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ABSTRACT

Studies on fishers’ ecological knowledge (FEK) and local ecological knowledge (LEK) have rarely been
undertaken for practical application in a management context. Here, we describe a methodology to access
FEK that was designed under an ecosystem-based fisheries management framework. The procedure was
adapted from the Delphi technique, which seeks experts’ consensus, and focused on several spatial and
temporal issues related to the small-scale fisheries of the northern coast of Sdo Paulo, Brazil (particularly,
in Ubatuba, between 23°20’ S and 23°35’ S). Experienced fishers, considered as experts, were selected
during a pilot phase to participate in two sequential rounds of semi-structured interviews at 3 main
landing sites and 12 coastal fishing communities. The issues addressed were: (1) spatial and seasonal
occurrence of mature females and juveniles of the main commercial species, (2) fishing grounds and
bycatch species for each type of fishing gear, and (3) fishers’ suggestions for local fisheries management
(e.g. mesh and size of gillnets, closure seasons, gear restrictions by fishing area). It was possible to identify
consensus rates on the spatial and temporal issues, as well as on fishers’ management suggestions. The
former allowed the construction of maps representing fishing grounds and the local spatial distribution
of different fishery stocks strata. We illustrate the output by focusing on five fishery stocks: the seabob-
shrimp Xiphopenaeus kroyeri, the whitemouth croaker Micropogonias furnieri, the inshore squid Loligo spp,
the white shrimp Litopenaeus schimitti and the blue runner Caranx crysos. Overall, the results provided new
guidelines for future local fisheries management and conservation initiatives. The methodology proved
to be useful for the definition of essential fish habitats (EFHs), suggesting their potential application in
other locations.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

Communities dependent on fisheries resources are often the
first to perceive changes in aquatic ecosystems and in the fish-

The rapid change in fisheries systems as a consequence of con-
tinuous population growth, globalization, improved technology,
increasing fleet operations, as well as climatic and environmen-
tal changes, interfere with and threaten the dynamic interaction
between humans and the natural environment. Therefore, natural
resource management must be adaptive and respond quickly and
efficiently to new realities (Berkes, 2010; Gasalla, 2009; Miller et al.,
2010).
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ery stocks with which they interact, as these affect directly
their livelihoods and income (Friesinger and Bernatchez, 2010).
In this sense, fishers’ experience-based knowledge about marine
ecosystems and resources are of great value for fisheries man-
agement (Hill et al, 2010). However, while recognition of the
value and significance of studies on local ecological knowledge
(LEK) or fishers’ ecological knowledge (FEK) has increased in
recent decades (Allison and Badjeck, 2004; Begossi, 2008; Berkes
et al,, 2001; Drew, 2005; Gasalla, 2004; Johannes, 1998; Johannes
et al,, 2000; Neis et al., 1999; Silvano et al., 2008; Wilson et al.,
2006), resource-dependent communities have often remained
politically, culturally and socioeconomically marginalized (Brook
and McLachlan., 2005; Lam and Borch, 2011) such that these
studies findings have rarely been used for practical application
in management, especially in ecosystem-based fisheries man-
agement (EBFM) (Gasalla and Diegues, 2011; Gasalla and Tutui,
2006).
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In this type of management, the focus is on an integrated vision
of the ecosystem within which the fishery is placed, rather than
on single target fishery stocks and fishing fleets (Murawski, 2000).
Thus, it should include ecological, social and economic factors (FAO,
2003) and simultaneously consider fish, fishers, the maintenance
of fishery resources and the environment (Berkes, 2010; Degnbol
et al., 2006; Francis et al., 2007; Link, 2002; Pikitch et al., 2004;
Pitcher and Lam, 2010). As an integral part of EBFM, the concept
of “essential fish habitats”(EFHs) has been applied, and is based on
the “health” of fish habitats and their productivity (Rosenberg et al.,
2000). The identification of EFHs is important to protect areas that
are critical to marine resources, including spawning and nursery
grounds of commercially important species (Bergmann et al., 2004;
Conover and Coleman, 2000; Francis et al., 2007).

In many developing countries, including Brazil, governments
face many structural obstacles to gathering data, implementing
regulations and making appropriate marine resource management
decisions (Allison, 2011; Allison et al., 2012; Kooiman et al., 2005).
In this sense, FEK can be useful to identify EFHs and other important
data for EBFM (Bergmann et al., 2005), particularly where detailed
scientific datasets are unavailable and fishers can be the only source
of information of environmental and stock conditions (Johannes
et al.,, 2000; Silvano and Begossi, 2010). Moreover, despite wide
recognition of the importance of FEK studies, there are only a few
studies that address methods to access this knowledge (Davis and
Wagner, 2003; Huntington, 1998, 2000).

