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Mangrove habitats provide nursery, shelter, and feeding sites for many economically
relevant fish, and invertebrates, such as crabs. Given the highly artisanal character
and the patchy spatial distribution of small-scale fishing in mangroves, there is often
little data available to inform management, potentially threatening the sustainability
of this livelihood-supporting activity. This study assesses the combination of different
data collection methods and of including published data in the analysis of the spatial
dynamics. We examine crab fisheries in two sustainable-use protected areas as a case
study to understand use patterns as indicated by a specific combination of mapping
methods. Mangrove crab fishing grounds were mapped by overlaying crab gatherers’
tracked routes with maps produced during participatory-mapping-centered interviews.
Information from the literature was used to spatialize crab carapace width and relate it to
distance traveled by fishers. Results show that crabs tended to be larger if caught farther
from the villages where fishers live. In terms of collection methods, even though GPS
tracking is relatively time- and resource-consuming, incorporating some GPS tracking
into participatory mapping helps overcome a downside of this type of mapping (e.g.,
lack of geographical precision) and identifies information that can be accessed through
participatory techniques. This highlights the importance of linking different approaches
in order to understand small-scale fisheries spatial dynamics.

Keywords: marine protected areas, participatory mapping, mangroves, fishing grounds, fishers’ territories, GPS
tracking, fisheries spatial management

INTRODUCTION

Small-scale fisheries are mainly associated with and known to support subsistence production (Hall
et al., 2013) and are often responsible for food security in local communities which strongly depend
on mangrove ecosystems (Glaser, 2003; UNEP, 2014). Mangroves also sustain invertebrate and fish
species that are directly fished or consumed by other organisms that are then fished by humans
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(Nagelkerken et al., 2008), sustaining small-scale fisheries and
food security of vulnerable human populations (Spalding et al.,
2010). However, fish stocks have been collapsing in many
systems, with impacts on ecosystem stability, biodiversity, and
livelihoods (Worm et al., 2006, 2009). Similarly, mangroves have
been disappearing, with losses of 35% of area in some parts of
the world, largely attributable to human activities (Valiela et al.,
2001). These negative trends might still be reversible (Worm
et al., 2006; Fulton et al., 2019), and protected areas (PAs) are
widely advertised as a tool to restore these depleted resources
(Worm et al., 2009; Vandeperre et al., 2011; UNEP, 2014;
Campos-Silva and Peres, 2016). For this, careful consideration
is needed of the role these ecosystems and the resources they
provide play for livelihood support in order to help conserve
fishery resources in mangroves (UNEP, 2014).

The establishment of reserves does not, however, necessarily
solve the widespread lack of data in small-scale fisheries
worldwide, in terms of landing and stock assessment data
(Mills et al., 2011), and data for social–ecological assessments
(Kittinger, 2013), which hinders adequate management. In Brazil,
for example, there has been no official monitoring of small-
scale fisheries for over 10 years (Sganzerla, 2017). To fill
the resulting information gaps in fisheries, innovative, time-
effective, and affordable approaches for data collection and
synthesis are needed. Participatory mapping and GPS tracking
of fishing activities are candidate examples of such approaches.
Participatory mapping can help establish a basis for the
management of resources through knowledge and values if local
(indigenous, traditional, fishers’, etc.) and technical knowledge
systems are integrated as equally relevant for management
design (Silvano and Valbo-Jørgensen, 2008). GPS tracking has
recently been used for small-scale fisheries (Pennino et al., 2016;
Metcalfe et al., 2017), so the potential of this method has only
started to be accessed.

In addition to investigating the different methods separately,
some mixing and matching of usual collection methods (e.g.,
information from participatory mapping and technical data from
landing surveys) and the integration of different knowledge
systems, e.g., local ecological knowledge and technical (or
“scientific”) knowledge, have also been previously studied. For
example, an overlap has been identified between Brazilian fishers’
perceptions and official landing data, but mainly for species that
are relatively abundant in the catch (Damasio et al., 2015). In
the Solomon Islands, surveys on local perceptions and visual
census of a pivotal coral fish species were used to complement
investigations of the species’ associated habitats and its need
for protection, as well as in identifying contexts where local
participation and successful conservation outcomes are more
likely (Aswani and Hamilton, 2004). The spatial dynamics of
migrant fishers was investigated in Kenya using a combination
of participatory mapping and GPS tracking of vessels. The
results from each method were analyzed comparatively and
complementarily (Wanyonyi et al., 2018).

