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Marine protected areas created in a top-down way can be costly and ineffective due to low compliance
of resource users. Conversely, employing users’ local knowledge and involving them in decision-making
processes could decrease costs and conflicts, in addition to increasing the chances of management
success. Here the potential to change conflicting MPAs into conservation areas that take into account
fishers’ use and knowledge is assessed based on a case study on the Brazilian coast (Paraty town).
Fishers (n ¼ 206) from 11 villages were interviewed regarding their main fishing targets and gear, and
then only the experienced ones (n ¼ 41) were interviewed from three main fishing villages about the
most important commercial species. Fish landings were sampled for one year in these three villages
(n ¼823), where participatory mapping and group interviews with fishers were also conducted to
determine their opinions regarding management and how they thought it should be undertaken.
Management measures should not be equivalent across the whole region, as there were clear
differences in the target species and gear used. Fishers identified 55 important fishing spots, eight of
which were important for more than five villages, while the experts identified 10 important fishing
areas for the target species, which was supported by the sampling of fish landings. The fishers were not
opposed to management and no-take reserves but would make some changes in the current design of
these measures if it were up to them. Based on these data, a few changes were indicated in the design
of these areas that would likely reduce the conflict between fishers and enforcement agencies. This kind
of approach could be used as a framework for adapting conflictive MPAs or to support the establishment of new ones where fisheries are relevant.
& 2013 Elsevier Ltd. All rights reserved.
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1. Introduction
Marine protected areas (MPAs) are a widely celebrated strategy to promote the conservation or restoration of marine biodiversity (species, habitats, and ecosystem functions and services,
such as fisheries) [1–3]. In some cases, MPAs have also been
proposed as a tool to alleviate poverty, given sufficient time and
financial investment [4], and to allow mitigation of and adaption
to the possible effects of climate change [5].
It is no surprise then that multiple studies have attempted to
evaluate the results of the implementation of MPAs around the
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world [3,6–9], although relatively few of them have been able to
assess the outcomes of MPAs outside of their boundaries [8–10].
The ecological effectiveness of an MPA may depend on its goals.
For example, protecting large migratory species would require
larger MPAs than would be necessary for species with a smaller
home range [11]. However, such ecological factors will only be
the sole cause of success of an MPA if it is an enforced no-take
reserve. Otherwise, socio-economic drivers will play a role as
well, such as those affecting fishers’ motivation to comply with
the rules [12]. Nevertheless, no-take reserves are only one type of
MPA: around the world, MPAs have been managed through a
variety of governance regimes that define how, when and where
users, who are generally fishers, access the reserve [13].
In such cases, fishers’ social and economic characteristics are
likely to play a role in the success of the MPA, as these factors will
drive their behavior and compliance with fisheries restrictions [14].
Compliance appears to be affected by how involved fishers are/were
in the establishment of rules, how legitimate the rules are for them,
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the expectations created towards management [15], and how
economically dependent they are on fishing in the MPA area.
As such, assuming that the ecological conditions for effective
MPAs can be met, involving and empowering the fishers and
resource users associated with these areas appear to be relevant
conditions to assure resource conservation [16,17]. Additionally,
involving resource users would reduce transaction costs, as they
can provide important information in the form of local ecological
knowledge, which in many instances is not available in a different
form or may be costly to acquire [18,19]. Transaction costs can
also be reduced after the establishment of the MPA if empowered
users can assist in monitoring and enforcement [20,21] and if
they can trust the governmental initiative [22].
In Brazil, numerous MPAs have been established, beginning
in 1979 [23], and attention has only recently begun to be given
to users, who in this case are mostly fishers and/or shellfish
extractors [24]. However, the older MPAs are still a source of
conflict between fishers and the environmental agency responsible for monitoring and enforcement [25]. Fishers, who are the
primary users of these areas, are reallocated to the position of
wrongdoers in situations like this.
To address this situation, in the present study, one of the first
MPAs established in Brazil (Tamoios Ecological Station) was
considered, together with another land park (Bocaina National
Park) whose buffer zone affects fishers as well, to compare how
the design of such areas would have been different had fishers
been considered in their establishment. Both of these study areas
are situated on the Rio de Janeiro coast. It was also considered
what kind of changes would be necessary to adapt such areas to
current fishers’ needs to reduce ongoing conflicts. Several conflicts were observed in this area due to restrictions on fishing by
governmental environmental agencies and to the invasion of
small-scale fishing grounds by industrial fisheries [26].
First, local differences in the type of fishing performed in the
region were considered in order to determine whether the same
management measures are applicable to the whole region, which
is how they are currently implemented. Then, it was considered
how fishers’ knowledge could have affected the zoning of the
protected areas if such knowledge was taken into account. By doing
so, as an exercise, a new zoning was proposed taking into account
the peculiarities of local fisheries and fishers’ knowledge, without
disregarding the management options that are currently in place.
Although this framework is purely conceptual, it is hoped to show
that integrated and more parsimonious MPAs could be established
or existing ones could be changed with the goal of achieving
conservation without inflating resource-use conflicts.

