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Abstract: Marine protected areas (MPAs) are an increasingly popular tool for
management of the marine commons. Effective governance is essential if MPAs
are to achieve their objectives, yet many MPAs face conflicts and governance
challenges, including lack of trust and knowledge integration between fishers,
scientists, and policy makers. This paper considers the role of a boundary organi-
zation in facilitating knowledge integration in a co-managed MPA, the Gladden
Spit and Silk Cayes Marine Reserve in Belize. Boundary organizations can play
an important role in resource management, by bridging the science-policy divide,
facilitating knowledge integration, and enabling communication in conditions of
uncertainty. Drawing on ethnographic research conducted in Belize, the paper
identifies four challenges for knowledge integration. First, actors have divergent
perspectives on whether and how knowledge is being integrated. Second, actors
disagree on resource conditions within the MPA and how these should be under-
stood. Third, in order to maintain accountability with multiple actors, including
fishers, government, and funders, the boundary organization has promoted the
importance of different types of knowledge for different purposes (science and
fishers’ knowledge), rather than the integration of these. Finally, a lack of trust
and uneven power relations make it difficult to separate knowledge claims from
political claims. However, even if knowledge integration proves difficult, bound-
ary organizations may still play an important role by maintaining accountabil-
ity, providing space for conflicting understandings to co-exist, and ultimately for
governance institutions to evolve.
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|. Introduction

Marine protected areas (MPAs) have proliferated in recent years, the result of a
coordinated global conservation effort (Gray 2010).! They are designed to meet a
variety of ecological objectives, including the conservation, management, or res-
toration of species, fisheries, habitats, ecosystems, and/or ecological services, as
well as social objectives such as the alleviation of poverty in coastal communities
(Fox et al. 2012). However, MPAs pose significant challenges for effective gov-
ernance (e.g. complex and dynamic ecosystem interactions, heterogeneous social
groups with conflicting needs), which must be addressed if they are to fulfill
their objectives (Jentoft et al. 2007). Marine protected areas represent a range of
governance regimes, including customary sea tenure, community-based manage-
ment, co-management, centralized state management, and private management
(Christie and White 2007). Co-management has been identified as one effective
approach to MPA governance (Rudd et al. 2003; Jones 2006; Jones 2014), in part
because it has the potential to enable the integration of multiple sources of knowl-
edge (Singleton 2000; Wilson 2002; Moller et al. 2004).

Knowledge integration typically refers to the inclusion of both scientific and
local or traditional sources of ecological knowledge in environmental manage-
ment, in an ongoing process that includes discussion of epistemological differ-
ences and collective evaluation of knowledge claims by all participants (Raymond
et al. 2010; Bohensky and Maru 2011). In the context of MPAs, there is evidence
both for and against the possibility of successful knowledge integration. Aswani
and Weiant (2004), for example, describe a community-based MPA in the Solomon
Islands where both scientific knowledge and indigenous women’s knowledge were
successfully incorporated into MPA design and management. Similarly, Ban et al.
(2009) demonstrate a method for successfully integrating indigenous knowledge
and interests with scientific data in MPA planning, drawing on interviews with
knowledgeable resource users as well as scientific priorities identified through a
decision-support tool. In contrast, Walley (2002) and Evans et al. (2011) describe
the difficulty of integrating local knowledge in MPAs in Tanzania and Kenya,
respectively, amidst ongoing power struggles, class conflicts, and lack of trust.
In reviewing the MPA literature, Ferse et al. (2010) argue that local ecological

' The IUCN defines a protected area [marine or terrestrial] as: “A clearly defined geographical space,
recognized, dedicated and managed, through legal or other effective means, to achieve the long-term
conservation of nature with associated ecosystem services and cultural values” (Dudley 2008, 8).
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knowledge is rarely acknowledged or integrated into the design and management
of MPAs. Given the continued increase in MPAs and international support for their
expansion (Gray 2010), increasing interest in effective MPA governance (Jentoft et
al. 2007; Jones 2014), and the potential for lack of knowledge integration to under-
mine MPA efforts (Jones 2006; Ferse et al. 2010), more attention to the process and
challenges of knowledge integration in MPAs is warranted.

This paper considers the role of a boundary organization in facilitating
knowledge integration in the Gladden Spit and Silk Cayes Marine Reserve, a
co-managed MPA in Belize. Boundary organizations serve to connect knowledge
producers (e.g. scientists, fishers) and knowledge users (decision makers) by
enhancing communication, translating scientific information into formats that can
be used for policy making, and mediating conflicts (Cash 2001; Guston 2001).
How do boundary organizations affect the way that different types of knowledge
are identified, evaluated, and used in MPAs? What are the consequences of this
politics of knowledge for MPA decision making? This paper contributes to the
effort to understand the role of boundary organizations in integrating knowledge,
both for MPAs specifically and co-management generally. However, while stud-
ies of boundary organizations have typically emphasized their role in facilitating
communication and enabling joint knowledge production, this paper considers
an alternative possibility. I argue that effective boundary organizations may not
necessarily facilitate communication or enable knowledge integration. Instead, so
long as they remain accountable to actors on both sides of the boundary, they may
function by providing space for conflicting understandings, agendas, and ways of
knowing to co-exist in a co-management system. Rather than drawing on uncer-
tainty to facilitate communication and knowledge integration (White et al. 2008),
boundary organizations may rely on uncertainty as a reason to avoid the difficult
task of reconciling competing knowledge claims. In order to maintain account-
ability with different groups, boundary organizations may be reluctant to pursue
knowledge integration where such a process could prioritize some knowledge
claims (and political interests) over others.

1.1. Co-management, knowledge integration, and boundary organizations

Co-management typically refers to any case of resource management in which there
is a “power-sharing arrangement between the State and a community of resource
users” (Carlsson and Berkes 20035, 65), although it is increasingly recognized that
neither the state nor the community are unitary, homogeneous actors and that addi-
tional actors (e.g. non-governmental organizations or NGOs) also play an important
role in the co-management network (Carlsson and Berkes 2005; Cash et al. 2006).
Co-management is promoted as an ideal management approach for complex systems
such as marine commons, where assumptions of (relatively) complete biological
knowledge do not hold and significant cross-level linkages complicate management
(Wilson 2002; Berkes 2006). By enabling the integration of complementary local
knowledge and scientific knowledge, co-management may offer a more complete
picture of the resource(s) (Wilson 2002). In co-management arrangements, states
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and scientific experts typically provide larger scale ecological information and sci-
entific tools and analysis, while resource users contribute detailed knowledge about
particular ecosystems and places (Singleton 2000; Moller et al. 2004; Berkes 2009).
Olsson et al. (2004) argue that this combination of multiple sources of information
and knowledge systems is one key feature of successful adaptive co-management.
Co-management institutions can facilitate knowledge integration by enabling the
contribution of knowledge from different actors or by providing a forum for the
joint generation of new knowledge (Berkes 2009; Robinson and Wallington 2012).
Knowledge integration can also build trust between resource users and scientists/
managers, thereby helping to ensure that customary uses (of resources/wildlife) are
sustainable (Moller et al. 2004). However, while a significant body of research has
documented local and traditional knowledge (LTK) of the marine environment and
considered how this knowledge could be used to improve management, few stud-
ies have demonstrated respectful integration of LTK with science in practice (see
Thornton and Scheer 2012, for review).