For the Brazilian mangrove belt, for example, GPS and
participatory mapping have been combined to investigate spatial
dynamics of the fisheries of the mangrove crab (Ucides cordatus
L.) (Thies-Albrecht, 2016). Drawing on these investigations,

this study examines the information that can be obtained by
contrasting and merging data from participatory mapping and
GPS tracking into one dataset. This study specifically investigates
how local and technical knowledge can be systematically
integrated for local level ecosystem-based management. Policy
recommendations are offered to safeguard the sustainability of
the crab fisheries in northern Brazilian mangroves. This study was
led by two research questions:

1. What kind of spatial data on small-scale fishing grounds
can be generated with a combination of participatory
mapping and GPS tracking?

2. What are the advantages and disadvantages of spatializing
fishing grounds by merging participatory mapping and
GPS tracking data?

As an example of how to combine the two data collection
methods, we analyze the patterns of resource use within and
between two adjacent PAs in Brazilian coastal Amazonia and
investigate the correlation between two variables: distance from
home village to fishing ground and crab size. Due to the
methodological nature of this study, less attention is given to
the particular characteristics of the local fisheries and specific
patterns drawn from the results. Also, the methods are already
compared in section “Results,” including a brief discussion with a
previous study done in the region, which was an essential one to
the formulation of the methods presented here.

MATERIALS AND METHODS

Study Area
The study area encompasses mangroves and nearby waters in
two sustainable-use areas in the municipalities of Tracuateua and
Bragança, northern Brazil (Figure 1).

The Bragança coastal plain is situated in the northeastern
part of Pará State (00◦46′–1◦00′S and 46◦36′–46◦44′W) (Cohen
et al., 2004). The Tracuateua coastal plain is located west of
Bragança (00◦46′S and 47◦10′W). Bragança hosts a mangrove
forest of about 180 km2 (Souza-Filho and Paradella, 2002; Souza-
Filho et al., 2006), while Tracuateua exhibits mangroves of
about 90 km2, according to the calculations based on data by
Giri et al. (2011).

The Bragantina Peninsula is part of the largest range of
mangroves in the world (Nascimento et al., 2013; Hayashi, 2018;
Diniz et al., 2019) where the extraction of the mangrove crab is
important for this region, being its main source of income for
38% of the population (Glaser, 2003). In Bragança alone, there are
approximately 57 communities that depend on artisanal fishing,
including crab (Abdala et al., 2012). The dependence relationship
includes extractive activities and family-based farming (do Vale
Oliveira and de Brito Alves, 2021). Approximately 67% of the
population of estuarine–coastal communities are part of the crab
production network (Oliveira et al., 2017). The communities that
practice artisanal fishing in Bragança live around the mangroves
and use the crab as a source of income and food (Costa et al.,
2013). Between 2003 and 2004, the municipality of Bragança
had 1195 crab fishers, who transported in small boats, canoes,
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FIGURE 1 | Study area with the delimitations of the two protected areas, Tracuateua (west) and Bragança (east). Together they have 270 km2 of mangrove area,
which corresponds to approximately 40% of the total area of these two reserves.

and on foot through the mangrove swamp (da Rocha Araújo,
2006). For example, in 2004, Bragança obtained 1002.88 tons
of crab production (ICMBio, 2004). For many communities,
crab fishing represents the source of income for more than
half of the population (Glaser, 2003). Bragança has a large
influence on local villages and nearby cities. A number of people
from the surrounding area go to sell and buy products like
flour and crabs and manufactured goods in Bragança’s markets
(Partelow et al., 2018).

The organization of marketing and work opportunities drives
the intensification of crab (Maneschy, 2003), which started in the
early 2000s in Bragança (da Rocha Araújo, 2006). Crab fishing has
evolved from a sporadic activity to a main subsistence activity for
many communities, increasing the complexity of its production
chain (Magalhães et al., 2007; Domingues, 2008). The processing

of crab meat has become a key element in this chain that includes
the work of women in this production process (Partelow et al.,
2018). For example, in Vila do Treme, the processing of the
mangrove crab started as a subsistence activity and evolved into a
main economic activity (Magalhães et al., 2007). This processing
consists of removing the meat from a cooked crab, packaging
it and freezing it for later sale (Ogawa et al., 2008). Fished crabs
can be sold, processed or in natura, to cities all over the country,
including Belém, Fortaleza, and São Paulo (210 km, 1325 km,
and 2900 km away from Bragança by road, respectively) (Borges,
2020; Gomes, 2018). In the crab value chain, middlemen can
have a profit that is up to eight times larger than that of primary
producers (crab fishers) (Gomes, 2018).

For the purposes of this study, small-scale fisheries, although
spatially and temporally diverse, are characterized by the
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use of simple means of transportation, low-technology
equipment, narrow geographical range, and a reliance on
local knowledge for harvest strategies. For further discussions
on issues around the definition of small-scale fisheries, refer to
Smith and Basurto (2019).

Datasets
The analyses were based on data collected through participatory
mapping and GPS tracking and on a combination of these results
with those published in the scientific literature.

