

ib
 In

ni
nu

w
ug

N
A

K
IN

A

H
EA

R
ST

D
R

YD
EN

M
O

O
SO

N
EE

C
O

C
H

R
A

N
E

R
ED

 L
A

K
E

G
R

EE
N

ST
O

N
E

PI
C

K
LE

 L
A

K
E

R
A

IN
Y 

R
IV

ER

SI
O

U
X 

LO
O

K
O

U
T

SM
O

O
TH

 R
O

C
K

 F
A

LL
S

K
EN

O
R

A

K
A

PU
SK

A
SI

N
G

Atta
wa

pi
sk

at
R

.

W
in

is
k

R.

H
ud

so
n 

B
ay

Ja
m

es
 B

ay

La
ke

N
ip

ig
on

M
A

N
I

T
O

B
A

Q U E B E C

0
50

10
0 km

Ekw
an

R
. H
ig

hw
ay

 1
1

Hi
gh

w
ay

 1
7

Se
ve

rn

R.

U
S

A

C
A

N
A

D
A

VI
CT

OR
 M

IN
E

MU
SS

EL
W

HI
TE

MI
NE

Fa
r N

or
th

 B
ou

nd
ar

y
!

Fi
rs

t N
at

io
n 

C
om

m
un

ity
"

C
om

m
un

ity
Ĵ
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The resilience7 of this system is being increasingly tested by expand-
ing mineral exploration (e.g., Ring of Fire8), logging, and hydroelec-
tric projects. These developments will require the construction of 
all-weather roads and transmission lines in order to facilitate access 
of wood and minerals to southern markets and provide energy to 
supply remote mines and First Nations communities in the region 
(Figure 3). A warming climate also poses serious threats to Ontario’s 
Far North, as later freeze-ups, warming waters, and more severe fire 
seasons, together with shorter periods of ice cover and flooding, 
affect wildlife distribution and human mobility on the landscape 
(Far North Science Advisory Panel Report 2010, Golden et al. 2014, 
McDermid et al. 2015).

The resilience of a social-ecological system is sustained through 
institutional arrangements9 that have evolved over time to regu-
late human-environment interactions in order to avoid tipping 
the system into a new and potentially irreversible state (e.g., from 
grasslands to deserts due to overgrazing or from commons to pri-
vate property because of market demand) (Walker and Salt 2004, 
Kinzig et al. 2006). These states may not always be as desirable 
from the society’s perspective. Tight feedback loops between the 
ecological and social systems — an important part of these insti-
tutional arrangements — is maintained by monitoring10 environ-
mental conditions through Traditional Ecological Knowledge (TEK) 
(Huntington 2000, Bohensky and Maru 2011). TEK is a cumulative 
body of knowledge, practices, and beliefs about the relationships 
between people, other living beings, and their environment, handed 
down through generations, primarily through oral and hands-on 
transmission (Berkes et al. 2000). TEK provides valid and practical 
information about various ecological processes including, for exam-
ple, daily movements of animals, their seasonal distribution and 
multi-year changes in abundance (e.g., Parlee and Manseau 2005, 
Parlee et al. 2014, Tengö et al. 2014). TEK-based feedback allows 
for timely detection of environmental changes, and development of 
appropriate community responses that help maintain the integrity 
and resilience of a local SES (Walker et al. 2002, Stevenson 2012). 
Further, TEK is an attribute of societies with historical continuity 
in resource use practices; by and large, these are “non-industrial or 
less technologically advanced societies, many of them Indigenous or 
tribal” (Berkes 1993).

7	 Resilience refers to the capac-
ity of a system to recover 
after disturbance, absorb 
stress, internalize and tran-
scend it, while maintaining 
the system’s key functions 
and processes.

8	 The Ring of Fire, located 
in the central portion of 
Ontario’s Far North, along 
the eastern boundary of the 
Ontario Boreal Shield is an 
arc-shaped, mineral-rich zone 
that is the focus of intense 
mineral exploration activity, 
particularly nickel and chro-
mite. Proposed mining proj-
ects and infrastructure in the 
Ring of Fire would directly 
impact nine First Nations 
(Matawa First Nations) as 
well as communities down-
stream (e.g., Mushkegowuk 
First Nations) in Ontario’s 
Far North.

9	 Informal rules of conduct and 
formal regulations that define 
who gets access to Common 
Pool Resources (CPR), such 
as wildlife, what is harvested 
and when, and who makes 
relevant management deci-
sions (National Research 
Council 2002).

10The institutionalized process 
of gathering data and infor-
mation about the changes in 
the status of natural resourc-
es, environmental processes, 
and ecosystem services.
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For generations, Indigenous peoples and communities around the 
world have been paying attention to what has been unfolding on 
their traditional territories, such as shifts in the abundance of a 
subsistence species, seasonal or multi-year fluctuations in weather 
patterns, or changes in the frequency and intensity of extreme 
weather events (Alexander et al. 2011, Sheil et al 2015). Based on 
these observations, they have often been able to develop adequate 
responses (i.e., adapt) to changes in their environment (e.g., adjusting 
the timing and/or intensity of harvest, relocating seasonal camps or 
permanent settlements, etc.) (Parlee et al. 2005). As the natural and 
anthropogenic pressures on the Indigenous peoples’ traditional terri-
tories escalate in scale, frequency and intensity (e.g., due to resource 
extraction and climate change), the need for monitoring changes, 
and understanding their impacts on local systems and developing 
appropriate responses becomes more critical than ever (Huntington 
et al. 2013). Most Indigenous communities view their local environ-
ment not as a combination of discrete resources — the view typical 
of western approaches to resource management, land use planning, 
and impact assessment — but as an integrated whole, which is a 
view better aligned with cumulative effects assessment (McKay and 
Johnson 2017a).

The role of community-based traditional decision-making and TEK 
has diminished in the wake of a long legacy of imposed government 
policies (e.g., sedentarization, acculturation, residential schools, 
Indian Act11, among others) and industrial development, eroding 
the social and ecological integrity of Indigenous territories (Nuttall 
et al. 2005). To maintain the integrity and resilience of Ontario’s 
Far North’s social-ecological systems as development pressures (e.g., 
Ring of Fire mines, energy and transportation infrastructure, mineral 
exploration, and expansion of existing mines) and climate change 
increase in Ontario’s Far North, adequate tools and approaches must 
be applied based on the best available knowledge. To support First 
Nations’ efforts to monitor and respond to environmental changes 
on their traditional territories, such tools must be developed on the 
First Nations’ terms; based on TEK and customary governance; and, 
complement existing (sensu scientific) monitoring approaches. 

11	Available online at: http://
laws-lois.justice.gc.ca/eng/
acts/i-5/
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In Canada, environmental monitoring projects are implemented by 
different jurisdictions, agencies, and organizations for different rea-
sons. At the national level, international environmental agreements, 
like the Convention on Biological Diversity (CBD)12, require signa-
tory countries (e.g., Canada) to undertake systematic monitoring 
of natural resources at the national level to meet their biodiversity 
conservation obligations (CBD 2014). The Northern Contaminants 
Program (NCP)13  (e.g., Donaldson et al. 2010) and the Mackenzie 
Basin Impact Study (MBIS)14 are examples of broad-scale federal 
programs collecting data on contaminants and climate change to 
evaluate how these complex processes impact northern ecosystems 
and the people that live there.

At the provincial level, management agencies evaluate progress 
toward achieving conservation and management targets by means of 
gathering and evaluating monitoring data. For example, in Ontario, 
the Broad-scale Inland Lakes Monitoring Program15 was designed 
to monitor the health of Ontario’s lakes over time, increase biolo-
gists’ understanding of the state of fish and other aquatic resources, 
identify stresses on these resources, and report on changes (Furrer et 
al. 2014). Similarly, as a member of Ontario’s Biodiversity Council, 
the Government of Ontario, outlined its commitments to conserving 
biodiversity in Biodiversity: It’s In Our Nature16 including develop-
ing a long-term biodiversity monitoring system for Ontario. The 
success of Ontario’s Strategy is tracked by monitoring 15 specific 
targets that represent key areas of focus for biodiversity conserva-
tion in Ontario. These targets support national and international 
initiatives (e.g., Aichi Biodiversity Targets).

First Nations and 
Monitoring Change 
in Ontario’s Far 
North

12	Available online at: https://
www.cbd.int/

13	The NCP and relevant 
international and global 
agreements are available at: 
http://www.science.gc.ca/eic/
site/063.nsf/eng/h_67223C7F.
html

14	The MBIS was a six-year 
research effort to assess the 
potential impacts of cli-
mate change scenarios on 
the Mackenzie Basin region 
of northwestern Canada. 
Available online at: http://
www.usask.ca/geography/
MAGS/Intro/Basin/mbis_e.
html

15	Information about Ontario’s 
Broad-scale Monitoring 
Program is available at: 
https://www.ontario.ca/page/
broad-scale-monitoring-pro-
gram

16	Action 23 in the Ontario 
Government Implementation 
Plan for Ontario’s 
Biodiversity Strategy, 2011 
available online at: http://
ontariobiodiversitycouncil.
ca/wp-content/uploads/
MNR_BIION_accessibil-
ity_EN_Final.pdf
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At the local level, monitoring is necessary to ensure that negative 
environmental impacts of development, such as mining, are detected 
in timely fashion and addressed (Corrigan and Hay-Edie 2013). In 
Ontario, proponents of development projects are required to carry 
out project monitoring under provincial and/or federal Impact 
Assessment (IA) processes in order to monitor how their activities, 
and approved mitigation approaches, are affecting the local environ-
ment and the community (Lindgren and Dunn 2010, Noble 2016).  

Direct, indirect, and cumulative effects17 of management decisions 
and development initiatives must not undermine First Nations’ 
Aboriginal and treaty rights to their traditional livelihoods, which 
remain inextricably linked to the environment. Monitoring the 
direct, indirect, and cumulative effects of major drivers of environ-
mental change in Ontario’s Far North (e.g., industrial development, 
climate change) is critical at project (e.g., project-based environmen-
tal impact assessments), community (e.g., community-based land-use 
planning under Ontario’s Far North Act, 201018), and regional levels 
(e.g., Far North Land Use Strategy19, the “Ring of Fire” region) 
(Chetkiewicz and Lintner, 2014). 

Recognizing the need to monitor changes in both social and ecologi-
cal systems, the Far North Science Advisory Panel20 recommended 
that the Government of Ontario develop a program to monitor the 
state of the environment and First Nations health (Far North Science 
Advisory Panel 2010: 106). Such a program, according to the Panel’s 
recommendations, “must be based on the integration of scientific 
data and TEK, both of which should be available for management, 
planning, and conservation purposes.” The Panel emphasized that 
the scope and extent of scientific biophysical surveys and inventories 
in the region are limited, because of the remoteness of the Far North 
and, ironically, the low level of development (e.g., lack of roads), 
which makes monitoring expensive. 

The Panel also stressed the need to fill in the gaps in available infor-
mation by including TEK in monitoring processes and developing 
approaches to support the documentation of this body of knowledge 
and its use in land and resource use planning. More recently, the 
Environmental Commissioner of Ontario (ECO) recommended that 
any long-term monitoring programs in the Far North developed by 
the Government of Ontario, particularly in the “Ring of Fire” region 
where mines and infrastructure may impact multiple communities, 
“should incorporate traditional knowledge and actively involve First 
Nations communities” (ECO 2013: 71). To date, the Government of 
Ontario has not taken up any of these recommendations.

17	Cumulative effects “result 
from the combined effect of 
multiple activities over space 
or time” (MacDonald 2000: 
299).

18	Ontario’s Far North Act, 
2010 is available online at: 
http://www.ontario.ca/laws/
statute/10f18

19	https://www.ontario.ca/page/
far-north-land-use-strategy

20	Established in 2008 by the 
Ontario Ministry of Natural 
Resources, the Far North 
Science Advisory Panel 
included experts in a variety 
of fields who provided scien-
tific advice relevant to land 
use planning decisions in 
support of community based 
land use planning.

Direct, indirect, and 

cumulative effects 

of management 

decisions and 

development 

initiatives must not 

undermine First 

Nations’ Aboriginal 

and treaty rights 

to their traditional 

livelihoods, which 

remain inextricably 

linked to the 

environment. 
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First Nation communities in the Far North, specifically those affect-
ed by infrastructure and new mine proposals in the “Ring of Fire” 
region, are currently engaged in various government-led planning 
processes, but how these processes include TEK and consider TEK 
in decision-making remains unclear. For example, under Ontario’s 
Far North Act 2010, community-based land-use planning (CBLUP) 
is intended to bring scientific information and TEK together21, but 
it is not clear what TEK is available and how it may be applied dur-
ing these planning processes. CBLUP does not include a monitoring 
component, which is necessary to provide data for detecting environ-
mental change associated with climate change, land use plans, and 
mining assessments22. Proponent- and consultant-led monitoring, 
mandated under federal and/or provincial processes (e.g., Noront’s 
Eagle’s Nest Project23) may not always address First Nations’ con-
cerns, Aboriginal and treaty rights, and the need to consider TEK 
as described recently by the Expert Panel who reviewed Canada’s 
federal environmental assessment processes24. 

Similarly, sector-specific monitoring that focuses on single impacts 
in isolation is inadequate for environmental management across 
regions with a history of multiple industrial developments (Burton 
et al., 2014). Finally, while able to address some shortcomings of 
the IA process in terms of monitoring, agreements with industry 
such as Impact and Benefit Agreements25 may also provide limited 
opportunities to enable TEK-based monitoring, given the emphasis 
in federal and provincial IA on conventional science-based monitor-
ing (O’Faircheallaigh 2007, 2008, McDermott and Wilson 2010, 
Noble and Birk 2011). 

In Ontario, there are no contemporary examples of how to develop a 
monitoring program that meaningfully integrates TEK and meets the 
needs and interests of First Nations, while informing environmental 
planning and decision-making amongst the Ontario government, 
industry, and other stakeholders. There are, however, emerging glob-
al, national and local frameworks, methodologies, and case studies 
that could guide TEK-based monitoring in Ontario’s Far North using 
a Multiple Evidence Based approach.

21	https://www.ontario.ca/page/
land-use-planning-process-
far-north

22	https://www.ontario.ca/page/
environmental_assessment-
projects-category#section-1

23	https://www.ontario.ca/page/
noront-eagles-nest-multi-
metal-mine

24	Available online at https://
www.canada.ca/en/services/
environment/conservation/
assessments/environmental-
reviews/environmental-assess-
ment-processes/building-
common-ground.html
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Multiple Evidence 
Based (MEB) 
Approach

The Multiple Evidence Based (MEB) approach is an innovative 
framework developed and adopted by the UN’s Intergovernmental 
Science-Policy Platform on Biodiversity and Ecosystem Services 
(IPBES)26 that regards Indigenous, local and scientific knowledge 
systems as different, but complementary, manifestations of human-
kind’s collective knowledge (Tengö et al. 2014, 2017).

The MEB approach weaves together Indigenous, local, and scientific 
knowledge for resilience and sustainability, while maintaining the 
integrity of each knowledge system. The MEB approach recognizes 
that evaluating knowledge within rather than across knowledge 
systems enables joint appraisal of knowledge, leading to enriched 
understanding and new insights and innovations that is critical for 
knowledge co-production. One example is The Plan of Action on 
Customary Sustainable Use of Biodiversity under the Convention of 
Biological Diversity (CBD).

26	Intergovernmental body that, 
under the auspices of the 
United Nations, assesses the 
state of biodiversity and eco-
system services, in response 
to requests from decision 
makers (https://www.ipbes.
net/).

The Plan of Action on Customary Sustainable Use of Biodiversity                       
under the Convention of Biological Diversity (CBD)

The objective of this Plan is to recognise, promote and support customary sustain-
able use at local, national, regional and international levels, and to ensure the 
full and effective participation of indigenous peoples and local communities at all 
stages of implementation of the plan. In 2004, it was recognized that there was 
a scarcity of practical information about and examples of customary sustainable 
use of biological diversity by indigenous peoples and local communities and how 
such use can be encouraged. In response to this call for advice, while also fulfill-
ing the desire to document and safeguard their knowledge, indigenous organiza-
tions and support organisations from Bangladesh, Suriname, Guyana, Cameroon, 
Thailand and Venezuela, started to develop case studies to promote customary 
sustainable use. These case studies became a core stream of evidence contrib-
uting to the CBD processes to develop the Plan that was finally adopted in 2014 
at the 12th Conference of the Parties. For more information see: http://www.
forestpeoples.org/customarysustainable-use-studies and https://www.cbd.
int/decision/cop/default. shtml?id=13375
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The MEB framework aspires to engage Indigenous rights-holders, 
stakeholders, and their institutions in empathic, equitable, and 
empowering ways. It does so by focusing on five key elements associ-
ated with knowledge co-production: 

•	 Mobilization includes articulating knowledge in forms that can 
be shared with others. 

