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Abstract

In the quest to conserve global biological resources
there has been a growing recognition that conventional sci-
entific methods and institutional arrangements are not
always effective in dealing with the biophysical complexities
and sociopolitical dimensions of biodiversity issues. Meeting
these challenges requires an integrated approach that com-
bines scientific methods with societal values. Community-
based research promotes social change, by building the
capacity of communities to find collective and culturally
appropriate ways to achieve sustainable development on
their own terms. Ecosystem management recognizes the
interconnectedness of social and ecological systems and
attempts to link science, policy and societal goals through
interdisciplinary research and multistakeholder decision-
making. In 1998, the Canadian Museum of Nature in Ottawa,
Canada, in partnership with government agencies, educa-
tional institutions and community groups began a three-year
multidisciplinary study of the ecosystem health of the Rideau
River in eastern Ontario, Canada. This paper presents the
Rideau River Biodiversity Project as a case study in the
application of an integrated approach to assess the biodiver-
sity of an aquatic ecosystem. Ultimately, we present a frame-
work for an integrated approach to the conservation and sus-
tainable use of biodiversity that combines the strengths of
community-based research and ecosystem management
through a process of social learning and transdisciplinary
inquiry.

Keywords: biodiversity, monitoring, community-based
research, ecosystem management, local knowledge, multi-
stakeholder, public awareness 

Introduction

Biodiversity is decreasing at an alarming rate due to the
impact of the increasing human population, rising natural

resource consumption rates and inequity in the ownership,
management and flow of benefits from both the conservation
and use of biological resources (McNeely et al. 1995). In the
quest to conserve global biological resources there has been
a growing recognition that conventional scientific methods
and institutional arrangements are not always effective in
dealing with the biophysical complexities and sociopolitical
dimensions of biodiversity issues (IREE 1995; Machlis et al.
1997; Redclift 1994). Increasingly, research questions
require an integrated approach that incorporates the values
and preferences of groups that have traditionally been left out
of the scientific and technological system (Gibbons et al.
1994).

Recognition of the world-wide impact of declining bio-
logical resources prompted the global community to negoti-
ate, in 1992, the United Nations Convention on Biological
Diversity (UNEP 1994). The Convention recognized the
importance of involving local communities in the develop-
ment and implementation of remedial action in areas of
degraded biodiversity (Article 10-c) and the need for more
public education and awareness with respect to conservation
and sustainable use of biological resources (Article 13-a, b).
The Convention also established the need to identify and
monitor the components of biodiversity (Article 7-a, b), and
to develop an integrated approach to the management of bio-
logical resources (Articles 6-b and 10-e) (UNEP 1994).

In response to the directives of the Convention, scien-
tists, governments and communities have focused their atten-
tion on developing integrated approaches to deal with the
deepening biodiversity crisis. To date, the combined strengths
of community-based research and ecosystem management
offer the most hope to achieve this purpose. The goal of com-
munity-based research is to build the capacity of communi-
ties to find collective and culturally appropriate ways to
achieve sustainable development (Johnson 1992; Scoones
and Thompson 1994). Ecosystem management focuses on
understanding the interconnectedness of social and ecologi-
cal systems in order to link science, policy and societal goals
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for the management of biological resources (IREE 1996;
Machlis et al. 1997). 

Despite its conceptual appeal, the implementation of an
integrated approach faces a number of methodological and
practical problems. For instance, how can scientific disci-
plines with different discourses and diverse methodologies be
successfully integrated? How can ecosystem health be mea-
sured? How can the public be effectively represented and
engaged in a participatory process? Finally, how do integrat-
ed approaches to the conservation and sustainable use of bio-
diversity fit with existing institutional arrangements?

In 1998, the Canadian Museum of Nature (CMN) in
Ottawa, Canada, in partnership with government agencies,
educational institutions and community groups, began a
three-year multidisciplinary study of the biodiversity of the
Rideau River in eastern Ontario (Figure 1). The goal of the
Rideau River Biodiversity Project (RRBP) was to assess the
biodiversity in the river from Smiths Falls to Ottawa (about
100 km), and to work with local communities to ensure the
long-term conservation and sustainable use of the river’s bio-
logical resources (Poulin 2001). The RRBP integrated differ-
ent scientific disciplines, community concerns, local knowl-
edge, education and public awareness about biodiversity.
Thus, it combined elements of both community-based
research and ecosystem management to address biodiversity
issues.

This paper presents the RRBP as a case study in the
application of an integrated approach to assess the biodiver-
sity of a freshwater aquatic ecosystem. The authors consist of
one social scientist, one natural scientist and one museum
manager who are interested in breaking down disciplinary
and institutional barriers to address biodiversity issues. The
paper is a reflection of our thoughts and experiences as mem-
bers of the project team.3 In addition to our observations,
semi-structured interviews were conducted with Museum sci-
entists and community participants to gain a broader per-
spective of the lessons learned. The goal of the paper is
twofold: (1) to highlight the lessons learned from the project
and (2) to propose a framework for an integrated approach to
the conservation and sustainable use of biological resources. 

Community-Based Research

Over the past two decades community-based or partici-
patory action research has emerged, particularly in develop-
ing countries, and among North American indigenous peo-
ples (e.g., Couto 1987; Gaventa 1988; Johnson 1992;
Scoones and Thompson 1994; Slim and Thompson 1993).
Community-based research has its origins in community
development and adult education. It arose in reaction to the
dominant and elitist methodology of social science research
which focused on theoretical constructs as the basis for field
research (Anyanwu 1988). While models of community-
based research vary according to the community and the
issue, the basic principle is the involvement in the entire
research process of the people who are the intended benefi-
ciaries of the research. Through their direct participation in
research design, data collection and project development,
projects are adapted to local needs and values (Anyanwu
1988; Johnson and Ruttan 1993; McTaggart 1997; Ryan and
Robinson 1991, 1996). Community-based research is often
more time consuming and costly than traditional methods
because of the additional effort required to involve people
throughout the process and, in some cases, to provide specif-
ic training to build community capacity. However, without
local participation and support, many conservation and sus-
tainable use efforts fail (Wells 1995; Zazueta 1995).

Ecosystem Management

Parallel to the development of community-based
research in the social sciences has been the emergence of
ecosystem management approaches within the environmental
sciences (Grumbine 1994; Machlis et al. 1997; Slocombe
1993). The roots of ecosystem management are ultimately in
ecology and systems thinking. Ecosystem management has
no single, universally accepted definition. However, consen-
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Figure 1. Map location of the Rideau River watershed in eastern Ontario, Canada.
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sus is developing on the basic principles and the major chal-
lenges facing practical applications which are discussed
below. 

Ecosystem Health. Ecosystem health is a term used to
describe desired or ideal states of the environment (CCME
1996). Ecosystem health goals, objectives and indicators are
valuable tools to guide ecosystem management by integrating
the biophysical and social sciences with human values
(Ehrenfeld 1992; Gaudet et al. 1997; Nielsen 1999; Rapport
1998b). Thus, whether an ecosystem is healthy or not
becomes a social judgment as well as a scientific one.
However, there is no simple way to define or measure ecosys-
tem health and this has been a major criticism of the concept
(Callicott 1992; CCME 1996; Ehrenfeld 1992; Gaudet et al.
1997; Lackey 1996; Rapport 1998b).

Bioregional Perspective. In most instances, political
jurisdictions are drawn up with a view to managing a single
resource area primarily for utilitarian purposes and not nec-
essarily to reflect natural features and human settlement pat-
terns (Environment Canada 1996; Mitchell 1997; Slocombe
1993; Westley 1995). Ecosystem management is based on a
bioregional perspective that acknowledges the importance of
using natural features combined with a community’s “sense
of place” and use of the land to define management units
within a region (Aberley 1993; IREE 1995; Mitchell 1995). 

Cross-scale Management. Cross-scale management rec-
ognizes that ecosystems function at different geographic and
time scales (Haila 1998; Holling 1995). Small-scale ecosys-
tems are embedded within larger ecosystem complexes
(IREE 1996; Kay and Sneider 1994). Cross-scale manage-
ment is achieved by making global and long-term goals con-
sistent with local, short-term goals and by government agen-
cies and non-government organizations working cooperative-
ly together (Costanza and Greer 1995; Force and Machlis
1997). This is not easy to achieve when jurisdictional bound-
aries limit the ability to manage across different scales and
management horizons are aligned with political agendas
rather than natural system cycles and a changing socio-eco-
nomic realm (Grumbine 1994; IREE 1996). 