2. Case study
Paraty is a historical town on the southeast coast of Brazil in
Rio de Janeiro State, with 180 km of coastal line that is inhabited
by approximately 37,533 people (IBGE, 2010; http://www.ibge.
gov.br/censo2010). Although tourism is very important for Paraty
and for the villages that occupy the islands and beaches in the
area, fishing is still practised by at least 11 villages (in addition to
some fishing neighborhoods in the town), representing an economic occupation for approximately 485 small-scale fishers,
30.1% of whom depend exclusively on fisheries [25].
Due to being situated in one of the last remnants of the
Atlantic Forest, Paraty includes seven conservation parks that
are mostly focused on preservation of the forest but that also
affect coastal activities due to their buffer zones. All of the villages
and a portion of their fishing grounds would fall under some use
restriction if the rules of these parks were enforced (Fig. 1). Two
of these parks are relevant for this study due to showing a more
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significant impact on fisheries and fishers’ livelihoods: Tamoios
Ecological Station and Bocaina National Park. The first is an MPA
that was established in 1990, but only enforced after 2008.
At Tamoios Station, islands and their buffer zones are closed
to fisheries, tourism, environmental education, construction, and
even the temporary anchoring of boats; this MPA affects mostly
the central and northern region of the town. Bocaina Park,
officially established in 1971, encompasses the mountain range
(Serra do Mar) extending to the coast. It allows ecological tourism
and environmental education, and its buffer zone includes part of
the southern coast of Paraty (Fig. 1).
Both parks, as well as the other parks in the Paraty region,
were created without any previous consultation of the population. Moreover, many inhabitants are not even aware of their
existence: a previous study showed that 32.7% of the local
population could not name and are not aware of the existence
of any parks in the region [27]. However, the last several years
have witnessed a renaissance of park enforcement, which has led
to conflicts with local and external fishers. Fishers feel compelled
to obey rules that they do not agree with and that they did not
have a say in during the decision-making process [27]. Although
the park managers have attempted to make the process more
participative in the last five years, changing the current rules to
make them more flexible is a difficult and bureaucratic process
that few managers would be willing to take on.

3. Material and methods
3.1. General interviews
In 2009, 11 villages were visited on the coast of Paraty in
addition to six neighborhoods in the town itself (grouped as
‘‘town’’). After arriving in a village, the first few fishers met by the
researchers were asked for an estimate of the number of fishers
older than 18, which was a necessary step due to the large
number of unregistered fishers. During the day(s) spent in each
village, this number was reconfirmed with different people.
Because these villages are generally small, there was an attempt
to interview all of the resident fishers (except those who refused
to take part or were not found), or in villages with more than 50
families, fishers from every other house were interviewed, resulting in a total of 206 fishers interviewed [27].
A questionnaire containing open-ended and semi-structured
questions was used, which addressed the main gear used, target
species, and main fishing spots, in addition to some socioeconomic information.
To determine whether there is any gradient from south to
north in relation to the main target species cited and gear used, an
agglomerative hierarchical clustering with average linkage was
performed, using the frequency of citation for the species that
represented a minimum of 5% of the citations in at least one
village. This break point was artificially established as a way to
avoid multiple species that were cited by only one person. The
Euclidian distance with previous standardization was used.
The main goal of this first phase was to identify whether all of
the considered coast should be subjected to the same management methods, as it is currently the case, based on general
information about gear and target species.
3.2. Interviews with expert fishers in the main fishing ports
In 2010, three villages were visited again (Trindade, Praia
Grande/Araújo Island—from now on P. Grande, and Tarituba) to
perform more in-depth interviews concerning the fish species
highlighted as main targets during the interviews in 2009 (king
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Fig. 1. Map showing the region considered in this study (Paraty, southeastern Brazilian coast) highlighting all of the fishing villages analyzed. The three sets of villages
analyzed in detail (Trindade, P. Grande and Tarituba) are shown with larger dots. This map also highlights the main conservation areas with an impact on fishing villages
and/or fishing grounds. The two main conservation areas considered in this study, Tamoios Ecological Station and Bocaina National Park, are shown as the islands with the
round circles representing the buffer zone and the inland darker area, respectively.

mackerel—Scomberomorus cavala, blue runner—Caranx crysos,
whitemouth croaker—Micropogonias furnieri, grouper—Epinephelus marginatus and weakfish—Cynoscion spp.). These are the
species that were cited by the majority of the fishers in all of
the visited villages. These villages were chosen due to representing the main fish landing points in the south, center and north
part of the town, respectively, and have been sampled for
different purposes due to two ongoing projects: ‘‘Adaptive comanagement in a Brazilian fishing community (Paraty)’’ and
‘‘Ecology of the artisanal fisheries in Paraty’’ (translated from
Portuguese).
In these interviews, the interest was on fishers who were older
than 40 and had been fishing for at least 20 years in the same
region, resulting in 13 fishers being interviewed in P. Grande, 13
fishers in Tarituba and 15 fishers in Trindade. This included
fishers who were adults and already fishing in 1990, when
Tamoios Station was officially established. At the same time,
these individuals represent more experienced and most likely
more knowledgeable fishers. The answers provided by at least
three fishers are considered in this study, which again, aimed at
avoiding answers that were not representative of the group. In
this case, the 5% break point was not used because the sample
size per village was small (between 13 and 15 fishers).
Fishers were asked about the main spots where the target
species occurred, spawning sites and how the species abundance
had varied in the last 10 years. The period of 10 years was chosen