Despite its promised benefits, the process of knowledge integration is dif-
ficult and inadequately addressed in the co-management literature, thus “leaving
open the question of how the integration of science and Indigenous knowledge is
achieved through co-management in practice” (Robinson and Wallington 2012,
16). Barriers to knowledge integration include: a lack of trust between scientists/
managers and local knowledge holders (Berkes 2009); treating local/indigenous
knowledge holders as repositories of information rather than active political agents
(Brosius 2006); ontological and epistemological differences in what is known and
how it is known (Raymond et al. 2010); and the politics of actual knowledge inte-
gration processes, including institutional power relations (Raymond et al. 2010).
For fisheries management specifically, an historical lack of knowledge exchange
between fishers and scientists is a source of conflict that can be difficult to over-
come (Johnson 2010). Some authors, while acknowledging the difficulty inherent
in integrating different sources of knowledge, are confident that this integration or
co-production can be achieved (Berkes 2009; Thornton and Scheer 2012). Others
are skeptical, suggesting that ‘knowledge integration’ through co-management
is a way for powerful state institutions to subjugate indigenous knowledge and
values (Nadasdy 1999; Natcher et al. 2005). There is a danger of assuming that
the resource management problem is both obvious and universally understood,
though perhaps through different means of knowing, when in fact “the assump-
tions, knowledge, and understandings that underlie the definition of resource
problems are frequently uncertain and contested” (Adams et al. 2003, 1915).
Assessments of co-management must therefore consider the political dimensions
of problem definition and knowledge integration (Nadasdy 2003).

Thus far, the labels of ‘scientific’ and ‘local’ or ‘indigenous’ knowledge
have been used, in keeping with the terminology common in both MPA and
co-management literature. Increasingly, however, this dichotomous division is
regarded as problematic, as different types of knowledge are often multi-dimen-
sional and overlapping (Agrawal 1995; Negev and Teschner 2013). Drawing on
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the insights of the science studies literature, this paper explores how knowledge
is identified as ‘scientific’ or ‘local’, evaluated, and deployed in marine protected
area policies and practices. Rather than conceiving of science as an inherently and
essentially distinct activity, science studies scholars assert that what counts as sci-
ence, especially ‘policy-relevant’ science, is contingent on time and place (Jasanoff
1987; Gieryn 1999). Many actors, not just scientists, engage in ‘boundary work’
to define what counts as science in any given situation (e.g. Hall and White 2008).
In co-managed MPAs, where different types of knowledge should in theory be
combined, it is necessary to understand how knowledge is classified, legitimized
and used.

Related to the concept of ‘boundary work’ is the ‘boundary organization.’
Boundary organizations exist between two distinct realms of science and decision
making, yet are accountable and responsive to both worlds and actively work to
negotiate the boundary between them (Cash 2001; Guston 2001). As originally
described by Guston (1999), there are three characteristics of boundary organiza-
tions: (1) they enable the creation and use of ‘boundary objects’; (2); they include
actors from both sides of the boundary; and (3) they are responsible and account-
able to two distinct social worlds. The concept has since expanded to “encom-
pass more complex and diverse organizations at the boundary between numerous
stakeholder groups” (Leith et al. 2016, 379). In addition, authors have noted
several potential features of boundary organizations that are particularly salient
for marine resource co-management. First, boundary organizations can facilitate
the integration and co-production of knowledge by different groups (Cash et al.
2006; Goldberger 2007; Robinson and Wallington 2012), a purported advantage
of co-management. Second, boundary organizations are particularly important in
a context of uncertainty, which characterizes most marine resource contexts, as
uncertainty offers a bridge for communication (White et al. 2008). Finally, they can
play a critical role in facilitating exchange between fishers and scientists, whose
relationships are often characterized by mistrust and misunderstanding, a situation
reinforced by legal mandates that prioritize science in decision making (Johnson
2010). Boundary organizations are successful if all stakeholders are satisfied and
there is “stability of the boundary” (Guston 2001, 401). This paper considers how
boundary organizations function in situations characterized by multiple knowledge
types and examines whether knowledge integration is necessary for success.

2. Methods and study site

Belize, home to the world renowned Meso-American barrier reef system, has
established 15 MPAs.> Nine of these MPAs are co-managed by the Belizean

2 The 15 MPAs include one national park, nine marine reserves, three wildlife sanctuaries, and
two natural monuments. In addition, the government has also protected 11 sites as “spawning
aggregation site reserves.” Four of these sites are contained within existing marine reserves (see:
http://protectedareas.gov.bz/; http://www.biodiversity.bz/find/protected_area/).
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Figure 1: Map of study area in Belize.

government and a local NGO or community-based organization. Friends of
Nature is the local co-management partner for the Gladden Spit and Silk Cayes
Marine Reserve (hereafter Gladden Spit), which it co-manages with the Fisheries
Department (see Figure 1). Gladden Spit has long been an important seasonal
fishing ground for communities in southern Belize, especially Placencia. Since
the 1920s, fishers have congregated here around the full moon in the spring
months to catch large quantities of snapper. In addition, fishers also reported
sightings of large sharks in the vicinity. Intrigued by these large fish landings and
shark reports, scientists began studying the area in the late 1990s, in cooperation
with fishers. They documented a large, multi-species fish spawning aggregation
as well as the presence of whale sharks, filter feeders that congregate to feed
on the fish eggs (Friends of Nature 2003). In 2000, the government of Belize
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declared the Gladden Spit and Silk Cayes Marine Reserve, an 11,000 hectare
area (Government of Belize 2000). In 2002, the Fisheries Department signed a
co-management agreement with Friends of Nature for Gladden Spit. Friends of
Nature is responsible for day-to-day management activities within the reserve,
including monitoring both fishing and tourism activities, collecting park entrance
fees, maintaining facilities, collecting data, and enforcing regulations.

It therefore acts as a boundary organization, according to Guston’s (1999)
defining characteristics. First, Friends of Nature facilitates the production of
boundary objects, such as maps of the reserve.? Second, Friends of Nature includes
both scientists and policy makers, as well as other stakeholders (e.g. they have
scientists as formal advisors and staff members; their board of directors includes
representatives of five village councils as well as the fishing and tourism indus-
tries). Finally, they are responsible and accountable to distinct social worlds. They
must receive approval from the Fisheries Department for any policy changes; they
must maintain the support of resources users (e.g. the fishers and tour guides on
their board of directors); and they must meet the requirements of various funders,
often related to the scientific basis of their work (e.g. international NGOs and
donors) (Goetze 2009). Friends of Nature illustrates the expanded concept of the
boundary organization as mediating numerous stakeholder groups (Leith et al.
2016).

Gladden Spit is a multi-use marine reserve, meaning that extractive activities
are still permitted within the reserve (except for a small no-take zone). Current
regulations dictate that fishers must obtain a special ‘traditional’ fishing license to
fish the spawning aggregation; only fishers from nearby communities, who have
historically fished at this location, are eligible for the special license. Other forms
of fishing (e.g. for lobster/conch) are permitted within the reserve with a regular
Belizean fishing license. In addition, whale shark tourism (scuba diving and snor-
keling) has become a popular tourist activity at Gladden Spit and helps to provide
revenue for reserve management (via entry fees) as well as for tour operators and
tour guides based in Placencia. Whale shark tourism has displaced some of the
fishing activity at the spawning aggregation, by providing an alternative source
of income.

