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ABSTRACT. The debate about the quality of fishers' ecological knowledge (FEK) and its value to fisheries management has
long been present in theliterature. This study sought to understand therole of FEK in a particular fisheries management decision
in the U.S. and to evaluate the extent that different stakeholder groups recognized and used FEK in fisheries policy creation.
The 1998 implementation of the Western Gulf of Maine Area Closure (WGoMAC) was a management response to the rapid
declinein the Gulf of Maine cod (Gadus morhua) stock. Using structured surveys and semistructured interviews, we collected
information from major stakeholder groups that were active during the creation of the area closure: New England Fishery
M anagement Council (NEFM C) members, Groundfish Advisory Panel members, Groundfish Plan Devel opment Team members,
and Maine groundfishers. Results indicated that 95% of respondents believed that fishers possess ecological knowledge that
could be useful in the fishery management process. In the case of the WGoMAC creation, 62% of respondents indicated that
FEK played aroleinthedecision, even though 85% recogni zed obstacl esto the use of FEK inthemanagement process. Interviews
demonstrated that FEK was able to improve upon the spatial resolution of scientific data by identifying seasonal migration
patterns of prespawning cod and behavioral differences between juvenile and adult cod. This information was a product of a
peer-reviewed process among groundfishersand it was used to fine-tune the exact | ocation of the closure. Thesefindings suggest
that there arewaysto incorporate FEK into fishery management for the purposes of stock and habitat conservation. Additionally,
the benefit of having ecological information that spans different spatial scales for fishery management was observed in this
study. By combining the knowledge systems of fishers and fisheries scientists, managers were able to capture ecological
information at afiner scale than the scale at which landings data are reported and fish stocks analyzed.
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INTRODUCTION

In the late 1990s fishery managersrelied increasingly on area
closures and other spatial management measures because
conventional effort controls had repeatedly failed to achieve
conservation goals (Agardy 1997). By adopting areaclosures
fishery managers expect to protect areas with high fish
concentrations and critical habitat (NRC 2002). In this paper,
welook closely into the creation and outcome of the Western
Gulf of Maine Area Closure (WGOMAC) established in 1998
(Fig. 1A). This closure was a management response to the
rapid decline of the Gulf of Maine cod (Gadus morhua) stock.
This case study provides another example of how fishers
ecological knowledge (FEK) can be incorporated into
scientific analysesto improve fishery management outcomes.

Inthe United States, al fisheriesin federal waters, beyond the
three-nautical mile limit of state waters and within the 200-
nautical milelimit of national jurisdiction, are managed under
the Magnuson-Stevens Fishery Conservation and Management
Act (MSFCMA) of 1976 (16 U.S.C. 1801 et seq.). This
legidation created eight regional councilswith the purpose of
devel oping and amending Fishery Management Plans(FMPs),
and charged the Department of Commerce, through the
Nationa Marine Fisheries Service (NMFS), with the
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management of marine fisheries. In this organizational
scheme, each of the councilsisan advisory body tothe NMFS.
Councils' recommendations can be overridden by the NMFS
but only under stringent conditions set out in the enabling
legislation. The relevant council in this study was the New
England Fishery Management Council (NEFMC).

Initial creation of areaclosuresin thismanagement region, for
thepurposeof reducing fishing mortality, startedin 1994 when
the NEFM C implemented two large area closures on Georges
Bank (Fig. 2; Murawski et al. 2000). These closures shifted
fishing effort into the Gulf of Maine raising concerns about
the effect of increasing effort there. Initial consideration of the
Western Gulf of Maine region as a potential area closure
occurred during the NEFMC mestings in 1996. When first
proposed, the WGoMAC did not have its current shape, size,
or duration. Varying options were considered over the next
two years. Theseranged from year-round to seasonal (rolling)
closuresimplementedin areasof varioussizesand shapes(Fig.
1B). In the end, on December 15, 1997, the NEFMC created
the WGOMAC, a year-round closure of approximately 3100
km2 located off the coasts of northern Massachusetts, New
Hampshire, and southern Maine (Groundfish Committee
Meeting: December 15, 1997; Framework Adjustment 25 to
the Northeast Multispecies Fishery Management Plan 1998;
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Fig. 1. Western Gulf of Maine Area Closure (WGOMAC): (A) Size and location of the WGoMAC in relation to the Atlantic
cod (Gadus morhua) essential fish habitat (EFH) for juvenile and adult stages. Data on EFH obtained from the NOAA
Fisheries, Office of Habitat Conservation. (B) Area Closure (AC) proposals during the development process of the
WGOMAC. Jeffrey’s Ledge AC (purple) and Six-month AC (green) were substituted by WGoMAC (red) as the final
measure. Numbered squares (30 ft) are statistical units used for reporting landings.
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Figure 1A). The regulation created a year-round closure and
prohibited any commercial vessel with gear capable of
catching multispecies groundfish from fishing the closure
(Framework Adjustment 25 to the Northeast Multispecies
Fishery Management Plan 1998). It came into effect on May
1, 1998.

During the creation process, area closure options were
evaluated based on landings data, which are reported at the
scale of 30 ft squares (approximately 2300 km?). The final
location of the WGOMAC spreads across 6 different 30 ft
squares, without including asingle square in its entirety; this
suggests that managers used some additional information
other than landings data to strategically position the closure
(Fig. 1B). We hypothesized that FEK played akey roleinthis

management decision. In addition, we al so examined whether
different stakeholder groups recognize FEK as a potential
factor in policy creation and formulation.