•	 Translation implies interactions between knowledge systems 
based on mutual comprehension of the shared knowledge. 

•	 Negotiation means joint assessment of convergence, divergence 
and conflicts across knowledge contributions.  

•	 Synthesis shapes a broadly accepted common knowledge that 
maintains the integrity of each knowledge system, rather than 
‘integrating’ one into another. 

•	 Application emphasizes knowledge that is useful for decision-
making that in turn feeds back into respective knowledge sys-
tems.

There is a growing recognition that the direct comparisons between 
TEK and Western science are unproductive (Menzies 2006), as one 
epistemological system cannot be adequately evaluated by another 
(Tengö et al. 2017) and, just as is the case with science, TEK is not 
static but constantly evolving in response to the changing circum-
stances (Gómez-Baggethun et al. 2013). Still, there are consistencies 
between the way in which knowledge is produced and applied by the 
two knowledge systems (Barnhardt and Kawagley 2005) including: 

•	 the use of empirical observations.; 

•	 verification through repetition;

•	 subject to modification and/or improvements (sensu adaptive 
management);

•	 used to make inferences and predictions about environmental 
relationships.
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Despite these similarities, there are a number of important differ-
ences between these knowledge systems. TEK is intuitive and holis-
tic, subjective, qualitative, diachronic (e.g., long-term in one place), 
orally transmitted, and of the view that relationships with nature 
are imbued with spirit (Stephens 2000). Western science, on the 
other hand, is analytical and reductionist, objective, quantitative, 
and synchronic (many observations over a large area) (Tsuji and 
Ho 2002). Still, as the MEB approach emphasizes, a joint approach 
can lead to joint appraisal of the diverse knowledge systems and 
a focus on knowledge co-production. The MEB approach creates 
the groundwork for the respectful and equitable inclusion of TEK 
in environmental monitoring and governance through community-
based processes (Tengö et al. 2017).
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For Indigenous communities throughout Canada faced with the 
prospects or consequences of industrial development — including 
mining, forestry, hydroelectric developments, and new infrastruc-
ture similar to those in Ontario’s Far North - monitoring is critical 
for assessing the impacts of industrial development (as well as the 
mitigation activities) taking place on or near their traditional terri-
tories. First Nations must have access to approaches that are simple, 
reliable, financially sustainable, and culturally appropriate (Rist et 
al. 2010), including suitability for monitoring Cultural Keystone 
Species27 (Garibaldi and Turner 2004, Noble et al. 2016).

Grounded in MEB principles, a new generation of monitoring meth-
odologies, called Community-Based Monitoring (CBM)28 (Danielsen 
et al. 2005) reflects the interests and needs of local communities 
living with environmental change, whether due to climate change, 
industrial development, ongoing land uses, or some combination of 
these changes (e.g., cumulative effects) (McKay and Johnson 2017b).   

There is a growing recognition of the benefits that arise from cre-
ating a space for local people to participate in the development 
and implementation of monitoring programs, as reflected in the 
development of the MEB approach and a growing number of CBM 
approaches (Danielsen, et al. 2011). There are several basic types 
of CBM initiatives, depending on the degree to which governance 
of natural resources lies with either the government or local com-
munities (Danielsen et al. 2008). At one end of the spectrum, are 
externally driven monitoring schemes designed and implemented by 
researchers, contractors, and consultants (typically organized and 
funded by government agencies, non-governmental organizations, 
and/or industry)(Powers et al. 2013). At the other end of the spec-
trum, are more autonomous, locally based monitoring initiatives 
where the entire monitoring process — design, data collection and 
analysis, and management decisions — is based on TEK and carried 
out by local communities (see the Gwich’in Harvest Study, in the 
Canadian Case Studies: Subsistence Monitoring section). 

Community-Based 
Monitoring (CBM)

27	Cultural Keystone Species 
influence the cultural identity 
of a group of people via the 
species role in subsistence, 
spirituality, and/or Indigenous 
economies and maintain-
ing the connections to these 
species through traditional 
practices is crucial for the 
social-ecological resilience of 
Indigenous cultures (Noble et 
al. 2016).

28	CBM is a process where local 
people and institutions, gov-
ernment agencies, industry, 
and academia collaborate to 
monitor, track, and respond 
to issues of common commu-
nity concern (EMAN 2002).
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There are at least two other types of collaborative monitoring 
schemes. In the first, the project design, data analyses, and interpre-
tation are made by scientists outside of the local community, but the 
local community collects the data (e.g., methodologies for REDD+ 
and its associated monitoring and measurement, reporting and veri-
fication process29). In the second, the data collection, interpretation, 
and decision-making is community-based, but external scientists 
provide independent advice and training as needed (see NAILSMA 
I-Tracker Program30, in Global Case Studies: Traditional Territory 
Monitoring section).

Within CBM, TEK plays a number of important roles. First, it can 
provide a baseline of historical data, against which contemporary 
environmental changes may be assessed (Cochran et al. 2013). Here, 
TEK can fill the gaps in scientific knowledge and offer alternative or 
complimentary interpretations of current conditions. Second, TEK 
provides factual information about the state of the environment 
(e.g., weather, ice, currents, animal behavior, traveling conditions, 
etc.) and includes knowledge about the historic and current use of 
the environment (e.g., land use and occupancy, harvest locations and 
intensity, etc.) that can be used in CBM. These tend to offer a more 
holistic and long-term understanding of the environment through 
the direct observations rooted in historical relationships between the 
community members and knowledge holders and their ancestral ter-
ritories (Huntington 2008). For example, Indigenous peoples of the 
Arctic and Subarctic boreal regions have highly relevant knowledge 
of key components of their environment, such as sea ice (Laidler 
2006), river ice (Golden et al. 2014), weather patterns (Weatherhead 
et al. 2010), climate change (Green and Raygorodetsky 2010, 
Cochran et al. 2013), and caribou ecology (O’Flaherty et al. 2008, 
Species at Risk Committee 2012, Parlee 2014). 

Rooted in the understanding of the interdependence between human 
well-being and environmental health (Parlee 2011), TEK integrates 
key guidelines for proper ethical and moral behavior of people 
towards plants, animals and other living beings. Based on the Earth-
centered obligations of Indigenous community members to care for 
their ancestral territories for future generations, such rules of conduct 
— like restrictions on harvest to certain age groups, sex, or seasons 
based on cultural significance of a species (Berkes 2008) — serve as 
a foundation for local environmental management and conservation.

29	Reduced Emissions 
from Deforestation and 
Degradation, or REDD, is a 
scheme in which “develop-
ing” countries are rewarded 
financially for reducing 
emissions by decreasing 
the loss of forests to alter-
nate land uses (Parker et 
al. 2009). Monitoring and 
Measurement, Reporting 
and Verification (M&MRV) 
was developed to standardize 
monitoring, measurement, 
and reporting of emissions 
data among REDD+ partici-
pating countries.

30	The North Australian 
Indigenous Land & Sea 
Management Alliance 
(NAILSMA) is an unincorpo-
rated bioregional forum for 
Aboriginal land and sea man-
agers across North Australia. 
More information is available 
at: https://www.nailsma.org.
au/ 
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While the Government of Ontario has invested in, and made progress 
towards, collecting scientific information in Ontario’s Far North31, it 
has made few gains in creating a framework or a process that consid-
ers TEK in environmental monitoring and decision-making, as per 
the recommendations from the Far North Science Advisory Panel 
and ECO. Ontario’s engagement with First Nations on monitoring 
(e.g., species-at-risk recovery strategies for caribou, wolverine, polar 
bears, and lake sturgeon) and industrial development (e.g., mining, 
energy transmission, commercial forestry) has been limited, despite 
written principles and objectives on including TEK and working 
with First Nations (e.g., MNR 2014). 

Similarly, a review of TEK integration within three Ontario case 
studies, including the Moose River Basin Environmental Information 
Partnership, the Anishinabek/Ontario Fisheries Resource Centre, 
and the Whitefeather Forest Initiative, also highlighted the need 
for meaningful involvement of Indigenous partners from the outset 
(McGregor 2009). McGregor (2009) noted a lack of staff trained 
in Indigenous methods of observing, understanding, and explaining 
information (e.g., Elders or other traditional knowledge holders) as 
well as the need to define who has authority to mobilize knowledge 
sharing between both science and TEK holders in these efforts.

The lack of government actions toward the implementation of 
TEK-based monitoring could be explained by several interrelated 
factors. First, there is no commitment to environmental monitoring 
in Ontario’s Far North (Chetkiewicz and Lintner, 2014). Second, 
when implemented, the monitoring efforts tend to rely on profes-
sional expertise from outside First Nations communities (e.g., con-
sultants, government staff). The development and implementation 
of monitoring protocols are technically, logistically, and financially 

Developing a 
CBM framework 
in Ontario’s 
Far North 

31	 https://www.ontario.ca/page/
science-and-information-
support-planning
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demanding, and difficult to sustain over the long term, particularly 
throughout vast and remote regions like Ontario’s Far North. More 
fundamentally, as the global experience demonstrates, externally 
driven monitoring approaches rarely consider the opinions, exper-
tise, and priorities of local communities, whose livelihoods are inter-
linked with the ecosystems being monitored, but who may have little 
say in the design, implementation and use of monitoring programs 
(Danielsen et al. 2008). This is compounded by the lack of clear pro-
tocols for including TEK in monitoring efforts (Tengö  et al 2014). As 
a result, local communities are often wary, and weary, of externally 
driven and top-down monitoring efforts, do not trust the goals and 
findings of these projects, and rarely endorse or support them or the 
outcomes (Danielsen et al. 2007). 

To overcome some of these shortcomings in Ontario’s Far North, 
responsible government agencies, non-governmental organizations, 
and industry could explore the development of an MEB-based 
monitoring framework as a promising way forward. This approach 
includes TEK and reflects the interests and needs of the First Nations 
impacted by management decisions and development projects, 
including mining and infrastructure proposals for the “Ring of Fire”. 

CBM is an important opportunity for First Nations to meaning-
fully engage in monitoring efforts in the Ontario’s Far North. These 
approaches can empower local, in particular Indigenous, communi-
ties, to carry out their own monitoring, based on TEK, complement-
ed by other sources of information (e.g., scientific information gath-
ered through government- or proponent-led monitoring programs). 
CBM approaches link natural resource monitoring to the priorities, 
expertise, and traditional management institutions of Indigenous 
communities, making such monitoring efforts more locally accept-
able, relevant, and sustainable, which in turn potentially provides 
faster and more positive local management outcomes (Danielsen et 
al. 2014b).

In Ontario’s Far North, the Regional Framework Agreement3 , signed 
in 2014 between Ontario and nine Matawa First Nations, provides 
an important opportunity for implementing CBM approaches. In the 
Agreement, the Government of Ontario and Matawa communities 
agreed to a set of principles and objectives for addressing develop-
ment, specifically mining and all-weather infrastructure, in the Ring 
of Fire. One of the objectives of this Agreement is to develop a “long 
term environmental monitoring program on a regional basis”.  Few 
public details are available to assess what this monitoring program 
would look like and how it will be implemented. However, the 
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Agreement may provide a governance platform for the First Nations 
to develop and implement a TEK-based CBM initiative, laying the 
foundation for meaningful, equitable, and respectful knowledge co-
creation, based on the principles of a MEB approach. TEK would be 
valued on par with science-based expertise in generating valid evi-
dence for detecting and interpreting change in the Ring of Fire, and 
providing feedback (sensu adaptive management) for conservation 
and management actions.

Establishing a TEK-based CBM initiative in Ontario’s Far North, 
particularly in the Ring of Fire, would help address outstand-
ing TEK-related recommendations to the Government of Ontario 
by providing a practical mechanism for both TEK and science to 
become integral parts of the MEB approach to decision-making 
on environmental management and monitoring. CBM could also 
contribute to the development of future scenarios, and the under-
standing of the current and future relationships between the diverse 
elements of Ontario’s Far North’s social-ecological systems. 
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Several approaches can be used within a CBM framework (Gofman 
2010) as a foundation for an MEB approach to monitoring using 
both TEK and scientific information. Some or all of these should be 
considered in designing a CBM framework for Ontario’s Far North: 

•	 The “Sentinel” or “Patrol” approach involves an observer docu-
menting environmental conditions that correspond with vari-
ous local concerns. An example of this approach is the Coastal 
Guardian Watchmen Network32 (see Canadian Case Studies: 
Traditional Territory Monitoring section of this report), where 
the community members from Canadian Coastal First Nations 
monitor their territory and collect data on a number of issues 
of concern to local communities (e.g., wildlife sightings, tourist 
activities, etc.). One method for implementing this approach is 
the “Journal” method, where a personal record of environmental 
observations is kept on a regular basis for an extended period of 
time. Examples include a diary kept by a local fishermen, hunter, 
or trapper; or, the field notes of a park warden. This inexpensive 
method offers rich contextual information that can contribute to 
a better understanding of a specific topic of interest to the com-
munity, like changing weather. An example where this method 
has been applied is the Community Moose Monitoring Project in 
Yukon (see Canadian Case Studies: Species Monitoring section), 
where every fall, hunters record their observations of moose 
sightings and harvest in a field journal. These observations are 
then used to support moose management decisions by govern-
ment staff. 

•	 The “Surveying Human Sensors” approach documents local resi-
dents’ perceptions of the status of key species, processes, or func-
tions in the environment and changes being observed. Methods 
for collecting these data include one-on-one or group interviews, 
and/or community meetings. For example, the Gwich’in Harvest 
Study relied on this method to monitor subsistence activities on 
the traditional territory of the Gwich’in people in the Northwest 
Territories (see Canadian Case Studies: Subsistence Monitoring 
section). This approach provides detailed spatial information 
over many areas and various species and populations, which 

CBM Toolbox

32	http://www.coastalfirstna-
tions.ca/
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would be costly and difficult to gather through typical scientific 
approaches. Moreover, the gathered information is not only cur-
rent, but can also retrospective since past information can also 
be re-created and mapped, enabling researchers to ”backcast” 
prior to when the monitoring program became established. Such 
historical data can lead to a better understanding of environmen-
tal change in an area over time and allow better interpretation of 
events and changes taking place at present.  

Another method along the same lines is the “Group Meeting” 
approach, where local residents share their observations of natu-
ral phenomena over a specific period of time. With this method, a 
trusted researcher, who often facilitates the meetings, summarizes 
the discussions in a report, using information approved by the 
participants. Group meetings can be a cost-effective way to gath-
er data and engage residents. The Łutsël K’e Dene First Nation’s 
Ni hat’ni Dene Program in the Northwest Territories (Canadian 
Case Studies: Ni hat’ni Dene Program section) illustrates how 
this method is being used and its findings applied. 

•	 The “Maintenance Monitoring” approach involves the regular 
collection of data on environmental risks in a specific part of 
a region, territory, or ecosystem (e.g., wetlands, coasts). The 
method is developed and carried out by local residents to docu-
ment and monitor environmental problems on their territories. 
If records of activities and results are maintained properly, these 
data could be valuable for addressing various research and com-
munity needs. NAILSMA’s Ghost Nets Program in Australia (see 
Global Case Studies: Traditional Territory Monitoring section) 
is an example of a project using this methodology to monitor 
the coastline, while also cleaning up discarded fishing nets and 
marine debris that can cause serious damage to “sea country” 
and marine life. 

Additional CBM techniques have their origin in Participatory Rural 
Appraisal (PRA) methodologies designed to facilitate the collec-
tion and analysis of information by, and for, community members 
(Asia Forest Network 2002). PRA emphasizes local knowledge and 
involves communities in the inventory, monitoring, and planning of 
local natural resource management. The process of conducting PRA 
is as important as the gathered data itself, because it supports dia-
logue within the community, as well as between community members 
and managers, NGOs, and government officials. Examples of PRA 
tools that could be relevant for CBM in Ontario’s Far North include:
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•	 Community maps used to display and share information about 
land tenure and land use changes in visual ways that are com-
patible with traditional knowledge (Tobias 2009). These maps 
provide an important evidence base for local planning and 
have been used to assert land rights by Indigenous peoples. 
For example, Ogiek Indigenous people of Kenya use participa-
tory 3D-mapping to plot their traditional territory and land use 
(Rambaldi et al. 2007).

•	 Seasonal calendars are useful in documenting annual changes in 
the abundance and distribution of fish and wildlife, plants, and 
other resources; people’s seasonal socio-economic activities; and 
shifting weather patterns (Cochran et al. 2016). For example, 
Venda Indigenous people of South Africa developed a visual 
representation of their annual calendar to monitor changes in 
seasonal traditional activities (Gaia Foundation 2011).