because even though Tamoios Station was established in 1990
and Bocaina Park in 1971, attempts of enforcing these parks have
only been made in approximately the most recent five years. By
establishing 10 years as a limit, some outcomes of enforcement of
the parks were expected to be detected.
3.3. Fish landing sampling
Fish landings were sampled for two consecutive days per
month in P. Grande and Tarituba and three days in Trindade,
from November 2009 to January 2011. The fishers were
approached as soon as they arrived from fishing and asked for
their permission to weigh their catch, which was then identified
using local names. Some fish were bought or were given for
confirmation of the identifications. In Trindade, a local fisher
performed the sampling, after being trained. A total of 273 fish
landings were sampled in Trindade, 400 in P. Grande and 150 in
Tarituba. Whenever the fish had been caught at multiple fishing
spots, the total amount caught was divided by the number of sites
visited on that trip, assuming that the fish were equally caught at
all of the spots, because it was not possible to identify the exact
origin of the fish. In Trindade, 3.7% of fishing occurred at more
than one spot per day, while this figure was 23.3% for Tarituba
and 9% for P. Grande.
The sampling of fish landings was conducted to crosscheck
information provided by fishers on the main fishing spots and to
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check where the main target species were coming from. Additionally, this crosschecking was intended to show currently
relevant spots, as fishers could have cited historically important
spots that are not necessarily the most relevant now.
3.4. Mapping and management suggestions
The researchers returned to the same three villages (Trindade,
P. Grande and Tarituba) to work with the fishers regarding
making management suggestions according to their own perception of what is relevant to protect or not and specific management
measures, aiming at developing a theoretical MPA designed by
the fishers themselves. However, fishers only agreed to have
a meeting in Trindade, which involved 25 fishers. In P. Grande,
33 fishers (all of whom agreed to take part) were interviewed
individually, after multiple attempts at organizing meetings.
The fishers of Tarituba refused to provide any information after
numerous conflicts with the environmental agency and were not
included in this analysis.
The fishers were first asked, either in a group or individually,
about parks and their relevance through questions such as ‘‘do
you know what a reserve/station/park is?’’ and ‘‘do you think they
are important and necessary?’’. Then, the fishers were asked to
assume that no management measure existed in their use area,
either on paper or de facto, and they were asked to pretend to be
the only people making decisions regarding management initiatives, such as the establishment of no-take areas, zoning systems,
buffering zones or even the inaction of no measures at all. The
fishers in Trindade drew lines and polygons on maps and
explained or wrote what their drawings meant for management.
It was made clear that the map generated by them had no legal
effect, they were only intended to compare how management
could have been established had fishers been consulted. This map
is not presented here, but the fishers’ suggestions are discussed.
In the other villages, the fishers found it difficult to present
solutions on the map, preferring to cite possible alternatives
orally.
3.5. An alternative MPA map
To generate a final map representing the design of an alternative MPA considering the socio-economic activities performed
in the area, it was taken into account (1) data from the general
interviews performed in 11 villages addressing the most important fishing spots, (2) data from interviews with experts performed in three villages about the most relevant fishing spots for
the target species, (3) data from mapping and group interviews
involving nursing sites, and (4) the most relevant fish landing
spots for all of the fish species and for the five target species
previously decided upon.
Based on this information, a table was generated including
spots that could be subjected to management changes to benefit
both the local fishery and conservation. As an exercise to generate
an alternative MPA design, values were attributed to spots
considering their relevance as follows: one point was given if a
spot currently under some sort of management was cited in the
first round of interviews by at least 5% of the fishers from a given
village, or two points if a spot was cited by 5% of the fishers from
five or more villages; one point if a spot was identified by the
expert fishers as relevant to two or more target species; and one
point if a spot accounted for 5% of the biomass landed. Based on
this evaluation, the following suggestions were made for spots
that received points and are currently under management measures: 1 point-they should become less restrictive, allowing, for
example, anchoring, the use of hook and line fishing and controlled use of gillnets; 2 points-they should be excluded from
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any management measures. Furthermore, it was suggested that
nursing sites, identified by fishers, should be protected (Table 2).
The information from this table was used to generate a final map
representing an alternative MPA design that takes into account
fishers’ knowledge and opinions and fisheries relevance (possible
historical and current relevance).