Data From Participatory Mapping
Semi-structured interviews and workshops were conducted
with local stakeholders, including fishers, community leaders,
scholars, and local authorities. Throughout this paper, the word
“fisher” is used to designate crab collectors, those women or men
who go to the mangrove forest to harvest the crabs, but not the
users down the value chain, such as those working on crab meat
processing or sales.

During the first phase of interviews (October 2016 to January
2017), 78 participants were asked to identify important areas
for the crab fisheries, i.e., fishing grounds and the villages
where the fishers who use each mangrove area live. During the
second phase of interviews (November 2017 to March 2018),
most informants were revisited (n = 57) and presented with
the resulting maps from the first phase. Participatory mapping
activities were performed during the dry season because the
temporal closures of crab fishing take place during the wet season,
when the fishers become fearful of monitoring and are less willing
to share information. In the interviews, fishers would talk about
general trends, neither focusing on the dry nor wet season.

Informants for all field work phases were selected based on
previous studies and the snowball method (Goodman, 1961).
Participants’ villages were grouped according to their formal
association with one of our two PAs, i.e., in which they would
be recognized as users and granted access to use its natural
resources. Users are locally acknowledged to be inhabitants of
the PA (including its buffer zone) who are directly dependent on
the small-scale, low-impact (artisanal) extraction of mangrove or
aquatic resources in the PA (Abdala et al., 2012). The Bragança
PA has a larger population (IBGE, 2019a) and, therefore, a larger
number of users (IBGE, 2019a,b). For this reason, the sampling
size was larger for the Bragança PA.

Large print maps of the study area were used to facilitate the
spatial referencing process. By including commonly used place
names and symbols related to local activities and landmarks,
the maps were designed to ensure maximum participation from
interviewees and effectiveness of sampled results. The maps
prompted informants to talk about geographic places, their
locally given names, and how these places are visited, even though
informants were not used to being interviewed with maps. This
labeling of places on the maps helped the interviewees to locate
the fishing grounds on the maps presented to them.

For the second phase, focus group interviews were conducted
to stimulate discussions about the results of Phase I. To prevent
some informant’s opinions from dominating the mapping
exercise, no focus group had more than 2–3 people and the

facilitators (R.B. and fieldwork collaborators) tried to stimulate
discussion among all of them. However, it is important to notice
that apparent conformity of view is an emergent property of
the group interaction, not a reflection of individual participants’
opinions, because less-confident members of the group may not
express alternative points of view, and the moderator might
assume that they agree with the prevailing view (Sim, 1998).
Usually, the more homogeneous the group, the more likely they
are to voice their opinions (Sim, 1998). Therefore, homogeneous
groups were formed regarding profession (fishers, administration
employees, etc.) and, in the case of direct users (i.e., local
inhabitants that extract from mangroves natural resources such
as crabs, fish, and wood), the village of origin, so that conflicts
were avoided and informants could feel more comfortable
sharing information. For the focus groups and workshops, no
differentiation was made about which informant is saying what,
i.e., information is considered to come from the group and not
from single individuals, since the participants tended to reach
an agreement. Informants’ opinions on the maps, including new
information, suggestions, and corrections were used to fine-tune
the analyses. Consensus was not pursued, but rather a wide range
of perceptions, independently of whether all informants agreed
with them or not, even though this might have led to the inclusion
of data that is not, at least presently, accurate.

For both rounds of interviews, the information from
the participatory mapping was digitalized using the free
and open-source GIS application QGIS 3.4 (Quantum GIS
Development Team, 2019). The coordinate reference system
SIRGAS 2000/UTM zone 23S, EPSG 31983 was used. Fishing
grounds were digitalized based on how they had been drawn
or orally described by the informants. After the second
phase of interviews, a standardized delimitation of the fishing
grounds was performed, by combining the place names
and degrees of geographical specification provided by the
informants, with the information from ground-truthing and
previously published maps.

During the participatory mapping exercise, fishing grounds
were delineated based on two main criteria: (1) the names given
by the informants to the places where fishers went fishing and
(2) the continuous mangrove area that roughly corresponded
to where the fishing ground was reported to be located. This
last criterion was largely based, therefore, on the mangrove
distribution shapefile used in this study (Giri et al., 2011). This
means that the delineation of the fishing grounds was heavily
influenced by the shapefile used to digitalize the information
provided by the fishers.

For the analyses presented here, the GPS tracking method
generated “technical” (sometimes referred to as “scientific”) data,
while the participatory mapping provided local user knowledge,
based on everyday experience. Even though the GPS tracking
data can be considered “technical,” participant fishers might
have, consciously or inadvertently, influenced the sampling of
the routes, not only in terms of choosing where to go while they
were carrying the GPS but also when to take it with them. For
instance, some crab fishers were unwilling to take the GPS during
the months of January to April, because the temporal closure
takes place during some days during these months. Fishers were,
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at times, unwilling to participate during these months, even on
days outside the temporal closure.