Interdisciplinary Research. In a multidisciplinary
research project such as the RRBP, different disciplines study
a problem using their respective methodologies, but there is
little integration of knowledge. Interdisciplinary research
concerns the transfer of methods from one discipline to
another and at least a partial integration of two or more fields
(IREE 1996; Rapport 1998a; Slocombe 1993). One of the
major challenges of interdisciplinary research is reconciling
different concepts, terminology and approaches to problem
solving as experts of different backgrounds strive to think in
new ways to comprehend whole ecosystems (Pickett et al.
1994). Invariably, experts from one discipline value elements

they consider important and dismiss others they do not
(Bingham et al. 1995). There may also be differences among
professionals as to how they see the relationship between the-
ory and action. An ideology of action and decision character-
izes engineers in contrast with social scientists who, by com-
parison, are more critical and reflective (Rickson et al. 1998).
Although progress has been made in the development of envi-
ronmental criteria and theoretical models to measure the
health and sustainability of natural ecosystems, equivalent
social theories and parameters for measuring community
health and sustainability are poorly developed (Bouthillier et
al. 1997; Carpenter et al. 1999; Machlis et al. 1997; Parson
and Clark 1995). Even more lacking are theoretical frame-
works for studying the interactions between community
social systems and the long-term stability of natural ecosys-
tems (Berkes and Folke 1998; Carpenter et al. 1999; Machlis
et al. 1997; Parson and Clark 1995). The tendency is for ecol-
ogists to model ecological systems and for social scientists to
model human systems or human values. At best, these sepa-
rate activities are linked at some later activity rather than ini-
tially building an integrated model as part of a focused effort
(Blood 1994).

Adaptive Management. Adaptive management acknowl-
edges the unpredictable interactions between people and
ecosystems as they evolve together (Gunderson et al. 1995;
Holling 1978; Walters 1986). The process is iterative and
involves two-way feedback between research and manage-
ment. Surprises are viewed as inevitable; hence, policies
should always be adaptive and organizational structures flex-
ible, to respond to changes. Policies are treated as hypotheses
and management as an experiment from which social learn-
ing can take place at the individual, societal and institutional
level (Ostrom 1990, cited in Berkes 1999). A major barrier to
adaptive management is the political risk of having a clearly
identified policy “failure” (IREE 1996). Thus, adaptive man-
agement requires creative and innovative persons within
institutions who have a high tolerance for risk (Lee 1995).

Multistakeholder Processes. Partnership is an essential
characteristic of sustainable communities (Capra 1999; IREE
1996). Multistakeholder processes build upon earlier models
of community-based research by broadening the representa-
tion and responsibility for decision-making to include com-
munity groups, the private sector, universities and govern-
ments. Through partnerships research priorities and manage-
ment issues can be addressed in a more cooperative and
transparent manner (Hemmati 2002; IREE 1996; Mitchell
1997). Multistakeholder processes promote consensus deci-
sion-making and foster social learning by encouraging differ-
ent partners to better appreciate the values and needs of oth-
ers and to work together towards a common goal (Ellsworth
1995). 
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One recurrent challenge with multistakeholder processes
is the difficulty of ensuring a “representative” public (Burdge
and Vanclay 1998; Mitchell 1997; Westman 1985). Not all
members of the public will be interested in or significantly
affected by the action. The public generally participates in
commenting and decision-making in proportion to the extent
to which it is affected and to the extent to which solicited
comments will influence decisions. The process of “involving
the public” begins by identifying those multiple publics
(“stakeholders”) that are, or should have, a substantial inter-
est in the proposed action, based on the extent to which they,
or interests they represent, will be affected (Westman 1985).
Multistakeholder processes may take many forms including
roundtables, co-management boards, task forces, and/or
action-oriented stewardship initiatives. Stakeholder participa-
tion may range from token consultation and information shar-
ing to joint planning and delegated authority at the top
(Berkes 1994; IREE 1996; Pinkerton 1994; Tester 1992).

Achieving co-operative partnerships among stakeholders
with different agenda and resources is not easy. Power is a
central and under-addressed issue in many multistakeholder
arrangements (Hemmati 2002; Mason and Boutilier 1996;
Slocombe 1993). A great sensitivity about the redistribution
of power on the part of those with the most resources is crit-
ical, but not easily accomplished (Gardner and Roseland
1989; Westley 1995). Those who have traditionally prevailed
often resist change because a true participatory process
demands that power be progressively shared with groups nor-
mally excluded from the decision-making process (Zazueta
1995). Achieving consensus decision-making on contentious
issues may also be difficult among a diverse and often high-
ly fragmented group of stakeholders (Costanza and Greer
1995). In some cases it may be necessary to take a decision
favoring one side over another, in the interest of the public
good.

The Rideau River Biodiversity Project:
A Case Study

During the unsettled period following the War of 1812
between the British and the Americans, the Rideau waterway
served as an important link between Montreal, Quebec, and
Kingston, Ontario (Canadian Heritage Parks Canada 1996).
Today this historic river winds through a mixture of urban
and rural communities, providing water for homes, farms and
businesses and habitat for a diversity of plants and animals.
Its rich cultural heritage and biodiversity offer excellent
recreational opportunities to local residents and tourists.
There are signs, however, that the environment is under pres-
sure from natural events (e.g., storms) and human-induced
activities (e.g., introduced species, altered shorelines,

damming, agricultural practices, recreation, contamination of
water). These impacts have resulted in a loss in the number
and quality of wetlands, fish and wildlife habitats, and natur-
al shorelines, and deterioration in water quality (Poulin
1999b).

Management of the Rideau waterway cuts across feder-
al, provincial, regional and municipal jurisdictions. The num-
ber of regulatory agencies and the variety of scientific studies
and local environmental initiatives point to the need to devel-
op a more coordinated approach to river management
(Johnson et al. 1999). Recognition of the important ecologi-
cal, socio-economic and political dimensions of managing
the Rideau River are reflected in the Canadian Heritage Parks
Canada (1996) management plan which endorsed the appli-
cation of an ecosystem management approach. The guiding
principles for the long-term sustainable management of the
river include: (1) co-operative research and monitoring
efforts; (2) partnerships with communities, stakeholders and
the private sector; (3) coordinated activities between the pub-
lic and governments; and (4) education programs and oppor-
tunities for public involvement in river stewardship.

The CMN’s mandate is to promote public understanding
of Canada’s natural environment through research, education
and the maintenance of the country’s natural collections.
Research at the Museum and the focus of the RRBP is biosys-
tematics — the naming and classifying of organisms, identi-
fying geographic distribution and the study of their interrela-
tionships. Despite the critical role that biosystematics plays
in understanding the genetic, species and ecosystem diversi-
ty, the field is still little known to most politicians and the
general public. As a result, many museological institutions
have seen their funding drastically reduced over the years and
fewer students are entering a field that offers an uncertain
future (Efford 1995; Poulin and Williams 2002).

The RRBP began as a fundraising exercise to secure sup-
port for research on water chemistry and phytoplankton
diversity in the river. In an attempt to make the study more
attractive to potential funders, whose interests were primari-
ly in applied and socially relevant environmental research,
the project scope was broadened to include other scientific
disciplines and a community involvement component. At
first, Museum scientists were reluctant to become involved in
the project. They were concerned that the extra time required
to meet with communities and to incorporate their concerns
into the research design would compromise the time needed
to pursue research and publishing in peer-reviewed scientific
journals, the basis of their professional evaluation. They were
also skeptical about the value of including local knowledge in
the study. 

The Rideau Valley Conservation Authority (RVCA)
agreed to become a partner and added significantly to the sci-
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entific expertise of the CMN. As an inter-municipal environ-
mental protection and advisory agency, the RVCA had exten-
sive knowledge of the watershed, a well-established network
of contacts and valuable experience in public consultation.
The project team, with staff from the CMN and RVCA, began
a series of meetings to solicit support for the project from
municipal, regional, provincial and federal government agen-
cies, schools and local environmental, business and other
community organizations. The idea was to make “biodiversi-
ty” a household word and to link it to issues of aquatic
ecosystem health. The project team believed that if broad sec-
tors of the public were convinced that the health of the river
was everyone’s responsibility, it might eventually lead to
communities wanting to become directly involved in biodi-
versity conservation. In turn, this would generate long-term
support for research and education.

Following discussions with community groups, a
research proposal was prepared based on the ecosystem man-
agement approach outlined by Canadian Heritage Parks
Canada (1996). The project framework focused on the study
of eight taxonomic groups and involved residents and other
stakeholders through a model of community-based research
developed for northern indigenous communities (see Johnson
and Ruttan 1993; Ryan and Robinson 1991, 1996). After a
year of developing the project and fundraising a substantial
research grant was obtained from a private Canadian founda-
tion that supported the idea of applied science research being
conducted within a community-based and multidisciplinary
framework.

Community Involvement Framework
The main goal of the community-based component of

the RRBP was to facilitate dialogue between the scientific
research team and the community. Prior to the first field sea-
son in 1998, two Community Advisory Groups (CAGs) were
formed to facilitate links. The creation of two CAGs reflect-
ed the different lifestyles of the seven communities along the
river, with the northern part being predominantly urban/sub-
urban and the southern reaches mainly rural (Figure 1). Its
membership was drawn from broad sectors of the communi-
ty including education, tourism, environment, business and
agriculture. The RVCA and the CMN invited potential mem-
bers to join according to their known affiliation with an inter-
est group or their identification with a particular sector of the
community (e.g., farmer, business person). Once a year, a
joint meeting of both the rural and urban CAGs was held to
ensure that the concerns of residents from both sections of 
the river were heard in a forum of shared discussion.
Representatives from regional and federal government agen-
cies were also invited to participate as observers in the
process in an attempt to facilitate understanding and commu-

nication between the community and the various regulatory
authorities along the river. The CMN and the RVCA commu-
nity coordinators facilitated the meetings, with both organi-
zations contributing financial and in-kind resources.