Fishers ecological knowledge

Fishers acquire ecological knowledge through observation,
experience, andinteractionwiththelocal environment (Berkes
and Folke 2002). Assuch, FEK isconsidered local ecological
knowledge. However, as Berkes et al. (1998) point out, FEK
is somewhat different from some other forms of ecological
knowledge, such asindigenousand traditional, becauseit does
not incorporate ethical values and beliefs into an existing
knowledgesystemthat, takentogether, constituteamoral code
toward the environment.
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Fig. 2. Areaand habitat closures designated by the New England Fishery Management Council (NEFMC) as of 2007. The
first two area closures (marked in red) were created on Georges Bank in 1994. Western Gulf of Maine Area Closure
(WGOMAC; marked in blue) was created in 1998 (Framework Adjustment 25 to the Northeast Multispecies Fishery
Management Plan). 2004 amendments (Amendment 13 to the to the Northeast Multispecies Fishery Management Plan)
created habitat closures (marked with diamond pattern). In the case of WGoMAC, new regulations divided original area
closureinto habitat closure and rebuilding closure. (Map source: National Oceanic and Atmospheric Administration [NOAA]
- National Marine Fisheries Service [NMFS], Northeast Regional Office [NERO]).
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FEK is based on long-term continuous observations of the
behavior of fish and their interaction with specific
oceanographic conditions, e.g., currents, water temperature,
depth, or bottom type, within a particular area (Thorlindsson
1994, Fischer 2000, Gosseet al. 2001, Berkesand Folke 2002,
Murray et a. 2006). This kind of knowledge is characterized
as highly informal (Thorlindsson 1994) and as very detailed
and accurate (McKenna et al. 2008, Rochet et al. 2008). It is
generated through active participation in the fishing process
(Palsson 1994) for which most information isnot availablein
written form (Goose et al. 2001, Johannes and Neis 2007).
Sharing of knowledge and information among fishers is
uncommon (Ameset al. 2000, Ames 2003, cf. Gatewood 1984,
Palmer 1991) but if it occurs, it isin a form of storytelling
(Johannes and Neis 2007). One of the reasons for such
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dynamics, at least in nontraditional societies, is lack of
incentives that encourage information sharing among fishers
(Wilson 1990, 2006). However, the problemisthat the secrecy
of FEK can lead to permanent information loss because there
is no codified form of FEK, unlessit is transmitted through
some form of communication from one generation to the next
(Ameset al. 2000, Ames 2007). If not transmitted or codified,
such knowledge would otherwise have been lost from fishers
culture, contributing to a “shifting baseline” syndrome (see
Pauly 1995). Thus the public value of FEK is limited by its
restricted spatial coverage, informality, oral communication,
and secrecy.

Even though the literature suggests that FEK is relevant and
valuableto fisheries science and management (e.g., Finlayson
and McCay 1998, Gosse et a. 2001, Ames 2004, Garcia-
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Quijano 2007), the administrative procedures of U.S. fishery
management makeit difficult toincludeexpertisefrom outside
theformal scientific realm (NRC 2004). Embedded withinthe
management framework guided by the MSFCMA, fishery
population dynamics is a highly quantitative scientific
procedure used to identify and calculate biological reference
points for individual commercia stocks and to provide
quantitative advice on how that stock can be sustainably
exploited (see 50 CFR 8§ 600.310, National Standard 1 —
Optimum Yield). Fishery population dynamicsisbased on the
general concept that recruitment isafunction of the size of the
spawning stock where every individual stock can be treated
as an autonomous unit (Wilson et a. 1994, Acheson and
Wilson 1996, Beverton 1998, Wilson 2007). This view of
single species management, which initself ishighly uncertain
because of the complex nature of marine ecosystems, leadsto
even higher uncertainty associated with estimation of fish
abundance. As Gunderson et al. (2002) point out, controlling
just a single variable within a complex system can result in
unpredi ctable changesthat can causethe erosion of ecosystem
resilience over time. Despite this high level of uncertainty,
single species-based stock assessment remains the basis of
fishery management decisions (Hilborn 2003, Clay and Olson
2008).

The spatial and temporal scales at which fishers and fisheries
scientists observe and study marine ecosystems often differ
significantly. Wilson (2006) explains that because marine
ecosystems operate at multiple scales, the scientific
knowledge used in fisheries management is insufficient
because it addresses each species as if it was independent of
therest of theecosystem and, further, considersonly onebroad
scaleand therefore missesfine-scale dynamics. Finlayson and
McCay (1998) illustrate how Canadian government scientists
were not able to predict the collapse of theinshore cod stocks
in Newfoundland because the stock was managed as asingle
stock at a very large spatial scale. Similarly, Ames (2004)
suggests that the collapse of the Gulf of Maine cod resource
was a conseguence of a scaling problem whereby stock
assessments were insengitive to local stock dynamics.

Focusing only at the local level can aso be mideading. As
Gosse et a. (2001:25) point out, fishers' reasoning based on
small-scale observations “may lead to an incomplete
understanding of how nature [an ecosystem] works.” For
exampl e, the perception of locally abundant or scarce pelagic
fish is a function of changes in regional and local dynamics
and may not be representative of the entire stock (see Mahon
and McConney 2004). Similarly, Berkes (2006:10) points out
that, “community-based resource management is vulnerable
to external drivers and is often insufficient by itself to dedl,
for example, with problems of migratory marine resources.”
In addition, Wilson (2003:499) points out in his bluefish case
study that the scale issue represented a large problem for the
National Marine Fisheries Service (NMFS) when it wanted to
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incorporatefishers observationstoimprove stock assessment
because this hurdle “includes both the logistical issue of
processing detailed information from a huge area, and the
conceptual problem of trandating local observation into
meaningful information at a larger scale.” This difficulty of
tranglation can be essentially seen asaproblem of institutional
design, in which the relevant ingtitutions are not equipped to
deal with heterogeneity of information and variation in
regulations (see Acheson 2006).