•	 Participatory media, such as community radio (Tebtebba 
Foundation 2013) or video (Bali and Kofinas 2014) is also an 
effective tool for building awareness and capacity of communi-
ties and can be used to communicate the information collected 
by CBM projects, and to pass on TEK. For example, “Voices of 
the Caribou People” was a participatory videography project 
documenting and sharing the local knowledge of caribou peo-
ples (Nunamiut Eskimo, Vuntut Gwich’in, Tlicho Chipewyan, 
Dogrib Inuit, and Naskapi) about social-ecological changes they 
have observed (Bali and Kofinas 2014). 

•	 Indigenous Language Documentation is another important 
CBM tool. Place names in local dialects often provide impor-
tant information about landscape resilience and change over 
time (Davidson-Hunt and Berkes 2003, Anderson 2011, Boillat 
et al 2013). For example, Alaska Native Place Names Project 
(ANPNP)33 created a comprehensive record of the Indigenous 
place names based on all of Alaska’s Native languages by build-
ing a multi-lingual geo-spatial database based on input from 
Indigenous language experts (Kari 2008).

33	http://www.uaf.edu/anpn/
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The CBM methodologies can reveal underlying temporal and spa-
tial shifts in the availability and distribution of natural resources 
of interest and value to communities. Their application, however, 
includes some challenges that range from volunteers losing interest 
in the project due to the lack of economic incentives (e.g., wages) 
(Lefler 2010) to methodological inconsistencies over large land-
scapes and extended periods of time that limit the applicability of 
CBM results in policy and decision-making by government and 
industry (McComb et al. 2010). 

Nevertheless, through careful design, and with appropriate, respect-
ful “two-ways” (Muller 2012) capacity building — where both 
local people receive training in scientific methodologies, and outside 
experts learn to value and work with TEK — TEK-based CBM 
initiatives can yield quality results that address a number of man-
agement-related limitations (Rest et al. 2010). In general, successful 
CBM projects tend to: 

•	 focus on management issues of greatest concern to local people, 
which gives them a better chance of influencing “on-the-ground” 
conservation action;  

•	 enhance the capacity of local people to engage in governance 
of natural resources on their traditional territories on their own 
terms (Danielsen et al. 2005); and, 

•	 tend to cost less, making them more financially sustainable.

To be successful, CBM projects must possess a number of key attri-
butes. First, the relationship between project participants must be 
based on trust through developing a common language and generat-
ing reliable information about the environmental variables of con-
cern to Indigenous communities. Second, a set of ethical principles 
must be agreed upon to guide project design and implementation, as 
well as collection, interpretation and use of data to ensure that the 
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collective intellectual property rights of Indigenous communities are 
respected. Finally, CBM must support fair and equitable decision-
making through facilitating MEB-based knowledge co-creation and 
supporting inter-generational transfer of TEK.

Trust
Language is a powerful tool, because setting the language of dis-
course defines the rules of engagement (Berkes 2004). Language 
differences can hinder communication and mutual understanding 
between project participants. Developing a common mutually under-
standable terminology for CBM is fundamental for establishing a 
just and equitable working environment.

For example, at the community level, for many Indigenous peoples 
the word “monitoring” actually has a negative connotation since it is 
associated with an historical legacy of being “wardens of the state” 
whose behaviour must be overseen (Diablo and Pasternak 2011). 
Instead, the Chippewa chose the phrase “watching, listening, learning 
and understanding changes in the Dene way of life” to describe their 
CBM work because, for them, this more accurately describes the pro-
cess, was easy to translate in their own language, and was conceptu-
ally more meaningful (Parlee 1998). 

The scientific and technical expertise that dominates most research, 
planning, management, and monitoring approaches is communi-
cated in English. It is critical to facilitate Indigenous access to this 
expertise when considering the development of CBM in Ontario’s 
Far North where English is the second language for many members 
of First Nations communities, particularly Elders. In addition, there 
are no Indigenous equivalents for the technical scientific terminology 
associated with monitoring (e.g., adaptive management, cumulative 
effects assessment). 

At the same time, staff within government or industry, who are 
responsible for implementing monitoring programs, may feel that 
CBM methods are more susceptible to bias than standard techniques. 
This includes suggestions that CBM approaches have low accuracy 
(i.e., the closeness of measurements to their true values). For exam-
ple, in estimating abundance of reef organisms, accuracy of volunteer 
data varied with habitat type and taxon, and was lower in deeper 
water, but did not increase with volunteer experience (Mumby et al. 
1995). Besides accuracy, the utility of CBM data is also perceived to 
be limited in the precision of the results (i.e., the closeness of repeat-
ed measures to each other). For example, compared with scientific 
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approaches, data collected using CBM approaches on the abundance 
of organisms are sometimes under- or over-estimated, while less 
familiar taxa are misidentified (Bray and Schramm 2001). 

Several approaches have been used to address these challenges, 
including: 

•	 Co-creation of community-specific CBM methodologies, pro-
cedures, guidelines and tools, where indicators and protocols 
are chosen by communities based on their TEK (UNU-IAS et al. 
2014); 

•	 Improved capacity building, explicitly focused on the monitoring 
needs of local communities (Janzen 2004); and

•	 Continued support from scientists (Greenwood 2003) with care-
ful data analysis (Engel and Voshell 2002). 

Local people are also considered by external experts to be less objec-
tive about the status of natural resources because of their vested 
interests in the use of those resources. Cross-referencing of moni-
toring results with accounts from other observers — both contem-
porary (e.g., shared local experiences, stories, and instruction) and 
historical (e.g., oral history and traditional teachings) — combined 
with independent, “expert peer review” (e.g., by TEK experts from 
within as well as outside of the community), may help address these 
concerns (Danielsen et al. 2011, Tengö et al. 2014). 

Ethical Principles
As with any research project involving Indigenous communities, 
an important area of consideration for CBM projects is collective 
Intellectual Property Rights (IPR) (Kendrick 2003a, AFN 2009). 
This is especially relevant for TEK that is being recorded and subse-
quently shared outside of Indigenous communities (e.g., researchers, 
government), or the specific contexts in which it was collected. 

TEK-based CBM activities must be guided by ethical principles that 
regulate the relationship between Indigenous peoples and other 
groups (CTKW 2014, Expert Panel 2017). There may be ethical pro-
tocols specific to a particular Indigenous group within a single nation 
state, such as those created by and for Canadian Inuit communities 
(Johnson et al. 2015). In addition, national codes of ethics can also 
be used to frame research and funding for academic research on, and 
with, Indigenous peoples (CIHR et al. 2014). Canada’s Ownership, 
Control, Access and Possession (OCAP)34 principles are national in 
scope and apply to Indigenous communities. These principles uphold 34	http://fnigc.ca/ocap.html
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the sovereignty and stewardship of the knowledge holders over their 
own knowledge and data, including the right to determine how these 
data are managed and with whom they can be shared (Schnarch 
2004). Finally, there are also codes of ethics developed for specific 
jurisdictions, such as the Code of Research Ethics35 adopted by the 
Alaska Native Science Commission36 that applies to all research 
occurring with, by, and for federally recognized tribes in Alaska.

A number of international standards, guidelines and best practices 
also provide important guidance on this issue (Fleener et al. 2004, 
Bavikatte and Jonas 2009) and should be considered in developing 
an ethical space for MEB-based knowledge co-creation as part of a 
CBM work in Ontario’s Far North. One example is the Tkarihwaié:ri 
Code of Ethical Conduct to Ensure Respect for the Cultural and 
Intellectual Heritage of Indigenous and Local Communities Relevant 
to the Conservation and Sustainable Use of Biological Diversity. The 
Code was negotiated by the CBD37Article 8(j) Working Group38 
on Traditional Knowledge, Innovations and Practices and adopted 
in 2010 by the signatories of CBD, including Canada (CBD 2011). 
The Mohawk word Tkarihwaié:ri means “the proper way,” high-
lighting to the signatories of the Convention the ethical standards 
underpinning a collaborative framework that includes Free, Prior 
and Informed Consent (FPIC) and the effective participation of 
Indigenous and local communities in various development, research, 
and monitoring activities proposed for their traditional territories.

The Tkarihwaié:ri Code highlights a number of key ethical principles 
fundamental to developing a CBM process as part of development 
projects, such as those being considered in the Ring of Fire, including: 

•	 Full advanced disclosure of the nature, scope and purpose of any 
proposed activity.

•	 Securing FPIC of Indigenous peoples and local communities for 
any proposed research or development activity.

•	 Demonstrated respect for traditional knowledge, cultures and 
sacred sites, without imposing external concepts, standards, and 
value judgments.

•	 Respect for the rights of Indigenous peoples and local commu-
nities to safeguard their cultural heritage (tangible and intan-
gible39) based on collective and individual rights and obligations.

35	http://www.nativescience.
org/html/Code of Research 
Ethics.html

36	http://www.nativescience.org/
37	The CBD also advances 

a code of ethical conduct 
including (a) to respect, 
preserve, and maintain the 
knowledge, innovations, and 
practices of indigenous and 
local communities embodying 
traditional lifestyles relevant 
to the conservation of biolog-
ical diversity and sustainable 
use of natural resources; (b) 
to promote the wider appli-
cation of indigenous knowl-
edge with the approval and 
involvement of the holders of 
such knowledge; and (c) to 
encourage the equitable shar-
ing of the benefits that arise 
from the utilization of such 
knowledge.

38	https://www.cbd.int/conven-
tion/wg8j.shtml

39	Tangible cultural heritage 
includes buildings and his-
toric places, monuments, 
artifacts, etc., which are con-
sidered worthy of preserva-
tion for the future. Intangible 
cultural heritage includes oral 
traditions, performing arts, 
social practices, rituals, fes-
tive events, knowledge and 
practices concerning nature 
and the universe or the 
knowledge and skills to pro-
duce traditional crafts.
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•	 Local criteria, indicators, and the full involvement of Indigenous 
peoples and local communities in the prediction and assessment 
of potential impacts.

•	 Indigenous and local communities participate in research that 
affects them or which makes use of their traditional knowledge 
and can develop their own research initiatives.

Another important international instrument that should inform the 
design of a CBM initiative is the CBD’s Akwe: Kon Guidelines,40 
which provide directions for the development of cultural, environ-
mental, and social impact assessments related to proposed develop-
ments on lands and waters traditionally occupied by Indigenous and 
local communities (CBD 2004). Adopted in 2004, the Akwe: Kon 
Guidelines call for detailed, open and participatory environmental 
and social impact assessments. The Guidelines articulate that envi-
ronment and social impact assessments must be: 

•	 guided by respect for, and the use of, TEK; 

•	 include the establishment of sound and agreed-upon baseline 
data;

•	 incorporate a joint assessment of risks; and

•	 include consultations with all affected groups. 

In order to effectively undertake an EIA for a proposed development 
project, a baseline data set of ecosystem components and services, 
including those of particular significance to the affected Indigenous 
or local communities, must be established in full consultation with 
communities.

Knowledge Co-creation for Equitable Decision-
making 
Ultimately, the importance of any monitoring program, including 
CBM, depends on how well it informs decision-making. When inte-
grated into local governance processes within traditional community 
institutions (e.g., customs governing resource use that ensure a con-
tinued supply of benefits for local communities), the CBM approach 
has the potential to provide fast and meaningful feedback to guide 
local decision-making. 

40	https://www.cbd.int/tradi-
tional/guidelines.shtml
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Within the CBM process, TEK helps identify the optimal and locally 
meaningful ways of monitoring environmental change. TEK gener-
ates a baseline of place-specific information for culturally relevant 
environmental variables over a long period of time, (e.g., millen-
nia) against which observed environmental change can be evaluated 
(Hamacher and Frew 2010, Bond et al. 2012, Norris and Hamacher 
2014).

Management actions arising from CBM initiatives tend to be respect-
ed by the local communities and can be relatively sustainable, both 
financially and organizationally (Danielsen 2007). For example, the 
Little Red River Cree Nation in Northern Alberta has developed and 
implemented an ongoing participatory monitoring system of forest 
management based on integrating traditional knowledge, values, and 
continued land-use needs into local decision-making (Natcher and 
Hickey 2002).

To integrate CBM approaches into decision-making processes, rights 
and access to resources — as well as opportunities for education, 
information sharing and decision-making — must be fair and equi-
table for all community members, including women, at the house-
hold, community and regional scale (Tebtebba Foundation 2008). 
CBM initiatives work well when they are embedded within existing 
governance institutions and decision-making processes, particularly 
when they are part of a network. The Arctic Borderlands Ecological 
Knowledge Cooperative is an example of how this approach has 
been successful (Global Case Studies section).

An orally transmitted (though increasingly written), place-specific 
and practice-based body of knowledge, TEK is highly dependent 
on the uninterrupted inter-generational transfer of knowledge. The 
participatory nature of CBM initiatives tends to facilitate knowledge 
transfer, interactions and collaborations, creating conditions for TEK 
maintenance and use. For example, developing participatory photo-
mapping monitoring, based on community goals and Inuvialuit 
culture, assisted TEK transfer between the local Inuvialuit elders 
and youth, as well as other stakeholders and communities (Bennett 
2012). By fostering conditions for local people to spend more time 
on their traditional territory, CBM initiatives could also enhance 
master-apprentice transmission of language and TEK between 
Indigenous youth and elders (Berkes et al. 2005).

By fostering 

conditions for local 

people to spend 

more time on their 

traditional territory, 

CBM initiatives 

could also enhance 

master-apprentice 

transmission of 

language and TEK 

between Indigenous 

youth and elders.
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Any environmental monitoring program is only as good as the indi-
cators41 it relies on to track environmental change. The indicators 
simplify complex phenomena, making it possible to detect changes 
in a system and inform decision-making (SIDA 2002). Determining 
which indicators to use, for what purpose and how, are fundamental 
to the success of a monitoring program (Lindenmayer and Likens 
2010a,b). Regardless of whether indicators are quantitative or quali-
tative, they must have a clear relationship with the natural or cul-
tural variables the monitoring program is trying to address. In addi-
tion, they must detect change due to natural variation, management 
actions or development. Indicators should also reflect long-term 
changes at the scales relevant for management and be clear, effective, 
and easy to collect and analyze (Brown and Hay-Edei 2014). A CBM 
project must include a set of reliable indicators of relevant natural 
and cultural variables, relationships and processes, rooted in local 
TEK (Danielsen 2014b). 

According to the UN Permanent Forum on Indigenous Issues 
(UNPFII)42, the rights-based approach to resource development 
requires the use and monitoring of indicators that are relevant to 
Indigenous and tribal peoples. These indicators must be developed 
through a process of “full, informed and effective participation” 
of Indigenous communities at all stages of the monitoring process 
(Tebtebba Foundation 2008). They must incorporate indicators of 
particular significance to Indigenous peoples, and could include: 
access to their traditional territories and subsistence species; issues 
of discrimination of their economic, social and cultural rights; and, 
participation in decision-making.

There are many similarities in the way Indigenous peoples and scien-
tists interpret environmental changes (Tebtebba Foundation 2008). 
As with scientific methods, TEK-based monitoring tracks the health 
of wildlife populations based on animal body condition using several 
indicators. (See sidebar on next page for examples.) Diversity and 
distribution of fish and wildlife species across the traditional terri-
tory is another important indicator of ecosystem health. 

CBM Indicators

41	Summary information about 
a natural phenomena or a 
process of interest.

42	http://undesadspd.org/
Indigenouspeoples.aspx
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Smell and taste of water and texture and color of fish flesh are 
examples of TEK-based qualitative indicators. Some of the key 
parameters of water quantity and quality revealed by local TEK 
experts include water levels (e.g., change in the river depth), flood 
patterns, extreme flooding, river navigability, ice thickness and color, 
and time of breakup and freeze up. For example, many First Nations 
communities have observed a marked decline in water quality in the 
Athabasca River over the last 50 years, including increases in muddy 
water, strong smells, algal blooms and “tea” scum (Parlee 2010).  

Some examples of TEK-based indicators related to contaminants 
includes decreases in the quantity and size of fish eggs and changes 
in texture and consistency of fish flesh observed during capture and 
consumption of fish (Parlee et al. 2011); meat quality of various 
parts of waterfowl hunted during the spring along the James Bay 
coast (Tsuji et al. 2008); and changes in moose and caribou health, 
particularly related to Chronic Wasting Disease (Parlee et al. 2014).  

Many TEK-based indicators reflect the relationship between people 
and their land. For Indigenous peoples, physical and spiritual signs 
and signals that the land is healthy are very important to their own 
health and well-being as well as that of their communities (Bali and 
Kofinas 2014). The Cree and Inuit of Western Hudson’s Bay, for 
example, conceive of indicators as the “voices” of the Earth that are 
always communicating with them (Tarkiasuk et al. 1997). As stated 
by a Cree man from Chissasibi Québec, “If the land is not healthy, 
how can we be?” (Robinson and Nguyen 2011). 