4. Results
4.1. General interviews—Are all the villages the same?
The fishers from the 11 villages (plus the town) mentioned 14
local species (based on local names) as their main targets (cited
by a minimum of 5% of the fishers in at least one village). The
cluster analysis grouped together the villages situated to the
south of the town (Trindade, Ponta Negra and Sono) based on two
fishes, the blue runner and blue fish. For the other groups, the
species are not as clear, but they represent villages that are
geographically close to each other. One exception to this is
Cajaı́ba and Ponta Grossa: although they are not so close to each
other, they are located on the tips of two peninsulas and are
accessible only by boat (Fig. 2a).
The main fishing gear types cited by the villages were gillnets
(37% of 723 citations), trapnets (16.9%), hook and line (16.5%),
bottom trawls (10.5%), and surrounding nets (5.7%). The cluster
analysis performed in this case showed some consistency in
grouping the southern villages again, although Cajaı́ba was also
included in this group, especially due to the use of trapnets. The
other groups were not clearly defined (Fig. 2b).
The interviewed fishers cited 166 different fishing grounds, 59 of
which were islands or exposed rocks, while five were rocks on the
sea bottom (locally referred to as ‘‘parcels’’). On average, each fisher
cited three main fishing spots: fishers from the town cited 0.6 spots/
fisher, while fishers from Cajaı́ba and Tarituba cited 4.3 spots/fisher.
Only 21 spots were cited by more than 5% of the interviewees when
considering the total citations. However, this is not particularly
relevant information, as some villages present their own important
spots [27], a number that would be dissolved when considering the
citations together. When the collected data is considered village by
village, 55 spots were cited by more than 5% of the fishers in at least
one village, averaging 21.5 (75.9) spots per village. The spots that
could be identified are shown in Fig. 3. Spots used by five or more
villages are highlighted (n¼8, all islands).
4.2. Expert fishers and local ecological knowledge
When expert fishers from the south, central and north parts of
the studied region were asked about the main occurrence spots for
the five main target species (king mackerel, blue runner, whitemouth croaker, grouper and weakfish) considering the areas where
they had fished when there was no enforcement, 29 spots were
cited by at least three fishers from P. Grande and Tarituba (n total
fishers¼26) for at least one species. The two areas, P. Grande and
Tarituba, were combined due to a great overlap in their fishing
areas. Fishers from Trindade cited 10 spots (cited by three or more
fishers, total n¼ 15) for at least one of the five fish species. When all
of the spots were totaled for all of the species, five spots received
more than 5% of the citations in P. Grande and Tarituba (n of total
citations¼281), as did five spots in Trindade (n of total citations¼
128) (Fig. 4). These 10 spots together represent the most important
patches for fishing the five target species considered here.
In general, the expert fishers believed that all species have
decreased in abundance in the last 10 years, mostly because of
bottom trawling (simple or paired). Broken down by species, 97%
of the 32 fishers who answered this question believed that
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Fig. 2. Cluster analysis using the average link function to observe how the villages (Paraty, Brazilian southeastern coast) relate to each other based on the main (a) target
species and (b) fishing gear used in each village.

weakfish had decreased, while only one fisher stated that there
had been no change in this species. For grouper, 56% (of 41) stated
that there had been a decrease, while the remainder believed that
there had been no change. Most fishers (87% of 30) also believed
that whitemouth croaker had decreased, while the remainder
believed that it had not changed or had increased. King mackerel
was also believed to have decreased by the majority (68% of 39).
Blue runner was also said to have decreased by most interviewees
(93% of 30 fishers).
4.3. Fish landings
When considering the three villages where fish landings were
sampled (Trindade, P. Grande and Tarituba), it was again observed
that there were different patterns between them. For example,

Trindade did not share any species with the other villages when
only the species representing more than 5% of the total biomass
caught or of the total fish landing events were taken into account.
Trindade is peculiar due to using mostly fixed trapnets, a passive
method of fishing. In contrast, P. Grande and Tarituba shared
shrimp, whitemouth croaker and weakfish as species that were
either abundant in biomass or frequently present in the fish
landings (Table 1). It is worth noting that some of the fishes
identified as target species in interviews with the fishers did not
represent more than 5% of the fish landings (in kg or n of trips)
and, as such, are not included in Table 1. This is the case for
groupers (Trindade: 15.25 kg, 4 trips; P. Grande: 20.04 kg; 9 trips;
Tarituba: 31.95 kg, 11 trips) and king mackerel (Trindade:
289.10 kg, 31 trips; P. Grande: 17.14 kg; 2 trips; Tarituba:
147.13 kg, 12 trips). Blue runner was an important species for
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Fig. 3. The main fishing spots cited by fishers (n¼206) interviewed in 11 fishing villages (plus the town) in the Paraty municipality (southeastern Brazilian coast). Only the
spots that were cited by a minimum of 5% of the fishers from at least one village and that could be localized on a map are shown. The eight spots that are important (cited
by more than 5% of fishers) to five or more fishing villages are shown in green. The squares around the spots indicate the sites where more than 5% of the fish landed (total
kg) were caught in the three villages where fish landings were sampled (P. Grande, Tarituba and Trindade). Three spots from Trindade (Saco da Ponta, Ingaeiro and Córrego
Seco) were responsible for more than 5% of the landings but were not cited in the interviews and, as such, are not shown on the figure. Grey, the main fishing spots cited by
fishers (n¼ 206) interviewed in 11 fishing villages (plus the town) in the Paraty municipality (southeastern Brazilian coast). Only the spots that were cited by a minimum of
5% of the fishers from at least one village and that could be localized on a map are shown. The eight spots that are important (cited by more than 5% of fishers) to five or
more fishing villages are shown with lighter grey circles. The squares around the spots indicate the sites where more than 5% of the fish landed (total kg) were caught in
the three villages where fish landings were sampled (P. Grande, Tarituba and Trindade). Three spots from Trindade (Saco da Ponta, Ingaeiro and Córrego Seco) were
responsible for more than 5% of the landings but were not cited in the interviews and, as such, are not shown on the figure. (For interpretation of the references to color in
this figure legend, the reader is referred to the web version of this article.)