Data From GPS Tracking
Fishing routes were tracked from November 2017 to February
2019. GPS tracker (“GT-750FL Bluetooth GPS Receiver”)
distribution among crab fishers was done systematically in terms
of transportation means, covering at least one fisher per type of
transportation means in a given village. The largest villages were
selected, as well as small ones where the crab fisheries are known
to be an important activity for local livelihoods.

Data From the Literature
In order to obtain a match between fishing grounds used and crab
size in each fishing ground, the data from the interviews in this
study were combined with data from a previous study (Oliveira,
2015), which measured crab carapace width in the mangroves
of Bragança.

Reconstruction of Traveled Routes
Using QGIS, fishing routes were “reconstructed” in order to
calculate more realistic distances to fishing grounds. In this study,
reconstruction means estimating the routes taken by fishers when
they only mentioned, during the participatory mapping, the
origin (home village) and destination (fishing ground) of their
fishing movements. In order to reconstruct the fishing routes and
calculate traveled distances, informants and collaborating fishers
were asked about different transportation means used by all crab
fishers in each fishing village analyzed (Table 1).

GPS tracked routes also had to be partially reconstructed
because (1) either the way to or the way back from the fishing
ground had to be chosen, in which case the shortest path was
selected; and (2) a few of them were incomplete. The latter were
only reconstructed, however, when the missing portion referred
to the initial or final part of the trip and could be reasonably

TABLE 1 | Transportation means preferred by each crab fishing village in the
Bragança and Tracuateua PAs, according to the interviews and surveys.

Village Municipality Means of transportation used

Quatipuru Tracuateua Canoe with engine

Tamatateua Bragança Canoe with engine

Caratateua Bragança Canoe with engine or boat

Mimi Tracuateua Bicycle + canoe

Treme Bragança On foot, canoe with engine, or boat

Sessenta Tracuateua On foot or motorcycle

America Bragança Bicycle + bus or canoe

Chapada Tracuateua On foot or canoe

Flexeira Tracuateua On foot, canoe with engine, or bicycle

Vila Cuera Bragança On foot or canoe with engine

Tacuandeua Bragança Canoe with engine

Pontinha Bragança Canoe with engine or boat

Acarajó Bragança Car, bus, or bicycle

Cajueiro Bragança On foot or boat

Nanam Tracuateua Bicycle

Patalino Bragança Car

estimated. (Fishers would at times forget to turn on the GPS
tracker until they were already halfway through the trip to the
fishing ground, or would turn them off before they reached their
home village.)

The following criteria were used to construct a plausible path,
based on information provided by fishers during the interviews
and on previous studies:

I. Fishers use the means of transportation they mentioned in
the surveys (Table 1);

II. Fishers avoid including paths that are “deep” into the
mangroves because these are areas where movement is
made difficult by the mangrove roots and the muddy
substrate;

III. Fishers avoid what they call “river mouths” (where rivers
widen, near the tips of the peninsulas);

IV. Fishers travel by boat or canoe, preferably along the shores;
V. Fishers take well-known channels (locally known as

“furos”). These channels were identified either by previous
ground-truthing (e.g., boat trips) or by satellite imagery;

VI. Fishers prefer to travel by water, except otherwise
mentioned;

VII. Fishers avoid entering or passing by other villages;
VIII. When traveling by boat or canoe, fishers leave from the

local port;
IX. When the fishing ground is relatively close, fishers prefer to

go on foot;
X. For further aspects, previous work (e.g., Thies-Albrecht,

2016) was consulted.

Distances to Fishing Grounds
One-way distances from the fishers’ village to their fishing
grounds were calculated. Distance traveled was chosen as a
measure of effort, since it directly related to time and fuel
consumed. Also, in preliminary conversations, local fishers
mentioned that they had recently observed an increase in distance
traveled, the higher costs of which were compensated by larger
(better-priced) catch crab sizes. The two collection methods (GPS
tracking and participatory mapping) were compared in terms
of distance traveled to check if both methods provided similar
information. The two PAs were compared in terms of different
distances traveled by fishers to their fishing grounds.

Distances to Fishing Grounds and Crab Size
Crab carapace width was used as a proxy for crab size, and
inter- and extrapolation of crab carapace width following the
methods in Oliveira (2015), for the Bragança PA. Since Oliveira’s
study focused on Bragança, the distance vs. crab size analysis was
performed only for this PA.

Oliveira (2015) measured crab carapace width in 32 different
points. This author then used the mean value for each point to
spatialize carapace width (as a proxy for crab size) performing
the analysis “Inverse Distance Weighted” in QGIS.