The CAGs had four objectives, (1) incorporating com-
munity concerns and local knowledge into the research
design, (2) communicating science issues and research
results to the community, (3) building a community-based
biodiversity plan, and (4) fostering community responsibility
and advocacy for the health of the river (Poulin 2001). Over
the course of the project, a total of 11 meetings were held,
four in each of the rural and urban areas and three joint meet-
ings. The initial meetings prior to the first field season
focused on explaining the objectives of the scientific research
and defining the objectives of community involvement in the
project. Members were asked to provide input into the scien-
tific research design by identifying specific community con-
cerns about the health of the river. At subsequent meetings
after the first field season, research results were presented to
the CAGs followed by discussions about the future direction
of the science and the community’s evolving role in the 
project.

As part of the project team’s commitment to include
local knowledge in the research, two community mapping
workshops, one in the urban and one in the rural region, were
held prior to the first field season to identify residents’ con-
cerns about the river and to gather local knowledge. The
workshops were highly successful with over 100 local citi-
zens in attendance. People were invited to mark down on
large maps of the river everything they knew about the organ-
isms under study. Members of the scientific team were pre-
sent and interacted on an informal basis with the public. The
workshops provided an important link between science and
the community allowing residents to share their local knowl-
edge and for scientists to establish a network of key contacts
for follow-ups. In general, more information was provided
about the species most familiar to people (e.g., fish, birds,
turtles). People also raised concerns about habitat and shore-
line destruction as well as general pollution issues related to
water quality (Poulin 2001).

Another effort to include local knowledge in the study
was the establishment of a public sighting registry for turtles.
There was an overwhelming telephone response to this initia-
tive with hundreds of calls being received over the course of
two field seasons. The volunteer registry revealed that there
are a number of people in the community making observa-
tions and taking notes about turtles as well as a number of
other species. Additional resources would have made this
activity more effective (Poulin 2001).

Challenges and Observations. Although CAG members
demonstrated initial enthusiasm for the community involve-
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ment process, attendance at the meetings waned over the
course of the project and the turnover rate was high. Museum
and RVCA staff and representatives from some government
agencies often outnumbered the community representatives
at the meetings. This irregular attendance made it difficult to
achieve progress in terms of meeting the CAGs’ objectives. A
lack of community engagement in the RRBP may be attrib-
uted to several factors. 

(1) Health status of the river. The RRBP began as a sci-
entific research project and was not in response to any per-
ceived environmental crisis. In other words, it was pro-active
as opposed to being re-active in its approach. A crisis situa-
tion or perceived problem might have enhanced the numbers
of people involved in the project (IREE 1995). A pro-active
approach provided the opportunity to establish baseline data
and to work with the public to address issues of biodiversity
and river health before a real crisis occurs.

(2) Differences between a northern indigenous and a
southern Canadian context. Although small indigenous set-
tlements are not without their own internal differences, com-
munity boundaries and interest groups are generally easier to
identify than they are in larger urbanized, culturally diverse
populations where there is a greater diversity of socio-eco-
nomic and political interests spread over a broader geograph-
ical area. Community boundaries along the Rideau River
were defined by the CMN and the RVCA for practical pur-
poses. In reality, the urban/rural division of the CAGs did not
reflect the heterogeneity of many of the communities along
the 100-km stretch of the river where a diversity of urban and
rural lifestyles are found in each. Nor did the division neces-
sarily reflect residents’ perceptions of resource use and
“sense of place.”

It could also be argued that with the exception of farm-
ers, the average Rideau River resident, with an urban/subur-
ban lifestyle, does not have the same close relationship with
nature as do many indigenous peoples for whom local knowl-
edge and involvement in resource management are closely
tied to issues of cultural identity, subsistence and self-deter-
mination (Johnson 1992; Sejersen 1998). Among non-indige-
nous peoples, government is the primary regulator of
resource use and science is regarded as the principal source
of expert knowledge. Developing a role for communities in
biodiversity management is not easy if there is no cultural
background of self-regulation or stewardship ethic (Berkes et
al. 1989; Lerner 1994). Nevertheless, the presence of local
environmental groups along the Rideau River and the interest
of some members of the community to participate in the CAG
process demonstrate a certain level of environmental con-
sciousness. 

(3) Mechanism to link local knowledge and community
values with science and policy issues. Museum scientists

acknowledged that they had come to appreciate the value of
local knowledge in the project. Both scientists and CAG
members remarked that there should have been more work-
shops held, perhaps one in each community, and that in future
projects, the information should be compiled in a format that
could be more easily used later by the communities and the
scientists. CAG members expressed concern that there was
no clear mechanism to link local knowledge and community
values with science and policy issues. If local people are to
be actively engaged in biodiversity management, community
perceptions and indicators of ecosystem health need to be
combined with scientific criteria and information. Several
CAG members felt that their roles and responsibilities were
unclear. It was suggested that the assignment of specific tasks
to CAG members at the beginning of the project might have
helped focus their efforts more to provide the link between
community, science and policy issues.

(4) Effective leadership. The fourth obstacle faced by the
RRBP was the lack of continuous leadership throughout the
project. Less than six months into its operation, the CMN
replaced a number of original project staff in an effort to bet-
ter coordinate the various expanding activities. The change
halted the community-based, team-building approach until
the new staff could rebuild trust within the community and
with the scientists. Scientists should lead research projects to
ensure full credibility of the study within both scientific and
local communities (Environment Canada 1996). At the same
time, having a local champion to promote the project within
the community can help ensure local support. Although a
community leader to champion the project had been dis-
cussed it was never realized.

(5) Communication and team approach. Open communi-
cation, trust and respect are essential for any partnership
(IREE 1995; McNicoll 1999). In addition, issues of power
relations that include control of resources and decision-mak-
ing need to be addressed early on. Otherwise, unresolved
power struggles can lead to feelings of mistrust and lack of a
common vision among participants. Several CAG members
felt that the community involvement process did not extend
to decisions being made about major changes in project
direction, nor did they have much input into the research
design. Successful community involvement in biodiversity
research and management requires a willingness to share
decision-making and responsibilities among all partners. This
implies that larger bureaucratic institutions need to give up
some control and delegate responsibility to community
groups that demonstrate the interest and ability to take over
certain tasks. Further, all of the CAG members were volun-
teers and maintaining such commitment requires continual
cultivation and recognition of their contributions.

(6) Adaptive management. Governmental-oriented insti-
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tutions like the CMN are necessarily constrained by political
agenda and issues of public accountability and, therefore, are
more risk aversive. Such organizations tend to have more lim-
ited flexibility in reacting to new proposals than do many
non-governmental organizations whose role is often to focus
more on a single issue, to advocate change and to challenge
the status quo. The RRBP was a project that often demanded
quick reaction to unplanned opportunities with uncertain out-
comes. Also, plans often changed, including the broadening
of initiatives and enlarged financial demands. The CMN
viewed these uncertainties with some hesitation and in a top-
down approach tried to control the process rather than work
out a more consultative approach with the community part-
ners. Once the costs and benefits were clearly understood, the
CMN became much more supportive of its activities and will-
ing to collaborate with the community partners.

Science Framework
The RRBP studied approximately 100 km of the Rideau

River, which originates from three headwater lakes and flows
through a mix of urban and rural communities interspersed
with wetlands, parks and conservation areas (Figure 1). The
CMN’s expertise in biosystematics had been sought in previ-
ous studies to evaluate the water quality in the downstream
sector of the river which revealed high levels of phosphates,
bacterial coliforms and phytoplankton after major rain events
in the downtown Ottawa area (Hamilton et al. 1997). 

Initially, six taxonomic groups were studied, including
microscopic algae, aquatic plants, native and exotic molluscs,
fishes, amphibians and reptiles. In the second year, inverte-
brates associated with aquatic vegetation and waterfowl were
added. Water chemistry was also tested at several sampling
sites. The general objectives can be summarized as (1) docu-
menting the biological diversity, (2) monitoring indicator
species, (3) identifying sensitive areas, and (4) recommend-
ing remedial actions (Poulin 2001). Before each field season,
the science team discussed the sampling protocols to be used
for the various biological groups. Nearly 600 species of
freshwater organisms have been identified among the eight
groups of plants and animals investigated which required
multiple sampling approaches. For instance, the sampling
protocols and equipment differ significantly between aquatic
microorganisms, aquatic plants and vertebrates (Poulin
2001). Water samples were collected twice a month, from
May to October during the entire project at 18 sites along the
river and at 3 sites in each of the headwater lakes, and a suite
of chemistry analyses was performed (e.g., carbon, nitrogen,
phosphorus, aluminium, copper, lead) (Poulin 2001).
Bacterial concentrations, namely E. coli, which is used to
determine provincial levels safe for public recreational activ-
ities, were measured simultaneously with the chemistry

analyses. Additionally, oxygen, pH, temperature and conduc-
tance were directly measured with a Hydrolab® field meter
(Poulin 2001). Biodiversity data about the river are still being
compiled, analyzed, and integrated with the abiotic variables
of the Rideau River watershed. Scientific publications and
popular articles will be forthcoming for all disciplines inves-
tigated over the three-year period of the project.