Therefore, understanding and linking knowledge acquired at
multiple scales is required for successful management. As
Cash et al. (2006:4) remark: “Ignoring cross-scale dynamics
within spatial and temporal dimensionsis common and leads
to a range of management problems.” Theoretical and
empirical studiesin various branches of ecology confirm that
there is no single correct scale at which a system should be
described (Levin 1992) and for that matter managed. AsLevin
(1992:1947) explains, thereisaneed to“ recognizethat change
istaking place on many scales at the same time, and that it is
theinteraction among phenomenaon different scal esthat must
occupy our attention.”

The decision to implement the WGOMAC illustrates the
integration of information generated at multiple scales in
fisheries management. In spite of the barrierstousing FEK in
policy making, managers relied upon FEK to determine fine
scale boundaries of the closed area. We document attitudes
about the value of FEK and further show that its use in
combination with normal, broad scale management data led
to amanagement decision that was ecologically morerelevant
than would have been possible if only one scale of data had
been used.

METHODS

This case study emerged from communications with former
fishery managers, Maine groundfishers, and academic
scientists. It was conducted from December 2006 to January
2009 and focused on a single event, the creation of the
WGOMAC over the period from May 1996 to March 1998.
This period coincides with the initial development of the
closure until itsfinal implementation. To fully encompass all
therel evant aspectsof the closureimplementation and to better
understand therole of FEK, we used the embedded sequential
design approach (Creswell and Plano Clark 2007). Thisisa
mixed methods design in which the quantitative component
of the study, a structured survey, was embedded within a
qualitative design. The qualitative component of the method
design consisted of areview of official documents regarding
the creation and implementation of theWGoM A C and follow-
up semistructured phoneinterviewswith key informants. This
design allowed us to systematically capture relevant data
across a diverse set of groups and data sets that contained the
information regarding the role of FEK in the creation and
implementation of the WGoMAC.
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We started with the review of more than 150 government
documents, including memoranda, |etters and emails, studies
and reports, aswell asfinal rules and regulations that directly
or indirectly related to the WGoMAC. The purpose of this
review wasto document the processthrough whichthe closure
was established and to better understand the role of different
stakeholdersinthisprocess. Thisallowed usto designasurvey
that would seek to further understand the contributions of FEK
to the creation of the closure.

A structured survey wasthen sent to (1) Maine groundfishers,
(2) NEFMC members, (3) Groundfish Advisory Panel (AP)
members, and (4) Groundfish Plan Development Team (PDT)
members (Table 1). These groups were chosen based on their
active roles in the creation and implementation of the
WGOMAC. Specific NEFMC, Groundfish AP, and
Groundfish PDT memberswere selected based on their tenure
with the council during the initiation of the development and
subsequent regul ation changes of the WGoMAC. Because of
limited funds, only Maine groundfishers were selected to
participate. Groundfishers were targeted specifically because
they were principally affected by the implementation of
WGOoMA C and becausethey hold ecol ogical knowledgeabout
cod in the general area of the closure. The Groundfish AP
provides information and advice to the NEFMC and consists
of fishers, scientists, and members of the environmental
community. The Groundfish PDT consistslargely of fisheries
scientists, regional fishery managers, and other experts in
fisheries science and management. This group provides
technical analysesand information for the NEFM C on fishery
management alternatives.

The survey was divided into three sections. (1) genera
backgroundinformation on respondents’ education, work, and
participation in fisheries management, (2) perceptions about
the effectiveness of WGOMAC, and (3) degree and type of
knowledge sharing between fishers, fishery managers, and
scientists. The survey was self-administered and structured
with a combination of closed and open-ended questions. A
mail survey was distributed to Maine groundfishers while a
web-based survey (www.qualtrics.com) was sent to the other
three groups (see Rea and Parker 2005).

The last component of the embedded sequential design
consisted of semistructured telephone interviews (Bernard
2006) with key informants. The informants were selected
using a snowball sampling method (Rea and Parker 2005,
Bernard 2006). Because the number of participants in our
survey was small, we used these interviews to clarify and
elaborate some of the information obtained from the survey.
For example, questions were designed to further our
understanding of the degree of knowledge sharing among
scientists, managers, and fishers during the creation of the
WGOMAC. Additionally, we sought abetter understanding of
the knowledge used to create the WGoMAC.
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Table 1. Survey sample size and response rate.

Survey Group/ Working # of Response
# of Participants and Response Popula- Respondents  Rate: %
Rate tion surveys
completed
Maine Groundfishers" 74 14 18.9
New England Fishery 33 10 30.3
Management Council ™
Groundfish Advisory Panel™® 28 7 25.0
Groundfish Plan Development 30 15 50.0
Team'

"Information from 2005 obtained from the NMFS Northeast Region
Federal Permit Database (www.nero.noaa.gov/permits). Participants were
selected based on residence (state of Maine), home harbor (in the state of
Maine), effective multispecies (groundfish) permit (Days at Sea A).

¥ |nformation obtained from the New England Fishery Management
Council. Participants were selected based on their tenure with the
NEFMC during the initiation of the development and subsequent
regulation changes of the Western Gulf of Maine Area Closure.

STwo slightly different surveys were distributed to the four groups. The
first survey was developed for Maine groundfishers and it contained 53
questions. The second survey was developed for NEFMC, Advisory
Panel, and Plan Development Team members and contained 46 questions.
Questions regarding fishing practices and the history of fishing were
omitted in managers' survey whereas questions regarding management
practices and an individual’ s role(s) in the fisheries management process
(as NEFMC members, advisors, and researchers) were omitted in fishers’
survey (for detailed information see Nenadovic 2009a).