Shared approaches

There are many similarities in the way Indigenous peoples and scientists interpret 
environmental changes. For example, the percentage of body fat in harvested fish, 
birds and wildlife is an ecological health indicator commonly used by Indigenous 
groups, including the Cree of northern Québec (Berkes 1993), the Gwich’in of 
Alaska (Kofinas et al. 2002), and the Łutsël K’e Dene of the Northwest Territories 
(Lyver and Łutsël K’e Dene First Nation 2005). Caribou fat is used as an index of 
health of an individual animal, pasture conditions or caribou population dynamics. 
Back fat, stomach fat and marrow color, are important indicators of caribou health 
used by hunters of the Porcupine Caribou (Kofinas et al. 2002). Other examples 
of indicators used by both science and TEK, include catch per unit effort (e.g., 
number of fish harvested) and length/weight ratio of fish (i.e., “skinny” vs. “fat”) 
as well as animal behavior (e.g., timing of waterfowl arrival and departure during 
migration). 
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Tebtebba Foundation (2013) describe examples of indicators that 
help reveal changes in the relationships between people and land, 
including: 

•	 The degree of respect local people show to the land (e.g., preva-
lence of and attitude towards rituals, such as making offerings 
and prayers to the land and prey);

•	 Traditional practices that reveal how tradi-
tional knowledge is being used in everyday 
life;

•	 Local attitudes toward “bothering” local 
fish and wildlife (e.g., radio-tagging or 
catch-and-release fishing); and,

•	 Use of local language, including place names.
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The available published research on CBM approaches is growing. 
This section of the report contains a brief overview of several CBM 
projects in Canada and around the world that have proven suc-
cessful in their use of TEK to detect and respond to change over 
extended periods of time. Because each case study is context-specific 
and publicly available information is limited, developing a compre-
hensive comparative assessment across these projects is not possible. 

To help inform the development of a CBM initiative in the Ontario’s 
Far North, the case studies are grouped into several categories that 
should be relevant to Ontario’s Far North communities in consider-
ing a CBM approach in the current ecological, social, and economic 
context. Canadian case studies are presented first, followed by 
several global examples. These include monitoring approaches for 
subsistence species, traditional territories, and development projects. 
Key features relevant to the success of designing and implementing a 
CBM initiative in Ontario’s Far North are also highlighted.

CBM in Practice
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Canadian Case Studies

Species Monitoring
An important reason for establishing a CBM initiative is the com-
munity’s concerns over the present and/or future state of culturally 
important species (e.g., moose, caribou, lake sturgeon). The two case 
studies described below illustrate the importance of effective partner-
ship with outside research institutions; the use of technology to make 
TEK data collection more accurate and efficient; a co-management 
structure as an effective platform for knowledge co-creation; and the 
need for paid staff and capacity building for successful implementa-
tion of a CBM project.

Community Moose Monitoring Project 
The Community Moose Monitoring Project (CMMP)43 has been operating in the 
Mayo area of the Yukon, on the traditional territory of the Nacho Nyak Dun First 
Nation44 since 2001 (Gofman 2010). As part of managing their subsistence food 
resources, the Mayo community set up the collaborative CMMP to track the health 
and size of the moose herd in the surrounding region. 

The TEK component of the CMMP consists of 
interviews with local residents who have been 
most active on the land during the previous 
year. About 20 surveys are conducted each 
year with people who have experience in hunt-
ing, trapping and fishing as well as other tra-
ditional activities, such as berry picking. The 
surveys are based on protocols developed by 
the Arctic Borderlands Ecological Knowledge 
Cooperative’s surveys (see Transboundary 
Monitoring section). 

Each fall, hunters and other residents skilled 
in the bush record their observations of moose 
in small booklets with maps. Although there 
is some change in the number of participants 

from year to year, the same people have been involved in the project from the 
beginning, which maintains accuracy and precision of collected information over 
time. The CMMP has paid staff coordinating the program, conducting interviews, 
analyzing data and producing reports for review and feedback.

In addition, five long-term sites were set up in the surrounding forest as part of the 
technical monitoring component of CMMP. At these sites, community residents 
and a technician from the Yukon Fish and Wildlife office take measurements and 
make scientific counts of several environmental variables, including the volume of 
berries, the amount of snow cover, and the numbers of hares and mice. During the 
summer months, technicians from the local Yukon Fish and Wildlife office lead the 
monitoring. In the winter, these responsibilities are shared equally between the 
Fish and Wildlife office and community members. The collected data is analysed 
and published in an annual report that is widely distributed and presented to the 
local co-management board for review and feedback to the program. 43	http://bit.ly/1UqpEqU

44	http://nndfn.com/

Canadian Case Studies
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45	http://www.naskapi.ca/
46CARMA is a network of 

scientists, managers and 
community people who have 
a common interest in the 
future survival of the north-
ern Rangifer herds. CARMA 
is primarily focused on the 
status of most of the large 
migratory Rangifer herds and 
does not consider boreal or 
woodland caribou and Peary 
caribou in North America 
nor forest and marine rein-
deer in Fennoscandia and 
Russia. As well, they not 
consider domestic reindeer or 
the reindeer herding economy 
(from http://carma.caff.is/)

47	 http://www.cybertracker.org/

Naskapi Nation Caribou Monitoring
In scale and scope, the Naskapi Nation45 Caribou Monitoring project is similar to 
the Community Moose Monitoring Project (CMMP). Most of the 1,000 members 
of the Naskapi Nation (one of ten First Nations in Québec) live in the village of 
Kawawachikamach in northeastern Québec. Harvesting activities remain at the 
core of Naskapi economic and cultural life. Nearly all the members of the commu-
nity hunt, fish and trap and a substantial number of Naskapi continue to depend 
upon wildlife for subsistence, particularly the George River caribou herd that has 
suffered dramatic declines from about 800,000 in 1993 to 15,000 in the fall of 
2013. The decline has had profound social, cultural and economic consequences 
for the Naskapi First Nation (Mameamskum 2014). 

To prevent further loss to the Naskapi way of life, rooted in their relationship with 
the caribou and the land, the Naskapi people developed a CBM project based on 
a knowledge co-creation process using TEK and science to monitor and under-
stand the effects of climate change on the George River caribou herd. Naskapi 
First Nation partnered with the Circum-Arctic Rangifer Monitoring and Assess-
ment (CARMA)46 to keep track of changes in the health and migration patterns of 
the George River caribou herd; document impacts of climate change on Naskapi 
resource and land use patterns (e.g., hunting, subsistence harvesting); and, co-
create climate change adaptation strategies. 

At the beginning of the project, a community workshop “Learning from our Elders” 
brought together 45 Elders and community members to share their knowledge 
and observations about climate change and caribou. Participatory mapping ex-
ercises were included in the workshop to document changes in caribou seasonal 
distribution and migration routes, critical caribou habitat, areas of disturbance, 
and other information. 

To facilitate data gathering for the CBM caribou survey, GPS-equipped electronic 
devices with CyberTracker47software were used to simplify field data collection. 
Project members and Local Research Assistants identified the parameters for the 
CyberTracker interface to be used for each CBM caribou survey, including number, 
age and sex of caribou, body condition, photographs, as well as additional notes 
on caribou and/or their habitat. Based on these data, the interface was designed 
and installed on the CyberTracker devices and was tested in the field prior to the 
actual caribou survey. 

To document local perspectives on the relationship between climate and caribou, 
semi-structured interviews were carried out with active hunters and trappers, El-
ders, women, and youth. Topics covered included caribou ecology (e.g., habitat, 
range, distribution, population trends, and movement patterns), caribou health, 
caribou hunting practices, future use and management, and overall weather con-
ditions (e.g., summer and winter air temperatures, dates and quantity of snowfall, 
ice thickness, etc.). A summary of the findings was prepared, published as a bro-
chure, and distributed locally. Based on community recommendations, a Naskapi 
Climate Change Working Group was established. Educational materials were also 
developed for youth and students to learn about the cumulative impacts of human 
activities on caribou. 

Canadian Case Studies

SPECIES
Monitoring



44 Wildlife Conservation Society Canada

Traditional Territory Monitoring
Another important reason for implementing a CBM initiative is 
the need for Indigenous and local communities to keep track of the 
cumulative effects of multiple activities (e.g., development, tour-
ism, hunting) on their traditional territories. The two case studies 
described below illustrate, among other things, the importance of 
“bottom-up” approaches to CBM design and implementation; the 
need to adapt monitoring activities to the community’s seasonal cal-
endar; and, the role of a review process and steering committee in 
guiding the CBM initiative.
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Watching over the land has 
been central to First Nations' 

culture for generations.
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Coastal Guardian Watchmen Network
The Great Bear Rainforest48 Initiative of the Coastal First Nations49 (CFN) is an 
Indigenous institution that coordinates a community-based network of Coastal 
Guardian Watchmen50 along the central and northern coasts of British Columbia 
(Gofman 2010). The territories of coastal First Nations have been impacted by 
resource use in the past, and continue to be threatened by mining, oil and gas, 
and transportation infrastructure, yet federal and B.C. government agencies have 
not committed sufficient staff or funds to effectively monitor and patrol this bio-
culturally rich and remote region. As the original stewards of their territories, the 
CFN have the constitutionally recognized authority and responsibility to protect 
important wildlife species, sources of food, and significant cultural capital on their 
ancestral land. The Coastal Guardian Watchmen program was established to im-
prove ecological and human well-being within the CFN traditional territories and to 
re-establish their authority over their traditional territories. 

The specific issues of concern identified by communities include damage to cul-
tural sites, over-harvest and over-fishing, declining populations of fish and wildlife 
and the limited capacity of government law enforcement agencies. 

Following the establishment of the Coastal Guardian Watchmen program, CFN 
created a Regional Monitoring System51 (RMS). The RMS goals include: 

•	 the development of a standardized approach to mon-
itoring CFN priority issues;

•	 providing tools for communities to collect, store, and 
retrieve data; 

•	 compiling and comparing coast-wide data for use by 
communities; and,

•	 empowering communities to collect and use data in 
planning and decision-making. 

Through the RMS, the Guardian Watchmen are paid to 
collect data on a range of indicators, including:

•	 stream surveys — to improve knowledge of riparian habitats and fish stocks;

•	 wildlife sightings — to improve knowledge of habitat use and range;

•	 boat sightings — to get an idea of how their traditional territories are being 
used;

•	 tourist activities — to find out about their activities, develop relationships, and 
engage in education and outreach;

•	 cultural and ecological site impacts — to ensure these areas are used ap-
propriately.

The RMS provides standardized methods for collecting and recording data, includ-
ing using a portable device equipped with CoastTracker software52 that allows 
the Guardians to collect data and transfer it to a secure online data management 
system for archiving and analysis. Each Coastal First Nation controls access to 
its information. Authorized users can download raw data or generate reports and 
maps. RMS data are used to inform First Nations land-use planning, management 
of fisheries and wildlife, as well as tourism and economic development at the local 
and regional scale (Lagasse et al. 2014).

48	 http://en.wikipedia.org/wiki/
Great_Bear_Rainforest

49	http://www.coastalfirstna-
tions.ca/

50	 http://coastalguardianwatch-
men.ca/

51	http://coastalguardianwatch-
men.ca/regional-monitoring-
system

52	http://www.nailsma.org.au/
coastal-stewardship-network-
gathering
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Ni hat’ni Dene Program:                                   
Watching Over the Land

The  Łutsël K’e Dene First Nation53 (LKDFN) is currently negotiating a partnership 
with the Government of Canada for the establishment of Thaidene Nene54 — a 
new National Park in the core of their traditional territory. Stretching over 33,000 
km2 of intact boreal forest and tundra, Thaidene Nene is a large landscape en-
compassing the eastern portion of the Great Slave Lake watershed in the North-
west Territories (Ellis 2013).

The LKDFN members have worked to be recognized as the rightful stewards of 
their land in order to maintain authority over all aspects of conservation and man-
agement of wildlife and their homelands. In establishing the Thaidene Nene Pro-
tected Area, the LKDFN is working towards developing a formal co-governance 
arrangement based on recognition of LKDFN as an equal partner in all aspects 
of conservation, management, and stewardship of the park. In preparation for 
this outcome, and as part of their hereditary responsibility for the stewardship 
of Thaidene Nene, the LKDFN launched the Ni hat’ni Dene Program55.Ni hat’ni 
means “Watching the Land” in Denesoline Yati language. The Ni hat’ni Dene Pro-
gram is based on a CBM Pilot Project developed in the late 1990s by LKDFN in 
response to concerns about the potential effects of mining, raised during the en-
vironmental assessment of the BHP Billiton EKATI Diamond Mine56, northeast of 
Great Slave Lake in the Northwest Territories. 

The Ni hat’ni Dene Program has a broad mandate to promote LKDFN steward-
ship of the Thaidene Nene by maintaining the integrity of cultural sites and the 
natural landscapes within the park. The mandate also includes: documenting and 
monitoring cultural features, along with environmental and wildlife values; host-
ing visitors and providing interpretive tours in the area, while observing visitor 
activity and impact on the land, waters and wildlife of the Territory; and, transmit-
ting cultural and ecological knowledge to younger generations. The Ni hat’ni Dene 
Program is based on the Łutsël K’e Dene worldview that both culture and nature 
are intertwined and inseparable. The health and well-being of one is inextricable 
from the other. 

53	http://www.akaitcho.info/
the_akaitcho_treaty_8_tribal_
corporation_006.htm

54	http://landoftheancestors.ca/
55	http://landoftheancestors.ca/

team/ni-hatni-dene-program.
html

56	http://www.ddcorp.ca/opera-
tions/ekati-mine

continued on next page
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The Ni hat’ni Dene Program methods used to evaluate change are based on their 
TEK. The Program gathers information on socio-economic and environmental and 
land use indicators, following the Łutsël K’e Dene subsistence calendar (e.g., 
spring duck hunting season, fall caribou hunting season, etc.) throughout the terri-
tory of the Thaidene Nene. A Ni hat’ni Dene crew consists of two paid experienced 
land-users and two youths, who are based in Thaidene Nene all summer. They 
host visitors, conduct surveys, gather data and care for important cultural sites.

As part of the program, semi-structured interviews with land-users are digitally 
recorded, to document observations of seasonal abundance, distribution and 
condition of animals, plants and people, as well as their relationships across the 
Thaidene Nene. The interviews are transcribed and organized within a searchable 
geo-referenced digital database. The data are analyzed and interpreted based on 
cultural values and the historical context. 

At the end of every monitoring cycle, interpretation workshops are held in which 
the Elders and community members who are active on the land review the col-
lected information about the observed changes. In these workshops, the data are 
checked against the collective experience and historical knowledge of the Dene 
Elders to see how the observed changes match the range of natural variation they 
are familiar with through their direct experience or based on the community’s oral 
history. 

After the Elders and land users interpret the data, the information is communicat-
ed to the LKDFN Wildlife, Lands and Environment Committee for decision-making 
and to provide further direction on the monitoring process. This way the entire 
cycle of knowledge sharing continues, from information gathering, to evaluation, 
to decision-making, and back to monitoring.

Canadian Case Studies

TRADITIONAL 
TERRITORY
Monitoring
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Monitoring Development Activities
A major impetus for Indigenous peoples to establish a CBM pro-
gram is the need to assess and interpret changes unfolding on their 
traditional territories due to development activities. The Mikisew 
Cree case study illustrates the potential benefits of establishing a 
collaborative relationship with external institutions that support the 
community’s vision and the importance of developing culturally-
appropriate indicators.

Mikisew Cree First Nation (MCFN) CBM Project
A signatory to Treaty No. 8 (1899), the 2,000 member-strong Mikisew Cree First 
Nation (MCFN)57 is the largest First Nation in Alberta’s Wood Buffalo Regional Mu-
nicipality. Their traditional lands include the entire region known as the Athabasca 
Oil Sands Region. The majority of MCFN members continue to rely on traditional 
or country foods through hunting, fishing and gathering. The main concerns of the 
MCFN are linked to the impacts of oil sands development on their quality of life, 
the health of aquatic ecosystems throughout their traditional territory, and the 
cumulative impacts of multiple development projects (Lawe et al. 2005).

MCFN, with assistance from the Centre for Indigenous Environmental Resources58 
(CIER) – a national, research-focused, First Nations organization – has developed 
a TEK-based CBM project to strengthen their voices in decision-making about re-
source use in the Athabasca River Watershed. The project’s goals include: under-
standing current and future cumulative impacts of development; and, selecting 
and protecting lands with significant ecological, subsistence, and cultural values.  

The MCFN CBM project aims to document and synthesize TEK about the biologi-
cal and physical health of the Athabasca River Watershed. More specifically, the 
work has included the selection of indicators and the development of metrics for 
assessing future changes to the ecological integrity and health of the MCFN tra-
ditional territory. 