Trindade, while whitemouth croaker was relevant for P. Grande
and Tarituba (Table 1). Although weakfish were not as relevant in
terms of the total amount caught, this species was common in the
landings of P. Grande and Tarituba.
Fishers from P. Grande and Tarituba visited 62 spots, but only
six of these spots (Rapada Island, Barra and Paraty bay, Meros
rocks, Ganchos and Arac- atiba Islands) accounted for more than 5%
of the total fish caught (kg), for more than 64% of the total
production and for 25.5% of all the fishing trips. In Trindade,
fishers visited 18 spots, four of which (Ponta da Galeta, Saco da
Ponta, Córrego Seco and Ingaeiro) were responsible for more
than 5% of the total fish landed and total number of fishing trips.
These spots were responsible for more than 92% of the total
production and received 74.5% of all trips (Fig. 3). These spots
are specifically used for fixed trapnet fishing. These findings
suggest that fishers from P. Grande and Tarituba did not tend to
concentrate their fishing effort on a few spots, but they did catch
most of their fish in very specific patches. Fishers from Trindade
focused on a few spots and obtained nearly all of their fish from
these places.

Although the target species considered here were not necessarily the most common ones in the landings, it is important to
know which spots they are coming from, as fishers might be
specifically targeting them. Additionally, this information can be
contrasted with the data provided by expert fishers. Again,
considering only the spots that provided more than 5% of the
total catch of the target species resulted in 16 main spots in
P. Grande and Tarituba, eight of which were on the list provided
by the experts and are highlighted in Fig. 4. In Trindade, 10 spots
represented more than 5% of the catch of at least one of the target
species, but if weakfish and groupers are not considered, as these
species were caught in negligible amounts (13.55 and 15.25 kg,
respectively), there would be six main spots, two of which were
indicated by the experts (Appendix).
4.4. Mapping and management suggestions
In both P. Grande and Trindade, all of the fishers indicated
during mapping or group interviews that they knew that conservation parks were areas for biodiversity conservation and that
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Fig. 4. Fish occurrences by spots, considering the main target species (king mackerel—Scomberomorus cavala, blue runner—Caranx crysos, whitemouth croaker—Micropogonias furnieri, grouper—Epinephelus marginatus and weakfish—Cynoscion spp.). These spots were identified based on interviews with 41 expert fishers from the three
main fishing villages (Trindade, P. Grande/Araújo I, and Tarituba) in the Paraty municipality (Southeastern Brazilian coast). The spots shown here are those that were cited
by three or more fishers from any of the three villages. The table in the figure shows the percentage of citations for each spot according to the main target species. Spots
whose rows are presented in a darker color represent those receiving more than 5% of citations when all of the citations (n¼ 281) for all spots and target species were
totaled together. The squares around the spots indicate the sites where more than 5% of the target species (total kg in fish landing sampling) were caught in these villages.
(For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

their existence was necessary to preserve nature and assure the
continuation of the resource. In P. Grande, 78% (n¼ 33) of the
fishers said that they also believe it is necessary to have no-take
areas inside MPAs, which is in accordance with what the fishers of
Trindade discussed in the meeting. However, the fishers (in the
meeting in Trindade and 97% of the interviewees in P. Grande)
were generally not satisfied with the current configuration of the
parks. According to these fishers, the parks are set up in a way
that negatively affects only the small-scale fishers by not allowing
them to fish in their traditional spots or to anchor in some areas.
For 43% of the fishers who were individually interviewed, a basic
step before the establishment of any MPA would be to consult
them and have their opinion taken into account.
In terms of suggestions, 21% of the P. Grande fishers said that
mangroves and estuaries should be no-take zones due to providing nursing sites. Other suggestions included allowing them to
use hook and line fishing around the islands, allowing them to
anchor and decreasing the buffering zones around the islands,
which are limitations that have been a source of conflict between
fishers and the environmental agency in the area. In Trindade, as
this activity was conducted in a meeting, the fishers were able to
reach a consensus regarding suggested measures for the area that
is currently affected by Bocaina Park. They suggested the