Challenges and Observations. The integration of CMN
scientists into a cohesive team to conduct the RRBP was a
major challenge. The nature of the scientific research con-
ducted at the CMN emphasizes the study of the classification
and evolution of species as opposed to considering ecological
processes within an ecosystem management approach. Like
many researchers, museum scientists felt more comfortable
tackling research problems for which they had been specifi-
cally trained (one taxonomic discipline). They were not used
to working as members of a multidisciplinary team that
required them to collaborate across disciplines and to consid-
er their research objectives within a broader integrated 
framework. 

The RRBP lacked a sufficient planning exercise at the
beginning of the research and sampling activities. Even
though scientific meetings helped to direct the project, they
failed to establish agreement on a cohesive science program
to maximize the collection of samples and, ultimately, inte-
grated analyses and interpretation. Nevertheless, the three
sampling seasons have provided, for the first time, an impor-
tant data set for the complete spatial and temporal biodiversi-
ty assessment for the entire Rideau River, as well as offering
baseline information for long-term monitoring.

Even further outside the range of expertise of most
museum scientists was working within a community-based
framework. Despite the fact that museums play a lead role in
the dissemination of scientific information to the public
through various educational and exhibit programmes, most
institutions are unfamiliar with community-based approaches
to research and education. 

Scientists aspiring to involve the public in their research
should expect to invest time and effort in getting to know and
to appreciate the community with whom collaboration is
sought. This means regular attendance at community meet-
ings, gathering local knowledge and finding effective ways to
consider the collaborators’ input into the research process.
Unless scientists receive proper support and professional
recognition for their efforts to work with the public, they are
unlikely to devote the time and effort required to make the
process work. Scientists who actively tried to integrate local
knowledge with their own research findings in the RRBP
stressed that researchers must be prepared to invest the time
to collect and validate the information and that this task has
to be carefully weighed against the many other research pri-
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orities. A significant difficulty in gaining the involvement of
scientists in such a process is that there is little professional
incentive. Performance measures and professional peer-
recognition rarely recognize efforts that do not culminate in a
scholarly publication. 

Community-based research and ecosystem management
are slow and frustrating for scientists who are used to care-
fully planning and controlling the progress of their research
in the absence of public debate. The challenges posed by
these new approaches caused initial reluctance among the
scientists to participate in the project. However, all of the sci-
entists interviewed agreed that they had benefited from the
experience and had come to appreciate the value of multidis-
ciplinary and community-based research.

Education and Public Awareness Framework
The final goal of the RRBP was to increase public

awareness about biodiversity and, in particular, about specif-
ic issues related to the health of the Rideau River. Since the
project’s inception, the Museum has ensured good local,
regional and national news coverage in print media, as well
as through radio and television. Two popular vehicles used to
inform local communities included the production of two
newsletters describing the project and reporting on scientific
results and an eight-page tabloid addressing specific issues
related to the biodiversity along the river. A co-produced
half-hour television documentary with the private sector enti-
tled, Rivers: Reflections of Life / Les rivières: Reflets de la
vie, presented river biodiversity with a particular focus on the
RRBP to illustrate how scientists and community groups can
work together. The Museum also created a Web site in both
English and French (www.nature.ca/rideau/index-e.html and
www.nature.ca/rideau/index-f.html) about the project and put
together a small exhibit for a local museum. Research results
continue to be disseminated both in scholarly journals and
popular magazines (Martel et al. 2001; Phelps et al. 2000;
Poulin 1999a).

Other public awareness activities included presentations
by members of the RRBP at local, regional, national and
international meetings (Poulin 1999c; Poulin et al. 1999a,
1999b, 2000). Workshops for the public on how to identify
microalgae, aquatic plants and molluscs in the Rideau River
were held in the communities. Boat tours explaining the bio-
diversity of the river were organized for the media and other
key community organizations. A local boat tour operator, also
a CAG member, sponsored one of these trips. This event is
but one example of the potential partnerships that can devel-
op between science and local businesses.

The RRBP successfully contributed to the science train-
ing of students in the field of biodiversity and limnology by
providing them with the opportunity to participate in field-

work and to gain experience sampling, using field gear and
sorting organisms. University students worked as summer
assistants and two enrolled at the local university in a
Master’s programme to study fish and aquatic plants
(Makkay 2002; Phelps 2001). Biologists were also hired to
assist the project on a part-time basis and a geography student
helped with the design of a geographic information system.
The added value through student involvement was critical to
the success of the scientific activities in the field. In addition,
many non-research staff of the Museum benefited from the
RRBP by spending time with the science team in the field,
and for several of them, this was their first hands-on experi-
ence with science. This effort has greatly increased cross-sec-
toral understanding and appreciation of science and in partic-
ular biodiversity, within the institution. On occasion, volun-
teers from the general public assisted Museum scientists with
their field sampling (Poulin 2001).  

Challenges and Observations. In terms of educational
achievements, the involvement of university students in the
scientific research represents a highly positive step in pro-
moting biosystematics research within the context of a larger
multidisciplinary study. In addition, the variety of communi-
cations media employed served to reach a number of differ-
ent public and academic audiences. One of the major chal-
lenges faced by the RRBP was the involvement of youth in
the study. Despite efforts to collaborate with local high
school science teachers, this educational aspect of the project
was never fully realized, mainly due to insufficient human
and financial resources available to develop a program with-
in the limited 3-year timeframe.

Ecosystem Management Framework
The CMN was the lead institution throughout the three

years of the project in close collaboration with the RVCA. In
addition, over 20 partnerships were established with various
municipal, regional, provincial and federal government agen-
cies, local community organizations, corporations and uni-
versities. The nature of these partnerships included shared
expertise and financial and in-kind support for research, edu-
cational and public awareness activities.

By the end of the second year of the RRBP, it became
apparent that the CAGs needed to be re-evaluated both in
terms of project goals and for the longer-term management of
the river’s biodiversity. Building upon the groundwork of the
CAGs, the Rideau River Roundtable (RRR) was established
in the final year of the project to facilitate the co-ordination
of research activities, educational projects and community
monitoring initiatives. The RRR’s membership was drawn
from the community, universities, and government scientific
and regulatory agencies. The Roundtable is presently
involved in a number of conservation, monitoring and public
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awareness activities. For instance, the RRR is currently
preparing a community action plan to address different con-
servation priorities along the river. A research and monitoring
team is involved in the identification of environmental 
indicators to serve as baseline information necessary for on-
going monitoring of the river ecosystem. The database of bio-
logical and environmental variables gathered over the three
years of the RRBP project will ultimately serve the RRR in
the preparation of a state of the river report.

Challenges and Observations. The creation of the
Rideau River Roundtable was an important outcome of the
RRBP. It was intended to carry forth the original objectives of
the CAGs with their emphasis on consultation and dissemi-
nation of information through community-based research, by
broadening the scope to an ecosystem management frame-
work that is more suited to deal with the social and ecologi-
cal complexities of biodiversity monitoring. It may provide
the mechanism necessary to link local knowledge and com-
munity values with science and policy by applying a pro-
active and integrated approach that combines long-term
vision with action oriented projects. Its two main challenges
will be to establish its role in relation to government scientif-
ic and regulatory agencies and local stewardship initiatives
and to ensure that initiatives are developed in a spirit of part-
nership where no one group dominates the process. The key
to its success will be whether or not government views it as a
benefit to achieving its mandate and communities see it as
representing their interests.

One form of partnership that needs to be more actively
cultivated in the future is the link between science and the
local business community. Healthy ecosystems should not
only be ecologically sound, but should also be economically
viable and able to sustain healthy communities (Rapport
1995). The business sector needs to understand the link
between a healthy river, a healthy community and a healthy
economy (Costanza et al. 1997). That understanding will
facilitate business support for research and educational activ-
ities related to the conservation and sustainable use of biodi-
versity. 

Discussion

The Rideau River Biodiversity Project represented the
first attempt by the Canadian Museum of Nature to develop
an innovative science project using an integrated approach to
biodiversity research. The participation of communities in a
multidisciplinary research study represented a new paradigm
for the Museum’s more narrowly focused biosystematics
research program. The experience presented new challenges
and the lessons learned provided valuable insights regarding
the conceptual, methodological and practical implications of

applying an integrated approach to biodiversity initiatives.
The RRBP has demonstrated how an integrated approach

needs to reflect the unique ecological and socio-cultural fea-
tures of a particular region, as well as the cultures of the vari-
ous institutions and groups involved. No two ecosystems are
the same and no two communities or institutions will be the
same either. Therefore, it is unlikely that any single integrated
approach will be applicable to all situations. Community-
based approaches developed for one social context (e.g.,
indigenous communities) may need to be adapted to suit larg-
er, more diverse communities where government exercises an
important regulatory role. Further, the notion of communities
as homogeneous, static and harmonious units often conceals
power relations within communities and masks biases in inter-
ests and needs based on, for example, age, class, ethnicity and
gender (Cooke and Kothari 2001). Here an ecosystem man-
agement approach that includes a broader representation of
stakeholder interests may be more appropriate. This is partic-
ularly relevant when dealing with a common property
resource like water that requires collective decision-making,
cooperation in resource use, and enforcement of agreed-upon
rules among group members (Berkes 1995). 