The mean crab carapace width shown in Oliveira (2015)
was spatialized and used to perform a similar GIS analysis to
obtain the spatialized values of width. Oliveira (2015) does not
present the exact parameters used for this GIS analysis. Therefore,
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the parameters “distance coefficient” and “number of columns
and rows” were calibrated to 2 and 300, in order to obtain
similar results, as visualized on the map generated by Oliveira
(2015). This author does not offer the numerical results from this
operation but he provides a final map, which was compared to
the map generated by this study. A visual assessment shows that
(Oliveira, 2015) and this study obtained comparable results for
this spatialization of crab size. It is not possible to compare the
spatialized sizes obtained by Oliveira (2015) with those presented
here, since while this author confirms the general trend of larger
crabs in hard-to-access sites, (s)he does not present detailed
numbers (Oliveira, 2015).

Statistical Analyses
To test the effect of the methods, GPS tracking and participatory
mapping, on the respective distances, a linear model with
Gaussian error terms was applied. The sample sizes for this
analysis were 17 and 112, for GPS tracking and participatory
mapping, respectively.

In addition, a fully crossed model with Gaussian error terms
was applied to test for the effects of these methods and of the
crab carapace width as a covariate on the distances traveled. The
sample sizes for this analysis were 11 and 92, for GPS tracking and
participatory mapping, respectively. Sample sizes were smaller for
this analysis because, as explained before, crab sizes were available
only for the Bragança PA, so that distances traveled within the
Tracuateua PA were eliminated.

Prior to both analyses, the data were log-transformed to
meet the assumptions of normal distribution and homogeneous
variances of the residuals (checked through visual inspection of
QQ plots of the residuals and scatterplots of the fitted data plotted
against the residuals). The models were fitted in R, version 3.5.3,
using the generic function “lm.” Because the datasets are highly
unbalanced (more data points for participatory mapping than
for GPS tracking), the following diagnostics of model stability
were checked: leverage (Quinn and Keough, 2002) and Cook’s
distance and dffits (Cohen and Cohen, 2008), where data points
are excluded one by one from the data sets and the respective
fitted values are compared with those obtained from the model
based on all data points. The checks (Cooks distance and dffits)
confirmed that there are no influential cases. When checking the
leverage, however, some influential deviations in both models
were detected. These instabilities are likely to be due to the
unbalanced dataset and were therefore accepted. The results were,
therefore, interpreted with caution.

Significances of individual terms (interaction term and
main factors) were established with likelihood ratio tests
(LRTs) using the R function “anova” with the argument “test”
set to “F.” Hereby, the full model was tested against the
corresponding reduced models without the respective factor
and/or term of interest.

Research Authorization and Ethics
Statement
The research was approved by ICMBio (Sisbio process number
36427147) and followed the Code of Ethics and procedures

adopted by Brazilian universities as of 2015. Accordingly,
participants in the study, including informants and fishers
carrying GPS devices, were informed about the purpose of the
questionnaire as well as data use and diffusion. We obtained oral
consent from participants prior to conducting surveys and from
GPS carriers before their fishing trips. Answers were recorded
anonymously, and individual informants cannot be identified in
published material or other publicly available records. Whenever
possible and agreed upon by informants, we recorded personal
contact information to facilitate the restitution of results to
participants. This restitution activity started with the awareness-
raising project funded by the Rufford Foundation (20310-1) and
continues today, following the conclusion of the project.

RESULTS

Participatory mapping and GPS tracking diverged in terms of
which fishers from which villages travel the longest distances.
This could indicate that the GPS tracking method failed to
capture these longest distances traveled, either because they
are rare among fishers or because participants refrained from
taking the GPS on these longer trips. This is possible because,
even though the GPS tracking covered 16 months, the sampling
was done to some extent in an opportunistic fashion (within
the parameters explained in section “Materials and Methods”)
because the fishers’ willingness to participate in the research
varied not only among the villages but also throughout
the different seasons. This, together with the difficulties of
transportation and the high rate of GPS damage/loss, also led to
a low number of routes tracked.

During participatory mapping, informants often had
difficulties estimating how far into the mangroves they usually
have to walk to fish the crab. For example, even though many
informants mentioned the road and the fishing that happens
along the road, most of them could not specify how far into the
mangroves the fishers go to collect the crab. When distances
were estimated, they ranged from “no more than 200 meters” to
“approximately two kilometers.” The GPS tracking complements
this piece of information by showing that fishers are not far
from the edge of the mangroves. Sometimes they have to walk
a long distance to find what they consider an appropriate site.
But walking does not necessarily mean moving away from the
border, and they remain close to the edge of the mangrove forest,
as also shown by Thies-Albrecht (2016).