establishment of a no-take area locally known as the ‘‘natural
pool’’ in their region, the right of carrying out enforcement with
the support of the police and/or environmental agency if necessary, closed periods for catching migratory species, and a zone
system establishing diving and gillnet areas.
If the suggestions obtained through these group interviews
and mapping, together with the information shown in Figs. 3
and 4, are taken into account, it is possible to come up with a less
conflicting management design; this design is still debatable
under an ecological/biological perspective, but it at least follows
clear criteria regarding the choice of protected areas/islands. This
result is shown in Table 2, which indicates the spots that would
need to undergo changes.
This process resulted in the proposal of changes to six islands
belonging to Tamoios Station: four were suggested to be removed
from the Station (Comprida, Ganchos, Sandri and Arac- atiba); two
were suggested to undergo certain management changes, following fishers’ suggestions (Palmas and Araraquara); and two other
islands were suggested to be removed from the Tamoios Station
buffer zone (Cabras and Ventura) (Table 3, Fig. 5). The other 21
islands (from a total of 29) and their buffer zones would not be
affected. Some areas identified as relevant, such as bays, are
already under non-conflicting management measures. Paraty bay
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Table 1
Percentages of the main fish species (frequency and total kilograms) occurring in
the fish landings from three villages (Trindade, P. Grande, and Tarituba) in the
Paraty municipality, southeastern Brazilian coast. Only fish species that were
present in at least 5% of the fish landings and/or that represent at least 5% of the
total landings (in kg) in each village are shown in the table (in bold).
Species

Bonito
Blue runner
Cutlass fish
Pirajica
Sardine
Spanish
mackerel
Whitemouth
croaker
White mullet
Weakfish
Snook
Mullet
Blue runner
Catfish
Mix
Shrimp
Squid
Total kg caught
Total N landings

Trindade

P. Grande

Tarituba

kg

N
kg
landings

N
kg
landings

16.6
16.4
9.7
9.9
9.6
12.2

6.9
5.6
5.3
7.1
2.6
10.4

3.0
–
0.2
0.0
–
0.7

1.2
–
0.8
0.1
–
1.0

0.8

3.2

10.1

12.8

0.1
0.1
0.5
2.8
0.2
0.1
–
–
1.7
8947.05
273

0.9
1.4
1.2
2.9
0.6
0.8
–
–
3.8

5.9
4.7
7.3
5.5
–
2.5
1.1
38.7
7.9
12180.63
400

3.2
8.1
14.1
3.6
–
4.4
4.0
22.6
3.1

N
landings
2.6
0.9
0.6
0.8
2.2
2.2

1.7
1.7
1.2
2.1
2.6
4.3

11.6

14.6

0.5
1.2
1.3
6.4
3.4
7.2
0.3
0.7
19.8
0.2
4.1
6.9
2.4
6.4
28.0 10.5
0.6
1.0
5154.81
150

would require more specific evaluation, as it was recognized as an
important nursery site but also provided more than 12% of the
fish landed in P. Grande and Tarituba, a percentage that would be
much higher if all of the villages that use the bay were taken into
account. Exclusion of the marine buffer zone from terrestrial
reserves is also suggested for Bocaina Park because the area that
is most used by Trindade’s fishers is very close to the coast. The
relevant spots in Trindade shown in Table 2 cover the whole bay
of Trindade. However, as suggested by Trindade’s fishers, excluding these areas from the current management measures does not
imply that fishers would use them without any control. Specific
management measures could be developed together with Trindade’s
fishers.

5. Discussion
Before being established in areas used by people, parks (MPAs
or others) should undergo a thorough evaluation of local uses,
considering how, when, why and with what intensity such uses
are performed, to assure that management will have the smallest
disruptive impact possible [28]. In some cases, local management
measures may already be in place [29], and disrupting them
without giving them due consideration could actually reduce
local resilience [30].
In the case study considered here, even though the area being
managed is continuous, there are important differences in how it
is used. The long coast of Paraty includes protected bays and open
rocky shores, which together with the type of human settlement
and use, were expected to result in different distributions of
resources, including fishing. Villages facing the open ocean, such
as those in the south part of Paraty, tend to target large migratory
species, such as king mackerel. Villages in sheltered bays tend to
focus on more sedentary species, such as whitemouth croaker.
The differences in target species are reflected, as expected, in the
gear used in the villages. This could have important implications
regarding the kind of management to be applied in the area, as
some methods are more destructive than others and/or more
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efficient and, consequently, profitable, implying more difficult
acceptance of changes. This is a clear case where management should be implemented not only in a finer grained way,
considering local peculiarities, but also in an adaptive way
[31,32], as some of the resources to be protected depend on
external and stochastic conditions (e.g.,: natural population
variation and fishing performed outside the reserve limits in the
case of migratory species).
There is no doubt that even data-less management is better
than no management or an open access situation [33]. However,
management disregarding the local historical use of resources and
associated local rules as well as the social and economic background can result in conflicts [34]. In the situation evaluated here,
this was most likely the case. The relevance of islands and rocks is
clear to the fishers, as 38.5% of the main fishing grounds fit this
category, and eight of the spots, all of which are islands (four
belonging to Tamoios Station), are used by more than five villages.
The sampling of fish landings further confirmed this finding by
showing that the main spots for the central and north part of the
town, apart from Paraty bay (which also includes some nonspecified islands), were all islands. In Trindade, all of the relevant
fishing spots associated with the occurrence of the main target
species are protected due to falling within the buffer zone of
Bocaina Park. This situation arises because the fishing practiced
in the area, mostly through the use of fixed trapnets [35], is
performed very close to the coast. Hence, the relevance of this
coast to small-scale fisheries is undeniable [26], arguing strongly
against the establishment of parks (either MPAs or terrestrial
parks with a coastal buffer zone) that do not consider the local
fisheries. Other areas, such as different localities in Brazil [22,36]
and in Colombia [10], have shown similar problems due to the
inadequacy of MPA planning.
In the case study analyzed here, fishers’ knowledge was also
disregarded in MPA planning, even though it had the potential to
help managers choose specific areas. Fishers’ knowledge could
have been used to select areas that are more appropriate for
preserving specific species and to understand migration routes
and spawning sites and periods, as has also been demonstrated by
other studies [37,38]. This would potentially have valued fishers’
knowledge, saved time and money in the elaboration of management measures and minimized the impact of no-take areas on
fishers’ livelihoods. It is also worth considering that where
funding is lacking, which is usually the case in developing tropical
countries, the chances of achieving fishers’ compliance and,
consequently, higher management success will be higher in
regimes that are designed to embody communities’ needs, rather
than purely biological conservation goals [16].