Numerical data from the questionnaires were compiled into
Excel spreadsheets separately for each group. Data were
analyzed using descriptive statistics. Qualitative data from
government documents and interviews, including comments
from the survey, were entered into Word documents. Data
wereanalyzed using acombination of inductiveand deductive
methods (Fereday and Muir-Cochrane 2006). The initial
coding templ ate was based on our research question. Uponthe
initial qualitative data analysis, additional themes began to
emerge and the initial coding template was sequentially
modifiedthroughaniterativeprocessuntil all themajor themes
wereidentified and captured. Each theme contained anumber
of related issues (Table 2). References to the role of FEK in
the creation of the closure were sorted based on the initia
source, i.e., government documents, surveys, interviews. This
approach allowed us to merge qualitative information from a
number of different data collection methods and analyze them
concurrently. Interpretation of qualitative data was supported
by the results from quantitative data and vice versa.

Limitations

Results pertaining to the data obtained from a structured, self-
administered survey should be interpreted with care for the
following reasons. First, our sample size was small because
of initial constraints we placed on the potential survey
participants. Because we wanted to limit participation only to
those managers who were involved in the creation of the
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Table 2. Coding structure: major themes that were identified during the qualitative data analysis. These guidelines were used

in Table 4. Not all themes were discussed in this paper.

Theme (node) Description

Palitics References and comments with regard to the role of politicsin the creation of the Western Gulf of Maine Area Closure
(WGOMAC). The major issue was a perception that the closure was aready predetermined when the process began.

Knowledge References and commentsillustrating the different views of the knowledge related issuesin the WGoMAC creation. Major
issues were perception that fishers' ecological knowledge (FEK) is anecdotal, that trust between the partiesis lacking, that
knowledge sharing among stakeholdersis selective and strategic, that scientific input was lacking from the closure
establishment, and that communication and information exchange between stakehol ders needs to be improved.

Problems Issues that were identified by different groups as problematic for achieving stated objectives of the closure include but are not
limited to recreational fishing, midwater trawling, overcapitalization, shift in fishing effort, and lack of new research activities.

Solutions Potential solutions to aforementioned problems ranged from closing the WGoMAC to al fishing, limiting entry, expanding the

closure, reducing the closure, shifting the closure to some other area, to controlling the fishing methods within the closure.

closure, we were not able to expand the sample size beyond
the actual number of memberswho participatedin the process.
Even though we followed a standard procedure for
administering mail-out and web-based surveys (Rea and
Parker 2005), our response rate was low. Therefore, we used
interviews with key informants to evaluate information
obtained from the questionnaires to avoid any
misinterpretation of data because of asmall sasmple size.

Second, because the development and implementation of the
WGOMAC occurred more than 10 years ago, participants
memory and interpretation of certain events might have
changed, been forgotten, or influenced by more recent events.
Biemer et al. (1991) point out that retrieval of information
depends on the number of intervening events and the length
of timethat has passed between the occurrence of theeventin
guestion and the moment of recall, the salience of the event
in question, and the interviewee's mood and other
psychological characteristics at the time of the survey
implementation. To reducetheimpact of some of thesefactors
on our survey results, we provided every interviewee with
genera information regarding the area closure, i.e., date of
implementation, location, and size, tofacilitate memory recall.
Based on our initial conversations with fishers during the
implementation and development of the study, we found that
the creation of the closure was an event that was considered
important and easily recalled. In addition, the survey was
designed so each question was independent; none of the
questions had to be answered to continue with the survey, an
approach that is used to improve the accuracy of retrospective
reports (Miller et al. 1997). Furthermore, the accuracy of the
results from the survey was then further examined using the
information obtained fromtheinterviewswithkey informants.

Third, respondents in the Maine groundfishers group were
largely small boat owners/captains, i.e., boatswith length less

than 15.2 m, a sample composition that could have produced
a biased view toward the effect of this regulation. However,
thisseemsto beunlikely becausethemajority (76% onaverage
from 1997-1998 and 2000-2005) of Maine boat owners/
captains with a permit to catch groundfish belonged to this
group. Last, there is a possibility that some answers suffer
from social desirability bias (DeMaio 1984).

The process of data evaluation relied not only on our
knowledge about this event but also on our discussions with
key informantswhowereabletoverify and/or clarify anumber
of issuesraised in our surveys.

RESULTS

Structured surveys

A total of 46 individualsweresurveyed (Table 1). The highest
responseratewasfrom the Groundfish PDT (50.0%), whereas
the lowest rate was from Maine groundfishers (18.9%; Table
1). Themajority of groundfishers (85.7%) did not believethat
the public input mattered to the outcome of WGoMAC
implementation (Table3). They felt that theentire processwas
irrelevant and that the outcome was already predetermined,
that is, the game of palitics (Table 4). Alternatively, PDT,
NEFMC, and AP members indicated that they believed that
public input did matter (100%, 60%, and 50%, respectively;
Table 3).

Perceptions about FEK and knowledge sharing

A large number of all respondents (94.9%) concluded that
fishers possess ecol ogical knowledgethat could be usedinthe
fishery management process (Table 5A). As one respondent
stated, FEK consists of “detailed information on fishing and
fish behavior including spatial distributions in relation to
bottom type and oceanographic processes.”
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Table 3. Participants opinionsabout theimportance of public
input to the outcome of Western Gulf of Maine Area Closure
establishment. Values in parentheses are percentages.