This paper draws on research conducted in Belize from June 2006 to July
2007, including semi-structured interviews and informal interviews, partici-
pant observation, and a review of relevant documents. Purposeful sampling was
used to identify respondents that offered ‘information-rich cases’ (Patton 1990).
This included: respondents in relevant positions of responsibility (e.g. leaders
of tour guide and fisher organizations, NGO staff and board members, Fisheries
Department staff), respondents with detailed knowledge of Friends of Nature and
the history of the marine reserve (e.g. individuals who had lobbied for or against

3 The very concept of the ‘marine protected area’ functions as a boundary object, as the concept
takes on different meanings and purposes for different groups (Gray et al. 2014). Friends of Nature
certainly tailors its discussion of marine reserves to suit different audiences.
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the reserve, individuals who use the reserve regularly such as tour guides and tour
operators, scientists who have conducted research there), and respondents who are
impacted by the reserve (e.g. fishers who fish the spawning site). I interviewed a
total of 82 respondents; 67 of these respondents are based in Placencia, including
26 fishers (current and former, full-time and part-time), 16 tour guides, 12 Friends
of Nature staff and board members (former and current), and other local residents.
The remaining 15 respondents included scientists (5), staff of international NGOs
and foundations (7), staff of other Belizean NGOs (2), and representatives of the
Fisheries Department (2).* The majority of respondents were consulted multiple
times over the course of fieldwork (including casual conversations, interactions in
meetings, and/or formal interviews), while some respondents were only consulted
once, during a formal interview. Formal interviews were semi-structured, tape-
recorded, and transcribed, and focused on a range of topics such as the marine
reserve (its history, policies, and resource conditions), resource use and liveli-
hoods, and perceptions of governance and decision making. In addition to inter-
views, field notes were taken during participant observation at various meetings
and events (including community meetings, NGO meetings and staff training
workshops, NGO-led community consultations, two scientific meetings in which
fishers participated, tourist outings, and social gatherings).

Overall, the research design included multiple verification strategies (Creswell
1998), including: triangulation of both methods and sources (many respondents
were consulted multiple times in various settings); prolonged engagement (one
year of immersion in the research site, including participation in a variety of
events and activities); and negative case analysis (alternative view points were
purposefully sought out and considered, such as fishers who agreed with scientific
findings). I analyzed the data by searching for key themes related to knowledge
production and interpretation, looking specifically for areas of commonality and
contradiction. This follows the practice of ‘constant comparison’ from construc-
tivist grounded theory, which refers to the comparison of: (1) different individu-
als’ views; (2) different pieces of data from the same individual; (3) different
incidents; (4) data to the categories in which they are coded; and (5) different cate-
gories (Charmaz 2000). In order to preserve confidentiality, respondents are cited
by code (e.g. 14, 139). Quotations are used to illustrate key themes that emerged
through analysis.

3. Results

Respondents identified multiple challenges for knowledge integration in the con-
text of policy-making and management of the Gladden Spit and Silk Cayes Marine
Reserve. First, actors had divergent perspectives on whether and how knowledge

4 The five scientists were also associated with either Friends of Nature or an international NGO, but
are listed separately specifically because they have formal scientific training and conduct scientific
research, unlike other NGO staff.
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was being integrated. Second, there were ontological and epistemological differ-
ences; actors disagreed on what is known (especially regarding resource manage-
ment ‘problems’ at Gladden Spit) and how it should be known, demonstrating the
important distinction between general knowledge types and specific knowledge
claims. Third, in order to maintain accountability with multiple actors, including
fishers, government, and funders, Friends of Nature has promoted the importance
of different types of knowledge (science and fishers’ knowledge), rather than
knowledge integration. Finally, a lack of trust and awareness of the broader social
context in which knowledge production is embedded highlights the need to attend
to power relations. These challenges are reviewed below.

3.1. Is knowledge integration occurring?

The establishment of Gladden Spit was widely portrayed as an exercise in science-
based policy making. As one scientist explained, the “creation of Gladden Spit
was driven by science. Community was more of an afterthought” (I70). More pre-
cisely, it was driven by the concerns of scientists; the same respondent described
it as an excellent piece of “precautionary work”™, in that it was based in part on
the scientists’ concerns for what might happen if the site was not protected. Local
fishers agreed that community had been an ‘afterthought’; fishers and other local
resource users and residents were not consulted about the MPA until late in the
designation process. “[There were] only two consultations we had before they
established that area [Gladden Spit]” (I13, fisher).

The emphasis on science-based decisions continues to inform the man-
agement of Gladden Spit by Friends of Nature. “From the time we started we
wanted to set up a management regime that was based on good sound scientific
information” (124, Friends of Nature). Friends of Nature respondents presented
science as the primary basis for decision making, followed by community con-
sultation and government input. When asked about the process for the potential
expansion of the no-take area within Gladden Spit, for example, a Friends of
Nature respondent said, “first we have to locate the areas and justify them sci-
entifically, then put them up for consultation with the fishing communities, then
after we’ve discussed it with them and come to some sort of an understanding
then we take it up to Fisheries [Department]” (I24). In this view, science is essen-
tial both to ensure that management is effective and to convince fishers of the
appropriateness of management practices. “How can we justify closing certain
areas to fishing or setting bag limits if we cannot sit down with the fishermen
and give them a scientific basis for doing so?” (I24). Other scientists echoed
this view. For Friends of Nature and scientists, scientific information is not only
necessary for directing policy changes, it is seen as an appropriate basis for justi-
fying such changes to fishers, tour guides, and other resource users. In particular,
any policy changes proposed to the Fisheries Department must be scientifically
justified. As one Fisheries staff commented, “science is very important, and it’s
necessary to make decisions” (I81).
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Scientists and Friends of Nature also discussed the importance of local knowl-
edge. For example, a Friends of Nature respondent emphasized that they had
worked to include fishers in their research efforts through informal consultation
and conversation, particularly in identifying potential no-take areas. One scientist
also emphasized the important contribution of fishers” knowledge to scientific
research at Gladden Spit, citing the interviews with fishers that first led to the
documentation of the spawning aggregation and the role of fishers in supporting
subsequent research at the site (including as boat captains/guides). Several of the
scientists also highlighted the importance of fishers’ local knowledge insofar as it
could help to identify topics or areas for scientific research.

Local respondents also recognized the role of scientific research and moni-
toring in informing Friends of Nature’s management practices: “I think it [sci-
entific research] does a lot of the decision making... It made the decision on
limiting the fishing in that spawning zone to just the traditional fishermen”
(I19). However, there was a widely shared sentiment among fishers that their
experience-based knowledge is not adequately accounted for in decision mak-
ing, in contrast to scientific knowledge. For the fishers, science was question-
able because it is presented to them by people who ‘work in an office’. They
contrasted this with the knowledge they gain from working on the water, which
they see as a better justification for management decisions, such as identifying
no-take areas.

“I was trying to show them [Friends of Nature] different thing that I know,
‘cuz I'm an experienced fisherman, especially like conch, area that should
be protected, they didn’t want to listen to me... you can’t be working in an
office and say to the fishermen ‘I see what’s going on’, because you don’t”
(I7, fisher).