The MCFN members identified fish health and water quality and quantity as envi-
ronmental priorities. A set of appropriate TEK indicators was developed by MCFN 
cultural experts (Elders and resource users) and then selected by the community. 
CBM indicators of fish health, based on MCFN TEK, included visual abnormalities 
(such as lesions, tumors, discolored scales, missing or extra fins), and unusual 
taste and texture of fish meat. Another important indicator of fish health was the 
prevalence of fish mortality events, particularly fish “die-offs.” The health of musk-
rat populations was also recognized as an important indicator of the health of the 
Athabasca River Watershed. Muskrat die-offs at various times of the year may be 
related to changes in the flow regime and water quality. 

The CBM information is assisting MCFN in its discussions and negotiations around 
ongoing and additional development projects, land use planning, environmental 
monitoring, and other relevant regulatory (e.g., cumulative effects assessment) 
and natural resource management processes. The MCFN CBM also informs the 
Indigenous Wisdom Advisory Panel, legislated through Alberta’s Bill 18 “An Act to 
Ensure Independent Environmental Monitoring”59 in 2016, “to provide advice to 
the Chief Scientist and the Minister [of Environment and Parks] about how to incor-
porate traditional ecological knowledge into the environmental science program.”

Canadian Case Studies
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57	http://mikisewcree.ca/
58	http://www.yourcier.org/
59	http://www.assembly.ab.ca/

ISYS/LADDAR_files/docs/
bills/bill/legislature_29/ses-
sion_2/20160308_bill-018.
pdf
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Subsistence Monitoring
A critical application of CBM approaches is to assess and monitor a 
community’s subsistence needs in order to ensure effective manage-
ment of wildlife on their traditional territories for future generations. 
The Gwich’in case study described below illustrates the importance 
of community consultations; the value of outreach and education to 
ensure community participation; and the need for, and approaches 
to, maintaining confidentiality (both internal and external to the 
CBM project).

Canadian Case Studies
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Ensuring community subsis-
tence needs can continue to 
be met is another reason for 
monitoring.Ph

ot
o 

by
 J

ik
 ji

k,
 li

ce
ns

ed
 u

nd
er

 C
C 

BY
-S

A 
3.

0 
ht

tp
s:

//
cr

ea
tiv

ec
om

m
on

s.
or

g/
lic

en
se

s/
by

-s
a/

3.
0/

de
ed

.e
n



50 Wildlife Conservation Society Canada

Gwich’in Harvest Study
The Gwich’in people live in the Arctic and Subarctic regions of North America, in-
cluding the Mackenzie River Valley in the Northwest Territories, Yukon, and Alaska. 
The Gwich’in number approximately 10,000 people living in 15 communities. Of 
the 2,440 members of the Gwich’in living in the Northwest Territories, 1,400 actu-
ally live in the area.

Under the terms of the Gwich’in Comprehensive Land Claim Agreement60 (GCLCA 
1992), Gwich’in can gather, hunt, trap and fish and continue their traditional har-
vesting and wildlife management customs throughout their settlement area, in-
cluding Crown lands. According to the Gwich’in Agreement, a community-based 
harvest study must be conducted to generate data for calculating the Gwich’in 
Minimum Needs Level — the minimum amount of wildlife required to sustain the 
Gwich’in land-based economy (e.g., subsistence), and to ensure effective manage-
ment of wildlife by the Gwich’in Renewable Resources Board (GRRB)61 established 
through terms of the Agreement. 

The Gwich’in Harvest Study (GHS) was conducted from September 1995 to July 
2004 to document the number of animals, fish and birds harvested by Gwich’in 
as well as their harvest locations and biological information on harvested animals. 
The GHS was designed by the Gwich’in people to ensure they have full control of 
the study and its results to protect the hunter’s confidentiality without compromis-
ing the accuracy of collected information. Community consultations were critical 
for maximizing participation in the study, collecting accurate data, communicat-
ing the study rationale, and ultimately for making the study meaningful to partici-
pants. GHS posters, radio announcements, prizes, presentations, and calendars 
were produced to increase awareness of the project. 

The GHS was conducted by paid GRRB staff and Gwich’in harvesters — commu-
nity members who hunted, fished, and/or trapped at least once a year — in the 
GSA communities of Aklavik, Tetlit Zheh, Inuvik and Ts’iigehtchic. Harvesters were 
interviewed once a month, and asked to recall their hunting, fishing and trapping 
activities for the previous month or longer if interviews for previous time periods 
had been missed. If the interviewees reported a harvest, they were asked ques-
tions about the species, number of animals, location and, for some species (e.g., 
caribou, black bears, moose, tundra swans, whitefish, etc.), the age class, and sex 
of the animals that were harvested. Any additional comments made by the hunter 
were also recorded. The data were recorded in a manner that ensured harvester 
confidentiality. An annual report was generated and distributed to communities 
and co-management boards for each of the five years of the GHS. 

All information collected, whether in its raw form or after being compiled and ana-
lyzed, with the exception of identification of harvesters, was provided to the GRRB, 
the Gwich’in Tribal Council and participating government agencies on the Working 
Group. The Board established and maintains a public file for reports, research 
papers and data. Material may be shared, but only with full consent of the origina-
tor. The GRRB developed a Harvest Study Data Release Policy outlining the terms 
and conditions to be applied when outside organizations and individuals request 
information from the Harvest Study (GCLCA 1992).

The GHS became a useful tool for wildlife management as a source of harvest 
information that could be used for planning management activities. The GHS 
promoted a greater understanding of wildlife population co-management by com-
munities, land claim organizations, government agencies and the public, thereby 
benefitting present and future generations of hunters and wildlife managers alike.  

60	 http://www.daair.gov.
nt.ca/_live/pages/wpPages/
Gwich%27inLandClaim.
aspX

61	http://www.gwichin.nt.ca/
grrb/
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Global Case Studies

Traditional Territory Monitoring
As with the Łutsël K’e Dene and Coastal First Nations, the case 
studies described below, illustrate how Indigenous peoples around 
the world rely on CBM approaches in order to look after their tradi-
tional territories, whether they are concerned with managing natural 
resources, parks, or cultural resources.

CBM in Protected Areas (Philippines)
In 1992, a new Protected Area Act allowed for community participation in the man-
agement of protected areas in the Philippines. In 1996, the World Bank and the 
Danish aid agency (DANIDA) agreed to help the Philippine government and over a 
three-year period worked together to develop a CBM program for protected areas. 
The approach was designed to identify trends in important biodiversity resources 
that could be used to guide management action in protected areas. The project 
also focused on enhancing participa-
tion of local communities in protected 
area management (Danielsen et al. 
2000). 

Data were collected by government 
rangers and volunteer community 
members. In each park, quarterly sur-
veys focused on a list of 10–15 taxa 
and 5–10 indicators of resource use 
that were selected by local commu-
nity members together with protected 
area staff. Protected area staff and 
community members interpreted the 
data. A report was presented every 
quarter to the Management Council 
of each protected area. The report 
included the data set, a list of im-
portant observations of changes in 
species and resource use, and a list 
of suggested management interven-
tions describing the issue, the location, and the proposed action(s) recommended 
for the protected area council (Danielsen et al. 2005).

Before the CBM scheme was established, collaboration between local people and 
park authorities was minimal. After three years, plans to regulate Indigenous re-
source use were co-created by local people and park rangers and subsequently 
endorsed by the government. Even though financial support from DANIDA ceased 
in 2001, the government has promoted the CBM program as a standard manage-
ment tool in protected areas, expanding it to new sites. The CBM project also led 
to more culturally appropriate and effective approaches to enforcement. The CBM 
program continues to operate in Philippines at most of the sites where it was first 
established.

Global Case Studies
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Natural Resource Monitoring (Greenland)
To help Greenlandic fishers and hunters document trends in natural resources 
and to facilitate their input into management decisions, the Government of Green-
land has developed a CBM approach to natural resource monitoring (Danielsen 
et al. 2014a).

During the project’s pilot phase (2009-2012), meetings were held with local com-
munities to select the CBM tools and adapt them to the local context. The tools 
were tested and adapted over a 24-month pilot period to identify methodologi-
cal issues and address the needs of both the local communities and authorities. 
Based on a literature review and field tests carried out during the Pilot Phase of 
the Project, a CBM manual was drafted to guide project implementation and en-
hance local capacity building. Government staff subsequently made several visits 
to participating local communities to assist with the field implementation of the 
program.

In each community, the CBM project is implemented through a Natural Resource 
Committee (NRC) comprised of between 5–12 community members, typically 
from the households that have the most seasoned fishers and hunters and are 
significant users of natural resources. NRC membership is meant to be represen-
tative of different age groups, including youth, middle-aged men and women, and 
Elders. The NRC elects a coordinator who reports to the Village Council. 

NRC members record their observations of key species and resource uses imme-
diately after hunting, fishing and other land-based activities. These data are sum-
marized and then reviewed at committee meetings where NRC members discuss:

•	 selection of monitoring targets, including wildlife populations of specific inter-
est to NRC, as well as the boundaries of each monitoring site; 

•	 organization of natural resource monitoring activities; and,

•	 management recommendations and advice to the Village Council and the 
local natural resource management authority based on their observations.

During the Pilot Phase, over 30 fishermen, hunters and other community mem-
bers summarized their observations of 24 environmental indicators, including in-
formation on three species of fish, nine species of mammals and nine species of 
birds, as well as data on sea-ice, trawling activities and shipping traffic. Despite 
considerable differences in the ways in which their knowledge was obtained, the 
community members and the professional scientists produced similar results for 
many species (e.g., harp seal, humpback whale, caribou, and snow goose) (Dan-
ielsen et al. 2014b). For some species and populations, (e.g. coastal populations 
of Atlantic cod, Arctic fox, some populations of caribou and musk ox, snow goose, 
Canada goose, and white-tailed eagle), the CBM approach provided the only valid 
source of information due to the lack of scientific data. The results of the pilot 
project are informing Greenland’s natural resource monitoring strategy.

Global Case Studies
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Global Case Studies
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NAILSMA I-Tracker Program (Australia)
The North Australian Indigenous Land and Sea Management Alliance (NAILSMA)62 
is an unincorporated bioregional forum for Aboriginal land and sea managers 
across northern Australia. NAILSMA supports Aboriginal land and sea manage-
ment using strategic approaches to Caring for Country63 (NAILSMA 2014) and fo-
cuses on practical natural resource management by Traditional Owners64.

In response to the demand by Aboriginal Traditional Owners for tools to 
support their monitoring work, the I-Tracker Program65 was conceived as 
a network of rangers using state-of-the-art, handheld touch-screen com-
puter-based technology and scientifically robust standardized protocols to 
monitor, record, analyze and report on a range of environmental and cul-
tural data. The NAILSMA I-Tracker Program was developed to ensure that 
knowledge and data remain in the hands of the Traditional Owners and can 
be used to address their priorities. 

NAILSMA selected CyberTracker software (NAILSMA 2014) for the I-Tracker 
data collection tools because it is easy to use, free, and specifically devel-
oped for local TEK holders with limited literacy and numeracy skills. NAILS-
MA staff used CyberTracker to create customizable data entry and help 
screens on a mobile device or tablet. The CBM rangers use these devices 
to collect monitoring data in the field. They upload their data to a Cyber-
Tracker database on their own computers back in the office, from where 
the data are viewed, analyzed, mapped, or exported in a variety of formats. 

This first I-Tracker tests involved 16 Indigenous sea ranger groups man-
aging areas that span the north of Australia from Kimberley to the Tor-
res Strait. Each group was provided with a device, CyberTracker software, 
digital maps, training and technical support. A data-sharing agreement be-
tween NAILSMA and each participant group allowed the data to be pooled 
across all locations and then archived and analyzed at NAILSMA’s I-Tracker 
Project Secretariat. Over the course of the pilot phase, rangers collectively logged 
343 patrol days and recorded 5,893 observations, including marine debris, live 
and injured turtles, turtle nests, live dugongs, commercial fishing nets, and for-
eign fishing vessels. The trial clearly demonstrated the significant amount of ef-
fort rangers put into looking after their sea country as well as the volume of data 
collected during their patrols. The I-Tracker Project Secretariat provided on-the-job 
training, technical help, workshops and skills development for rangers.

In 2011, NAILSMA secured additional resources to develop an I-Tracker appli-
cation to support land-based activities. A working group consisting of rangers, 
Traditional Owners, researchers, and government experts was established, and, 
after extensive on-the-ground tests and modifications to the application, as well 
as feedback from rangers, the I-Tracker Land Patrol Application66 was launched 
in early 2012. The Land Patrol Application allows rangers to collect data on is-
sues including fire, weeds, feral animals, native plants and animals, visitors and 
habitat health. The application also meets the cultural requirements outlined by 
rangers and members of the working group. For example, it separates the cultural 
sites mapping and monitoring component into discrete stand-alone applications, 
ensuring that culturally sensitive data is never accidently included in reports sent 
to external agencies. 

Customized report templates with cut-and-paste features were developed to help 
rangers quickly and easily produce high-quality reports from their patrol data. In 
addition, the Land Patrol Application meets the reporting requirements of govern-
ment contracts, such as the biosecurity surveillance work for the Department of 
Agriculture, Fisheries and Forestry, and creates job opportunities for rangers in 
this area (NAILSMA 2014).

62	http://www.savanna.org.au/
nailsma/about_nailsma/

63Through Caring for 
our Country, Australia 
Government provides funds 
for Indigenous-specific pro-
grams: Working on Country, 
Indigenous Protected Areas, 
Reef Rescue Indigenous Land 
and Sea Country Partnerships 
and the Indigenous Emissions 
Trading commitment (from  
http://www.environment.gov.
au/Indigenous/)

64	A descendant of the tribe or 
ethnic group that occupied 
a particular region before 
European settlement, espe-
cially when that occupation is 
recognized by Australian law.

65	http://www.nailsma.org.au/
hub/programs/i-tracker

66	http://www.nailsma.org.au/i-
tracker/i-tracker-land-patrol-
application
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Transboundary Monitoring
In some cases, there is a need to carry out environmental monitoring 
over large landscapes, crossing multiple jurisdictions, ecosystems, 
and even national boundaries. The case studies below illustrate that 
establishing and running an integrated network of multiple com-
munities engaged in a CBM initiative may require more of a “top-
down” approach to project design and implementation. 

Bering Sea Sub-Network (BSSN) (USA and Russia)
The Bering Sea Sub-Network (BSSN) is a network of coastal communities located 
along the Bering Sea in the United States and Russia that systematically carry 
out various CBM activities (Gofman and Smith 2009). The goal of this long-term 
program is to enable the remote communities, together with their research and 
government partners, to systematically document physical and social changes oc-

curring in the region.  This allows them to predict, plan for, and respond to 
environmental changes and their subsequent socio-economic consequences. 
Approved by the Arctic Council as a Conservation of Arctic Flora and Fauna 
(CAFF) project in 2004, BSSN represents a working model for CBM facilitating 
positive and constructive dialogue about land and sea management to sup-
port decision-making.

BSSN gathers data on subsistence and commercial marine species, including 
environmental observations at harvest sites. A questionnaire was developed 
based on discussions with community representatives and includes ques-
tions about environmental conditions and climatic change, changes in the 
abundance and quality of the resources, changes in migration patterns and 
habitat use, quality of the catch, and shifts or changes in harvesting loca-
tions. Each questionnaire has an associated map so respondents can include 
locations. Local project assistants interview the most experienced harvesters.

All data and survey results are the property of BSSN member communities. 
The BSSN Secretariat serves as the central point for communication and data 
management and a Steering Committee manages data access  on behalf of 
the member communities. An electronic version of each interview is sent from 
the communities to the Survey Manager at the BSSN Secretariat, who enters 
the information in English or Russian (with English translation attached) into 
a database. 

Monthly teleconferences with community assistants provide feedback to address 
problems and to assure quality control. The data are stored at the BSSN Secre-
tariat until the communities acquire the capacity to manage and share the data-
base themselves. Sensitive data, such as exact locations of hunting and fishing 
sites, are kept confidential and tracking sheets are used to disassociate names 
from the data. The BSSN data products include survey forms, project databases, 
community data summaries and overall data summaries. 

Research assistants are paid for their work. BSSN also provides all participants 
with a small honorarium. The size and type of the honorarium is determined by the 
communities themselves within the approved project budget. 

Community leaders have direct access to project management and can influ-
ence how the project is conducted in their communities. They can also consult 
the research team on the best ways to handle community concerns. How well 
the BSSN’s data feeds into decision-making processes related to land and ma-
rine resource use, however, remains unclear, as no relevant information has been 
published to date.
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Arctic Borderlands Ecological Knowledge 
Cooperative (ABC) (Canada, United States)

The Arctic Borderlands Ecological Knowledge Cooperative (ABC)67 monitors eco-
system changes within the range of the Porcupine Caribou Herd and adjacent 
coastal and marine areas along the border between the United States and Canada 
(Russell et al. 2013). This is a collaborative partnership between eight local vil-
lages — Kaktovik, Old Crow, Aklavik, Tetlit Zheh, Tsiigetchic, Inuvik, Tuktoyaktuk, 
and Arctic Village. Local community concerns around climate change, industrial 
development and pollution led to a mutual decision to monitor effects on com-
munity well-being and ancestral territories.