NEFMC AP PDT Fishers Tota
n=5 n=4 n=5 n=14 n=28
Important 3(60.0) 2(50.00 5(100.0) 2(14.3) 12(42.9)

Not important 2(40.00 2(50.00 0(0.0) 12(85.7) 16(57.1)

NEFMC = New England Fishery Management Council; AP = Advisory
Panel; PDT = Plan Development Team

However, a magjority within each group recognized obstacles
totheuse of FEK infishery management (Table5B). Fourteen
respondents indicated their view that FEK is considered
anecdotal (Table4). Only four out of 14 respondents believed
that FEK had only anecdotal value while the rest of the
respondents viewed this characterization of FEK as being a
major issue. One respondent characterized FEK as“finescale
ecological information,” while another indicated that, “most
fishers have local knowledge, or perhaps ‘small-scale
knowledge” where most “don’t see the ‘big picture’ because
they aretoo ‘narrow’ in their knowledge and vision.”

FEK accuracy was aso brought into question. Eleven
respondents indicated there was a lack of trust between
scientistsand fishersand that knowl edge sharingwas sel ective
and strategic (Table 4). One NEFMC member indicated that
fisherstend to share knowledge only if it isin their economic
interest, whileone PDT member stated that fishers* only share
what they want regulators to know, and often give
misinformation to try to avoid having effective regulations.”
Although one fisher recognized “there are always outlaws as
in all types of business,” fishers generally did not agree with
the assessment of selective knowledge sharing. One fisher
blamed managers, pointing out that because fishers tend to
lack advanced degrees, they are considered “abunch of greedy
fisherswhowouldtakethelast fishfromtheocean.” Thesame
respondent continued: “That is dead wrong, most of us are
here for the long term and want to maximize our investments
for thelong run.”

Responding NEFMC members and Maine groundfishers
pointed to a conflict between fishers and scientists
knowledge during the establishment of the closure, yet
believed that FEK was used in the process of closure
establishment (Table 6A,B). In addition, the majority of PDT
and AP members also agreed that FEK was used in the
establishment of the closure (Table 6B). The magjority of
NEFMC members and groundfishers believed there was not
enough communication and knowledge sharing between
fishers, scientists, and managers during the process (Table
6C).

Interestingly, anumber of respondentsfelt that the WGoMAC
was not established based on best scientific information
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available, asrequired under theMSFCMA, National Standard
2 (see 50 CFR 600.310). Five respondents held the view that
science was not used at all in this process (Table 4). As one
PDT member explained, “ Scientists had absolutely nothing to
dowith creation of theWGOMAC.” Someviewed thecreation
of the area closure as largely a game of palitics, rather than
having been based on either science or fishers' knowledge
(Table 4). Many respondents suggested that fishers, through
the process of public comment, hel ped design the boundaries
for the WGOMAC. One PDT member indicated that the area
closure was not established based only on the best scientific
information available because “theinitial closure proposed at
the time was larger” and “based on a proposal from a fisher,
the area was narrowed and is much smaller than the one
originally proposed.” This comment is supported by officia
NEFMC documents, which showed that the final boundaries
of the WGOMA C are smaller than the ones considered during
the process (Fig. 1A). One respondent indicated the value of
fishers' “small-scale” knowledge to fishery management in
the case of the WGoMA C establishment was that “ scientists
relied on data that was not as fine scale,” and therefore they
were not able to point to the exact area with the greatest cod
aggregations, “...butwhenfishersproposed that area, scientists
were ableto look at the [landings] dataagain, and incorporate
it in the framework action.”

Perceptions about WGOMAC effectiveness

A majority of respondents viewed the WGOMAC as an
effective measure in terms of reducing groundfish mortality,
protecting habitat that groundfish require, and helping in the
long-term recovery of groundfish stocks (Table 7).
Groundfishersand PDT membersviewed the closure asbeing
themost effectivein protecting habitat that groundfish require
while the majority of NEFMC members believed the closure
was the most beneficial for the long-term recovery of
groundfish stock (Table 7).

Semistructured interviews

Follow-up semistructured interviews further clarified the use
of FEK in the establishment of the WGOMAC. One fisher
stated that they were the ones who asked the NEFMC for the
specific area to be closed:

...they [the NEFMC] were going to close something

and we wanted to get the correct area closed. The
fleet knew that shoaler than 70 fathoms [128 m]
there was a large biomass of juvenile cod fish. So
we thought that if we participated in helping the
regulators close the right area we would protect
small cod from being taken out of the biomass...

A NEFMC member indicated that NMFS had landings data
on the location and presence of cod in the Gulf of Maine but
the resolution of that data was low (averaged across 30 ft
sguare statistical blocks, = 2300 kn?). PDT member stated
that fishers, through a number of workshops organized by the
NEFMC, identified important areas for cod in the Western
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Table4. Major themesidentified in participants commentsin the surveysrelated to the establishment of Western Gulf of Maine
Area Closure (WGoMAC) and the use of fishers' ecological knowledge (FEK). Themes (capitalized, bold letters) were divided
into a number of different subthemes (lower case letters) that appeared most frequently. For example, 12 out of 13 fishers
identified politics as being an important factor in the process of WGoMAC creation. Out of those 12 fishers, seven had a specific

comment that the closure boundaries were “already a done deal.” Columns represent four surveyed groups.