Even fishers who were generally supportive of marine reserves and Friends of
Nature echoed this sentiment. “They need to come in with more local knowl-
edge... asking we who know it from working out there” (154, fisher). These views
were widely held among fishers, who drew a clear boundary between their own
knowledge and that held by those ‘in the office’. Unlike Friends of Nature and
several of the scientists, fishers did not believe that their local knowledge was
adequately incorporated into Friends of Nature’s management practices and pro-
posed policy changes.

In discussing the role of knowledge in MPA establishment and decision mak-
ing, all respondents drew a clear boundary between scientific knowledge and fish-
ers’ knowledge. Scientists acknowledged the value of fishers’ knowledge, but as
a means of supporting scientific research. Fishers, in contrast, were suspicious
of scientific knowledge and did not agree that their knowledge was integrated
into MPA decision making. Friends of Nature advocated science-based decision
making while also emphasizing their attempt to incorporate fishers” knowledge
into their planning efforts. Although Friends of Nature highlighted the impor-
tance of communicating scientific findings to fishers, they did not identify formal
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mechanisms for integrating the knowledge produced by both scientists and fishers.
Overall, while all actors acknowledged the role of distinct knowledge types, there
was no evidence of either formal or informal processes to integrate these different
sources of knowledge.

3.2. Boundary work: knowledge types and competing knowledge claims

Perhaps the single most important fishing location for Placencia fishers is ‘the
drop’ at Gladden Spit, the site of the multi-species spawning aggregation. This
fishery is important to Placencia fishers both economically and symbolically.
It has historically been a reliable way for Placencia fishers to earn a significant
amount of money in a short period of time. “That place is Placencia’s gold, that
place is everybody’s livelihood” (I6). It is especially important because it provides
a source of income for fishers in the months when the lobster season is closed.
Only a few fishers still regularly fish the spawning aggregation, as many of them
now work in the tourism industry and prefer the ‘easy’ labor of tour guiding to
the physically challenging work of fishing the spawning aggregation. However,
many fishers agree that it is important to them to be able to fish there, should they
so choose. “I would like to reserve the right to fish out there, even if I don’t go out
there now, I would like to be able to if I wanted to...” (I53).

When Gladden Spit was declared a marine reserve in 2000, one of the main
purposes was to protect the spawning aggregation. Since research had only just
begun at Gladden Spit, there were no long-term scientific data available to estab-
lish the status of these particular fish populations. However, it is frequently argued
in the scientific literature that fishing should be prohibited at all spawning sites,
because of the vulnerability of spawning aggregations of fish to overfishing (see
Claydon 2004, for a review). It has therefore been a question since the establish-
ment of the Gladden Spit Reserve as to whether fishing should be permitted, and
if so, how to assess whether this use is sustainable.

Scientific research has continued since the creation of the reserve in 2000.
Scientists agree that their own data have documented “a decline in the mutton
snapper” (I75). Furthermore, they argue that Gladden Spit was established “with
the understanding that... if we could really document decline using long term
study, that they [Fisheries Department and Friends of Nature] would be support-
ive of changing laws and potentially close it altogether” (I75). However, several
scientists argue that “Friends of Nature does not want to hear it... they want to
produce their own data” (I70). By relying on their own data, which do not indicate
a decline, Friends of Nature justifies the continuation of fishing at the spawning
aggregation. Scientists are “dubious about their [Friends of Nature’s] data” (I170),
suggesting the data are not valid because they are “not nearly as well managed as
it could be... [Friends of Nature] has been changing who’s collecting the data and
how it’s collected” (I75).

Friends of Nature staff follow standard protocols for assessing the spawning
aggregation, as trained by several of the independent scientists who have worked
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at Gladden Spit. Their data collectors include both staff scientists as well as ‘com-
munity researchers’, local residents who have been trained in scientific data col-
lection techniques. They collect observational data and estimates of the size of the
spawning aggregation in the water, and have also begun to collect fish landings
data from the fishermen. Based on this work, a representative of Friends of Nature
disagreed with the scientists’ assessment, saying:

“There are people who would like to see fishing [of the aggregation] discon-
tinued at Gladden Spit... I would be the first to agree, and to comply, if the
data was showing us that in fact there was some damage being done, but so
far we haven’t seen it, we monitor the numbers annually, and it’s not showing
change” (129).

The Nature Conservancy (TNC), an international NGO, is one of the main
funders of work at Gladden Spit, including Friends of Nature’s data collection
for the spawning aggregation. When asked about Friends of Nature’s data, a TNC
respondent said:

“It’s really hard for me to say... [the data are] very preliminary. But if you
know something is in decline, and it’s declining very quickly, you can see it
just by looking at the numbers, and I haven’t seen anything like that. I would
like to say it’s stable” (I71).

So while less confident in the data than Friends of Nature seemed to be, the
TNC respondent also supported the conclusion that the science, as conducted
by Friends of Nature, indicates that there is not a decline. While scientists,
international NGOs and Friends of Nature all agree that science is an essential
basis for management decisions, they disagree as to whose data count and what
kinds of management decisions the science for Gladden Spit supports. They are
all actively engaged in drawing boundaries around what counts as science for
Gladden Spit — the assessments of independent scientists or the research con-
ducted by Friends of Nature.

While scientists dispute the validity of Friends of Nature’s data, fishers simi-
larly question the validity of the scientists’ knowledge. One fisher was particularly
detailed in his critique of the scientific research conducted at the spawning site,
contrasting it with his own experience-based knowledge.

“I understand [a scientist] said the size of the fish is getting smaller because
the population is declining, that’s not true... We don’t see that now, all we
see is big fish biting there... I don’t believe in these [scientific] reports”
113).

However, several local residents (tour guides and former fishers, but no current
fishers) indicated that they agreed with the scientific assessment of the situation
at Gladden Spit — that the fish population is declining and that fishing should be
prohibited.
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“I don’t think they should be doing it [fishing the spawning site]. Now that
we’re all educated about it, we should know better, the human impact is
great... I would say maybe 50% [of fishers] agree. A lot of them now know
what’s happening with the area” (148).

Each knowledge type or group of knowledge holders was associated with mul-
tiple knowledge claims; there was no consensus on what either ‘science’ or ‘local
knowledge’ indicates.

3.3. Knowledge politics: knowledge integration or accountability?

Although Friends of Nature uses the language of science to defend their deci-
sion to continue to permit fishing at the spawning aggregation, they do acknowl-
edge the broader social context in which this decision is made. While espousing
science-based management, they must also work to maintain the support of fishers
and other local residents. For example, Friends of Nature did not support a nation-
wide initiative to prohibit fishing at all spawning aggregations in Belize, “because
we knew that our fishermen were not ready, neither economically or mentally,
to accept such a decision” (I124). In addition to justifying ongoing fishing at the
spawning aggregation based on their data, Friends of Nature also highlights the
political and social significance of the decision:

“It indicates to the population, to local communities, that we are not about
conservation at the expense of humans... It might be at odds with some other
people who have this alarmist approach to management, who say, by virtue of
their very nature, spawning aggregations should not be fished” (129).

One scientist questioned whether Friends of Nature genuinely believes that the
data do not indicate a decline, suggesting they are using the language of science
to disguise political motives. “I don’t know if Friends of Nature is afraid of tread-
ing on fishermen, but [they] are well aware... of how bad things really are” (122).
Another local respondent similarly described Friends of Nature’s decisions as
political rather than science-based.