This paper aims to present a tested method, adapted from the
Delphi technique, and evaluate its efficiency to assess strategic
FEK with potential to provide more accurate responses to issues
of importance to EBFM initiatives, including the identification of
potential EFHs, fishing grounds, bycatch species per fishing gear as
well as local fishers’ suggestions for management in the study area.

1.1. Study area

Ubatuba is located on the north coast of Sdo Paulo (between
23°20" S and 23°35’ S), which lies in the southeastern Brazilian
shelf (Fig. 1). The last shelf receives seasonal upwelling and cool
intrusions, resulting in moderately high productivity (Camposetal.,
2005; Castro and Miranda, 1998).

Hence, Ubatuba is characterized by intense fishing activity,
mostly small-scale. Local commercial fishing records date from
1910, and over decades, fishing became a major source of income
of the municipality, which presents many fishing communities and
three main landing sites (Fig. 1). Signs of overfishing and declining
yields were being noted as far back as the 1970s (Diegues, 1974).
Moreover, the area has been the scene of many conflicts, past and
present, with regard to the use of natural resources. Nowadays, the
study area is part of a recently created type of marine protected
area (Area de Protecio Ambiental do Litoral Norte de S3o Paulo)
whose management plan is still under development and future
fishing restrictions are still unclear (SMA, 2012). So far, some fish-
eries are still allowed in the area, mostly small-scale, but there is
a movement to promote a more restrictive protection level under
the definition of that management plan.

2. Materials and methods
2.1. The adapted Delphi methodology

The methodology addressed in this study was adapted from the
Delphi method. This method involves applying several rounds of
consultations to a set of experts on a particular subject. After each
round of consultation the results of all responses are summarized
and presented individually to each participant. Participants can

change their opinions and contributions, according to new general
data, in the next round of consultations, which have their results re-
presented to all involved, and so on, in the sequential rounds. The
purpose of the method is to find consensus, while a key premise
is the ability to maintain respondent anonymity throughout the
process (Barrett, 2009; Linstone and Turoff, 1975; Zuboy, 1980).
We adapted the Delphi method in this study in the following
ways. First, a pilot phase addressed the identification of key fish-
ers (here considered as experts) through interviews, pre-structured
questionnaires, and pre-established criteria. The second and third
phases consisted of two rounds of interviews with the key fishers
selected. All the information provided by key fishers at the first
round of interviews were tabulated and presented to key fishers,
individually, at the second round. We considered as consensual
information/data those confirmed by more than 50% of key fishers
at the second round of interviews. The methodology was previously
explained to interviewees and they were kept anonymous so that
individual opinions were not influenced by the opinions of specific
individuals and so that the chance of conflict between stakehol-
ders was reduced (Zuboy, 1980). Finally, we requested permission
to publicize the collection of information found (Scholz et al., 2004).

2.2. Pilot phase: selection of key fishers

In order to access reliable and valid data from FEK, it is essen-
tial to identify the most qualified and experienced fishers to be
responding to the questionnaires (Moreno et al., 2007). Thus,
between April and September 2009 two fieldtrips were made, and
a pilot phase was conducted in order to select key fishers. For this
purpose, the researcher visited the major landing sites of Ubatuba:
Saco da Ribeira, Cais do Alemdo and Ilha dos Pescadores (Pincinato
etal., 2006; Vianna and Valentini, 2004) and 12 coastal fishing com-
munities, including: Pinciguaba, Barra Seca, Itagud and Maranduba,
which are the communities that presented the largest number of
vessels in the municipality (Vianna and Valentini, 2004 ). During the
visits, local small-scale fishers were approached and interviewed
with the use of semi-structured questionnaires.

The “snowball” methodology, also called “chain of informants”,
was used in this pilot phase of the project. Each interviewed fisher
was thus asked to indicate the next respondent to contribute in the
study, in succession (Scholz et al., 2004; Silvano and Begossi, 2010).
In this way, a total of 109 fishers were interviewed (Table 1).

The questionnaires addressed questions related to fishers’ per-
sonal data (age, place of birth, community were they lived, phone
number) and fishing experience (number of years fishing and work-
ing regime on fishing) and responses were tabulated and analyzed
to provide a selection of key fishers.

The pre-established criteria adopted for the selection of key fish-
ers, following advice offered in Bergmann et al. (2005) and Silvano
et al. (2006), were:

(a) Willingness to participate in the research,

(b) Experience in fishing,

(c) Working regime on fishing (or dedication to fishing activity),
(d) Fisher’s age.