GROUPS/THEMES NEFMC PDT Fishers Total

(and subthemes) n=9 in % n=7 in% n=14 in % n=13 in % n=43 in %
GAME OF POLITICS: 7 77.8 3 429 8 57.1 12 92.3 30 69.8
Closure aready a done deal 1 111 0 0.0 0 0.0 7 53.8 8 18.6
OBSTACLESTO KNOWLEDGE 9 100.0 7 100.0 12 85.7 13 100.0 41 95.3
SHARING:

FEK considered anecdotal 5 55.6 4 57.1 2 14.3 3 231 14 32.6
Lack of trust / sharing false information 4 4.4 1 14.3 2 14.3 4 30.8 11 25.6
Knowledge sharing selective/strategic 1 111 0 0.0 2 14.3 1 7.7 4 9.3

OTHER ISSUES: 9 100 7 100 14 100 13 100 43 100
Science not used in WGoMAC establishment 1 111 1 14.3 1 7.1 2 154 5 116
Collaborative research as away to improve 1 111 3 429 2 14.3 2 15.4 8 18.6

communication

NEFMC = New England Fishery Management Council; AP = Advisory Panel; PDT = Plan Development Team

Gulf of Maine. In addition, during our review of the NEFMC
documentation pertaining to the WGOMAC creation, one
document from an unpublished written correspondence
among council members dated 1997 emphasized the
importance of this particular area for juvenile cod, based on
their behavioral characteristics and migration patterns:

The cod, in deep water during the winter, start to
school-up in Wilkinsons and Murray Basin, with
larger vesselstaking somebig landingsin February
and March. Wildcat Knoll isvery bigin March. April
and May, the cod come into the shoal water on
Sellwagen, Tillies, Jeffery'sLedgeand Plattsto feed
alittle after the long winter. Then in April, May and
June the ripe ones disperse to spawn in near-shore
grounds from Mass and | pswich Bays to Penobscot
Bay, while the juveniles linger. The proposed area
closure seeks to create a corridor for these pre-
spawning, schooling fish.

According to a NEFMC member directly involved in this
process, this information was obtained from a group of
groundfishers that were actively fishing in the area
Groundfishers shared their knowledge of this particular area
and agreed that the joint statement was consistent with their
observations.

DISCUSSION

Although the management value of FEK isrecognized, akey
fishery management problem is how to incorporate this
qualitative knowledge with quantitative scientific information.
The results of this study show that the fishery management
process can benefit considerably from the use of FEK. This
study showed that thistype of knowledge played animportant
rolein the creation of the WGoMA C. Groundfishers provided

information onthe seasonal migration patternsof prespawning
cod andindicated behavioral differencesbetweenjuvenileand
adult cod, which provided managers with the information
needed to close an area with the highest probability of
protecting the ecological integrity of the Gulf of Maine cod
stock. Eventhough 12 out of 14fishersindicated that the public
input did not matter in the creation of the WGoMAC (Table
3) and that they viewed the entire process as being heavily
politicized (Table 4), the majority of fishers still believed that
FEK was used in the process of closure establishment (Table
6B). This apparent contradiction might suggest that fishers
input was channeled through a medium other than public
comment. Key informantspointed out that the public comment
period did play arole but that it was not the only mode of FEK
transmission. In addition, FEK entered the NEFMC process
of WGOMAC creation via workshops organized by the
NEFMC as well as through the informal communication of
NEFMC members, some of whom were fishers themselves,
with their peers.

In the creation of the WGOMAC, managers were able to
combine the information from both FEK and science.
Scientific recommendations were based on analysis of
quantitative landings data, which alowed for the spatial
determination of the statistical blocks with the highest cod
abundances in the Gulf of Maine (MSMC 1997). The
standardized landings data did not capture some of the finer-
scale ecological information about cod seasonal migrations
and thebehavioral differencesbetween juvenileand adult cod.
Our study suggests this data analysis was further refined by
FEK. Because FEK incorporates observations at a scale or
over an area generaly different from those used by fisheries
scientists and managers, this refinement resulted in the
creation of an area closure that is smaller than the options
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Table 5. Opinion about fishers' ecological knowledge (FEK) for each of the surveyed groups: (A) Do fishers possess FEK? (B)
Are there obstaclesto the use of FEK in fishery management? VValues in parentheses are percentages.

NEFMC AP PDT Fishers Total

n=9 n=7 n=10 n=13 n=39
(A) Fishers possess FEK?
Yes 8(88.9) 7 (100.0) 9(90.0) 13 (100.0) 37(94.9)
No 0(0.0) 0(0.0) 1(10.0) 0(0.0) 1(2.6)
Don't know 1(11.1) 0(0.0) 0(0.0) 0(0.0) 1(2.6)
(B) Obstacles to the use of FEK?
Yes 7(77.8) 6(85.7) 8(80.0) 12 (92.3) 33(84.6)
No 1(11.1) 0(0.0) 0(0.0) 0(0.0) 1(2.6)
Don't know 1(11.1) 1(14.3) 2(20.0) 1(7.7) 5(12.8)

NEFMC = New England Fishery Management Council; AP = Advisory Panel; PDT = Plan Development Team

considered early inthe creation process (Fig. 1A). Thecurrent
WGOMAC spans part of six statistical blocks, four of which
had the highest codlandingsfor 1993 and 1996 (M SM C 1997),
which was the basis for area closure evauation. No
combination of entire datistical blocks could have
encompassed the important ecologica area without
simultaneously including large, less relevant areas.

As one of the NEFMC members indicated, the fine-tuning of
scientific information with FEK allowed managers to create
aclosure that protected some of the most important grounds
for Gulf of Maine cod stock. Protecting shallow water and
extending the closure to the east was crucial because these
were the places groundfishers indicated as being full of
juvenile cod in the former case, and prespawning schooling
codinthelatter. The overall effectiveness of this management
decision, based on the respondents answers, is considered
positive (Table 7). Although fishers' perceptions of both short
andlong-term changesinfish abundance havebeen considered
accurate (McKenna et al. 2008, Rochet et al. 2008), there is
very little fishery-independent data that could be used to test
the effectiveness of thisclosure for improving the status of the
Gulf of Maine cod stock. Official estimatesindicate that both
total biomassand spawning stock biomassof the Gulf of Maine
cod stock increased from 1998 to 2004 (Mayo and Terceiro
2005). However, this increase could not be attributed solely
to the implementation of the closure but rather to a number of
management decisions that preceded and followed this
particular regulation. On the other hand, habitat monitoring
studiesthat were conducted in this region suggest that closure
implementation had a positive effect on the habitat by
increasing the abundance of benthic structure forming
organisms (Knight 2005, Nenadovic 2009b).