Projects that involve complex, interdisciplinary prob-
lems and many different stakeholders also require an organi-
zational structure that is flexible and adaptive enough to meet
the evolving needs of the research and the interests of the dif-
ferent partners. At the same time, it is important to recognize
the different roles and contributions each partner makes to the
process and to understand the limitations they may also face
in their ability to address certain issues. 

Côté and Bouthillier (1999) have argued that govern-
ment should have a predominant role in ecosystem manage-
ment since it is the only institution accountable to the inter-
ests of a whole nation. Since governments ultimately decide
how policy is made and implemented and who participates in
public decision-making, their willingness to initiate dialogue
with many sectors of society is key to building new structures
of governance (Zazueta 1995). Partnerships with government
can provide links to the existing decision-making structures
and help bring recommendations to action. Government
agencies can also offer technical and financial support to
build community capacity to manage their natural resources
(Grant 1997; IREE 1996). 

For their part, communities can help government agen-
cies understand issues that are most meaningful to them.
NGOs, citizens and the business sector can move beyond crit-
icizing governmental action or inaction and build their own
capacities to propose viable options that address the problems
they articulate (Mitchell 1997; Zazueta 1995). How citizen
participation will take place and the extent of its role in deci-
sion-making will vary by situation (Zazueta 1995).
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Roundtables should not be an attempt to replace government,
rather they should complement government initiatives by
providing a framework for long-term, multistakeholder
assessment of sustainability options (Mitchell 1995).

One of the criticisms of citizen participation in environ-
mental management is that the role and stature of the profes-
sional manager is diminished. The general public represented
by a diverse mixture of interest groups and individuals may
not be sufficiently informed to make sound decisions
(McMullin and Nielsen 1991; Mitchell 1997). However, as
Mitchell (1997) points out, users can make informed deci-
sions if the data are presented to them in an understandable
format. When properly trained, citizen volunteers can collect
reliable data and make assessments comparable to those
made by professionals (Fore et al. 2001). Ultimately, there
needs to be an understanding that science is just one type of
input into the decision-making process. The role of scientists
should be to conduct research and provide technical informa-
tion in a form the public understands so that decision-makers
can use this information along with local knowledge to make
better managerial decisions (IREE 1996; Rapport 1998b).

The use of the ecosystem health concept to frame
research objectives was one that the public could easily relate
to in the RRBP. Nonetheless, the challenge remains to better
define the concept both in ecological and social terms so it
can be used more effectively as a guide to constructive soci-
etal decision-making (Haskell et al. 1992; Lackey 1996). This
requires the input of natural scientists to determine the bio-
physical indicators of ecosystem health and social scientists
to understand the socio-economic and political dimensions of
biodiversity conservation and sustainable use. While the
RRBP was reasonably successful in integrating a number of
disciplines from the natural sciences, little attempt was made
to include the social sciences as part of the study. The mis-
perception that social data are somehow “soft” or “less cred-
ible” remains an obstacle to overcome as well gaining recog-
nition for the contribution social scientists make to under-
standing the human dimensions of biodiversity issues
(Coakes 1998). Ultimately, ecosystem management is “peo-
ple management” (Berkes and Folke 1998). “We have to learn
that we don’t manage ecosystems, we manage our interaction
with them” (Kay and Schneider 1994, 33). Human percep-
tions of environmental quality play significant roles in
ecosystem management decisions (Cairns et al. 1993; Lopez
and Dates 1998). Valued ecosystem components are deter-
mined by culture context and can only be ranked in terms of
cultural priorities (Meredith 1992). To ignore societal values
is to ignore the potential to involve society in the discussion
of and solutions to ecosystem health problems (Rapport
1998b). It will not be possible to change societal attitudes
regarding biodiversity conservation and sustainable use

unless there is some understanding of the factors that influ-
ence knowledge creation and institutional and societal
response to information and change (Ellsworth 1995; Long
and Villareal 1994). This requires a greater understanding of
the implications of changing power relations as a result of
multistakeholder processes and the institutional needs of
managing the interdependencies of interdisciplinary and
cross-scale problems (Folke et al. 1998; Parson and Clark
1995; Redclift 1994).

While ecosystem management holds great promise for
understanding and managing the complex social and ecolog-
ical dimensions of biodiversity, one area that is often not well
developed is capacity building in the public’s awareness of
biodiversity issues. This is probably because most environ-
mental research initiatives are generally led by natural scien-
tists whose main interests and expertise lie outside the realm
of education and social change. Yet it is one area that is fun-
damental to achieve the goal of societal change expressed in
Article 13 of the Convention on Biological Diversity (UNEP
1994). For communities to be sustainable they should be
adaptable, and to be adaptable, communities require a high
degree of social capacity (Beckley and Reimer 1999). The
public will not support science if they do not benefit from it
(IREE 1996). In order to ensure active citizen engagement in
biodiversity conservation, it is essential to create a sense of
community ownership of the process. Initiatives that link sci-
ence with local knowledge can go far in bringing about a
deeper understanding of biodiversity to all involved. These
initiatives also ground people’s individual experiences in the
larger effort of inventorying, monitoring and assessing bio-
logical resources — a necessary precursor to their sustainable
use (Ham and Kelsey 1998; Lopez and Dates 1998). Para-
mount to raising environmental consciousness is the involve-
ment of youth in educational initiatives that teach them about
biodiversity and encourage them to take an active role in the
conservation and sustainable use of biological resources.
Access to information for all parties involved is also a crucial
element of capacity building. To level the playing field, gov-
ernments need to open up access to accurate and useful infor-
mation to all involved. Similarly, citizen’s groups should
gather and disseminate information that helps both stake-
holders and decision-makers fully understand the issues at
stake (Zazueta 1995).

Some scholars suggest that the growing interest in inte-
grated research, local knowledge and increased public
involvement in science and decision-making has resulted in
the emergence of a new mode of knowledge production based
on transdisciplinary inquiry (Fuller 1993; Gibbons et al.
1994; Wilson 1998; Wolfenden 1999). According to Gibbons
et al. (1994) transdisciplinary inquiry operates within a con-
text of application in that problems are not set within a disci-
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plinary framework, but within broader transdisciplinary
social and economic contexts. Transdisciplinary inquiry tries
to integrate and synthesize many different disciplines to
develop its own distinct theoretical structures, research meth-
ods and practices to understand the functioning of the overall
system in order to develop appropriate responses to complex,
multidimensional problems   (Gibbons et al. 1994; Wolfenden
1999). One way it does this is by focusing more directly on
the problems, rather than the particular intellectual tools and
by encouraging people to work together towards some shared
vision or common understanding (Wolfenden 1999). Through
the process of social learning all of the actors working in the
context of application become more sensitive to the values
and preferences of each other and the broader social implica-
tions of what they are doing. While the holistic approach of
transdisciplinary inquiry provides the context and framework
to understand the overall ecosystem, it does not detract from
the disciplinary (reductionist) investigations necessary to
provide the detail and substance for systemic study (Gupta
1999; Wolfenden 1999). 

Framework for an Integrated Approach

In the final section of this paper we propose a framework
for an integrated approach to the conservation and sustain-
able use of biodiversity. While we recognize that it would
have been useful to provide more in depth analysis of the
socio-political issues of knowledge production and the power
relations that underlie interdisciplinary research and multi-
stakeholder collaboration in our discussion of the proposed
framework, the focus of this paper is one case study, and the
framework is the outcome of this particular experience.  In
addition, we have consulted a broad range of literature from
many disciplines that examines community-based research
and ecosystem management from both theoretical and
applied perspectives.  Thus, the framework is based on the
lessons learned from the RRBP and adapted from the experi-
ence of others who have attempted to develop similar initia-
tives based on the combined principles of community-based
research and ecosystem management (i.e., Bingham et al.
1995; CCME 1996; Environment Canada 1996; Gaudet et al.
1997; Ham and Kelsey 1998; Hemmati 2002; IREE 1995,
1996; Mitchell 1997; Wells 1995; Wolfenden 1999; Zazueta
1995). The framework consists of a set of key principles and
procedural steps represented in the schematic diagram
(Figure 2).

Key Principles
Problems set within broad socio-political and ecological

context. Any integrated approach should reflect the interrelat-
ed and multidimensional aspects of the issue. While ecosys-

tem boundaries are preferable, it may be logical under certain
circumstances to use jurisdictional political units, communi-
ty perceptions of economic use and cultural value of biologi-
cal resources or some combination of all features. Ultimately,
the scope of the project will depend on the research questions
and the different stakeholders involved.

Collaborative partnerships. Broad representation of
stakeholders ensures a cross-scale perspective of biodiversity
issues and alternative approaches to problem solving. Strong
linkages and networks need to be built among universities,
government, community groups and the private sector to
share technical, educational and financial resources and
expertise. Effective leadership and clearly defined project
goals and roles for all partners are essential to ensure contin-
uous support and interest.

Adaptive and innovative approach. Goals and objectives
are redefined as new information resulting from research and
monitoring continually feeds into the evolving knowledge
base. Initiatives are regarded as experiments — opportunities
to develop new modes of knowledge production and to test
new institutional arrangements. At the same time, all partici-
pants must have realistic expectations about what can be
accomplished and a willingness to acknowledge uncertainties
and the imprecision of results.