The first criterion considered for selection was the willingness
and availability of the respondent to participate in the research,
since a fisher who did not present interest in sharing knowledge,
even if experienced, would be of no value to the FEK investigation.
However, after the study procedures were explained, including the
method used and the goal of seeking consensus, many fishers were
willing and enthusiastic to contribute. The second criterion adopted
was the experience of the respondent in fishing, focusing on the
fishers who had more time fishing, especially in the study area. The
third criterion was the respondent’s current regime on fishing, or
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Fig. 1. Study area: Ubatuba region at S3o Paulo’s northern coast, in southeastern Brazilian shelf. The numbers (1-12) correspond to the main fishing communities while the
letters (a—c) to the main landing sites in the study area. Please see the names of fishing communities and landing sites as well as other details in Table 1.

dedication to fishing activity. Those with exclusive dedication or
that had fishing as main occupations were given priority. Finally,
the fourth and last criterion gave preference to fishers over 30 years
old.

The interviews lasted an average of 45 min, totaling 82 h of inter-
views, distributed during 30 days (two field trips of 15 days each).
In the three landing sites, it occurred in wharves or inside the
anchored vessels, and in the 12 fishing communities, on ranches,
beaches and fishers’ houses. Sometimes more than one community
or landing site was visited in the same day. The number of fishers
interviewed per day varied from 6 to 12, according to the availabil-
ity of the interviewees, the ability of respondents to transmit their
knowledge and climatic and oceanographic conditions. For exam-
ple, when there were cold fronts, fishers usually did not go to sea
for fishing, making it easier to find them at the landing sites and in
the fishing communities. Throughout this process, 41 small-scale
key fishers (39 male and 2 female) were selected to participate in
the next steps of the study, as described below.

Table 1

2.3. First round of interviews with key fishers

The first round of interviews with the 41 key fishers selected
occurred during the period of June-December 2009, during two
field trips of 1 month each, at the landing sites and coastal commu-
nities (Table 2). The number of fishers interviewed per day varied
from one to three. The interviews lasted an average of 2h and a
half, totalizing approximately 102 h of interviews.

The interviews were pre-scheduled with most key fishers, since
most of them provided phone numbers to the researcher in the pilot
stage. Only 4 of 41 fishers had no phones themselves, so they gave
family members’ phone numbers to facilitate contact. All key fishers
were interviewed individually. However, there were cases in which
the interviews of the pilot phase and the first round of interviews
with key fishers occurred on the same day. This happened when a
fisher interviewed met all of the required criteria and was available
and willing to respond to the first round of interviews with key
fishers at that time. Thus, in order to ensure that these opportunities

Number of interviewed fishers at coastal communities and landing sites of Ubatuba coast, southeastern Brazilian shelf.

Corresponding number or letter in Fig. 1

Fishing communities and landing sites

No. of interviewed fishers Site location in Ubatuba

Maranduba

Brava da Fortaleza
Fortaleza

Lazaro

Itagud
Perequé-acu
Barra Seca

Félix

Promirim
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Picinguaba
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Saco da Ribeira®
Cais do Alemdo?
Ilha dos Pescadores?
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Table 2

Number of interviewed key fishers in coastal communities and landing sites of Ubatuba coast, southeastern Brazilian shelf and characteristics of those communities and

landing sites.

Fishing communities and landing sites

No. of interviewed key fishers

Characteristic of the community or landing site

Camburi 2
Picinguaba

Almada

Promirim

Félix

Barra Seca

Perequé-agu

Itagud

Ldzaro

Brava da Fortaleza
Fortaleza

Maranduba

Saco da Ribeira®

Cais do Porto e Alemdo?
Ilha dos Pescadores®

WINN == =N~ DWW

N
_

Total: 12 coastal communities and 3 landing sites

Isolated and more traditional
Isolated and more traditional
Touristic and traditional mix
Touristic and traditional mix

Only a few fishers remain
Touristic and traditional mix

Very touristic and traditional mix
Very touristic and traditional mix
Very touristic and traditional mix
Touristic and traditional mix
Touristic and traditional mix
Touristic and traditional mix
Mainly for gillnets boats and pink-shrimp and pair-bottom trawlers
Mainly for gillnet boats

Mainly for seabob-shrimp trawlers

2 Landing sites.

were not lost, the two questionnaires (interviews of the pilot phase
and of the first round) were applied sequentially.

The questionnaire of the first round of interviews addressed
issues related to spatial and temporal patterns of local fisheries and
12 commercially important species landed in the region (Instituto
de Pesca, 2008). Regarding spatial issues, the key fishers pointed
to their fishing areas and the main places of occurrence of juve-
niles and mature females of the target species. The species were
identified by their common names and images of the species were
presented to fishers to confirm their recognition (Silvano et al.,
2006; Silvano and Valbo-Joergensen, 2008). With respect to tem-
poral matters, seasonal calendars (Berkes et al., 2006) in table form
were used and completed with FEK information about seasonality
of occurrence of the species in different stages of life (young and
mature females). Key fishers identified bycatch species associated
with different fishing gear, also identified by their common names.
And finally, questions were raised regarding solutions, envisioned
by the key fishers, for fisheries management in the study area. All
the data found in the questionnaires of the first round of interviews
with key fishers were scanned, tabulated and systematized.