The ABC relies on both science and TEK to monitor changes throughout the range 
of the Porcupine Caribou Herd, thereby improving communication and under-
standing between Indigenous communities, government managers and scientists 
about ecosystem management, as well as fostering capacity-building and training 
opportunities for local communities (Russell et al. 2013). 

Data collection occurs through community-based interviews conducted by local 
residents who have been hired by the project and are paid for their work. Partici-
pants being interviewed are compensated for their time with a fuel voucher. In-
terviewees remain anonymous to ensure confidentiality and reduce the response 
bias of the surveys. Approximately 20 local experts, selected by their communities, 
are interviewed annually in each community and asked to describe observations 
about the weather, berries, fish, and animals on their traditional territory. The in-
terviewees are also asked about their experience on the land over their lifetime. 

The questionnaire data are entered into a database and associated spatial data 
are digitized. The ABC produce an annual report, based on the interviews, which 
is shared with the communities and posted on the ABC website. The wealth of 
information collected since 2000 provides insights into a variety of long- and 
short-term environmental changes, as well as unusual and extreme events in the 
surrounding ecosystems. The data are integrated with -- and compared to -- other 
scientific information. 

The ABC created a working platform for governments and local First Nations to 
build relationships and lay the groundwork for a constructive land management 
dialogue. The ABC successes have come from being relevant to local communi-
ties, thinking long-term, economizing on financial resources, and planning toward 
stated management goals (Robinson and Nguyen 2011).
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67	 http://www.arcticborder-
lands.org/                        
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Our review of the CBM literature together with the case studies 
demonstrates how CBM facilitates TEK integration into Multiple 
Evidence Based environmental planning and management efforts 
on Indigenous territories. When well designed and properly imple-
mented (e.g., “bottom-up”, based on ethical standards, etc.), CBM 
approaches can enhance the capacity of Indigenous communities 
to meaningfully engage with external groups on issues related to 
resource management, impacts of industrial development and climate 
change, wildlife use and conservation and maintenance of ecosystem 
services (Danielsen et al. 2008). CBM programs yield reliable, cul-
turally appropriate and locally relevant results critical for timely and 
effective decision-making (Bell and Harwood 2012). Yet, the pau-
city of precedents and guidelines demonstrating how to strengthen 
natural resource management through TEK-based CBM initiatives 
within a Multiple Evidence Based framework continues to under-
mine decision-making at all scales, from local to global (Johnson et 
al. 2015, Kouril et al. 2016, McKay and Johnson 2017b).

This review of the CBM literature along with the case studies high-
lighted in the report make it clear that there are several key elements 
that can determine success or failure (Clarkson and Andre 2002, 
McKay and Johnson 2017a):

•	 Community members must be involved in all aspects of monitor-
ing, from deciding what should be monitored to how monitoring 
will take place and carrying out the monitoring and interpreting 
the results. 

•	 Consultations between Indigenous communities and outside 
entities (e.g., government or industry) must take place at the 
inception stage of the project to provide clarity on how the pro-
posed CBM activities will address the identified local concerns. 

•	 The diverse needs, interests, and perspectives of  different gender 
and age groups must be integrated into CBM whenever possible 
as part of the consensus-building process.

CBM Review 
Lessons 
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•	 To enhance Multiple Evidence Based (MEB) approaches to 
knowledge co-creation and to enable better integration of moni-
toring results into decision-making, a CBM project must include 
a diverse team of collaborators and advisors with different types 
of expertise (e.g., academia, community leaders, government), 
whose relationships are based on trust, reciprocity and respect. 

•	 Appropriate measures must be put in place to ensure that politics 
between government managers and communities do not get in 
the way of CBM project implementation (e.g., funding for CBM 
is not used by the government as a “carrot” to gain concessions 
from Indigenous communities).

•	 CBM approaches must be clear, culturally appropriate, devel-
oped at a pace that can consider and support “both-ways” 
capacity building, and rely on technology that can be maintained 
locally with minimal recurrent costs. 

•	 Straightforward systems and toolkits should be created to guide 
Indigenous community members through different stages of a 
CBM project and help Indigenous community allies (e.g., aca-
demia, government) engage with the community in a culturally-
appropriate, respectful and ethical way.

•	 CBM methodologies (e.g., indicators, questionnaires) must be 
consistent over time and space.

•	 From the outset, there must be an explicit consideration of likely 
biases (e.g., over- or under-estimation of numbers of animals) 
and the best way to address these.

•	 Appropriate validation measures (e.g., within, rather than across, 
knowledge system validation, as highlighted by IPBES) must be 
put in place, to overcome the skepticism of external groups (e.g., 
consultants, industry, academics, government) about the results 
of local monitoring. This could be accomplished through tradi-
tional decision-making processes and community-based partici-
patory “peer reviews” (e.g., community meetings with Elders) of 
CBM results before they are put forward as a basis for manage-
ment and conservation recommendations.

•	 There must be a long-term commitment to CBM initiatives from 
the participating community and its partners.

•	 To ensure effective and meaningful participation of Indigenous 
peoples, CBM initiatives must be properly resourced through 
funding streams that provide multi-year, renewable funding 
mechanisms for CBM programs. 
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•	 Local capacity must be developed to have project data stored and 
used locally and protocols must be developed to make this infor-
mation accessible based on the Indigenous communities’ FPIC.

•	 Monitoring activities should be incorporated into the ongoing 
land-based activities of Indigenous residents (e.g., hunting, fish-
ing) in order to lessen the time demands on the participants and 
to sustain a community’s long-term engagement in the program.

•	 Clear pathways should be established at the beginning of the 
project for CBM program results to feed directly into manage-
ment decisions at local and regional scales.

Integration of these elements into the design and implementation 
of a TEK-based CBM initiative would help provide information 
that is locally relevant, timely and reliable (Huntington et al. 2009, 
Bell and Harwood 2012, McKay and Johnson 2017b). Under such 
conditions, several CBM projects may also be interlinked to provide 
input into assessing and tracking large-scale environmental trends in 
populations and habitats, the ecosystem services they provide and 
the threats they face (e.g., climate change, cumulative environmental 
impacts over landscapes much larger than any individual commu-
nity’s traditional land use area). 

A TEK-based CBM initiative could help develop and nurture a poly-
centric monitoring program that is relevant, respectful, respected, 
responsive and resilient. A CBM initiative could support the devel-
opment of culturally appropriate tools and methodologies while 
enhancing local capacity to track, react and respond to change.

Such a TEK-based CBM initiative could generate numerous eco-
logical, social, and cultural co-benefits by enabling Indigenous com-
munities to restore, sustain and enrich their biocultural heritage.  
Finally, a CBM initiative could support intergenerational knowledge 
transfer, inter-cultural dialogue, and co-governance of social-ecolog-
ical systems.

A well-supported (both financially and programmatically) CBM 
initiative supported by the Indigenous communities, well integrated 
into decision-making, and resilient to political swings can achieve 
a high standard of monitoring of environmental change in north-
ern Ontario. This could provide a platform for the Government of 
Ontario to implement the recommendations of the Far North Science 
Advisory Panel and the Environmental Commissioner of Ontario to 
address the role of First Nations’ TEK in environmental monitoring.  
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Developing a CBM initiative in a given First Nation community is a 
gradual “bottom-up” process requiring full community engagement 
from the very first phase of project initiation, through incubation, 
implementation of the CBM program, interpretation of the results, 
and feedback into decision-making processes. Below is an outline of 
what such a process might look like for a First Nation community 
in Ontario’s Far North. 

If several First Nations are interested in developing and implement-
ing a coordinated CBM initiative, a phased approach could be devel-
oped. In this case, the pilot phase would be limited to a small (1-3) 
group of communities and the program could later be expanded to 
other interested First Nations, but only as the pilot project begins 
delivering meaningful results.

Ontario’s Far North CBM Pilot Project must be created through 
a gradual “bottom-up” process unfolding with full community 
engagement through several phases:

a.	 CBM introduction

b.	 Laying the groundwork

c.	 Defining appropriate terminology

d.	 Defining indicators and methodology

e.	 Incubation

f.	 Implementation

Applying CBM 
Lessons to 
Ontario’s Far North 

Al
la

n 
Li

ss
ne

r

Opposite page: Orion McKay, 
from Kitchenumaykoosib 
Inninuwug, fishing on the Fawn 
River



62 Wildlife Conservation Society Canada

Phase 1: Pilot CBM Introduction
The first phase in the development of a Pilot CBM project is for 
the communities interested in exploring the suitability of a CBM 
approach (e.g., Matawa First Nations), to become familiar with the 
specific requirements for developing such an initiative (e.g., who 
would be involved, stages of the process, what kind of work needs 
to be done, etc.). This could begin as a series of informal discussions 
between community leadership and its existing and/or potential part-
ners. If there is interest in moving forward, a series of presentations 
and/or a workshop would be developed and held with respective 
community members, CBM experts and, ideally, CBM practitioners 
from First Nations’ communities with a history of CBM work, who 
could share their practical experience of running a CBM project and 
using its results for achieving specific community goals. This stage 
should wrap up with a community discussion about the need for -- 
and feasibility of -- developing and implementing a CBM project in 
a particular community.

Phase 2: Laying the Foundation  
Once a community (or several of them) decides to develop a Pilot 
CBM project, a CBM Working Group could be established to guide 
and manage the development and implementation of the initiative. 
This group would include community members — either embedded 
within the existing community governance arrangement or indirectly 
linked to it — as well as representatives of outside organizations 
assisting the local community with all stages of the CBM project, 
including fundraising, training, monitoring, data management, and 
reporting. The CBM Working Group would hold regular meetings to 
oversee, support, and coordinate project progress.

The first task for the Working Group would be developing a work-
plan and a fundraising strategy for the CBM project. As the funds 
become available, the Working Group would establish a Secretariat 
to manage all aspects of the project implementation. The Secretariat 
would include a Project Director/Coordinator and one or more local 
CBM Project Researchers. At the same time, specific mechanisms 
would be explored and developed for integrating the information 
and recommendations from the CBM project into local and regional 
decision-making processes (e.g., Regional Framework Agreement, 
CBLUP, environmental assessments).
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Phase 3: Defining Locally Appropriate 
Terminology 
Once sufficient funds have been secured to launch the project, 
the next step includes holding a series of community gatherings 
to discuss the CBM approach from the community perspective. 
This should include discussions (e.g., Elders workshops) of cultur-
ally-appropriate terminology, preferably in the local language, to 
describe CBM in a way that makes it meaningful for the community 
members, particularly Elders, women and youth. The results of these 
discussions would be written up or captured in different forms (e.g., 
photo, video or audio recordings), and shared with the community 
and its allies.

Phase 4: Developing CBM Indicators & 
Methodology
The next phase is developing a set of indicators reflecting issues of 
concern that the community wants to monitor. This could include 
community health factors, status of wildlife populations or pollu-
tion. The indicators should be based on local TEK and meet the 
criteria described above. This work would be carried out by the 
Secretariat, overseen by the CBM Project Working group and involve 
workshops, interviews, and broader community meetings. At the 
end of this stage, a set of locally relevant CBM indicators would 
be agreed upon and a set of methodological guidelines for their 
monitoring, data entry, analysis and reporting would be developed. 
This would include designing data collection, storage and sharing 
protocols between the community and its external partners, as well 
as community member consent protocols for data gathering, use and 
sharing. All these methodologies would be summarized in a user-
friendly CBM Project Guide that would be used by the local CBM 
Project Researchers, allies, and community members in their work. 
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Phases 5 & 6: Incubation & Implementation
Once the indicators are defined, methodologies for data collection, 
storage and analysis are finalized, and project researchers receive 
initial training, the pilot monitoring stage of the project would 
commence. Depending on the focus of the pilot CBM project, the 
monitoring cycle could be tied to the community’s seasonal calendar 
(e.g., subsistence activities) and depend on community members’ 
availability. It would include a series of interviews, data archival, and 
interpretation methods, verification workshops, as well as commu-
nity discussions and information sharing sessions about the progress 
of the pilot CBM project. The annual monitoring cycle would be 
designed in stages so that community members would receive peri-
odic updates on the project’s progress and have regular opportunities 
to provide input and verify the data interpretation. 

The pilot monitoring stage of a CBM project could last a year or 
two, during which time the various aspects of running a CBM proj-
ect would be refined, methodologies fine-tuned, and implementation 
issues addressed. This would lay a solid foundation for Phase 6 – the 
implementation a long-term CBM monitoring project and potentially 
expand this work to other interested communities. It would also 
create opportunities to explore how the CBM monitoring program 
could support ongoing traditional land use and occupancy work 
being conducted in some communities.

To
p:

 ©
 G

ar
th

 L
en

z;
 b

ot
to

m
: A

lla
n 

Li
ss

ne
r

Opposite page: Bottom, Louie 
Tate and Joel Chapman on the 
Fawn River



65Watching, Listening, and Learning to Understand Change

To
p:

 ©
 G

ar
th

 L
en

z;
 b

ot
to

m
: A

lla
n 

Li
ss

ne
r



66 Wildlife Conservation Society Canada

Ch
er

yl
 C

he
tk

ie
w

ic
z



67Watching, Listening, and Learning to Understand Change

Abraham, K., L. McKinnon, Z. Jumean, S. Tully, L. Walton, and H. Stewart. 
2011. Hudson Plains Ecozone Status and Trends Assessment. Canadian Councils 
of Resource Ministers, Ottawa, ON. Available online at: https://eamerscience.files.
wordpress.com/2014/07/9790no-2_hudson_plains_ekfs_jan2013_e.pdf

Alexander, C., N. Bynum, E. Johnson, U. King, T. Mustonen, P. Neofotis, N. 
Oettlé, C. Rosenzweig, C. Sakakibara, V. Shadrin, M. Vicarelli, J. Waterhouse, 
and B. Weeks. 2011. Linking Indigenous and Scientific Knowledge of Climate 
Change. BioScience. 61:477-484.

Anderson, G. 2011. Language Hotspots: what (applied) linguistics and education 
should do about language endangerment in the twenty-first century. Language and 
Education. 25(4):273-289.

Asia Forest Network. 2002. Participatory Rural Appraisal for community forest 
management: Tools and techniques. Available online at: http://www.iapad.org/
wp-content/uploads/2015/07/pub20.pdf. 

Assembly of First Nations (AFN). 2009. Ethics in First Nations Research. Report 
of Environmental Stewardship Unit. Available online at: http://www.afn.ca/
uploads/files/rp-research_ethics_final.pdf

Bali, A. and G. Kofinas. 2014. Voices of the Caribou People: a participatory 
videography method to document and share local knowledge from the North 
American human-Rangifer systems. Ecology and Society. 19(2). Available online 
at: http://www.ecologyandsociety.org/vol19/iss2/art16/

Barnhardt, R. and A. Kawagley. 2005. Indigenous Knowledge Systems and Alaska 
Native Ways of Knowing. Anthropology and Education Quarterly. 36(1): 8-23.

 Bavikatte, K., and H. Jonas. 2009. Bio-Cultural Community Protocols: A 
Community Approach to Ensuring the Integrity of Environmental Law and Policy. 
UNEP. Available online at: http://wedocs.unep.org/handle/20.500.11822/9819

Bell, R., and L. Harwood. 2012. Harvest-based Monitoring in the Inuvialuit 
Settlement Region: Steps for Success. Arctic. 65(4):421– 432.

Berkes, F. 2008. Sacred Ecology. Routledge. 336 pp.

Berkes, F. 2004. Rethinking Community-Based Conservation. Conservation 
Biology. 18(3):621–630.

Berkes, F. 1993. Traditional Ecological Knowledge in Perspective. In Traditional 
Ecological Knowledge: Concepts and Cases. J.T. Inglis, ed. Ottawa: Canadian 
Museum of Nature, International Development Research Centre. 

Berkes, F., J. Colding, and C. Folke. 2000. Rediscovery of Traditional Ecological 
Knowledge as Adaptive Management. Ecological Applications. 10(5):1251-1262.

Berkes, F., Bankes, N., Marschke, M., Armitage, D., Clark, D., 2005. Cross-scale 
institutions and building resilience in the Canadian North. In: Berkes, F., Huebert, 
R., Fast, H., Manseau, M., Diduck, A. (Eds.), Breaking Ice: Renewable Resource 
and Ocean Management in the Canadian North. University of Calgary Press, 
Calgary, pp. 225–247.

Berkes, F., M. K. Berkes, and H. Fast. 2007. Collaborative integrated management 
in Canada’s north: The role of local and traditional knowledge and community-
based monitoring. Coastal Management. 35:143-162.