Social learning. Social learning requires a sensitive han-
dling of barriers to change and an understanding of what it
may take to create a functioning dialogue between profes-
sionals and citizens from different backgrounds. All partici-
pants should try to understand the world views of the others.
This does not mean that they must adopt them, only that the
components of those world views that might contribute to
sound biodiversity management should be considered for the
common good. 

Institutional recognition and support for capacity build-
ing. Senior management from all organizations involved must
support the legitimacy of the process. In order to ensure
active citizen engagement in biodiversity initiatives, it is
essential to build community capacity to foster their involve-
ment in local activities. At the same time, a community’s
ability to successfully carry out new initiatives will depend
on their receiving adequate scientific, technical and financial
support.

Transdisciplinary inquiry. An integrated approach
should be transdisciplinary in order to understand the inter-
actions between human behaviour and ecological processes.
It should cut across and build bridges between the social and
natural sciences and facilitate the links between scientists,
communities and policy makers. An integrated framework
needs to be developed as a focused effort at the beginning 
of an initiative and research should promote new forms of
knowledge production and lead towards sustained action.
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Procedural Steps
Figure 2 illustrates the procedural steps to developing

and implementing an integrated approach to the conservation
and sustainable use of biodiversity. While the schematic dia-
gram presents the steps following a chronological sequence,
it is not a strictly linear process. As research results become
available, represented by the box “Conduct targeted re-
search,” they may feed back to the previous steps and further
define the indicators of ecosystem health and the scope of the
key issues. This in turn may affect changes in the institution-
al structure of the project and the strategy to achieve research,
community and policy objectives. Thus, an integrative
approach is an iterative and adaptive process that exhibits
both linear, feedback and cyclical patterns.

Conclusion

The experience of the Rideau River Biodiversity Project
has revealed the theoretical and practical challenges of imple-
menting an integrated approach to the conservation and sus-
tainable use of biological resources. On the theoretical side,
the combined strengths of community-based research and
ecosystem management provide essential elements for an
integrated approach. Community-based research fosters
social change through capacity building and community
empowerment. Ecosystem management promotes a holistic
understanding of social and ecological interrelationships
through interdisciplinary research and multistakeholder 
decision-making.

On the practical side, the integration of scientific disci-
plines and working with many stakeholders require signifi-
cant planning initially, careful management throughout the

project and institutional understanding and support. It is crit-
ical that project goals and objectives be realistic and in line
with the financial, technical and personnel resources avail-
able. Integrated approaches need to be adapted to the unique
ecological and social characteristics of each region, as well as
to the particular research problem and the interests of the
stakeholders involved. Societal values need to be recognized
as a valuable component of understanding ecosystem health
and capacity building as the tool to promote biodiversity con-
servation and sustainability.

While integrated approaches to the conservation and sus-
tainable use of biodiversity may be as diverse as the issues
and communities they represent, their ultimate success will
depend on the willingness of different stakeholders to tran-
scend disciplinary boundaries and political agendas to solve
the pressing problems associated with the conservation and
sustainable use of biological resources. The RRBP linked sci-
ence with local knowledge and community awareness about
biodiversity. Through a process of social learning and trans-
disciplinary inquiry, all participants now have a better under-
standing of the scientific and social issues that relate to them
and are beginning to realize that together they can be part of
the solution, paramount for preserving the river’s biological
resources.

Endnotes

1. Corresponding author. Email: johnsonma@inac.gc.ca; fax:
(819)953-2590; address: Les Terrasses de la Chaudière, 6th Floor,
Ottawa, Ontario K1A 0H4, Canada.

2. Address: Research Division, P.O. Box 3443, Station D, Ottawa,
Ontario  K1P 6P4, Canada.

3. This paper was prepared while M. Johnson was a student/consultant
and, therefore, does not reflect the views of Indian and Northern
Affairs Canada.

Acknowledgements

We would like to thank all Museum staff, CAG members and col-
leagues who provided us with constructive comments about the project and
earlier draft of the paper, and more specifically P. Au, C. Billington, K.
Conlan, F. Cook, C. Dumouchel, L. Gillespie, H. Hamilton, P. B. Hamilton,
E. Hendrycks, J. Kohl, M. Lascelles, J. Lauriault, D. Pathy, C. B. Renaud,
M. Rankin, P. Roberts-Pichette, J. Ryan, F. Tester, and H. Wachlka. Thanks
to J. Whitmore for the production of the map. 

We would like to gratefully acknowledge the EJLB Foundation from
Montreal and the Canadian Museum of Nature for their financial support
to M. Poulin and the RRBP; Parks Canada Rideau Canal Office, the Rideau
Valley Conservation Authority and the Region of Ottawa-Carleton for
some financial assistance; as well as our many community partners. Finally
M. C. Johnson would like to thank the Biodiversity Convention Office,
Environment Canada, for financial support for the research and writing of
this paper.

Human Ecology Forum

Figure 2.  Schematic diagram of procedural steps for an integrated approach to the
conservation and sustainable use of biodiversity.

Define problem
• Identify key issues

• Identify key stakeholders
• Define research questions

Establish institutional structure
• Designate leadership

• Develop public involvement plan
• Form research team

• Assign budget

Scope the key issues
• Collate existing knowledge base

• Identify information gaps

Develop a strategy
• Identify goals and objectives for research, 

management and capacity building
• Allocate time and resources

• Identify organizations to implement activities

Define indicators of ecosystem health
• Local knowledge
• Natural sciences
• Social sciences

Conduct targeted research
• Science

• Local knowledge
• Policy issues

Implementation
• Develop policy options

• Develop biodiversity action plans

Monitoring and evaluation
• Status and trends of biodiversity

• Community engagement

 



52 Human Ecology Review, Vol. 10, No. 1, 2003

References

Aberley, D. 1993. Boundaries of Home: Mapping for Local Empowerment.
Gabriola Island, British Columbia: New Society Publishers.

Anyanwu, C. N. 1988. The technique of participatory research in commu-
nity development. The Community Development Journal 23, 11-15.

Beckley, T. M. and W. Reimer. 1999. Helping communities help them-
selves: industry-community relations for sustainable timber-depen-
dent communities. The Forestry Chronicle 75, 805-810.

Berkes, F. 1994. Co-management: bridging the two solitudes. Northern
Perspectives 22, 18-20. 

Berkes, F. 1995. Community-based management of common property
resources. Encyclopedia of Environmental Biology 1, 371-373.

Berkes, F. 1999. Sacred Ecology. Traditional Ecological Knowledge and
Resource Management. Philadelphia, PA: Taylor and Francis.

Berkes, F. and C. Folke. 1998. Linking social and ecological systems for
resilience and sustainability. In F. Berkes and C. Folke (eds.), Linking
Social and Ecological Systems. Management Practices and Social
Mechanisms for Building Resilience, 1-25. Cambridge: Cambridge
University Press.

Berkes, F., D. Feeny and B. J. McCay. 1989. The benefits of the commons.
Nature 340, 91-93.

Bingham, G., R. Bishop, M. Brody, D. Bromley, E. Clark, W. Cooper, R.
Costanza, T. Hale, G. Hayden, S. Kellert, R. Norgaard, B. Norton, J.
Payne, C. Russell and G. Suter. 1995. Issues in ecosystem valuation:
improving information for decision making. Ecological Economics
14, 73-90.

Blood, E. 1994. Prospects for the development of integrated regional mod-
els. In P. M. Groffman and G. E. Likens (eds.), Integrated Regional
Models. Interactions between Humans and their Environment, 145-
153. Toronto: Chapman and Hall.

Bouthillier, L., V. Lemay and S. Nadeau. 1997. Mesure de la contribution
du secteur forestier au bien-être d’une communauté dépendante de la
forêt. Québec, Ministère des Ressources naturelles du Québec,
Direction de la recherche (Forêt) and Faculté de foresterie et de géo-
matique, Université Laval.

Burdge, R. J. and F. Vanclay. 1998. The practice and future of social impact
assessment. In R. J. Burdge (ed.), A Conceptual Approach to Social
Impact Assessment, 265-284. Middleton, WI: Social Ecology Press.

Cairns, J. Jr., P. V. McCormick and B. R. Niederlehner. 1993. A proposed
framework for developing indicators of ecosystem health.
Hydrobiologia 263, 1-44.

Callicott, J.B. 1992. Aldo Leopold’s metaphor. In R. Costanza, B. G.
Norton and B. D. Haskell (eds.), Ecosystem Health. New Goals for
Environmental Management, 42-56. Washington D.C.: Island Press. 

Canadian Heritage Parks Canada. 1996. Working towards a Shared Future.
Rideau Canal Management Plan. Smiths Falls, Ontario, Rideau
Canal, Parks Canada.

Capra, F. 1999. Reconnecting with the web of life: deep ecology, ethics and
ecological literacy. In D. Posey (ed.), Cultural and Spiritual Values of
Biodiversity, 489-492. London: United Nations Environment
Programme, Intermediate Technology Publications.

Carpenter, S., W. Brock and P. Hanson. 1999. Ecological and social dynam-
ics in simple models of ecosystem management. Conservation
Ecology 3, 1-15 
(On-line: www.consecol.org/Journal/vol3/iss2/art4/main.html).