2.4. Second round of interviews with key fishers

The second round of interviews took place between February
and March 2010, during one fieldtrip of 45 days. The interviews
lasted an average of 2 h each, totaling 74 h of interviews. The num-
ber of key fishers interviewed per day varied from two to four.
Among the 41 key fishers interviewed in the first round, it was
possible to locate only 37 to contribute to the second round. This
was due to several factors, such as fishers’ fishing trips during the
field period devoted to the second round, fishers’ health problems,
or difficulty in locating the fishers in the landing sites.

During the second round of interviews, the information found
and tabulated in the first round was presented to the 37 fish-
ers involved in the study and they could review their responses
according to the new general data. In this round of interviews we
used maps of the region of Ubatuba (Nautical Chart number 1635)
where the respondents pointed out their fishing areas and loca-
tion of major fishing grounds, as well as where concentrations of
young and mature females of the target species were located. We
chose to introduce the maps during the second round of inter-
views assuming the fishers would be more comfortable with the
researcher in that stage. In the case of fishers who were illiter-
ate, or had difficulties reading, reference points were used, such
as islands, beaches, cliffs and deep isobaths, to help interviewees

to interpret the maps. Hence, fishers personally marked or pointed
out to the researcher the location of these areas, in a process of
participatory mapping (Berkes et al., 2001). Subsequently, all maps
were digitized and overlaid to identify consensus with regard to the
most frequented areas according to fishing gear, or areas of higher
occurrence of resources in different stages of life. For the tempo-
ral issues, the months of occurrence of young and mature females
cited during both rounds of interviews were compared with respect
to their percentage of citations, and the months of major signif-
icance were highlighted. The information considered consensual
were those confirmed by more than 50% of key fishers. Finally, all
respondents’ suggestions for fisheries management made during
the first round of interviews were presented to key fishers, individ-
ually, in the second round and again those suggestions that were
confirmed by more than 50% of key fishers were considered con-
sensual. The same researcher applied all the interviews and there
was no field assistant or additional researches participating during
the interviews. Fig. 2 shows a schematic illustration of the proposed
method, and its sequence.

3. Results

The selection of “experts” allowed us to access the oldest knowl-
edgeable fishers in the fishing communities and landing sites.
Consequently 76% of the interviewees selected were over 45 years
old, had atleast 30 years experience in the study area, and dedicated
the majority of their time to fishing activities.

Moreover, the data provided by key fishers allowed the iden-
tification of consensual information regarding: (1) spatial and
seasonal occurrence of mature females and juveniles of commer-
cial species; (2) fishing areas, bycatch species and most important
fishing grounds per fishing gear; (3) suggestions for local fisheries
management (e.g. mesh and size of gillnets, closure seasons, gears
restriction by fishing area).

3.1. Commercial species ecological data

Specific output on spatial and temporal issues are illustrated
for five different fishery stocks: the croaker Micropogonias furnieri,
the seabob-shrimp Xiphopenaeus kroyeri, the inshore squid Loligo
spp., the white shrimp Litopenaeus schimitti and the blue runner
Caranx crysos. The first two are species with the major landing
biomasses, in kilograms, in Ubatuba, and represent fish resources of
greatest commercial value in the municipality (Instituto de Pesca,
2008). The squid and the white shrimp were chosen because of their
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Fig. 2. Summary of the stages addressed during the process of accessing FEK/LEK to identify important issues for ecosystem-based fisheries management in Ubatuba,

southeastern Brazil.

importance (in catch and income) for local communities, the squid
during summer, especially from November to April (Rodrigues and
Gasalla, 2008; Postuma and Gasalla, 2010), and the white shrimp
during winter, especially from June to September (Costa et al.,
2007). Finally, the blue runner Caranx crysos was also selected
because of its commercial importance and the lack of local data and
knowledge regarding its ecology in the study area (and in Brazil, in
general).

After the whole process, maps with spatial data (Fig. 3) and
tables with seasonal data (Tables 3 and 4) were developed, based
on consensual FEK relating to the occurrence of mature females
and juveniles. With regards to the spatial data, the maps allowed
the identification of the areas, cited by more than 50% of the key
fishers, which were considered as potential EFHs.

Finally, after key fishers were confronted with the responses of
the first round of interviews, the majority of them did not change
their contributions, but rather, they added more information at
the second round of interviews (especially by agreeing with other
key fishers’ contributions). For example, at the first round of inter-
views 60% of key fishers considered only the summer months
as the spawning season of the whitemouth croaker (Micropogo-
nias furnieri), however, after the general results of the first round
were presented to them, 90% added the information that white-
mouth’s croaker females are also caught with eggs during the
winter months, although less frequently than in summer.