The WGOMA C process shows the benefits of supplementing
broad scale scientific information with finer scale ecological
knowledge provided by fishers. It is aso probably very
important that the finer scale information provided by fishers
was consistent with the broad scale information provided by
scientists. Cash et al. (2006) suggest that these kinds of

interactions and linkages result in better problem assessment
and politically and ecologically more sustainable solutions.
Similarly, as Reed (2008:2425) points out, the combination of
two knowledge systems “can contribute to a more
comprehensive understanding of complex and dynamic
natural systems and processes’ and the incorporation of FEK
and broader stakeholder participation in the management
processresultsin moreeffectiveand long-lasting management
decisions and outcomes. This comment is especially relevant
to our study because the analysis conducted by the U.S.
Government Accountability Office (2006) found that all of
the four regional councils it reviewed, one of them being
NEFMC, are unsuitable for securing effective stakeholder
participation.

In addition to providing valuable ecological information at a
scaledifferent fromtheoneprovided by fisheriesscience, FEK
can be useful also in situationswhere scientificinformationis
lacking or a scientific consensus on a particular subject is not
reached. AsCollinsand Evans(2002:235) indicate, “the speed
of political decison-making is faster than the speed of
scientific consensusformation.” Inthesekindsof management
situationsfor whichtimeislimited, FEK can play animportant
role by providing information that might not otherwise be
available in the same time frame. In situations where time is
less constraining, FEK can be scientifically tested and
incorporated into fishery management through the process of
collaborative research (Hutchings 1996).

In this study, several interviewees recognized collaborative
research asatool that bridges FEK and science. As onefisher
indicated, “knowledge and information sharing between
fishersand scientistsare strong among thosewho haveworked
collaboratively together.” Johnson and van Densen
(2007:834) indicated that direct benefits of cooperative
research included “increased quantity and quality of data,
inclusion of fishers' knowledge in science and management,
improved relevance of research to fisheries management, and
reduced costs of science.” Recent studies of collaborative
research haveidentified it asamedium for knowledge sharing
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Table 6. Opinion about the creation of the Western Gulf of Maine Area Closure (WGoMAC) for each of the surveyed groups:
(A) Wasthere conflict between the two knowledge systems during the establishment of the closure? (B) Wasfishers' ecological
knowledge (FEK) used in the process of closure establishment? and (C) Were there sufficient levels of communication and
knowledge sharing between fishers, scientists, and managers? VValues in parentheses are percentages.

NEFMC PDT Fishers Total
(A) Was there conflict between FEK and n=9 n==6 n=10 n=13 n=238
Science?
Yes 5 (55.6) 2(333) 4 (40.0) 9(69.2) 20 (52.6)
No 2(22.2) 2(33.3) 1(10.0) 1(7.7) 6(15.8)
Don't know 2(22.2) 2(33.3) 5 (50.0) 3(23.1) 12 (31.6)
(B) Was FEK used? n=9 n=6 n=10 n=12 n=237
Yes 6 (66.7) 4(66.7) 6 (60.0) 7(58.4) 23(62.2)
No 2(22.2) 2(333) 0(0.0) 4(33.3) 8(21.6)
Don't know 1(11.1) 0(0.0) 4 (40.0) 1(8.33) 6(16.2)
(C) Was there knowledge sharing and n=9 n=6 n=9 n=12 n=36
communication?
Yes 3(33.3) 0(0.0) 3(333 1(8.3) 7(19.4)
No 4(445) 3(50.0) 2(22.2) 7 (58.4) 16 (44.5)
Don't know 2(22.2) 3(50.0) 4 (44.5) 4(33.3) 13(36.1)

NEFMC = New England Fishery Management Council; AP = Advisory Panel; PDT = Plan Development Team

and a channe for FEK's incorporation into fishery
management (St. Martin et al. 2007, Johnson 2010, 2011).
Seen from this perspective, active and effective collaboration
between fishers and scientistsin alarge part dependson level
of social capital, i.e., trust, respect, and network connections,
present between the two groups (Williams and Bax 2003).
However, results from our study suggest that a lack of trust
and a perception of selective knowledge sharing among
involved parties are some of the major obstacles to the use of
FEK in the fisheries management (Tables 4, 5B). As Soto
(2006) points out, dominant Western conceptualizations of
science prevent effective generation of social capital by
marginalizing theroleand/or value of FEK. Inmany instances
thisleavesfishersfedling disassociated from the management
process (Butler 2005, Soto 2006).

Moreresearchisneededtofully understand why fishersshared
their knowledge in this study and why they perceived politics
as such a big obstacle to active participation. With regard to
knowledge sharing, and according to a NEFM C member, not
only did fishers share their knowledge with scientists and
managers, but the FEK that was used in this case was also a
product of collaboration among fishers who communicated
and shared their knowledge to create a product on which they
all agreed. It seemsthat NEFMC played an important rolein
this process. As one PDT member indicated, part of this
process was facilitated by NEFMC through a series of
workshops that were specifically organized to obtain fishers
knowledge and perspectives. This process of verbal peer-
review among fishers was essential for its validity and usein
fishery management. This was unexpected given that
knowledge sharing among fishers and between fishers and

scientistsmanagers is uncommon because secrecy of
information is often essentia for fishers' economic success
(Wilson 1990, Thorlindsson 1994, Ames et a. 2000). With
regard to palitics, it is evident that a high number of
respondents recognized politics as a relevant factor that
influenced this process (Table 4). It is important to
acknowledge that the interaction between FEK and science
occurred within the decision making forum that was also
impacted and shaped by political forces and power relations
among different actors (Eagle et a. 2003, Okey 2003,
Brzezinski et a. 2010). Therefore, the effects of politics on
this process should be further investigated.