5.1. Management suggestions at different scales
When the official conservation map for Paraty was overlaid
with the one that would be proposed if the understanding of its
local fisheries and fishers’ main management suggestions were
taken into account, relatively minor changes would be necessary
(Table 3, Fig. 5). Only four islands from Tamoios Station are
proposed to be excluded from this park and two others from its
buffer zone, while it is proposed that three other islands should
be managed under a differentiated regime, allowing fishers to
anchor if necessary and to fish with hook and line. Allowing hook
and line fishing would satisfy most of the fishers’ complaints,
likely without considerably impacting the islands, as fishing
conducted with this gear corresponded to less than 1% (approximately 50 events) of the fish landings in Tarituba and P. Grande,
which are the areas affected by Tamoios Station. On the south
coast, where Trindade and other villages are situated, it is
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Table 2
Fishing spots currently under management measures that could undergo management changes to decrease conflicts in the region of Paraty, southeastern Brazilian coast.
Information on nursing sites and important fishing spots was collected through interviews with fishers from 11 villages plus the town; important fishing spots were
determined through interviews with expert fishers from three villages (Trindade, P. Grande and Tarituba), while fish landing information was obtained through sampling
of fish landings over a year in the same three villages (two consecutive days per month in each village). Points were assigned as follows: one point if a spot was cited by at
least 5% of the fishers from a given village (considering the 11 villages), or two points if a spot was cited by 5% of the fishers from five or more villages; one point if a spot
was identified by the expert fishers as relevant to two or more target species; and one point if a spot accounted for 5% of the biomass landed. AEP¼ area of environmental
protection.
Spot

Current category

Nursing site

Paraty Mirim Bay
Saco do Mamanguá
Paraty Bay
Joatinga Point
Palmas Island
Ganchos Island
Araraquara Island
Comprida Island
Sandri Island
Arac- atiba Islandb
Cabras Island
Ventura Island
Brava Beach
Cabec- a do ĺndio
Cachadac- o
Cepilho Beach
Corrego Seco
Galeta Point
Ingaeiro
Meio Beach
Pec- a Island
Rancho Beach
Saco da Ponta

AEP
AEP
AEP
Ecological Reserve/AEP Cairuc- u
Tamoios Station
Tamoios Station
Tamoios Station
Tamoios Station
Tamoios Station
Tamoios Station
Tamoios Station—buffer
Tamoios Station—buffer
Bocaina National Park
Bocaina National Park
Bocaina National Park
Bocaina National Park
Bocaina National Park
Bocaina National Park
Bocaina National Park
Bocaina National Park
Bocaina National Park
Bocaina National Park
Bocaina National Park

n
n
n

Important
fishing spot

Spot relevant for two or
more target species

Fish landing
(more than 5% of total kg)

Total points

c
c

1c
1
1
2
1
2
2
4
1
1
2
2
2
1
1
3
1
1
2
1
1

1
1
1
1

1
1a
1

1
2
1
1
1
1
1
1

1

1

1
1
1
1

1

1

1

1
1
1

1
1
1

1

1

a

This spot was considered very important for king mackerel fishing by more than 60% of the fishers from Tarituba and P. Grande (n total¼ 26 fishers), which was also
confirmed through sampling of fish landings.
b
Fishers did not specify if they referred to Arac- atiba de Fora (outer Arac- atiba) or Arac- atiba de Dentro (inside), which are both protected islands belonging to Tamoios
Station. Although both islands are recommended to be excluded from Tamoios Station here, a deeper evaluation with the support of the fishers would be necessary to
ground such a measure.
c
Nursing sites are suggested to be protected and, as such, are not summed as regular points.

Table 3
Management scenario for the fishing spots (Paraty, southeastern Brazilian coast) after undergoing changes due to the inclusion of fisheries relevance, historical use and
fishers’ knowledge. The location of the spots can be observed on Fig. 5.
Order

Place

Anchor

Line

Gillnet

Shellfish

Order

Place

Anchor

Line

Gillnet

Shellfish

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

Arac- atiba de Fora
Comprida Isl.
Sandri Isl.
Cabras Isl.
Ventura Isl.
Araraquara Isl.
Ganchos Isl.
Palmas Isl.
Trindade Bay
Joatinga Point
Paraty Mirim Bay
Saco do Mamanguá
Paraty Bay
Catimbau Isl.
Ilhota Peq. Isl.
Cesto Outcrop
Jurubaı́ba Isl.
Araraquarinha Isl.