3.2. Fishing gear features

Questions aimed at the fishing gear, directed for the catches of
the addresses species in this study, were: (1) fishing grounds and
(2) bycatch species (Table 5). The information collected regarding
fishing grounds allowed the construction of general maps (Fig. 4)
representing the fishing grounds per type of fishing gear. Maps
refer only to the information presented by the fishers that were
concurrently fishing with a specific fishing gear (differently from
the data regarding different species ecological data, that could be
transmitted by key fishers that target that species in the past).

Therefore, fishers did not change their contributions in the sec-
ond round, although, it allowed fishers to identify them on in situ
maps. Moreover, the overlapping of the digitalized cognitive maps
of each fishing gear allowed the identification of the most important
(or most frequent) fishing grounds per fishing gear.

3.3. Local fishers’ management suggestions

The key fishers, at the first round of interviews, provide with
many suggestions for local fisheries management. Table 6 presents
the recommendations supported by more than 50% of the fishers
at the second round of interviews (and thereby considered

consensual) together with their explanations given in respect
of each issue, per fishing gear. When comparing the results of the
two rounds of interviews, we observed that the majority of fishers
(90%) maintained their suggestions at the second round. However,
100% of the key fishers agreed with at least three suggestions of
other respondents at the second round of interviews. This allowed
the identification of key fishers’ consensual management sugges-
tions for local fisheries at the study area. Recommendations focused
especially on the need for a reconsideration of present closing sea-
sons’ duration, new regulations and spatial zoning concerning the
fishing areas of larger vessels and nets’ mesh size to avoid the catch
of juveniles.

4. Discussion

In this paper, we present a method to access FEK as a practi-
cal tool for ecosystem-based fisheries management. Here we agree
with Berkes (2011) that ecosystem-based management (EBM) is
not a simple exercise, as it implies uncertainties and complex-
ity, and presupposes an interdisciplinary approach to management
objectives. According to Berkes (2011), implementing EBM is more
like a revolutionary, than an evolutionary process, as it requires
going beyond conventional management practices. Nevertheless,
we argue that the participation of fishers, and the incorporation
of their ecological knowledge, is an essential part of a process
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Fig. 3. Area of occurrence of mature females (in red), juveniles (in green), and both (in blue) of: (a) Micropogonias furnieri, (b) Xiphopenaeus kroyeri, (c) Loligo spp., (d)
Litopenaeus schimitti and (e) Caranx crysos, as indicated by the fishers; (n) corresponds to the number of fishers that provided information upon the fishing gear. The circled
areas are those cited by more than 50% of interviewees. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of the article.)

Table 3

Number of citations for the months of occurrence of mature females of the resources addressed in the study, during the first (1st) and second (2nd) round of interviews with

key fishers in Ubatuba. The months cited by more than 50% of interviewees are boldfaced.

Fishery resource Rounds ] F M A M ] ] A N Total number
of citations

Micropogonias furnieri 1st 22 21 10 10 12 14 14 14 12 0 26 28 33

2nd 22 19 9 7 8 12 13 12 8 9 20 22 31
Xiphopenaeus kroyeri st 7 6 8 7 7 4 4 4 6 6 7 7 18

2nd 6 5 10 10 10 6 6 4 6 7 7 7 11
Loligo spp. st 6 8 8 4 2 1 1 0 0 0 6 9 20

2nd 14 17 17 6 3 0 0 0 1 1 4 12 22
Litopenaeus schimitti st 4 4 4 3 4 3 3 2 2 3 4 3 14

2nd 7 2 4 1 1 1 0 1 2 3 4 7 11
Caranx crysos 1st 7 8 6 0 0 0 0 0 0 1 5 8 11

2nd 7 9 6 1 0 0 0 1 1 1 4 6 9
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Number of citations for the months of occurrence of juveniles of the resources addressed in the study, during the first (1st) and second (2nd) round of interviews with key
fishers in Ubatuba. The months cited by more than 50% of interviewees are boldfaced.

Fishery resource Rounds ] F M A M ] ] A S 0] N D Total number
of citations

Micropogonias furnieri Ist 6 6 5 5 6 6 4 5 7 7 7 7 17

2nd 22 24 13 12 14 17 17 17 13 13 22 21 27
Xiphopenaeus kroyeri Ist 5 4 4 2 3 9 4 3 2 4 4 6 16

2nd 9 7 1 1 1 13 2 1 2 5 5 4 17
Loligo spp. Ist 6 6 5 5 6 6 4 5 7 7 7 7 17

2nd 22 24 13 12 14 17 17 17 13 13 22 21 27
Litopenaeus schimitti 1st 3 1 2 2 3 8 2 1 0 0 0 2 13

2nd 12 12 12 12 11 13 4 1 0 0 0 2 20
Caranx crysos 1st 3 3 5 3 3 3 1 0 1 0 0 3 7

2nd 5 6 10 6 5 5 1 1 4 5 16

Table 5

Summary of information on the addressed fisheries: (a) target species; (b) number of bycatch species and number of those that showed more than 50% of citations, boldfaced;
(c) number of fishing grounds pointed out on maps by the key fishers, and those cited by more than 50% of the interviewees, boldfaced; (d) number of management suggestions
for each fishing gear and number of suggestions cited by more then 50% of interviewees, boldfaced in the table.