“I think scientifically you could present a really good case for that [closing
fishing at the spawning site], but it would be wildly unpopular... I don’t think
[Friends of Nature] is serious about it... it would be too hard to sell” (I18).

The closure of fishing at the Gladden Spit spawning site would indeed be a ‘hard
sell’, given the response of fishers to such a possibility. As one experienced fisher
explained: “He [a scientist] wanted to close the area down, the spawning site, but
we said no, because we need to survive... We going to take this to court every
time because that’s our living, that’s our livelihood” (I6). Even several of the tour
guides, who do not rely on fishing for their livelihoods, generally agreed with this
stance. “That’s the income for the fishermen. If they lock it off completely, that’s
being greedy... You would have a riot” (147).
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One popular justification for continuing to permit fishing at the aggregation
is the declining number of fishers who use the site. Even those fishers who do not
dispute the science, and agree that the spawning aggregation is declining, argue
that the current number of fishers is not sufficient to actually have a negative
impact. They also highlight their use of passive gear (the hand line), in contrast to
the nets used by illegals fishers. As one fisher said, “...there used to be 100 fisher-
men out there, but now there are maybe 10 boats, 2 people per boat... [and they
fish with hand lines, so] if the fish aren’t hungry, they won’t bite” (I13). Overall,
an economic shift in Placencia from fishing to tourism is indirectly displacing
most fishers from the spawning site.

“Some guys will always want to fish out there, but fewer guys out there now
because there’s easier money to be made [in tourism]... A guy with a han-
dline, two weeks out of the year, I don’t see how it hurts anything. Mostly
because it will regulate itself, there are fewer and fewer people out there and
fewer in the future” (I53).

One scientist disagreed with this assessment, saying “even at 10 fishers a year, we
are seeing declines” (170).

Since 2005, fishers have been required to have a special fishing license to fish
at the spawning aggregation at Gladden Spit. This license is reserved for ‘tradi-
tional fishermen’ — those fishers who are known to have been fishing at Gladden
Spit for a long time. In 2007, 52 fishers held a special license, although only a
few of these fishers fish at Gladden Spit regularly. Despite their insistence that
the data do not suggest a decline in the snapper spawning aggregation, Friends
of Nature was nonetheless supportive of reducing fishing pressure at the spawn-
ing site through the use of the special license. “We are hoping in that way we can
phase fishing out, on its own... a moratorium... might become necessary in the
future... but certainly for the near term, people can continue to fish” (I129). Friends
of Nature developed this ‘special license’ policy in cooperation with the Fisheries
Department. As a Fisheries staff member explained, because of the ‘traditional
permit,” there “is a manageable number of qualified fishermen and the amount
of fish they can take out, so there is no impact on the fishery” (I82). Fishing thus
continues at Gladden Spit, at least for the time being, and the question remains of
whether or how a closure of the spawning site might occur.

With respect to the status of the spawning aggregation, neither ‘science’ nor
‘local knowledge’ offers consistent, uncontested interpretations. Friends of Nature
makes no attempt to resolve these differences through the integration of scientific
research and fishers’ knowledge. Instead they gather their own data, which allows
them to maintain accountability to all groups. By basing their policy recommen-
dation (of continued access for local, ‘traditional’ fishers) on their own scientific
data, they are accountable to fishers, who demand continued access, as well as to
those groups that demand science-based decision making — namely, the Fisheries
Department, the foreign NGOs that fund their work, and other scientists.
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3.4. Knowledge integration, power and trust

Many fishers are suspicious of the data produced by scientists because, in their
experience, scientists want to restrict fishers” access to resources. They thus view
scientific research as simply confirming a predetermined conclusion. “Some [sci-
entists] come already with that mindset... ‘I’'m going to Belize and I'm going to
Gladden Spit, I'm going to close that place down,’ they already come with that
mentality” (I7). This same fisher also commented on scientific research as an
economic activity. Fishers observe scientists and NGOs operating, noting in par-
ticular the amount of money flowing through research and conservation projects,
and evaluate research results in that context. “Some of the guys who does the
research projects, some are looking at it for money, to see what they could make.
If you’ve got a program coming up and somebody’s going to fund it, they’re
going to try to take as much money as they can” (I7). Another fisher, commenting
on one scientist who had done research at the Gladden Spit spawning aggrega-
tion, said: “He [a scientist] getting paid, if he shut it down he get more money”
(I6). Other respondents also commented on the interpretation of research activi-
ties in terms of local economic conditions. One tour guide, who had worked with
Friends of Nature, described the importance of fisher involvement in research
this way:

“Fisherfolks are important partners, but you have to motivate them. Paying
some of them — that would really be a problem — how do you decide who to
pay? Do we pay all of them? We are talking about a lot of money, they might
stop fishing! That would give them a really good reason to stop fishing, we
could just do research! That would be cool. But where is that money going to
come from?” (123).

Although this respondent was joking, several fishers suggested that they would
be more than willing to give up fishing if they were financially compensated. One
fisher (I5) commented that this would be a more effective way to spend the money,
instead of on research. Another fisher agreed: “It was a point of constant battle
and we told them [scientists], you want it to stop, just ask for some money and
each and every one of us, give us one hundred thousand dollars each, and close it
down” (I7). One scientist even agreed with this proposal, saying that although the
few fishers still fishing the aggregation were doing damage, they were also few
enough in number that they could be bought out. “Buy them out. It’s that easy”
(I70). Another scientist did not suggest a buy out, but did soften his interpretation
of the data based on recognition of local economic conditions.

“You live with these guys and see their kids, and realize they have to go to
school, and mutton [snapper] reproduces after 3 years, and they reproduce a
lot, and that fishery had been fished since the 20s, and the number of boats
used to be 100 and now it’s 10, and they’re still catching big fish, so there’s
some social interpretation of scientific data and its influence and impact” (I75).
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Knowledge integration therefore remains a challenge given this lack of trust
between fishers and scientists and divergent perceptions of the social and financial
context for research activities.