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
No
No
No
No

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
No
No
No
No

Yes
Restrict
Yes
Yes
Yes
Restrict
No
No
Restrict
Yes
Restrict
Restrict
Restrict
No
No
No
No
No

Yes
Yes
Yes
Yes
Yes
No
No
No
Yes
Yes
No
No
No
No
No
No
No
No

19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

Algoda~ o Isl.
Samabaia Isl.
Tucum Isl.
Pingo d’água Isl.
Tucum dentro Isl.
Sabacu Isl.
Pelada Isl.
Búzios Isl.
Búzios Peq. Isl.
Lage Outcrop
Cobras Isl.
Zatim Isl.
Imboacica Isl.
Queimada Peq. Isl.
Queimada Gde. Isl.
Sao Pedro Outcrop
Ilhota Grande Isl.

No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No

No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No

No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No

No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No

suggested that terrestrial parks should not have marine buffer
zones, as local fishing is mostly performed very close to the coast.
What if management was up to the fishers themselves? Would
they propose coherent alternatives taking conservation into
account, or would they only ensure that their spots would not
be protected? The fishers analyzed in this study are not against
conservation, but similar to other studies, they may have a

different and wider view of what to expect from MPAs in relation
to other stakeholders, such as park managers and scientists [19].
In Canada, a study demonstrated that in addition to conservation,
fishers were concerned with how regulations would affect their
livelihood and their income, and they also showed a broader view,
stressing for example, the importance of regulating whale watching to minimize the disturbance of these animals [39]. As
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Fig. 5. Management suggestions for the Paraty area (Rio de Janeiro coast, Brazil) considering the spots that were identified as being relevant as nursing sites, as
representative in the fish landings, as historically relevant during interviews with fishers from the 11 villages (plus the town) and/or as relevant for catching target species
(king mackerel—Scomberomorus, blue runner—Caranx crysos, whitemouth croaker—Micropogonias furnieri, grouper—Epinephelus marginatus and weakfish—Cynoscion
spp.) during interviews with expert fishers from three main fishing villages (Trindade, P. Grande, and Tarituba). Specific suggestions were assessed qualitatively during
group interviews or group mapping with fishers from the same three villages. (For interpretation of the references to color in this figure legend, the reader is referred to the
web version of this article.)

observed here, the great majority of fishers agreed with the need
to conserve areas and even for no-take sites to exist, as long as
they are part of the decision-making process. Zoning, more than
full closure, was an alternative suggested in all of the villages,
which is in accordance with measures being adopted in other
parts of Brazil and of the world [18,40].
A better use of space could lead to fewer conflicts and more
compliance and, consequently, to positive impacts on biodiversity
in general [19]. In Trindade, where fishers were able to work on a
map, their suggestions were very specific in terms of zoning and
could be enforced for at a low cost because they involve measures
that they tend to follow on their own already [35]. Having their
management demands accepted could decrease governmental
costs, as the fishers could help to enforce their own rules, as
observed in Amazonian lakes [18].

6. Conclusions
Although multiple MPAs in Brazil and around the world have
been forcefully implemented, which has increased conflicts and
not necessarily resulted in conservation, this does not mean that
there is no solution for such areas. As demonstrated here and in
other studies [41], fishers can understand the need for

conservation and might be willing to compromise part of their
fishing areas, for example, in the name of protecting reproductive
grounds. However, fishers do not always understand or agree
with the choices made by managers. In some situations, fishers
can be right in disagreeing and can provide relevant information
for ameliorating management measures [42,43], although in
other cases, their knowledge could be based on a misinterpretation of the environment [44]. This reinforces the need for a
constant interplay between managers, fishers, and other stakeholders to adapt MPAs to the reality of the situation where
complete no-take areas are not the best option.
This study was intended to show that the adoption of a similar
framework or of any other means that include fishers and their
knowledge, giving it a rightful weight in the decision-making
process, could contribute to the establishment of more socioecologically sound MPAs. The final map presented in this study is
not intended to be the appropriate one to be substituted for
the MPA and the park in the studied region; it is only intended as
an exercise resulting from dialogue with the main local users
of these areas. Preferably, this map should be the result of
multiple overlays of different stakeholders’ maps, proposing the
best-agreeing model(s). Moreover, the earlier this integrative
negotiation process is conducted, the easier the acceptance of a
consensus MPA will most likely be achieved [39].
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However, as shown here, even after an MPA is established, it
is still possible to negotiate small changes to increase acceptance
and compliance, which in the end could result in conservation
through a less contentious alternative. The challenge is greater in
this case, as it requires changing laws, but with the increasing
evidence of the advantages of adopting adaptive management
practices [31,32], Brazil and other countries should be more
open to undergoing some changes in their general management
system.
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