Fishing gear Target species

Bycatch species

Fishing grounds Management suggestions

No. >50% No. >50% No. >50%
Shrimp-trawlers Xiphopenaeus kroyeri 46 11 9 3 4 2
Gillnets Micropogonias furnieri 17 6 18 2 7 5
Hand jigs Loligo spp. 0 0 17 6 0 0
Gillnets for white shrimp Litopenaeus schimitti 30 4 10 1 2 2
Line and hook Caranx crysos 0 0 9 4 0 0

that aims to implement ecosystem-based fisheries management
(EBFM), especially in data-poor contexts, where FEK can be the only
source of data on the resources and fleets distribution. In this sense,
methods to access local and traditional ecological knowledge are of
great value.

There are many studies that focus on traditional knowl-
edge, and specifically, on fishers’ ecological knowledge (FEK).
Many use open or semi-structured interviews. The interviews

Table 6

can be applied to the maximum number of respondents as
possible (Begossi and Figueiredo, 1995; Paz and Begossi, 1996;
Silvano and Begossi, 2005; Silvano et al., 2006, 2008), to a
few select ones or to a group of interviewees (Huntington,
1998, 2000). According to Silvano et al. (2008), the choice of
the approach will depend on the research objectives, which
seems critical since it will influence directly the quality of the
results.

Summary of fishers’ consensual suggestions (cited by more than 50% of key fishers) for management initiatives in the study area.

Fishing gear Target species

Suggestions to management

Fishers’ given reasons

Xiphopenaeus kroyeri

Shrimp-trawlers (seabob-shrimp)

months long.

Allow only seabob-shrimp trawlers to operate
up to 30 m (restrict large trawlers).

Prohibit mesh size smaller than 12 cm in

. . o illnets.
Micropogonias furnieri g

Gillnets (whitemouth croaker)

Increase the fishing closure season from 3 to 4

Prohibit purse-seiners of catching the
white-mouth croaker.

After the closure season (March-May) they
still catch small (juvenile) shrimps (especially
during June).

Other type of trawlers (pair-bottom trawlers
and pink-shrimp trawlers) occur in deeper
waters, where target species are also present,
while the shrimp-seabob trawlers cannot
operate at depths greater than 30 m.

The smaller the mesh more juveniles are
caught. A 12 cm mesh size catches good size
fish and not juvenile.

The purse-seiners catch enormous quantities
of the stock at once, reducing the stock size
available to artisanal fishers.

Gillnets for white-shrimp Litopenaeus schimitti

(white shrimp)

Define a closed season for the whitemouth
croaker.

Prohibit boats over 11 m length of fishing at
depths less than 30 m.

Define a spatial zoning for fishing with gillnets
according to the size of boats.

Prohibit boats greater than 11 m in length from
fishing white-shrimp in shallow coastal areas
(in depths less than 30 m). Rather, restrict the
fishery to small boats and canoes in these
areas.

There is no closed season defined for the stock.

Industrial vessels catch also in shallow and
coastal areas, reducing stock available for
artisanal fishers.

Smaller boats do not have autonomy to
operate in deeper waters; shallower depths
should be guarantee and reserved for smaller
boats (less than 12 m length).

The white shrimp occurs in the study area only
seasonally when artisanal fishers have the
opportunity to catch it.




50

il

Il

=

e}

(e) n=20

|

o

g

M.CF. Leite, M.A. Gasalla / Fisheries Research 145 (2013) 43-53

(b) n=8

(d) n=9

Fig. 4. Maps of the total area of fishing operations of: (a) shrimp-trawlers, (b) gillnets, and (c) hand jigs (d) Gillnets for white-shrimp and (e) Line and hook. Each deferent
color refers to the fishing area of a diferent fisher; (n) corresponds to the number of fishers that provided information upon the fishing gear. The most significantly cited areas
(by more than 50% of fishers) are circled. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of the article.)