Three important limitations of participatory mapping, when
used alone, could be identified. Firstly, the delimited fishing
grounds are simplified approximations of the many perceptions
by fishers of location and designation of those fishing grounds
rather than precise, well-delimited areas where fishing occurs
during one fishing trip. Secondly, participatory mapping did
not give information about the routes, so GPS tracking data
were used to reconstruct the movements of fishers. Fishers could
have been asked to describe the routes during the participatory
mapping. However, this would have required a much better
understanding of the maps by the fishers, who would usually
only name two points, village of origin of fishers and fishing
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FIGURE 2 | Comparison between participatory mapping and GPS tracking.

ground. Additionally, asking for the entire route to fishing
grounds would have been highly time-consuming. Regarding the
participatory mapping, only the fishing ground information that
was simultaneously provided along with the fishing village was
selected for the analyses, so that fishers’ village and municipality
of origin could be established and compared to the GPS
tracking data. Thirdly, informants suggested to ground check
the location of the fishing grounds mentioned because they
were unsure about some of them on the map. For this purpose,
on-site boat visits were undertaken to confirm the location of
places mentioned during interviews and focus group discussions.
Ground-truthing, as well as consultation of previous studies, was
done to complement interviews.

We compared both data collection methods (Figure 2) and
analyzed the data produced by the combination of these methods
(Figure 3). GPS tracking, for example, can help elucidate (1)
the routes traveled by fishers, (2) whether they use one or
more fishing grounds per route, and (3) how far they enter
the mangroves. Participatory mapping, on the other hand,
reveals the size of the smallest use areas to which users have
attributed a local name. This has some advantages, such as (1)
it allows the investigation of patterns by villages that could not
participate in the research; and (2) it gives insights on possible
conflicts and on how fishers perceive the behavior of other
users. With the participatory mapping, fishers and other users
mentioned fishing patterns of other users, which contributes
to increased diversity of locations identified. The GPS tracking
complemented these data by systematically covering different
fishers who use a variety of transportation methods. This allows
for a clearer picture of the spatial dynamics patterns and for a
differentiation of user types.

One challenge encountered in combining GPS tracking and
participatory mapping information is the difference in fishing

ground sizes: a mean of 11.03 km2 (SD = 9.05; min = 0.27,
max = 36.02) for the participatory mapping grounds and of
0.0212 km2 for the GPS tracking grounds from a previous
study (Thies-Albrecht, 2016). The average fishing ground from
participatory mapping was approximately 520 times larger than
the GPS-measured fishing area. Even though GPS tracking
grounds could be incorporated into the participatory mapping
data, some loss of detailed information was observed, for
instance, on where exactly fishers find the crabs and on whether
they visit more than one fishing ground per route. This difference
could be lessened, for instance, by accompanying fishers in the
trips to the mangroves to observe how far into the mangroves
these fishers go (i.e., distance to the edge of the forest). However,
this apparent mismatch in fishing ground size also relates to the
definition of “fishing ground” in terms of (1) what is known as
a “fishing ground” (sometimes referred to as “fishing territory”)
for an extended period (and usually named by local users)
and the (2) the actual area (or “fishing point”) used by fishers
during one fishing trip. How to approach this difference will
depend largely on the purpose of the method combination. When
zoning a co-managed PA, for example, the delimitation of fishing
territories would probably be more useful to implement spatial
management strategies.

Informants tended to mention more about the PA to which
they are more closely related, and there were a higher number
of informants in the municipality of Bragança than in Tracuateua
(87 and 48, respectively). Therefore, the higher use frequency and
diversity of fishing grounds in the Bragança PA could be related
to the larger population there. However, during the interviews,
informants also frequently associated the higher user intensity
in Bragança to the processing plants in this municipality.
It is also crucial to highlight the different economic aspects
between these cities.
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FIGURE 3 | The benefits of combining participatory mapping and GPS tracking.

Using Reconstructed Routes to
Calculate Distance to Fishing Grounds
Combining the participatory mapping (40 grounds) and the GPS
tracking data (14 grounds) (Figure 4), a total of 45 different
fishing grounds were identified in the region, with a mean
fishing ground area of 11.03 km2 (SD = 9.05; min = 0.27,
max = 36.02) (Table 2).

The distances between the home village and fishing grounds
are significantly longer when recorded via participatory mapping
compared to GPS tracking (F127 = 11.06, p = 0.0012). In
fact, the distances recorded via the participatory mapping
(20.85± 14.78 km) were on average nearly twice as long as those
recorded via GPS tracking (11.46± 8.47 km) (Figure 5).

Distance to Fishing Grounds vs. Crab
Size
The relationship between the distances to the fishing grounds
and the spatialization of crab size, based on carapace width from
Oliveira (2015), was also analyzed. The results revealed a non-
significant interaction of the terms “method” and “crab size”
(LRTmethod∗crab: F99 = 1.661, p = 0.2005), meaning that the
effect of crab size on distance was the same for both methods.