References 

W
CS

 C
an

ad
a 

/ 
Ch

er
yl

 C
he

tk
ie

w
ic

z



68 Wildlife Conservation Society Canada

Berkes, F., J. Colding, and C. Folke. 2008. Navigating Social–Ecological Systems: 
Building Resilience for Complexity and Change. Cambridge University Press, 
Cambridge, UK. 416 pp.

Bennett, T. 2012. Monitoring environmental conditions using participatory photo-
mapping with Inuvialuit knowledge holders in the Mackenzie Delta Region, 
Northwest Territories. M.S. Thesis. University of Victoria, Victoria, BC.

Boillat, S., E. Serrano, S. Rist, and F. Berkes. 2013. The Importance of Place 
Names in the Search for Ecosystem-Like Concepts in Indigenous Societies: An 
Example from the Bolivian Andes. Environ. Manage. 51:663-678. 

Bohensky E. and Y. Maru. 2011. Indigenous knowledge, science, and resilience: 
What have we learned from a decade of international literature on “integration”? 
Ecology and Society. 16(4):6. Available online at: http://dx.doi.org/10.5751/
ES-04342-160406

Bond, A., A. Morrison-Saunders, and R. Howitt. 2012. Sustainability Assessment: 
Pluralism, Practice and Progress. Routledge. 296 pp.

Bray G.S. and H. Schramm. 2001. Evaluation of a statewide volunteer angler 
diary program for use as a fishery assessment tool. N. Am. J. Fish. Manage. 
21:606–615.

Brown, J., and T. Hay-Edei. 2014. Engaging local communities in stewardship 
of World Heritage: A methodology based on the COMPACT experience. World 
Heritage Papers. #40. UNESCO. Available online at: http://www.et.undp.org/
content/dam/ethiopia/docs/Engaging%20Local%20Communities_Compact_
Report_for%20web.pdf

Burton, A. C., D. Huggard, E. Bayne, J. Schieck, P. Solymos, T. Muhly, D. Farr, 
and S. Boutin. 2014. A framework for adaptive monitoring of the cumulative 
effects of human footprint on biodiversity. Environ. Monit. Assess. 186:3605-
3617.

Canadian Institute of Health Research (CIHR), Natural Sciences and Engineering 
Research Council of Canada (NSERC) and Social Sciences and Humanities 
Research (SSHRC) Council of Canada, Tri-Council Policy Statement: Ethical 
Conduct for Research Involving Humans, December 2014.  Available online at: 
http://www.pre.ethics.gc.ca/pdf/eng/tcps2/TCPS_2_FINAL_Web.pdf

Climate and Traditional Knowledges Workgroup (CTKW). 2014. Guidelines for 
Considering Traditional Knowledges in Climate Change Initiatives. Available on 
line at: http://climatetkw.wordpress.com/

Convention on Biological Diversity (CBD). 2014. Canada’s 5th National Report to 
the Convention on Biological Diversity. Available online at: https://www.cbd.int/
doc/world/ca/ca-nr-05-en.pdf

Convention on Biological Diversity (CBD). 2011. The Tkarihwaié:ri Code of 
Ethical Conduct to Ensure Respect for the Cultural and Intellectual Heritage of 
Indigenous and Local Communities. Available online at: https://www.cbd.int/
traditional/code/ethicalconduct-brochure-en.pdf

Convention on Biological Diversity (CBD). 2004. The Akwe: Kon Guidelines for 
the conduct of cultural, environmental and social impact assessment regarding 
developments proposed to take place on, or which are likely to impact on, sacred 
sites and on lands and waters traditionally occupied or used by Indigenous and 
local communities. CBD Guidelines Series. 25 pp. Available online at: https://www.
cbd.int/doc/publications/akwe-brochure-en.pdf 

Carlson, M., J. Chen, S. Elgie, C. Henschel, A. Montenegro, N. Roulet, N. Scott, 
C. Tarnocai, and J. Wells. 2010. Maintaining the role of Canada’s forests and 
peatlands in climate regulation. Forest. Chron. 86:434–443.



69Watching, Listening, and Learning to Understand Change

Chapin, F., G. Peterson, F. Berkes, T. Callaghan, P. Angelstam, M. Apps, C. Beier, 
Y. Bergeron, A., K. Dannell, T. Elmqvist, C. Folke, B. Forbes, N. Fresco, G. Juday, 
J. Niemel, A. Shvidenko, and G. Whiteman. 2004. Resilience and vulnerability of 
northern regions to social and environmental change. Ambio. 33(6):344-349.

Chetkiewicz, C. and A. Lintner. 2014. Getting it Right in Ontario’s Far North: 
The Need for a Regional Strategic Environmental Assessment in the Ring of 
Fire [Wawangajing]. WCS Canada Working Paper. Available online at: http://
wcscanada.org/Portals/96/Documents/RSEA_Report_WCSCanada_Ecojustice_
FINAL.pdf

Clarkson, P. and D. Andre. 2002. Communities, their Knowledge and 
Participation: Cumulative Effects Assessment Management Framework and 
Mackenzie Valley Cumulative Impacts Monitoring Program. Role of Traditional 
Knowledge, Elders and the Communities: Task 9/6. GRRB Report #02-03. 52 pp. 
Available online at: http://www.grrb.nt.ca/pdf/tradknow_youth/0203Comm_know-
and_part.pdf

Cochran, P., H. Huntington, C. Pungowiyi, S. Tom, S. Chapin, N. Maynard, and 
S. Trainor.  2013. Indigenous frameworks for observing and responding to climate 
change in Alaska. Climatic Change. 120:557-567.

Cochran, F. V., N. A. Brunsell, A. Cabalzar, P.-J. van der Veld, E. Azevedo, R. A. 
Azevedo, R. A. Pedrosa, and L.J. Winegar. 2016. Indigenous ecological calendars 
define scales for climate change and sustainability assessments. Sustainability 
Science. 11:69-89.

Corrigan, C. and Hay-Edie, T. 2013. A toolkit to support conservation by 
Indigenous peoples and local communities: building capacity and sharing 
knowledge for Indigenous peoples’ and community conserved territories and areas 
(ICCAs). UNEP-WCMC, Cambridge, UK. Available online at: http://www.unep.
org/dewa/portals/67/pdf/ICCA_toolkit.pdf

Danielsen, F. et al. 2007. Increasing Conservation Management Action by 
Involving Local People in Natural Resource Monitoring. Ambio. 36(7):566-570.

Danielsen, F., N. Burgess, and A. Balmford. 2005. Monitoring matters: examining 
the potential of locally-based approaches. Biodiversity and Conservation. 
14:2507–2542.

Danielsen, F., N. Burgess, A. Balmford, P. Donald, M. Funder, J. Jones, P. Alviola, 
D. Balete, T. Blomley, J. Brashares, B. Child, M. Enghoff, J. Fjeldsa, S. Holt, H. 
H’ubertz, A. Jensen, P. Jensen, J. Massao, M. Mendoza, Y. Ngaga, M. Poulsen, R. 
Rueda, M. Sam, T.S Skeilboe, G. Stuart-Hill, E. Topp-Jorgensen, and D. Yonten. 
2008. Local Participation in Natural Resource Monitoring: a Characterization of 
Approaches. Conservation Biology. 23(1):31-42.

Danielsen, F., Skutsch, N. Burgess, P. Jensen, H. Andrianandrasana, B. Karky, R. 
Lewis, J. Lovett, J. Massao, Y. Ngaga, P. Phartiyal, M. Poulsen, S. Singh, S. Solis, 
M. Sørensen, A. Tewari, R. Young, and E. Zahabu. 2011. At the heart of REDD+: 
a role for local people in monitoring forests? Conservation Letters. 4(2): 158–167.

Danielsen, F., E. Topp-Jørgensen, N. Levermannc, P. Løvstrøm, M. Schiøtzd, M. 
Enghoff, and P. Jakobsen. 2014a. Counting what counts: using local knowledge to 
improve Arctic resource management. Polar Geography. 37(1): 69-91. Available 
online at: http://www.tandfonline.com/doi/abs/10.1080/1088937X.2014.890960

Danielsen, F. et al. 2014b. A Multi-country Assessment of Tropical Resource 
Monitoring by Local Communities. BioScience. 64(3):236-251.

Davidson-Hunt, I. and F. Berkes. 2003. Learning as you journey: Anishinaabe 
perception of social-ecological environments and adaptive learning. Conservation 
Ecology 8(1): 5. [online] URL: http://www.consecol.org/vol8/iss1/art5/ 



70 Wildlife Conservation Society Canada

Diablo, R. and S. Pasternack. 2011. Canada: First Nations Under Surveillance: 
Harper Government Prepares for First Nations “Unrest.” Available online at: 
http://www.globalresearch.ca/canada-first-nations-under-surveillance/25190

Donaldson, S. G., J. Van Oostdam, C. Tikhonov, M. Feeley, B. Armstrong, P. 
Ayotte, O. Boucher, W. Bowers, L. Chan, F. Dallaire, R. Dallaire, E. Dewailly, J. 
Edwards, G. M. Egeland, J. Fontaine, C. Furgal, T. Leech, E. Loring, G. Muckle, 
T. Nancarrow, D. Pereg, P. Plusquellec, M. Potyrala, O. Receveur, and R. G. 
Shearer. 2010. Environmental contaminants and human health in the Canadian 
Arctic. Sci. Tot. Environ. 408:5165-5234.

Eabametoong First Nation. 2016. Eabametoong First Nation Biodiversity Atlas. 
135 pp.

Ecological Monitoring and Assessment Network Coordinating Office (EMAN). 
2002.  Improving local decision-making through community based monitoring:  
toward a Canadian Community Monitoring Network. Ottawa: Environment 
Canada. 24 pp. Available online at: www.ccmn.ca

Ellis, S. 2013. Thaidene Nene – Land of the Ancestors. Łutsël K’e Dene First 
Nation, NWT. Available online at: http://www.landoftheancestors.ca/images/
Thaidene_Nene_Backgrounder_Dec_2012_FINAL.pdf

Engel S. and J. Voshell. 2002. Volunteer biological monitoring: can it accurately 
assess the ecological condition of streams? Am. Entomol. 48:164–177.

Environmental Commissioner of Ontario (ECO).  Serving the Public. Annual 
Report 2012-2013. , Environmental Commissioner of Ontario, Toronto 
68-72.  Available online at: http://docs.assets.eco.on.ca/reports/environmental-
protection/2012-2013/2012-13-AR.pdf

Expert Panel Review of Environmental Assessment Process. 2017. Building 
Common Ground – A New Vision for Impact Assessment in Canada: The Final 
Report of the Expert Panel for the Review of the Environmental Assessment 
Processes. Available on line: https://www.canada.ca/content/dam/themes/
environment/conservation/environmental-reviews/building-common-ground/
building-common-ground.pdf 

Far North Science Advisory Panel. 2010. Science for a Changing Far North. 
Report. Ontario Ministry of Natural Resources, Toronto, Ontario.  Available 
through the Ontario Ministry of Natural Resources and Forestry at: https://www.
ontario.ca/page/science-and-information-support-planning

Fleener, C., V. Gofman, V. Peskov, G. Retter, and R. Torikka-Gelencsér. 2004. 
Community-based Monitoring – a discussion paper. Supporting publication to the 
CAFF Circumpolar Biodiversity Monitoring Program – Framework Document. 
CAFF CBMP Report No. 9, CAFF International Secretariat, Akureyri, Iceland. 21 
pp.

Furrer, M., M. Gillis, R. Mussakowski, T. Cowie, and T. Veer. 2014. Monitoring 
Programs Sponsored by the Ontario Ministry of Natural Resources and their 
Relevance to Climate Change. Climate Change Research Report CCRR-38, 
Ontario Ministry of Natural Resources and Forestry. Available online at: http://
www.climateontario.ca/MNR_Publications/ccrr38.pdf

Gaia Foundation. 2011. Talking Tools—Maps and Calendars: A Barefoot Guide. 
Lessons in eco-cultural mapping and calendars from the Colombian Amazon, 
South Africa, Kenya and Ethiopia.

Garibaldi, A. and N. Turner. 2004. Cultural keystone species: implications for 
ecological conservation and restoration. Ecology and Society 9(3): 1. [online] 
URL: http://www.ecologyandsociety.org/vol9/iss3/art1/



71Watching, Listening, and Learning to Understand Change

Gofman, V. 2010. Community-based monitoring handbook: lessons from the 
Arctic. CAFF CBMP Report No.21, August 2010, CAFF International Secretariat, 
Akureyri, Iceland. Available online at: http://www.caff.is/monitoring-series/9-
community-based-monitoring-handbook-lessons-from-the-arctic-and-beyond/
download. 

Gofman, V., and M. Smith. 2009. Bering Sub-Sea Network Pilot Phase Final 
Report. 2009. Aleut International Association. CAFF Monitoring Series Report 
No. 2. Available online at: http://www.bssn.net/results/publications/pilot-phase-
final-report/

Golden, D., C. Audet, and M. A. Smith. 2014. “Blue-ice”: framing climate change 
and reframing climate change adaptation from the Indigenous peoples’ perspective 
in the northern boreal forest of Ontario, Canada. Climate and Development:1-13.

Gómez-Baggethun, E., E. Corbera, and V. Reyes-Garcia. 2013. Traditional 
Ecological Knowledge and Global Environmental Change: Research findings and 
policy implications. 18(4): 72. URL: http://dx.doi.org/10.5751/ES-06288-180472

Green, D., and G. Raygorodetsky. 2010.  Indigenous knowledge of a changing 
climate. Climatic Change. 100:239–242.

Greenwood J. 2003. The monitoring of British breeding birds: A success story for 
conservation science? Sci. Total Environ. 310:221–230.

Gwich’in Comprehensive Land Claim Agreement. (GCLCA). 1992. Available 
online at: https://www.aadnc-aandc.gc.ca/eng/1427294051464/1427294299170. 
Accessed September 8, 2017.

Hamacher, D., and D. Frew, D. 2010. An Aboriginal Australian record of the 
Great Eruption of Eta Carinae. Journal of Astronomical History and Heritage. 
13(3):220-234.

Huntington, H. 2008. A Strategy for Facilitating and Promoting Community-
Based Monitoring Approaches in Arctic Biodiversity Monitoring. CAFF CBMP 
Report No. 13, CAFF International Secretariat, Akureyri, Iceland. Available 
online at:  http://www.caff.is/monitoring-series/51-a-strategy-for-facilitating-and-
developing-community-based-monitoring-approaches/download

Huntington, H. 2000. Using traditional ecological knowledge in science: Methods 
and Applications. Ecol. Appl. 10:1270–1274. 

Huntington, H.P., Gearheard, S., Druckenmiller, M., and Mahoney, A., 2009. 
Community-based observation programs and indigenous and local sea ice 
knowledge. In: Eicken, H. (Ed.), Field Techniques for Sea Ice Research, University 
of Alaska Press, Fairbanks, pp. 345–64.

Huntington, H. et al. 2013. Disturbance, Feedbacks and Conservation. Pages 
629-651 In CAFF 2013. Arctic Biodiversity Assessment. Status and trends in 
Arctic Biodiversity. Conservation of Arctic Flora and Fauna (CAFF), Akureyri, 
Iceland. Available online at: http://www.arcticbiodiversity.is/the-report/chapters/
disturbance-feedback-and-conservations

Janzen, D.H. (2004) Setting up tropical biodiversity for conservation through 
non-damaging use: participation by paraaxonomists. Journal of Applied Ecology, 
41, 181–187.

Johnson, N., L. Alessa, C. Behe, F. Danielsen, S. Gearheard, V. Gofman-
Wallingford, A. Kliskey, E. Krümmel, A. Lynch, T. Mustonen, P. Pulsifer, and 
M. Svoboda. 2015. The Contributions of Community-Based Monitoring and 
Traditional Knowledge to Arctic Observing Networks: Reflections on the State of 
the Field. Arctic. 68(1):1-13.

Kari, J. 2008. Ahtna Place Names Lists. Fairbanks: Alaska Native Language 
Center. 



72 Wildlife Conservation Society Canada

Kendrick, A. 2003a. Caribou co-management and cross-cultural knowledge 
sharing. Ph.D. Thesis. University of Manitoba, Winnipeg, MB.

Kendrick, A. 2003b. The flux of trust: Caribou co-management in northern 
Canada. Environments. 31:43–60.

Kinzig, A. P., P. Ryan, M. Etienne, H. Allison, T. Elmqvist, and B. Walker. 2006. 
Resilience and regime shifts: assessing cascading effects. Ecology and Society 11(1): 
20. https://www.ecologyandsociety.org/vol11/iss1/art20/

Kofinas, G., with Old Crow, Aklavik, Fort McPherson, and Arctic Village. 2002. 
Community Contributions to Ecological Monitoring: Knowledge Co-Production 
in the US-Canada Arctic Borderlands in Frontiers. In Krupnik I., and D. Dyanna, 
eds. Polar Social Science – Indigenous Observations of Environmental Change. 
ARCUS. 54-92.