4. Discussion and conclusion

One of the ostensible advantages of co-management is that it allows the combina-
tion of science and local knowledge. In the case of Gladden Spit, this is not the
case. Many fishers do not feel that their knowledge is accounted for in policy
making, and although Friends of Nature and scientists all refer to the value of
local knowledge, they insist that MPA policy making should be science-based.
Several authors have acknowledged the challenges associated with integrating
knowledge in practice. There is a need for more attention to the challenges of inte-
grating knowledge in contexts where ‘knowledge holders’” and ‘knowledge types’
cannot be divided into neat categories (Negev and Teschner 2013). The politi-
cal challenges and opportunities of specific knowledge claims may require more
attention than knowledge types (Hall and White 2008). In this case, all actors
distinguished between science and local knowledge, suggesting two ‘knowledge
types’. For example, fishers agreed that local knowledge comes from working on
the sea, whereas science is suspect because it comes from people who spend most
of their time ‘working in an office’. It is common for resource users not to trust
biologists’ observations because they lack experience-based knowledge (Nadasdy
2003). However, it is notable that fishers and other resource users disagreed as to
whether their experience-based knowledge indicates that the spawning aggrega-
tion is declining. Similarly, Friends of Nature, international NGOs, and scientists
all agreed that policy making at Gladden Spit is, and should be, based on sci-
ence. However, they disagreed as to whose data count as science and what science
indicates regarding the status of the spawning aggregation. Each knowledge type
or group of knowledge holders was associated with multiple knowledge claims;
there was no consensus on what either ‘science’ or ‘local knowledge’ indicates.
While there is a need for agreement on the validity of different forms of
knowledge in the context of MPA management (Jones 2006; Ferse et al. 2010),
this agreement may not be sufficient. All actors in this case agreed that both sci-
ence and local knowledge are valid, yet disagreed over the specific knowledge
claims associated with each of these types of knowledge. Disputes over knowl-
edge cannot be easily separated from disputes over values, policy preferences,
and the interpretation of knowledge in a context of uneven power relations. For
MPAs specifically, this case confirms the observation that fishers’ objections to
MPAs are likely to be stronger if they believe that scientists are acting as advo-
cates (Jones 2006). As Jentoft et al. (2012, 187) suggest, “‘stakeholders may have
problems distinguishing the images they have about MPAs from the images they
have about those who promote them.” Fishers object to scientists’ preference for
fishing closure, yet frame this as an objection to scientists’ knowledge claims
and a perceived lack of knowledge integration. In discussions of knowledge, it
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is difficult to disentangle epistemological and political claims (Brosius 2006).
By focusing on the potential role of boundary organizations to integrate different
types of knowledge, scholars may be overlooking their role in mediating political
differences. In some cases, boundary organizations may integrate knowledge, or
facilitate joint knowledge production, as a means to develop mutually agreeable
policies (Robinson and Wallington 2012). However, I argue that in order to main-
tain accountability to different groups, boundary organizations may also forego
knowledge integration. In doing so, they mediate the intersection of uncertainty
and power relations, a role that deserves more careful scrutiny. Science or ‘techni-
cal expertise’ is typically used to maintain and justify the power of professionals
or experts (Negev and Teschner 2013), and scientists often use uncertainty to jus-
tify their policy preferences (Campbell 2002). Similarly, knowledge integration
may subjugate local knowledge and values, reinforcing the interests of scientists
and state institutions (Nadasdy 1999). In contrast, this case illustrates that a lack
of knowledge integration may coincide with a defense of local interests. In a con-
text of scientific disagreement and uncertainty, the policy of maintaining access
for traditional fishers can be justified as ‘science-based’ while also serving the
interests of the very fishers who challenge science.

Boundary organizations serve a variety of functions. At a minimum, they
enable the creation and use of ‘boundary objects,” include actors from both sides
of the boundary, and are accountable to two distinct social worlds (Guston 1999).
They may also facilitate the integration and co-production of knowledge by dif-
ferent groups (Cash et al. 2006; Goldberger 2007; Robinson and Wallington
2012), support communication in a context of uncertainty (White et al. 2008),
and facilitate exchange between scientists and fishers (Johnson 2010). Friends of
Nature does not neatly map onto this checklist of criteria. Rather, they accomplish
core tasks (maintaining accountability, including actors from both sides of the
boundary) only by evading the task of knowledge integration (whether strategi-
cally or unintentionally). Friends of Nature collects scientific data (in cooperation
with local residents and as trained to by scientists), although several independent
scientists dispute their findings. They espouse an ideal of scientifically informed
management while also supporting continued access for fishers to the spawning
aggregation. The policy of limiting fishing at the spawning site to ‘traditional
fishers’ does not require any consensus on whose data are accurate, what counts
as science or local knowledge, or how different sources of knowledge should be
integrated and used. Instead, this strategy reflects Friends of Nature’s efforts to
maintain accountability to groups on either side of the boundary and to mediate
conflicts regarding fishing at the spawning aggregation.

If knowledge integration is required for a boundary organization to be effec-
tive, then Friends of Nature is not effective. However, success for boundary
organizations is typically marked by stability at the boundary and stakeholder
satisfaction (Guston 2001; Leith et al. 2016), not by knowledge integration. In
this case, Friends of Nature has been effective at remaining accountable to actors
on both sides of the knowledge-policy boundary, maintaining different groups’
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support for existing co-management institutions and policies. While there may be
cause to expand the definition of success for boundary organizations to include
more substantive outcomes beyond ‘boundary stability’ (Leith et al. 2016), there
is need for further reflection on whether this ought to include knowledge integra-
tion in those contexts characterized by multiple knowledge types. In situations
where knowledge integration is difficult, owing to mistrust and divergent perspec-
tives on knowledge legitimacy, boundary organizations may nonetheless play an
important role in maintaining space for conflicting understandings, agendas, and
ways of knowing to co-exist. In the long term, this may enable knowledge integra-
tion processes to emerge and facilitate adaptive co-management.

Literature cited

Adams, W. M., D. Brockington, J. Dyson, and B. Vira. 2003. Managing Tragedies:
Understanding Conflict over Common Pool Resources. Science 302:1915—
1916. http://dx.doi.org/10.1126/science.1087771.

Agrawal, A. 1995. Dismantling the Divide Between Indigenous and Scientific
Knowledge. Development and Change 26(3):413-439. http://dx.doi.
org/10.1111/j.1467-7660.1995.tb00560.x.

Aswani, S. and P. Weiant. 2004. Scientific Evaluation in Women'’s Participatory
Management: Monitoring Marine Invertebrate Refugia in the Solomon
Islands. Human Organization 63(3):301-319. http://dx.doi.org/10.17730/
humo.63.3.r7kgd4thktmyf7k1.

Ban, N. C., C. R. Picard, and A. C. J. Vincent. 2009. Comparing and Integrating
Community-Based and Science-Based Approaches to Prioritizing Marine
Areas for Protection. Conservation Biology 23(4):899-910. http://dx.doi.
org/10.1111/j.1523-1739.2009.01185 .x.

Berkes, F. 2006. From Community-Based Resource Management to Complex
Systems: The Scale Issue and Marine Commons. Ecology and Society 11(1):45.

Berkes, F. 2009. Evolution of Co-Management: Role of Knowledge
Generation, Bridging Organizations and Social Learning. Journal of
Environmental Management 90(5):1692—-1702. http://dx.doi.org/10.1016/j.
jenvman.2008.12.001.

Bohensky, E. L. 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. http://dx.doi.org/10.5751/
ES-04342-160406.

Brosius, J. P. 2006. What Counts as Local Knowledge in Global Environmental
Assessments and Conventions? In Bridging Scales and Knowledge Systems:
Concepts and Applications in Ecosystem Assessment, eds. W. Reid, F. Berkes,
T. Wilbanks, and D. Capistrano, 129—-144. Washington, DC: Island Press.