Considering important contributions that were useful in our
adaptation of the Delphi technique to approach FEK to EBFM issues,
Davis and Wagner (2003) and Huntington (1998) may be high-
lighted. Davis and Wagner (2003) selected experts throughout
solicited recommendation of local knowledgeable fishers in Nova
Scotia (Canada), while Huntington (1998) applied semi directive
interviews, individually or to groups, to document TEK in a species
specific research on beluga whales in Alaska (US). The method
we propose somehow incorporates some considerations of both
studies, among others. However, our study seems to be the first
application of the Delphi method to this field, and therefore, to
use rounds of interviews to find concensus. Moreover, despite
extensive literature on FEK studies, and few studies on methods
to access it for several purposes, there is a lack of detailed method-
ologies that explain how this valuable knowledge can be properly
and effectively considered and incorporated into EBFM schemes.

Additionally, the skills needed, the approaches, challenges, and dif-
ficulties faced by researchers who are dedicated to this field are
rarely described.

Firstly, the method we describe allowed the identification of
the most experienced fishers in the study area and for consen-
sus to be reached with regards to the range of information and
knowledge that these fishers hold. Overall, the second round of
interviews provided an opportunity for key fishers to consider new
information, and to confirm, or not, the information provided by
other respondents. These data allowed important outputs such
as the construction of maps with EFHs and identification of the
major seasons of spawning and recruitment of important species
of commercial value, which seems to be still very unclear for
local science. In this sense, a consistent compatibility was found
between the data transmitted by key fishers and some previous
scientific studies in other regions for the: (1) white-mouth croaker
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Micropogonias furnieri (Menezes and Figueiredo, 1980; Robert and
Chaves, 2001; Costa and Aradjo, 2003; Bernardes et al., 2005;
Carneiro et al., 2005; Carneiro, 2007; Vazzoler, 1971; Vazzoler
etal., 1989); (2) seabob-shrimp Xiphopenaeus kroyeri (Nakagaki and
Negreiros-Fransozo, 1998; Fransozo et al., 2000; Castro et al., 2005;
Freire, 2005); (3) inshore squid Loligo spp. (Perez et al., 2002, 2005;
Martins and Perez, 2006; Rodrigues and Gasalla, 2008; Gasallaetal.,
2010; Postuma and Gasalla, 2010); (4) white shrimp Litopenaeus
schimitti (Chagas-Soares et al., 1995; Costa, 2002; Castilho et al.,
2007; Costa et al., 2007; Gongalves et al., 2009) and (5) blue runner
Caranx crysos (Leak, 1981). However, these studies were conducted
in other areas of the Brazilian coast, and there is no information
for our study site. Nevertheless, we do believe that FEK does not
necessarily need to be validated by scientific data, but rather, they
can be complementary one to another. In this sense, FEK validation
through scientific literature was not included as part of the pro-
posed method.

The FEK identified may help to fill the data gap in the study
area, and thus increase the potential to support ecosystem-based
management of fishery resources and activities. In this sense, we
found the presented method as a transparent, consensual and use-
ful tool to assess FEK and for its inclusion in EBFM, since it revealed
multispecies ecological data, fishing grounds, as well as eventually
pertinent local fishers’ suggestion for management. The identifica-
tion of the temporal and spatial distribution of resources, including
EFHs, is of great value for EBFM and for planning MPA (Marine
Protected Area) management (Bergmann et al., 2004, 2005). The
information regarding EFHs is new, since these habitats had not
been previously identified or defined at the study area for any
species. Besides, mapping the most important fishing grounds and
bycatch species will allow effective measures for the conservation
ofresources, and may simultaneously ensure specific rights for fish-
ers themselves. The most frequented fishing ground per fishing
gear were not identified and mapped in previous studies for the
study area. Another important point relies on fishers’ suggestions
for local fisheries management, since identifying measures that are
both accepted by fishers and scientifically valid is of utmost rele-
vance for the planning and long-term success of ecosystem-based
fisheries management (Himes, 2003; Bundy et al., 2008; Lawson
etal., 2008). The data obtained were not implemented in practice so
far. However, the study area is part of a recent implemented type of
MPA, which the management planis still under development. There
is not any provision in the MPA management criteria for fishers
knowledge to be recognized and used. Nevertheless, we expect the
findings of the study may contribute, in this sense, by: (1) providing
EFHs for important fisheries resources, (2) pointing the important
fishing grounds that should be considered when restricting small-
scale fishers’ rights to access specific areas, and (3) indicating areas
relevant for the protection of particular fisheries/fishers and for
co-management schemes.