CCME. 1996. A Framework for Developing Ecosystem Health Goals,
Objectives, and Indicators: Tools for Ecosystem-based Management.
Winnipeg, Manitoba, Canadian Council of Ministers of the
Environment.

Coakes, S. 1998. Valuing the social dimension: social assessment in the
regional forest agreement process. Australian Journal of
Environmental Management 5, 47-54.

Cooke, B. and U. Kothari. 2001. The case for participation as tyranny. In
B. Cooke and U. Kothari (eds.), Participation: The New Tyranny, 1-
15. New York: Zed Books.

Costanza, R. and G. Greer. 1995. The Chesapeake Bay and its watershed:
a model for sustainable ecosystem management? In L. Gunderson, C.
Holling and S. Light (eds.), Barriers and Bridges to the Renewal of
Ecosystems and Institutions, 169-213. New York: Columbia
University Press.

Costanza, R., M. Mageau, B. Norton and B. C. Patten. 1998. Social deci-
sion making. In D. Rapport, R. Costanza, P. R. Epstein, C. Gaudet
and R. Levins (eds.), Ecosystem Health, 261-302. Malden, MA:
Blackwell Science Inc.

Costanza, R., R. d’Arge, R. de Groot, S. Farber, M. Grasso, B. Hannon, K.
Limburg, S. Naeem, R. O’Neill, J. Paruelo, R. G. Raskin, P. Sutton
and M. van den Belt. 1997. The value of the world’s ecosystem ser-
vices and natural capital. Nature 387, 253-260.

Côté, M. A. and L. Bouthillier. 1999. Analysis of the relationship among
stakeholders affected by sustainable forest management and forest
certification. The Forestry Chronicle 75, 961-965.

Couto, R. 1987. Participatory research: methodology and critique. Clinical
Sociology Review 5, 83-90.

Efford, I. E. 1995. Systematics: An Impending Crisis. Ottawa, Federal
Biosystematics Group, Canadian Museum of Nature.

Ehrenfeld, D. 1992. Ecosystem health and ecological theories. In R.
Costanza, B. G. Norton and B. D.  Haskell (eds.), Ecosystem Health.
New Goals for Environmental Management, 135-143. Washington
D.C.: Island Press. 

Ellsworth, J. 1995. Ecosystem management: new forms of governance. In
Ecosystem Management: Meeting the Challenges of Community
Initiatives, 53-58. Ottawa: Institute for Research on Environment and
Economy, University of Ottawa.

Environment Canada. 1996. The Ecosystem Approach: Getting beyond the
Rhetoric. Hull, Quebec, Task Group on Ecosystem Approach and
Ecosystem Science, Environment Canada.

Folke, C., F. Berkes and J. Colding. 1998. Ecological practices and social
mechanisms for building resilience and sustainability. In F. Berkes
and C. Folke (eds.), Linking Social and Ecological Systems.
Management Practices and Social Mechanisms for Building
Resilience, 414-436. Cambridge: Cambridge University Press.

Force, J. E. and G. E. Machlis. 1997. The human ecosystem. Part II: Social
indicators in ecosystem management. Society and Natural Resources
10, 369-382.

Fore, L. S., K. Paulsen and K. O’Laughlin. 2001. Assessing the perfor-
mance of volunteers in monitoring streams. Freshwater Biology 46,
109-123.

Fuller, S. 1993. Philosophy, Rhetoric and the End of Knowledge. Madison:
University of Wisconsin Press.

Gardner, J. and M. Roseland. 1989. Thinking globally. The role of social
equity in sustainable development. Alternatives 166, 26-35.

Human Ecology Forum



Human Ecology Review, Vol. 10, No. 1, 2003 53

Gaudet, C., A. Wong, A. Brady and R. Kent. 1997. How are we managing?
The transition from environmental quality to ecosystem health.
Ecosystem Health 3, 3-10.

Gaventa, J. 1988. Participatory research in North America. Convergence
21, 19-27.

Gibbons, M., C. Limoges, H. Nowotry, S. Schwaartzman, P. Scott and M.
Trow. 1994. The New Production of Knowledge: the Dynamics of
Science and Research in Contemporary Societies. London: SAGE
Publications.

Grant, K. 1997. Reaching New Heights: a Handbook for Developing
Community based Ecosystem Health Goals, Objectives and
Indicators. Vancouver, British Columbia, Environment Canada
Fraser River Action Plan.

Grumbine, R. E. 1994. What is ecosystem management? Conservation
Biology 8, 27-38.

Gunderson, L. H., C. S. Holling and S. S. Light. 1995. Barriers broken and
bridges built: a synthesis. In L. Gunderson, C. Holling and S. Light
(eds.), Barriers and Bridges to the Renewal of Ecosystems and
Institutions, 489-532. New York: Columbia University Press.

Gupta, A. 1999. Managing environments sustainability through under-
standing and assimilating local ecological knowledge: the case of the
honey bee. In D. Posey (ed.), Cultural and Spiritual Values of
Biodiversity, 535-537. London: United Nations Environment
Programme, Intermediate Technology Publications.

Haila, Y. 1998. Assessing ecosystem health across spatial scales. In D.
Rapport, R. Costanza, P. R. Epstein, C. Gaudet and R. Levins (eds.),
Ecosystem Health, 81-102. Malden, MA: Blackwell Science Inc.

Ham, L. and E. Kelsey. 1998. Learning about Biodiversity: a First Look at
the Theory and Practice of Biodiversity Education, Awareness and
Training in Canada. Hull, Quebec, Biodiversity Convention Office,
Environment Canada.

Hamilton, P. B., L. M. Ley, M. Poulin and F. R. Pick. 1997. Seasonal and
Disturbance Event Fluctuations in Phytoplankton Composition and
Water Quality in the Lower Rideau River, including Mooney’s Bay,
during 1996. Parts 1-3. Centre for Aquatic Biology and
Environmental Research (CABER), Canadian Museum of Nature.
Technical Report 97/1, 1-882.

Haskell, B. D., B. G. Norton and R. Costanza. 1992. Introduction. What is
ecosystem health and why should we worry about it? In R. Costanza,
B. G. Norton and B. D. Haskell (eds.), Ecosystem Health. New Goals
for Environmental Management, 3-20. Washington D.C.: Island
Press. 

Hemmati, M. 2002. Multi-stakeholder Processes for Governance and
Sustainability beyond Deadlock and Conflict. London: Earthscan
Publications Ltd.

Holling, C. S. 1978. Adaptive Environmental Assessment and Management.
Wiley International Series on Applied Systems Analysis, volume 3.
Chichester: Wiley.

Holling, C. S. 1995. What barriers? What bridges? In L. Gunderson, C.
Holling and S. Light (eds.), Barriers and Bridges to the Renewal of
Ecosystems and Institutions, 3-34. New York: Columbia University
Press.

IREE. 1995. Ecosystem Management: Meeting the Challenges of
Community Initiatives. Ottawa, Ontario, Institute for Research on
Environment and Economy, University of Ottawa.

IREE. 1996. Community Empowerment in Ecosystem Management.
Ottawa, Ontario, Institute for Research on Environment and
Economy, University of Ottawa.

Johnson, M. 1992. LORE: Capturing Traditional Environmental
Knowledge. Ottawa, Ontario, Dene Cultural Institute and
International Development Research Centre.

Johnson, M. and R. A. Ruttan. 1993. Traditional Dene Environmental
Knowledge: a Pilot Project Conducted in Ft. Good Hope and
Colville Lake, NWT, 1989-1993. Hay River, Northwest Territories,
Dene Cultural Institute.

Johnson, M., H. Hamilton and J. Kohl. 1999. Towards a New Model of
Cooperative Environmental Stewardship along the Rideau River.
Ottawa, Ontario, Environment Committee of Ottawa South.

Kay, J. and E. Schneider. 1994. Embracing complexity. The challenge of
the ecosystem approach. Alternatives 20, 32-39.

Lackey, R. T. 1996. Pacific salmon, ecological health and public policy.
Ecosystem Health 2, 61-68.

Lee, K. N. 1995. Deliberately seeking sustainability in the Columbia River
Basin. In L. Gunderson, C. Holling and S. Light (eds.), Barriers and
Bridges to the Renewal of Ecosystems and Institutions, 214-238. New
York: Columbia University Press.

Lerner, S. C. 1994. Environmental constituency - building local initiatives
and volunteer stewardship. Alternatives 20, 55-60.

Long, N. and M. Villareal. 1994. The interweaving of knowledge and
power in development interfaces. In I. Scoones and J. Thompson
(eds.), Beyond Farmers First. Rural People’s Knowledge,
Agricultural Research and Extension Practice, 41-52. London:
International Institute for Environment and Development.

Lopez, C. and G. Dates. 1998. The efforts of community volunteers in
assessing watershed ecosystem health. In D. Rapport, R. Costanza, P.
Epstein, C. Gaudet and R. Levins (eds.), Ecosystem Health, 103-128.
Malden, MA: Blackwell Science Inc.

Machlis, G., J. Force and W. Burch Jr. 1997. The human ecosystem part I:
the human ecosystem as an organizing concept in ecosystem man-
agement. Society and Natural Resources 10, 347-367.