The WGOMAC case also confirms that the qualitative nature
of FEK should not be viewed as preventing its use in
management. The major problem stems from misapprehending
the concept of anecdotal information and identifying it with
FEK. One respondent explained how “anecdotal ecological
information is difficult to incorporate into traditional
assessment biology and management.” A NEFMC member
indicated that FEK is considered anecdotal and is difficult to
incorporate into the management process. Y et, he also argued
that, “it is extremely useful in providing guidance to
managers.” Indeed, as Wilson (2005:3) explains,
characterizing knowledge as anecdotal does not diminish its
validity; it simply describes a particular observation that
“cannot be used to characterize phenomena at higher scale
levels.” Similarly, the qualitative nature of FEK makesitsuse
in quantitative analyses, such as stock assessment, difficult
(Palsson 1998, St. Martinetal. 2007). However, thereareways
FEK can be incorporated in fisheries management to expand
“thebasisforinterpreting quantitativesurveysusedinfisheries
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Table 7. Opinion about the effectiveness of the Western Gulf of Maine Area Closure (WGoMAC) for each of the surveyed
groups: (A) Does the closure reduce fishing mortality? (B) Does the closure protect habitat that groundfish require? and (C)
Does the closure help in the long-term recovery of groundfish stocks? Values in parentheses are percentages.

NEFMC PDT Fishers Total
(A) Closure reduces fishing mortality n=9 n==6 n=12 n=13 n=40
Yes 6 (66.7) 4(66.7) 6 (50.0) 6 (46.2) 22 (55.0)
No 2(22.2) 1(16.7) 2(16.7) 4(30.8) 9(22.5)
Don't know 1(11.1) 1(16.7) 4(33.3) 3(23.1) 9(22.5)
(B) Closure protects habitat n=9 n=5 n=12 n=14 n=40
Yes 6 (66.7) 2 (40.0) 9(75.0) 11 (78.6) 28 (70.0)
No 1(11.1) 1(20.0) 1(8.3) 2(14.3) 5(12.5)
Don't know 2(22.2) 2 (40.0) 2(16.7) 1(7.2) 7(17.5)
(C) Closure helpsin the long-term recovery n=9 n=6 n=12 n=14 n=41
Yes 7(77.8) 4 (66.6) 7(58.3) 7 (50.0) 25 (61.0)
No 0(0.0) 1(16.7) 2(16.7) 3(21.4) 6(14.6)
Don't know 2(22.2) 1(16.7) 3(25.0) 4(28.6) 10 (24.4)

NEFMC = New England Fishery Management Council; AP = Advisory Panel; PDT = Plan Development Team

assessments’ (Neiset al. 1999:1949). Australia, for example,
is compiling and evaluating FEK for the purpose of better
understanding long-term changesin fish stocks(AFMF 2006).
For ecological issuesthat can be qualitatively described, e.g.,
vulnerable habitats, spawning aggregations, juvenile
aggregations, or fish migration patterns, FEK can be directly
incorporated into fishery management, such as in the
placement of marine protected areas (MPAs, Aswani and
Lauer 2006). Thisis especially relevant because a number of
scientists view MPASs as a basic precautionary strategy for
achieving both fishery management and conservation goals
(Cooke and Earle 1993, Auster 2001).

CONCLUSION

Even though FEK was used in the decision making process of
the WGOMAC implementation, our findings highlight a
number of problemsin respect tothisprocess. Therespondents
believed that there was a conflict between FEK and scientific
knowledge partially dueto alack of trust betweentheinvolved
parties, as well as obstacles to the use of FEK in fisheries
management due to the perception that FEK was considered
anecdotal. Furthermore, fishers viewed the public input
processasineffectivefor communicating their knowledgeand
views.

With this in mind, how can we achieve systematic
incorporation of FEK into the current structure of fishery
management in New England? We suggest that the answer to
this question lies in securing greater and active stakeholder
participation. The NEFMC could achievethisgoal by creating
amore transparent decision making process with clear goals
and objectivesthat isalso opento all stakeholder groupsfrom
the beginning, allows for effective collection, exchange, and
evaluation of ideas and knowledge, and is based on learning,
trust, equity, and empowerment (U.S. Government

Accountability Office 2006, Reed 2008). In addition, it is
essential that fishers, scientists, and managers perceive clear
and measurable benefits of their active participation and
knowledge sharing. However, it isimportant to keep in mind
that addressing the issue of using FEK is dependent on the
local context within which decisions are being made.

Furthermore, it is clear from our study that both science and
FEK hold useful and valuable information. It is important to
consider the issue of scale and recognize that the use of
knowledge should be based on the management problem at
hand. From this perspective, we believe that to effectively
manage multiscale, complex systemsand reduce some of their
inherent uncertainty, we need to combine knowledge from
multiple scales and different actors in the system. However,
as we have previously mentioned, this is not an easy task
because it requires active participation and an ongoing
commitment of all the parties in the process. As seen in the
case of the WGOMAC creation, the scale at which FEK
operates complements knowledge gained by fishery science
conducted at broader scal es. Being ableto combinebothwithin
anested social-ecol ogical system can allow usto seedifferent
aspects of the same system and to adaptively manageit across
different scales.

Responses to this article can be read online at:
http: //www.ecol ogyandsociety.org/vol 17/issl/art20/
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