Kouril, D., C. Furgal, and T. Williams. 2016.  Trends and key elements in 
community-based monitoring: a systematic review of the literature with an 
emphasis on Arctic and Subarctic regions. Environ. Rev. 24:151-163.

Laidler, G.J. 2006. Inuit and scientific perspectives on the relationship between sea 
ice and climate change: the ideal complement? Climate Change. 78:407–444.

Lagasse, C. R., W. Ou, L. D. Honka, W. I. Atlas, C. N. Hutton, J. Kotaska, and M. 
D. Hocking. 2014. Design considerations for community-based stream monitoring 
to detect changes in Pacific salmon habitats. Ecology and Society. 19(4): 19. http://
dx.doi.org/10.5751/ES-06976-190419

Lawe, L., J. Wells and Mikisew Cree. 2005. Cumulative effects assessment and 
EIA follow-up: a proposed community-based monitoring program in the Oil Sands 
Region, northeastern Alberta. Impact Assess. Proj. App. 23(3):205-209.

Lefler, T. 2010. Successful Community-based Monitoring in Canada: Three Case 
Studies. M.S. Thesis. University of Guelph, ON. 

Lindenmayer, D. B., and G. E. Likens. 2010a. Effective Ecological Monitoring. 
CSIRO Publishing, Collingwood. 

Lindenmayer, D. B., and G. E. Likens. 2010b. The science and application of 
ecological monitoring. Biological Conservation. 143:1317-1328.

Lindgren, R. D. and B. Dunn. 2010. Environmental Assessment in Ontario: 
Rhetoric vs. Reality. Journal of Environmental Law and Practice. 21:279-303.

Lyver, O., and Łutsël K’É Dene First Nation. 2005. Monitoring Barren-Ground 
Caribou Body Condition with Denésǫłıné Traditional Knowledge. Arctic. 58(1):44-
54.

MacDonald, L., 2000. Evaluating and managing cumulative effects: process and 
constraints. Environ. Manag. 26:299–315.

McGregor, D. 2009. Linking traditional knowledge and environmental practice in 
Ontario. Journal of Canadian Studies. 43:69–100.

Mameamskum, J. 2014. Assessment of Climate: Change Impacts on the Caribou, 
the Land, and the Naskapi Nation, and Identification of Priority Adaptation 
Strategies. Project Report. Available online at: https://www.ouranos.ca/publication-
scientifique/RapportMameamskum2014_EN.pdf

McComb, B., B. Zuckerberg, D. Vesely, and C. Jordan. 2010. Monitoring Animal 
Populations and Their Habitats: A Practitioner’s Guide.  CRC Press. 298 pp.

McDermid, J., S. Fera, and A. Hogg. 2015. Climate change projections for 
Ontario: An updated synthesis for policymakers and planners. Climate Change 
Research Report CCRR-44, Ontario Ministry of Natural Resources and Forestry, 
Science and Research Branch, Peterborough, ON. Available online at: http://www.
climateontario.ca/MNR_Publications/CCRR-44.pdf



73Watching, Listening, and Learning to Understand Change

McDermott, L. and P. Wilson. 2010. ‘Ginawaydaganuk’: Algonquin Law on 
Access and Benefit Sharing. Policy Matters. 17:205-214.

McKay, A. J. and C. J. Johnson. 2017a. Identifying Effective and Sustainable 
Measures for Community-Based Environmental Monitoring. Environ. Manage. 
60:484-495. 

McKay, A., and C. Johnson. 2017b. Confronting barriers and recognizing 
opportunities: Developing effective community-based environmental monitoring 
programs to meet the needs of Aboriginal communities. Environ. Impact. Assess. 
Rev. 64:16–25.

Menzies, C., Ed. 2006. Traditional Ecological Knowledge and Natural Resource 
Management. Lincoln, NE: University of Nebraska Press. 274 pp.

Ministry of Natural Resources (MNR). 2009. Ontario’s Woodland Caribou 
Conservation Plan. Available online at: http://files.ontario.ca/environment-and-
energy/species-at-risk/277783.pdf

Montoya-Greenheck, F. 2013 A Bioculturally-Oriented Methodology for 
Enhancing Community Wellbeing and Environmental Conservation. Pages 22-31 
in L. Maffi, ed. 2013. Biocultural Diversity Toolkit Vol. 5: Biocultural Approaches 
to Conservation and Development. Available online at: http://terralingua.org/
bcdconservation/wp-content/uploads/2014/07/tk_5_Development.pdf

Muller, S. 2012. ‘Two Ways’: Bringing Indigenous and Non-Indigenous Knowledge 
Together. Pages 59-80 in J. Weir, ed. Country, Native Title and Ecology. ANU E 
Press. 174 pp.

Mumby P., A. Harborne, P. Raines, and J. Ridley. 1995. A critical assessment of 
data derived from Coral Cay Conservation volunteers. Bull. Mar. Sci. 56:737–751.

Natcher, D. and C. Hickey. 2002. Putting the Community Back Into Community-
Based Resource Management: A Criteria and Indicators Approach to 
Sustainability. Human Organization. 61(4):350-363.

National Research Council. 2002. The Drama of the Commons. Washington, DC: 
The National Academies Press. https://doi.org/10.17226/10287.

Noble, B. 2016. Learning to Listen: Snapshots of Aboriginal Participation in 
Environmental Assessment. Macdonald-Laurier Institute. Available at: http://www.
macdonaldlaurier.ca/files/pdf/Noble_StewardshipCaseStudies_F_web.pdf

Noble, B. 2015. Introduction to Environmental Impact Assessment. A Guide to 
Principles and Practice, Second Edition. Oxford University Press. 288 pp.

Noble, B., and J. Birk. 2011. Comfort monitoring? Environmental assessment 
follow-up under community–industry negotiated environmental agreements. 
Environ. Impact Assess. Rev. 31:17-24.

Noble, M., P. Duncan, D. Perry, K. Prosper, D. Rose, S. Schnierer, G. Tipa, 
E. Williams, R. Woods, and J. Pittock. 2016. Culturally significant fisheries: 
keystones for management of freshwater social-ecological systems. Ecology and 
Society 21(2):22. http://dx.doi.org/10.5751/ES-08353-210222

Norris, R. and D. Hamacher. 2014. Australian Aboriginal astronomy: an 
overview. Pages 2215-2223 In: Ruggles, C. ed. Handbook of Archaeo-astronomy 
and Ethno-astronomy, Vol. III.  Springer-Verlag.

North Australian Indigenous Land and Sea Management Alliance Ltd. 
(NAILSMA). 2014.  Looking After Country: The NAILSMA I-Tracker story, 
NAILSMA, Darwin, NT. Available online at: http://www.nailsma.org.au/sites/
default/files/publications/NAILSMA_I-Tracker_book_WEB%20LR.pdf



74 Wildlife Conservation Society Canada

Nuttall, M., F. Berkes, B. Forbes, G. Kofinas, T. Vlassova, and G. Wenzel. 2005. 
Hunting, Herding, Fishing, and Gathering: Indigenous Peoples and Renewable 
Resource Use in the Arctic. Pages: 650-690 In: Arctic Climate Impact Assessment 
Scientific Report. University of Cambridge Press. 1042 pp.

O’Faircheallaigh, C., 2008. Understanding corporate-Aboriginal agreements 
on mineral development: a conceptual framework. Pages 67-82 In: Ali, S., 
O’Faircheallaigh, C. eds., Earth Matters. Indigenous Peoples, the Extractive 
Industry and Corporate Social Responsibility. Greenleaf Publishing, Sheffield.

O’Faircheallaigh, C. 2007. Environmental agreements, EIA follow-up and 
aboriginal participation in environmental management: The Canadian experience. 
Environ. Impact Assess. Rev. 27:319-342.

O’Flaherty, R. M., I. J. Davidson-Hunt, and M. Manseau. 2008. Indigenous 
knowledge and values in planning for sustainable forestry: Pikangikum First 
Nation and the Whitefeather Forest Initiative. Ecology and Society 13(1): 6. 
[online] URL: http://www.ecologyandsociety.org/vol13/iss1/art6/

Ontario Ministry of Natural Resources and Forestry (MNR). 2014. Far North 
Land Use Strategy: A Discussion Paper. Available online at: http://www.ontario.ca/
document/far-north-land-use-strategy-discussion-paper

Parlee, B. 1998. A Guide to Community-Based Monitoring for Northern 
Communities. Northern Minerals Program. Working Paper No. 5. Canadian 
Arctic Resource Committee. Available online at: http://carc.org/wp-content/
uploads/2013/08/NMPWorkingPaper5Parlee.pdf

Parlee, B. 2011. Traditional Knowledge Overview for the Athabasca River 
Watershed. Contributed to the Athabasca Watershed Council State of the 
Watershed Phase 1 Report. Available online at: http://www.awc-wpac.ca/sites/
default/files/Athbasca%20River%20Watershed%20SOW%20Phase%201%20
TK%20report_FINAL_20110603.pdf

Parlee, B., M. Manseau, and Łutsël K’é Dene First Nation. 2005. Using 
Traditional Knowledge to Adapt to Ecological Change. Arctic. 58:26-37.

Parlee, B., E. Goddarda, Łutsël K’é Dene First Nation, and M. Smith. 2014. 
Traditional Knowledge and Monitoring of Wildlife Health in Northern Canada. 
Human Dimensions of Wildlife. 19:47–61.

Parker, C., A., Mitchell, M. Trivedi, N. Mardas, and K. Sosis. 2009. The Little 
REDD+ Book. Global Canopy Programme, Oxford.  Available online at: http://
theredddesk.org/sites/default/files/resources/pdf/2009/The-Little-Redd-Book.pdf

Powers, R., N. Coops, J. Morgan, M. Wulder, T. Nelson, C. Drever, and S. 
Cumming. 2013. A remote sensing approach to biodiversity assessment and 
regionalization of the Canadian boreal forest. 2013. Progress in Physical 
Geography. 37(1):36-62.

Rambaldi, G., J. Muchemi, N. Crawhall, and L. Monaci. 2007. Through the 
Eyes of Hunter-Gatherers: participatory 3D modeling among Ogiek Indigenous 
peoples in Kenya.  Information Development. SAGE Publications. 23:2/3:113-128. 
Available online at: http://idv.sagepub.com/content/23/2-3/113.abstract

Rist, J., E. Milner-Gulland, G. Cowlishaw, and M. Rowcliffe. 2010. Hunter 
Reporting of Catch Per Unit Effort as a Monitoring Tool in a Bushmeat-
Harvesting System. Conservation Biology. 24:489-499.

Robinson, P., and L. Nguyen. 2011. Monitoring Change using Aklavik (Inuvialuit) 
Local Ecological Knowledge. Arctic Borderlands Ecological Knowledge 
Cooperative. September 2011. Parks Canada. Available online at: http://taiga.net/
coop/ABEKC-Report-2011-Final.pdf



75Watching, Listening, and Learning to Understand Change

Russell, D., M. Svoboda, J. Arokium, and D. Cooley. 2013. Arctic Borderlands 
Ecological Knowledge Cooperative: can local knowledge inform caribou 
management? Rangifer. 33. Special Issue No. 21. 71-78. http://dx.doi.
org/10.7557/2.33.2.2530

Schnarch, B. 2004. Ownership, Control, Access, and Possession (OCAP) or 
Self-Determination Applied to Research: A Critical Analysis of Contemporary 
First Nations Research and Some Options for First Nations Communities. 
Journal of Aboriginal Health. 1(1). Available online at: http://www.naho.ca/
journal/2004/01/09/ownership-control-access-and-possession-ocap-or-self-
determination-applied-to-research-a-critical-analysis-of-contemporary-first-nations-
research-and-some-options-for-first-nations-communities/

Sheil, D., M. Boissière, and G. Beaudoin. 2015. Unseen sentinels: local monitoring 
and control in conservation’s blind spots. Ecology and Society 20(2): 39. http://
dx.doi.org/10.5751/ES-07625-200239

Species at Risk Committee. 2012. Species Status Report for Boreal Caribou 
(Rangifer tarandus caribou) in the Northwest Territories. Species at Risk 
Committee, Yellowknife, NT.

Swedish International Development Cooperation Agency (SIDA). 2002. Indicators 
for Environmental Monitoring in International Development Cooperation 
Publication.

Stephens, S. 2000. Handbook for Culturally Responsive Science Curriculum. 
Fairbanks, AK: Alaska Science Consortium and Alaska Rural Systemic Initiative. 
Available online at: http://www.ankn.uaf.edu/handbook.pdf

Stevenson, M. 2012. Towards a New Current of Thought: Best Practices 
for Gathering and Incorporating Traditional Ecological Knowledge into 
Environmental Monitoring and Assessment. A Discussion Paper Prepared for 
the Mackenzie River Basin Board, Traditional Knowledge and Strengthening 
Partnerships Steering Committee.  Available online at: http://www.mrbb.ca/
uploads/files/general/21/towards-a-new-current-of-thought-traditional-knowledge-
best-practices.pdf

Tarkiasuk et al. 1997. Voices from the Bay: Traditional Ecological Knowledge of 
Inuit and Cree in the Hudson’s Bay Bioregion. Northern Perspectives 25 (1).

Tebtebba Foundation. 2013. Developing and Implementing Community-Based 
Monitoring and Information Systems: The Global Workshop and the Philippine 
Workshop Reports. Available online at: http://www.tebtebba.org/index.php/
content/271-developing-and-implementing-cbmis-the-global-workshop-and-the-
philippine-workshop-reports

Tebtebba Foundation. 2008. Indicators Relevant for Indigenous Peoples: A 
Resource Book. Available online at: http://tebtebba.org/index.php/content/123-
indicators-relevant-for-indigenous-peoples-a-resource-book

Tengö, M., E. Brondizio, T. Elmqvist, P. Malmer, and M. Spierenburg. 2014. 
Connecting Diverse Knowledge Systems for Enhanced Ecosystem Governance: The 
Multiple Evidence Base Approach. Ambio. 43:579–591.

Tengö, M., R. Hill, P. Malmer, C. Raymond, M. Spierenburg, F. Danielsen, T. 
Elmqvist, and C. Folke. 2017. Weaving knowledge systems in IPBES, CBD and 
beyond—lessons learned for sustainability. Current Opinion in Environmental 
Sustainability. 26:17–25.

Tobias, T. 2009. Living Proof: The Essential Data-Collection Guide for Indigenous 
Use-And-Occupancy Map Surveys. Union of BC Indian Chiefs and Ecotrust 
Canada. 

Tsuji, L. and E. Ho. 2002. Traditional Environmental Knowledge and Western 
Science: In Search of Common Ground. The Canadian Journal of Native Studies. 
22(2):327-360.



76 Wildlife Conservation Society Canada

Tsuji, L., I. Martin, E. Martin, A. LeBlanc, and P. Dumas. 2008. Spring-harvested 
game birds in the Western James Bay region of Northern Ontario, Canada: 
the amount of organochlorines in matched samples of breast muscle, skin, and 
abdominal fat. Environ. Monit. Assess. 146:91-104.

United Nations University-Institute of Advanced Studies (UNU-IAS), Bioversity, 
International, Institute for Global Environmental Strategies (IGES) and United 
Nations Development Program (UNDP). 2014. Toolkit for the Indicators of 
Resilience in Socio-ecological Production Landscapes and Seascapes (SEPLS). 
Available online at: https://www.bioversityinternational.org/uploads/tx_news/
Toolkit_for_the_indicators_of_iesilience_in_socio-ecological_production_
landscapes_and_seascapes_1844.pdf

Walker, B., S. Carpenter, J. Anderies, N. Abel, G. S. Cumming, M. Janssen, L. 
Lebel, J. Norberg, G. D. Peterson, and R. Pritchard. 2002. Resilience management 
in social-ecological systems: a working hypothesis for a participatory approach. 
Conservation Ecology 6(1): 14. [online] URL: http://www.consecol.org/vol6/iss1/
art14/ 

Walker, B., and D. Salt. 2004. Resilience Thinking: Sustaining Ecosystems and 
People in a Changing World. Island Press. 192 pp.

Weatherhead, E., S. Gearheard, S., and R. Barry. 2010. Changes in weather 
persistence: Insight from Inuit knowledge. Global Environ. Change. 20:523–528.

Al
la

n 
Li

ss
ne

r

Victor Moonias from 
Neskantaga FN



 



Ontario’s Far North is an interdependent social-ecological system where First 
Nations’ well-being is inextricably linked to the ecological integrity of the 
region. The direct, indirect, and cumulative impacts of provincial and federal 
governments’ resource management and development decisions on communities 
and their traditional territories, must be monitored to ensure that both Aboriginal 
and treaty rights are upheld and that the socio-ecological resilience of Ontario’s 
Far North is sustained for future generations.
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