The results revealed that crabs tended to be larger if caught
farther away from the villages (p < 0.001) (Figure 6), regardless
of whether the distance was estimated through GPS tracking or
participatory mapping (p = 0.07).

DISCUSSION

This study combines GPS tracking data and local knowledge
to locate fishing grounds. The advantages and downsides of
each method are presented, as well as how their application in
conjunction can be performed to generate data to improve the
management of fisheries and PAs. For both methods, light is
shed on concrete ways to analyze spatial data to understand
user behavior, which has been identified as a challenge for
participatory mapping (Brown and Kyttä, 2014).

Combining Participatory Mapping and
GPS Tracking
Due to the dispersed nature of crab fishing and precarious
investment in technical monitoring, data-poor fisheries settings,
such as the mangrove crab fisheries in northern Brazil, can benefit
from more research based on combining and comparing data
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FIGURE 4 | Movements of fishers according to (A) participatory mapping; (B) GPS tracking; and (C) reconstruction combining the two datasets. Movements of
fishers from Tracuateua are shown in red, while those from Bragança are shown in orange. The arrow bases in (A) and (C) represent the home villages, and the
arrowheads the corresponding fishing grounds. The flows reflect the supply areas and the primary beneficiaries because only the catch is considered in this study,
not the entire value chain of the fishing activity.

from various collection methods and knowledge systems. This
could be of special use when a small set of rich but laborious-to-
collect data, such as from GPS tracking, could feed into an easier-
to-implement source of data, such as participatory mapping.

Using a combination of data collected by these two different
methods, this study shows that both place of origin of the fisher
(i.e., fishing village) and method used to identify the fishing
grounds (i.e., participatory mapping or GPS tracking) influenced

TABLE 2 | Dataset summary of distances with GPS tracking and
participatory mapping.

Distance (km)

GPS tracking Mean 11.46

Standard deviation 8.47

Median 8.99

Maximum 24.81

Minimum 1.94

Participatory mapping Mean 20.85

Standard deviation 14.78

Median 18.28

Maximum 86.81

Minimum 1.50

the results obtained on distances traveled by the fishers between
village and fishing grounds. Regarding place of origin, these
results indicate that fishers from certain villages tend to travel
further than those from other villages to fish crabs. This will be
further explored in an upcoming paper. Regarding the method,
results on overall distances were longer by the participatory
mapping than by the GPS tracking. These longer distances could
be explained by the fact that more distant fishing grounds were
mentioned by the fishers in the interviews. These are harder
to capture by GPS tracking alone because these trips rarely
occur and would have needed a wider and longer GPS tracking
effort. The GPS battery might also not hold long enough to have
covered the longest trips. Fishers are aware of this constraint and
might choose not to take the device on these trips. According
to the fishers, the battery would hold for a maximum of about
12 h. The fishers also mentioned during the interviews that
they usually stay for at least 2 days when fishing in what they
consider to be “very far fishing grounds.” Fishers could have
deliberately avoided the more distant fishing grounds when they
were carrying GPS trackers.

The two methods have been shown to yield complementary
information (Wanyonyi et al., 2018). Similar to the results
shown here, these authors observed that GPS tracking provides
fine-scale spatial and seasonal mapping of fishing activity and
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FIGURE 5 | Average distances (±SD) recorded via GPS tracking (n = 17) and
participatory mapping (n = 112).

spatial allocation of fishing effort. Having performed tracking
for almost one and a half years, seasonal trends could be
incipiently identified, which could not have been derived from
the participatory mapping. On the other hand, mapping has the
advantage of documenting a seascape from the vantage point of
fishers (Silvano and Begossi, 2012; Wanyonyi et al., 2018).

The benefits of analyzing spatial aspects of fisheries dynamics
and management can be manifold. Adequate consideration of
these aspects and the use of the local knowledge of harvesters
to complement technical data such as the GPS tracking, as done
in this study, can reduce conflicts over the use of resources
(De Freitas and Tagliani, 2009). Displaying data using GIS
software and employing spatial analysis tools that allow for
visualization and pattern recognition is particularly effective
when working with local people because visual aids help to bridge
the divide between local knowledge and technical knowledge
(Aswani and Lauer, 2006).

Actors and knowledge systems that create and underpin data
are often excluded from decision-making, especially marginalized
fishers, such as crab harvesters, which often remain at the
edge of co-managed small-scale fisheries. Thus, there is a need
to develop functioning mechanisms to engage and legitimate
synergies between knowledge systems in a transparent and
constructive way (Reid et al., 2006). Affordable and transparent
participation mechanisms and knowledge integration methods,
like the method match proposed here, should be further
investigated and incentivized, for instance, by special issues
in method-oriented journals or calls for grant proposals. This
combination of methods could serve to voice desires and needs of
often marginalized populations and include them in management
processes, especially in PAs where people live or extract resources
that are essential to their livelihoods. The combination of
methods also enables listening to local stakeholders through
participatory mapping and a deeper understanding of their
behavior patterns with GPS tracking.