The incorporation of LEK/FEK and fishers’ participation in
management plans are also important in order to decentralize
government and institutional power, reduce conflicts between
fishers and governmental institutions, promote community devel-
opment and empowerment, and support enforcement, helping to
ensure representativeness of local actors in the public policy arena
(Begossi, 2008; Garcia and Charles, 2008; Gasalla, 2011; Lam and
Pauly, 2010). Furthermore, in traditional fisheries management,
purely biological objectives may be imposed in a top-down manner,
without considering fishers’ livelihoods. In this case, it is unlikely
that management and enforcement will be successful, since fishers
will not agree and cooperate with a non-participatory approach. In
general, this form of conduct leads to more conflicts between fish-
ers and governments (Bundy et al., 2008; Lawson et al., 2008). On
the other hand, the objectives of fisheries management, whether
social, economic or cultural, cannot be achieved in the long term

if there is no ecological balance and biological yields maintenance
(Degnbol et al., 2006).

Nevertheless, some considerations regarding the method
should be made. According to Brook and McLachlan (2005), the
personality of the interviewer, the level of familiarity with the
interviewees, the approach and the method used, fundamentally
influence the study results and the nature of the responses in LEK
studies. In this study, we found that as the different steps were fol-
lowed, fisher bonds/relationships were strengthened, allowing for
greater reliability in the data provided, since this empirical knowl-
edge was not disseminated quickly and accessed at once (Drew,
2005).

Such a research approach contrasted with the ongoing expe-
riences of fisher participants with the top-down implementation
of a new Sdo Paulo’s marine protected area, which at least at
its foundation, threatened fishing activities as it was not based
on consultations (Agardy, 2005; Mascia, 2003) with local fishing
communities. Obviously, when the process started fishers found
themselves apprehensive and insecure about the possible impacts
on their livelihoods and incomes. However, the degree of contact
and respect developed during the research described here led to
fishers showing greater confidence in transmitting their knowl-
edge. One factor in generating this level of confidence was the
fact that the same researcher went to all the field trips alone and
always interviewed the fishers on their own. It was important
that no new actors/researchers appeared during the process, which
would likely have weakened the bonds that had developed between
researcher and fishers. Hence, if the researcher is not going to field
alone, we suggest that it is important that the team remains the
same during the whole process of interviews. Moreover, the way
of approaching fishers proved to be successful in this case, but one
can suggest that a gender/age reason could have contributed to
the success of this interaction, since the interviewer was a young
woman and the key fishers were mainly older males. However,
several issues should be carefully considered significantly more
relevant.

Firstly, the Adapted Delphi Methodology seems a simple exer-
cise to be employed, but some points need to be carefully
considered in order to avoid failures in the reliability of results.
It seems critical that an appropriate and representative group of
respondents are selected, prioritizing those with proven experi-
ence (the experts) to contribute to the research (Davis and Wagner,
2003). Secondly, during the interviews the researcher must demon-
strate impartiality to the issues addressed, to exclude the possibility
of imposing one’s own views and preconceptions upon a sub-
ject, which could bias the results. In present study the researcher
introduced herself to respondents as a student, from a oceano-
graphic institute, with limited fishing knowledge, and as a sincere
apprentice. Third, once a round of interviews was completed, these
had to be summarized and presented back to the group of fishers in
the most effective manner as possible. At this stage, it is essential
not to ignore disagreements, which can lead to artificial consen-
sus regarding the information provided by fishers. According to the
findings of this study, when these steps are taken, the chances of
success greatly increase.

However, the method also presents some constraints. It does not
allow fishers to undertake real-time discussions of different points
of views and possible exchange of knowledge, since the interviews
are applied individually and the respondents are kept anonymous.
Another constraint is that when a fisher lacks specific knowledge,
he or she may speculate, as some experienced fishers may not admit
to not knowing a particular answer and thus “lose face”. And finally,
the fisher’s own interest may influence the answers, biasing the
obtained results (e.g. by not pointing out the “real” spawning sea-
son of a species if it occurs during holidays, to avoid future fishing
closures during an important period of income). For the reasons
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outlined above, a degree of subjectivity always remains and has to
be considered.

In summary, our critical considerations on the proposed method
seems to be in accordance with what was previously found by other
authors on the Delphi technique (Linstone and Turoff, 1975; Zuboy,
1980; Drew, 2005; MacMillan and Marshall, 2006).

5. Conclusions

The adapted Delphi methodology proved to be useful for the
identification of EFHs and EBFM issues, by providing innovative
input and guidelines for decision makers. However, it has to be
emphasized that as natural systems vary temporally and spatially,
FEK studies need to be frequently updated.

Fishers’ ecological knowledge is indeed a necessary and
irreplaceable data source for fisheries management under
community-based schemes in Brazil and elsewhere, but especially
in data-poor environments. However, its approach and assessment
is not simple or trivial, requiring effective and locally elaborated
methods and communication skills (Gasalla and Diegues, 2010).

Finally, we concluded that this methodology may be of great
value for assessing the traditional, many-sided and valuable knowl-
edge of fishers, and its inclusion in EBFM and can be adapted to
other fields of ethnoecology and natural resource management as
well as in other locations.
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