Makkay, K. 2002. Factors Affecting the Diversity and Community
Composition of Aquatic Macrophytes in the Rideau River. M. Sc.
Thesis, University of Ottawa, Ottawa.

Martel, A. L., D. A. Pathy, J. B. Madill, C. B. Renaud, S. L. Dean and S. J.
Kerr. 2001. Decline and regional extirpation of freshwater mussels
(Unionidae) in a small river system invaded by Dreissena polymor-
pha: the Rideau River, 1993-2000. Canadian Journal of Zoology 79,
2181-2191.

Mason, R. and M. Boutilier. 1996. The challenge of genuine power sharing
in participatory research: the gap between theory and practice.
Canadian Journal of Community Mental Health 15, 145-152.

McMullin, S. L. and L. A. Nielsen. 1991. Resolution of natural resource
allocation conflicts through effective public involvement. Policy
Studies Journal 19, 553-559.

McNeely, J. A., M. Gadgil, C. Levèque, C. Padoch and K. Redford. 1995.
Human influences on biodiversity. In V. Heywood (ed.), Global
Biodiversity Assessment, 711-821. Cambridge: Cambridge
University Press.

McNicoll, P. 1999. Issues in teaching participatory action research. Journal
of Social Work Education 35, 51-62.

Human Ecology Forum



54 Human Ecology Review, Vol. 10, No. 1, 2003

McTaggart, R. 1997. Guiding principles for participatory action research.
Participatory Action Research. In R. McTaggart (ed.), International
Contexts and Consequences, 25-43. Albany, NY: State University of
New York Press.

Meredith, T.C. 1992. Environmental impact assessment, cultural diversity,
and sustainable rural development. Environmental Impact
Assessment Review 12, 125-138.

Mitchell, R. 1995. Multistakeholder community initiatives. In Ecosystem
Management: Meeting the Challenges of Community Initiatives, 67-
68. Ottawa, Ontario: Institute for Research on Environment and
Economy, University of Ottawa.

Mitchell, B. 1997. Resource and Environmental Management. Edinburgh,
Addison Wesley Longman Limited.

Neilson, N. O. 1999. The meaning of health. Ecosystem Health 5, 65-66.
Ostrom, E. 1990.  Governing the Commons: The Evolution of Institutions

for Collective Action.  Cambridge: Cambridge University Press.
Parson, E. and W. Clark. 1995. Sustainable development as social learning:

theoretical perspectives and practical challenges for the design of a
research program. In L. H. Gunderson, C. S. Holling and S. S. Light
(eds.), Barriers and Bridges to the Renewal of Ecosystems and
Institutions, 428-460. New York: Columbia University Press.

Phelps, A.-M. 2001. Investigating the Fish Community of the Rideau River,
Ontario, with respect to Historical Changes and Current Land-use
Practices. M. Sc. Thesis, University of Ottawa, Ottawa.

Phelps, A., C. B. Renaud and F. Chapleau. 2000. First record of a
Freshwater Drum, Aplodinotus grunniens, in the Rideau River,
Ottawa, Ontario. Canadian Field-Naturalist 114, 121-125.

Pickett, S. T. A., I. C. Burke, V. H. Dale, J. R. Gosz, R. G. Lee, S. W. Pacala
and M. Shachak. 1994. Integrated models of forested regions. In P.
M. Groffman and G. E. Likens (eds.), Integrated Regional Models.
Interactions between Humans and their Environment, 120-141.
Toronto: Chapman and Hall.

Pinkerton, E. W. 1994. Summary and conclusions. In C. L. Dyer and J. R.
McGoodwin (eds.), Folk Management in the World’s Fisheries, 317-
337. Niwot, CO: University Press of Colorado.

Poulin, M. 1999a. The Rideau River Project — making science make sense
to the communities. Biodiversity News 8, 19.

Poulin, M. 1999b. A Multidisciplinary, Community-based Study of the
Environmental Health of the Rideau River. Progress Report (1998
and 1999). Presented to the EJLB Foundation, Montréal. Canadian
Museum of Nature, Ottawa, Ontario.

Poulin, M. 1999c. Colloquium on La biodiversité de la rivière Rideau: la
science à la portée du public. In 67th Congress of the Association
canadienne-française pour l’avancement des sciences (Acfas),
Ottawa, Ontario, General Program, p 154.

Poulin, M. 2001. A Multidisciplinary, Community-based Study of the
Environmental Health of the Rideau River: Final Report. Presented
to the EJLB Foundation, Montréal. Canadian Museum of Nature,
Ottawa, Ontario.

Poulin, M. and D. M. Williams. 2002. Conservation of diatom biodiversi-
ty: a perspective. In J. John (ed.), Proceedings of the Fifteenth
International Diatom Symposium, 161-171. Liechtenstein: A.R.G.
Gantner Verlag K.G.

Poulin, M., P. B. Hamilton and C. Billington. 1999a. The Rideau River
Biodiversity Project: bringing science to the people. In 5th National
Science Meeting, Ecological Monitoring and Assessment Network.
Victoria, British Columbia, Oral Presentation Abstract, p 31-32.

Poulin, M., P. B. Hamilton and C. Billington. 1999b. The Rideau River
Biodiversity Project: a case study bringing science to the people. In
6th Annual International Conference on Transitions in the St.
Lawrence River. Cornwall, Ontario, Program Abstract, p 21-22.

Poulin, M., P. B. Hamilton and C. Billington. 2000. La biodiversité de la
rivière Rideau, une étude pluridisciplinaire selon une approche com-
munautaire. Cryptogamie Algologie 21, 234-235.

Rapport, D. 1995. Ecosystem health: exploring the territory. Ecosystem
Health 1, 5-13.

Rapport, D. 1998a. Defining ecosystem health. In D. Rapport, R. Costanza,
P. R. Epstein, C. Gaudet and R. Levins (eds.), Ecosystem Health, 18-
33. Malden, MA: Blackwell Science Inc.

Rapport, D. 1998b. Answering the critics. In D. Rapport, R. Costanza, P. R.
Epstein, C. Gaudet and R. Levins (eds.), Ecosystem Health, 41-50.
Malden, MA: Blackwell Science Inc.

Redclift, M. 1994. Reflections on the “sustainable development” debate.
International Journal of Sustainable Development and World
Ecology 1, 3-21.

Rickson, R., R. J. Burdge, T. Hundloe and G. T. McDonald. 1998.
Institutional constraints to adoption of social impact assessment as a
decision making and planning tool. In R. J. Burdge (ed.), A
Conceptual Approach to Social Impact Assessment, 243-256.
Middleton, WI: Social Ecology Press.

Ryan, J. and M. Robinson. 1991. Implementing participatory action
research in the Canadian North: A case study of the Gwich’in in lan-
guage and cultural project. Culture 10, 1-15.

Ryan, J. and M. Robinson. 1996. Community participatory research: two
views from Arctic Institute practitioners. Practicing Anthropology
18, 7-11.

Scoones, I. and J. Thompson. 1994. Beyond Farmers First. Rural People’s
Knowledge, Agricultural Research and Extension Practice. London,
International Institute for Environment and Development.

Sejersen, F. 1998. Hunting in Greenland and the integration of local users’
knowledge in management strategies. In L. J. Dorais, M. Nagy and L.
Muller-Wille (eds.), Aboriginal Environmental Knowledge in the
North, 37-60. Québec: Gétic, Université Laval.

Slim, H. and P. Thompson. 1993. Listening for a Change. Oral Testimony
and Development. London: Panos Publications Ltd.

Slocombe, D. S. 1993. Environmental planning, ecosystem science and
ecosystem approaches for integrating environment and development.
Environmental Management 17, 289-303.

Tester, F. J. 1992. Reflections on tin wis. Environmentalism and the evolu-
tion of citizen participation in Canada. Alternatives 1, 34-41.

UNEP. 1994. Convention on Biological Diversity. Text and Annexes.
Châtelaine, United Nations Environment Programme.

Walters, C. J. 1986. Adaptive Management of Renewable Resources. New
York, Macmillan.

Wells, M. 1995. Social-economic strategies to sustainably use, conserve
and share the benefits of biodiversity. In V. Heywood (ed.), Global
Biodiversity Assessment, 1016-1036. Cambridge: Cambridge
University Press.

Human Ecology Forum



Human Ecology Review, Vol. 10, No. 1, 2003 55

Westley, F. 1995. Governing design: the management of social systems and
ecosystem management. In L. H. Gunderson, C. S. Holling and S. S.
Light (eds.), Barriers and Bridges to the Renewal of Ecosystems and
Institutions, 391-427. New York: Columbia University Press.

Westman, W. E. 1985. Ecology, Impact Assessment and Environmental
Planning. A Wiley-Interscience Publication. Toronto: John Wiley
and Sons.

Wilson, E. O. 1998. Consilience. The Unity of Knowledge. New York:
Alfred A. Knopf.

Wolfenden, J. A. J. 1999. A Transdisciplinary Approach to Integrated
Resource Management: A Pragmatic Application of Ecological
Economics. Ph. D. Thesis, University of New England, Australia.

Zazueta, A. 1995. Policy Hits the Ground: Participation and Equity in
Environmental Policy-Making. Washington D.C.: World Resources
Institute.

Human Ecology Forum