Challenges related to participatory mapping and GPS tracking
of individual fishing trips remain to be tackled. For example,
it is important to have clarity of purpose for the participatory

FIGURE 6 | Relationship (p < 0.001) between crab sizes and distances traveled by fishers recorded via GPS tracking (n = 11) and participatory mapping (n = 92),
with no significant difference between the two methods (p = 0.07).
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mapping process, building trust with participants in the process,
and understanding the power dynamics of the participatory
mapping process (Brown and Kyttä, 2014). These same barriers
seem to apply to GPS tracking and are not solved by a multi-
method approach to research or management, as proposed here.

Crab Size and Distances Traveled
In the study region, the results revealed that crabs tend to be
larger if caught farther away from the villages where fishers reside.
Other studies have also shown this relationship, even though
they used distance to “markets” instead of distance to “home
villages” (Cinner and McClanahan, 2006; Brewer et al., 2013).
In our case, the villages are usually the primary marketplaces,
after crabs are brought in from the mangroves. In this region,
there are exploitative patron–client relationships, where patrons
generally control market access for most fishers who reside
remotely and cannot transport crabs to market independently
(Partelow et al., 2018). Therefore, proximity to villages/markets
help explain fisheries exploitation level and need to be considered
in the development of resource-management strategies (Cinner
and McClanahan, 2006; Brewer et al., 2013).

Further aspects still need to be examined regarding the status
of the crab fisheries. There is a need to consider, for example,
the emergence of processing plants of crab meat since the
last comprehensive stock assessments and a possible increase
in fishing effort and/or the use of distant fishing grounds
outside the limits of the fishers’ home PA. Concerns regarding
the ecological and social sustainability of the crab fisheries in
the study site call for inter- and transdisciplinary efforts to
establish relevant fishery management priorities with the active
participation of the centrally affected stakeholders (Glaser and
Diele, 2004). This multi-method approach, if expanded, can shed
light on these changes in spatial dynamics while promoting
enhanced participation of local users in research, monitoring, and
policy development.

In a future publication, the introduced combination of
methods is further employed to assess whether and under what
circumstances fishers (1) travel long distances to find larger crabs,
(2) systematically target areas with larger crabs, and/or (3) prefer
areas with easier access but with smaller crab sizes. With a focus
on optimal foraging as a fishing strategy and a deeper look
into the details of the local crab fisheries, this next study will
also search for possible drivers of observed patterns, i.e., the
factors that influence fishers’ decision-making in terms of their
movements in search for the crabs.

CONCLUSION

A multi-method approach is used to elucidate whether and
how distance traveled by the fishers and crab size are related.
The advantages and downsides of each method are presented,
as well as how their application in conjunction can be
performed to generate data for improved management of
fisheries and marine PAs.

Even though the combination of participatory mapping and
GPS tracking is especially useful for difficult-to-access mangrove

areas, it could also be used in other ecosystems. The methods
applied in this study can be considered a good model for studies
in other contexts of marine spatial planning and small-scale
fisheries. Regarding crab size and distance, crabs tended to be
larger if caught further away from the villages.

Firstly, in a context of scarce biological and ecological
knowledge about coastal fisheries to support management
decisions, like on the coast of Brazil’s Amazonian region, this
study provides a local knowledge database about crab fisheries.
The methods presented here can complement effort and catch
monitoring techniques. Depending on the issue at hand, one
or the other method could be applied. For instance, when
establishing PA zones, the level of accuracy of fishing ground
location identified by GPS tracking would probably not be easily
recognized by fishers, which could cause confusion among users.
Participatory mapping, linked to other criteria, could be a better
option for managers.

Beyond data generation, this multi-method approach has the
potential of increasing stakeholder participation in research and
management. If conservation is to play a role in safeguarding
people’s livelihoods as well, it needs a pluralist approach to
knowledge and greater deliberation and inclusion of actors in
decision-making processes (Brown, 2013). Considering the co-
management scheme and the sustainable-use regime of the
extractive reserves in the mangrove regions of northeastern Pará,
this pluralistic approach is much needed. Further translation
into policy and incorporation of different knowledge systems
into management is essential. Considering the socio-economic
circumstances, however, the strengthening of cooperation for
conservation is key to guaranteeing the sustainability of the crab
fisheries in the Amazonian mangroves.

The approach presented in this paper contributes with an
option for improving spatial planning for crab conservation,
including the livelihoods that associated crab fisheries sustain,
by merging local and technical knowledge to fill gaps in limited
small-scale fisheries data.
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