Campbell, L. M. 2002. Science and Sustainable Use: Views of Marine Turtle
Conservation Experts. Ecological Applications 12(4):1229-1246. http://dx.doi.
org/10.1890/1051-0761(2002)012[1229:SASUV0]2.0.CO;2.


http://dx.doi.org/10.1126/science.1087771
http://dx.doi.org/10.1111/j.1467-7660.1995.tb00560.x
http://dx.doi.org/10.1111/j.1467-7660.1995.tb00560.x
http://dx.doi.org/10.17730/humo.63.3.r7kgd4thktmyf7k1
http://dx.doi.org/10.17730/humo.63.3.r7kgd4thktmyf7k1
http://dx.doi.org/10.1111/j.1523-1739.2009.01185.x
http://dx.doi.org/10.1111/j.1523-1739.2009.01185.x
http://dx.doi.org/10.1016/j.jenvman.2008.12.001
http://dx.doi.org/10.1016/j.jenvman.2008.12.001
http://dx.doi.org/10.5751/ES-04342-160406
http://dx.doi.org/10.5751/ES-04342-160406
http://dx.doi.org/10.1890/1051-0761(2002)012[1229:SASUVO]2.0.CO;2
http://dx.doi.org/10.1890/1051-0761(2002)012[1229:SASUVO]2.0.CO;2

The role of boundary organizations in co-management 1031

Carlsson, L. and F. Berkes. 2005. Co-Management: Concepts and Methodological
Implications. Journal of Environmental Management 75:65-76. http://dx.doi.
org/10.1016/j.jenvman.2004.11.008.

Cash, D. W. 2001. “In Order to Aid in Diffusing Useful and Practical
Information”:  Agricultural Extension and Boundary Organizations.
Science, Technology, & Human Values 26(4):431-453. http://dx.doi.
org/10.1177/016224390102600403.

Cash, D. W., W. N. Adger, F. Berkes, P. Garden, L. Lebel, P. Olsson, L. Pritchard,
and O. Young. 2006. Scale and Cross-Scale Dynamics: Governance and
Information in a Multilevel World. Ecology and Society 11(2):8. http://www.
ecologyandsociety.org/voll1/iss2/art8/.

Charmaz, K. 2000. Grounded Theory: Objectivist and Constructivist Methods.
In Handbook of Qualitative Research, eds. N. K. Denzin and Y. S. Lincoln,
509-535. London, UK: Sage.

Christie, P. and A. White. 2007. Best Practices for Improved Governance of
Coral Reef Marine Protected Areas. Coral Reefs 26:1047-1056. http://dx.doi.
org/10.1007/s00338-007-0235-9.

Claydon, J. 2004. Spawning Aggregations of Coral Reef Fishes: Characteristics,
Hypotheses, Threats and Management. Oceanography and Marine Biology: An
Annual Review 42:265-302. http://dx.doi.org/10.1201/9780203507810.ch7.

Creswell, J. W. 1998. Qualitative Inquiry and Research Design Choosing Among
Five Traditions. Thousand Oaks, CA: Sage Publications.

Dudley, N., ed. 2008. Guidelines for Applying Protected Area Management
Categories. Gland, Switzerland: TUCN. http://dx.doi.org/10.2305/IUCN.
CH.2008.PAPS.2.en.

Evans, L. S., K. Brown, and E. H. Allison. 2011. Factors Influencing Adaptive
Marine Governance in a Developing Country Context: A Case-Study of
Southern Kenya. Ecology and Society 16(2):21. http://www.ecologyandsociety.
org/voll6/iss2/art21/.

Ferse, S. C. A., M. Manez Costa, K. Schwerdtner Manez, D. S. Adhuri, and M.
Glaser. 2010. Allies, Not Aliens: Increasing the Role of Local Communities in
Marine Protected Area Implementation. Environmental Conservation 37(1):23—
34. http://dx.doi.org/10.1017/S0376892910000172.

Fox, H. E., M. B. Mascia, X. Basurto, A. Costa, L. Glew, D. Heinemann, L. B.
Karrer, S. E. Lester, A. V. Lombana, R. S. Pomeroy, C. A. Recchia, C. M. Roberts,
J. N. Sanchirico, L. Pet-Soede, and A. T. White. 2012. Reexamining the Science
of Marine Protected Areas: Linking Knowledge to Action. Conservation Letters
5(1):1-10. http://dx.doi.org/10.1111/j.1755-263X.2011.00207 .x.

Friends of Nature. 2003. Gladden Spit and Silk Cayes Marine Reserve Management
Plan. Placencia, Belize: Friends of Nature.

Gieryn, T. FE. 1999. Cultural Boundaries of Science: Credibility on the Line.
Chicago, IL: University of Chicago Press.

Goetze, T. C. 2009. Protecting Our Resources: (Re)negotiating the Balance of
Governance and Local Autonomy in Cooperative Natural Resource Management


http://dx.doi.org/10.1016/j.jenvman.2004.11.008
http://dx.doi.org/10.1016/j.jenvman.2004.11.008
http://dx.doi.org/10.1177/016224390102600403
http://dx.doi.org/10.1177/016224390102600403
http://www.ecologyandsociety.org/vol11/iss2/art8/
http://www.ecologyandsociety.org/vol11/iss2/art8/
http://dx.doi.org/10.1007/s00338-007-0235-9
http://dx.doi.org/10.1007/s00338-007-0235-9
http://dx.doi.org/10.1201/9780203507810.ch7
http://dx.doi.org/10.2305/IUCN.CH.2008.PAPS.2.en
http://dx.doi.org/10.2305/IUCN.CH.2008.PAPS.2.en
http://www.ecologyandsociety.org/vol16/iss2/art21/
http://www.ecologyandsociety.org/vol16/iss2/art21/
http://dx.doi.org/10.1017/S0376892910000172
http://dx.doi.org/10.1111/j.1755-263X.2011.00207.x

1032 Noella J. Gray

in Belize. In Unsettled Legitimacy: political community, power, and authority in
a global era, eds. S. Bernstein and W. D. Coleman, 129-148. Vancouver, BC:
UBC Press.

Goldberger, J. R. 2007. Non-Governmental Organizations, Strategic Bridge
Building, and the “Scientization” of Organic Agriculture in Kenya.
Agriculture and Human Values 25:271-289. http://dx.doi.org/10.1007/
$10460-007-9098-5.

Government of Belize. 2000. Fisheries Order — Establishment of the Gladden Spit
and Silk Cayes Marine Reserve. Statutory Instrument No. 68 of 2000.

Gray, N. J. 2010. Sea Change: Exploring the International Effort to Promote
Marine Protected Areas. Conservation and Society 8(4):331-338. http://dx.doi.
org/10.4103/0972-4923.78149.

Gray, N.J., R. L. Gruby, and L. M. Campbell. 2014. Boundary Objects and Global
Consensus: Scalar Narratives of Marine Conservation in the Convention on
Biological Diversity. Global Environmental Politics 14(3):64-83. http://dx.doi.
org/10.1162/GLEP_a_00239.

Guston, D. H. 1999. Stabilizing the Boundary between US Politics and
Science: The Role of the Office of Technology Transfer as a Boundary
Organization. Social Studies of Science 29(1):87-111. http://dx.doi.
org/10.1177/030631299029001004.

Guston, D. H. 2001. Boundary Organizations in Environmental Policy and
Science: An Introduction. Science, Technology, & Human Values 26(4):399—
408. http://dx.doi.org/10.1177/016224390102600401.

Hall, T. E. and D. D. White. 2008. Representing Recovery: Science and Local
Control in the Framing of U.S. Pacific Northwest Salmon Policy. Human
Ecology Review 15(1):32-45.

Jasanoff, S. S. 1987. Contested Boundaries in Policy-Relevant
Science. Social  Studies of Science 17:195-230.  http://dx.doi.
org/10.1177/030631287017002001.

Jentoft, S., T. C. van Son, and M. Bjorkan. 2007. Marine Protected Areas: A
Governance System Analysis. Human Ecology 35(5):611-622. http://dx.doi.
org/10.1007/s10745-007-9125-6.

Jentoft, S., J. Pascual-Fernandez, R. De la Cruz Modino, M. Gonzalez-Ramallal,
and R. Chuenpagdee. 2012. What Stakeholders Think About Marine Protected
Areas: Case Studies from Spain. Human Ecology 40(2):185-197. http://dx.doi.
org/10.1007/s10745-012-9459-6.

Johnson, T. R. 2010. Cooperative Research and Knowledge Flow in the Marine
Commons. International Journal of the Commons 4(1):251-272. http://dx.doi.
org/10.18352/ijc.110.

Jones, P. J. S. 2006. Collective Action Problems Posed by No-Take Zones. Marine
Policy 30:143-156. http://dx.doi.org/10.1016/j.marpol.2004.10.003.

Jones, P. J. S. 2014. Governing Marine Protected Areas: Resilience through
Diversity. New York, NY: Routledge.


http://dx.doi.org/10.1007/s10460-007-9098-5
http://dx.doi.org/10.1007/s10460-007-9098-5
http://dx.doi.org/10.4103/0972-4923.78149
http://dx.doi.org/10.4103/0972-4923.78149
http://dx.doi.org/10.1162/GLEP_a_00239
http://dx.doi.org/10.1162/GLEP_a_00239
http://dx.doi.org/10.1177/030631299029001004
http://dx.doi.org/10.1177/030631299029001004
http://dx.doi.org/10.1177/016224390102600401
http://dx.doi.org/10.1177/030631287017002001
http://dx.doi.org/10.1177/030631287017002001
http://dx.doi.org/10.1007/s10745-007-9125-6
http://dx.doi.org/10.1007/s10745-007-9125-6
http://dx.doi.org/10.1007/s10745-012-9459-6
http://dx.doi.org/10.1007/s10745-012-9459-6
http://dx.doi.org/10.18352/ijc.110
http://dx.doi.org/10.18352/ijc.110
http://dx.doi.org/10.1016/j.marpol.2004.10.003

The role of boundary organizations in co-management 1033

Leith, P, M. Haward, C. Rees, and E. Ogier. 2016. Success and Evolution of a
Boundary Organization. Science, Technology & Human Values 41(3):375-401.
http://dx.doi.org/10.1177/0162243915601900.

Moller, H., F. Berkes, P. O’Brian Lyver, and M. Kislalioglu. 2004. Combining
Science and Traditional Ecological Knowledge: Monitoring Populations for
Co-Management. Ecology and Society 9(3):2. http://www.ecologyandsociety.
org/vol9/iss3/art2/.

Nadasdy, P. 1999. The Politics of TEK: Power and the “Integration” of Knowledge.
Arctic Anthropology 36(1/2):1-18.

Nadasdy, P. 2003. Reevaluating the Co-Management Success Story. Arctic
56(4):367-380. http://dx.doi.org/10.14430/arctic634.

Natcher, D. C., S. Davis, and C. G. Hickey. 2005. Co-Management: Managing
Relationships, Not Resources. Human Organization 64(3):240-250. http://
dx.doi.org/10.17730/humo.64.3.23yfnkrl2ylapjxw.

Negev, M. and N. Teschner. 2013. Rethinking the Relationship Between Technical
and Local Knowledge: Toward a Multi-Type Approach. Environmental Science
& Policy 30:50-59. http://dx.doi.org/10.1016/j.envsci.2012.10.011.

Olsson, P, C. Folke, and F. Berkes. 2004. Adaptive Comanagement for Building
Resilience in Social-Ecological Systems. Environmental Management
34(1):75-90. http://dx.doi.org/10.1007/s00267-003-0101-7.

Patton, M. Q. 1990. Qualitative Evaluation and Research Methods. London, UK:
Sage.

Raymond, C. M., I. Fazey, M. S. Reed, L. C. Stringer, G. M. Robinson, and A.
C. Evely. 2010. Integrating Local and Scientific Knowledge for Environmental
Management. Journal of Environmental Management 91(8):1766—1777. http://
dx.doi.org/10.1016/j.jenvman.2010.03.023.

Robinson, C. J. and T. J. Wallington. 2012. Boundary Work: Engaging Knowledge
Systems in Co-management of Feral Animals on Indigenous Lands. Ecology
and Society 17(2):16. http://dx.doi.org/10.5751/ES-04836-170216.

Rudd, M. A., M. H. Tupper, H. Folmer, and G. C. van Kooten. 2003. Policy
Analysis for Tropical Marine Reserves: Challenges and Directions. Fish and
Fisheries 4:65-85. http://dx.doi.org/10.1046/j.1467-2979.2003.00110.x.

Singleton, S. 2000. Co-operation or Capture? The Paradox of Co-Management
and Community Participation in Natural Resource Management and
Environmental Policy-Making. Environmental Politics 9(2):1-21. http://dx.doi.
org/10.1080/09644010008414522.

Thornton, T. F. and A. M. Scheer. 2012. Collaborative Engagement of Local
and Traditional Knowledge and Science in Marine Environments: A Review.
Ecology and Society 17(3):8. http://dx.doi.org/10.5751/ES-04714-170308.

Walley, C.J. 2002. ‘“They Scorn us Because We are Uneducated’: Knowledge and
Power in a Tanzanian Marine Park. Ethnography 3(3):265-298. http://dx.doi.
org/10.1177/146613802401092751.

White, D. D., E. A. Corley, and M. S. White. 2008. Water Managers’ Perceptions of
the Science-Policy Interface in Phoenix, Arizona: Implications for an Emerging


http://dx.doi.org/10.1177/0162243915601900
http://www.ecologyandsociety.org/vol9/iss3/art2/
http://www.ecologyandsociety.org/vol9/iss3/art2/
http://dx.doi.org/10.14430/arctic634
http://dx.doi.org/10.17730/humo.64.3.23yfnkrl2ylapjxw
http://dx.doi.org/10.17730/humo.64.3.23yfnkrl2ylapjxw
http://dx.doi.org/10.1016/j.envsci.2012.10.011
http://dx.doi.org/10.1007/s00267-003-0101-7
http://dx.doi.org/10.1016/j.jenvman.2010.03.023
http://dx.doi.org/10.1016/j.jenvman.2010.03.023
http://dx.doi.org/10.5751/ES-04836-170216
http://dx.doi.org/10.1046/j.1467-2979.2003.00110.x
http://dx.doi.org/10.1080/09644010008414522
http://dx.doi.org/10.1080/09644010008414522
http://dx.doi.org/10.5751/ES-04714-170308
http://dx.doi.org/10.1177/146613802401092751
http://dx.doi.org/10.1177/146613802401092751

1034 Noella J. Gray

Boundary Organization. Society & Natural Resources 21(3):230-243. http://
dx.doi.org/10.1080/08941920701329678.

Wilson, J. 2002. Scientific Uncertainty, Complex Systems, and the Design of
Common-Pool Institutions. In The Drama of the Commons, eds. E. Ostrom, T.
Dietz, N. Dolsak, P. C. Stern, S. Stonich, and E. U. Weber, 327-359. Washington,
DC: National Academy Press.


http://dx.doi.org/10.1080/08941920701329678
http://dx.doi.org/10.1080/08941920701329678

