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a b s t r a c t

Research on cetacean behavior is challenging because it happens mostly underwater. Fishermen, how-
ever, spend a good deal of their time in the water, and can bring new information about the behavior of
aquatic species, especially if their knowledge can be extracted from sociocultural biases. We investigated
how the habitat, distribution, seasonality, group size, and resting, reproductive and feeding behavior of
the estuarine dolphin (Sotalia guianensis) perceived by small-scale fishermen is affected by their edu-
cation, experience, fishing habitat, and the extent of dolphin watching tourism. We interviewed 116
fishermen in routine contact with populations of S. guianensis in NE Brazil regarding dolphin behavior
and compared their responses to available literature. Most fishermen correctly reported the habitat,
distribution, seasonality, and feeding behavior. Notably, education and experience, but not tourism, were
related to a more detailed perception of behavior. Fishermen who used predominantly coastal waters or
mixed environments had a more detailed knowledge of S. guianensis behavior than the ones fishing in
estuarine lagoons. Moreover, the results provide new insights into the dolphin’s reproductive behavior
and possible migration patterns. The results highlight the need to consider the effects of cultural biases
on fishermen’s knowledge and that fishermen may provide information on cetaceans that could be used
in management and conservation when scientific sources are missing or need to be complemented.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Fishermen routinely observe aquatic animals and some of their
behaviors, including those that are sometimes unknown to re-
searchers either due to their sampling methods or their compara-
tively low observation effort (Huntington, 1998). Such observations
and interactions accumulated over time generally become a body of
knowledge known as Local or Traditional Ecological Knowledge -
LEK or TEK (Berkes et al., 2000; Cook et al., 2014; Yli-Pelkonen and
Kohl, 2005), though Berkes et al. prefer to apply TEK to traditional
groups, such as indigenous.

LEK has been shown to have the potential to aid conservation
initiatives (Brook and McLachlan, 2008) by providing local infor-
mation and new insights, and for delivering larger temporal and

geographical information on resource changes (Golden et al., 2014),
which are sometimes not available elsewhere (Bethel et al., 2014). It
has been shown, for instance, that fishers perceive short and long
term impacts of hydroelectric dams on fish and fisheries (Hallwass
et al., 2013), information that could be used to decrease, manage, or
compensate the impacts of large development projects. Besides,
incorporating LEK into traditional science could represent a way to
obtain costless and readily available ecological data (Bethel et al.,
2014; Cook et al., 2014), especially in situations where resources
are limited, which is common in developing countries (Golden
et al., 2014). These advantages have led managers and scientists
to increasingly recognize the importance of incorporating LEK into
conventional decision-making process (Bethel et al., 2011) and to
help address conservation issues (Bethel et al., 2014).

However, LEK is not fail-proof and should always be carefully
assessed (Huntington, 2011) if it is to be used in management or to
guide future studies (Silvano and Valbo-Jorgensen, 2008). The LEK
retained by fishermen, which is one of the most studied groups, can* Corresponding author.
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be affected by their own perceptions of theworld, daily interactions
with target and non-target species and by memorable moments.
For example, some studies show that fishermen tend to retainmore
accurate memories of their best moments, such as those referring
to when they caught large fish or large amounts of fish (Damasio
et al., 2015). Cultural and external factors are also likely to affect
fishermen’s knowledge (Berkes et al., 2000), such as the impact of
tourism on fishing communities (West et al., 2006). Additionally,
fishermen seem to know more about their target species (Damasio
et al., 2015), which could limit the potential of applying their
knowledge to non-target groups. On the other hand, some studies
also show that fishermen know a great deal about some specific
non-target species, such as cetaceans (Huntington,1999; Souza and
Begossi, 2007), probably because cetaceans are noticeable animals,
due to their size, behavior and media attention (Souza and Begossi,
2007).

The fact that fishermen know about cetaceans could be a direct
contribution to science. This is because the ecology and behavior of
many whales and dolphins are still insufficiently known, partly due
to the difficulties in studying animals that spend most of their time
submerged (Monteiro-Filho, 2008) or leave only indirect and hard
to interpret evidence (e.g., feces or stomach contents). Fishermen
have been shown, for instance, to correctly identify cetacean spe-
cies and some of their behaviors and interactions (Huntington,
1999, 2011).

Fishermen’s LEK can be especially valuable for cetacean species
that are widely distributed (Huntington, 1999; Souza and Begossi,
2007), such as the estuarine dolphin (Sotalia guianensis, van
B!en!eden, 1864) (Oliveira et al., 2008; Zappes et al., 2010). The
estuarine dolphin is a coastal species found in estuaries, bays, rivers
and mangroves (Di Beneditto et al., 2001; Monteiro-Filho et al.,
2008; Sim~oes-Lopes, 2005), along almost the entire Atlantic coast
of South and Central America (Borobia et al., 1991; Sim~oes-Lopes,
1988). However, it is still insufficiently known to science, partially
because S. guianensis can show distinctive behaviors in different
habitats due to local adaptations to resources and environmental
features (Monteiro-Filho, 2008). Hence, small-scale fishermen,
which are those who spend most of their work time close to the
coast and fishing in small vessels, could be a source of knowledge to
complement local information regarding S. guianensis.

The present study analyzed small-scale fishermen’s LEK
regarding behavioral patterns of S. guianensis. Fishermen’s infor-
mation was compared to the literature, whenever possible. This
study also attempted to identify how fishermen’s LEK is affected by
external factors, such as dolphin watching tourism, their main
fishing habitat (estuarine lagoon or sea coastal waters), and their
fishing experience and education. It was expected that fishermen
from regions where there is intense dolphin-watching tourism
would knowmore about S. guianensis due to the constant exposure
to information regarding dolphin watching regulations and tour-
ists’ interest. The main fishing area was also expected to affect
fishermen’s LEK because S. guianensis is supposed to display
different behaviors in specific environments. Specifically, lagoon
fishermen were expected to understand feeding behavior, as
cooperative fishing between fishermen and dolphins, resulting in
fishermen feeding them, has been reported in lagoons (Manzan and
Lopes, 2015; Peterson et al., 2008). Coastal fishermen were ex-
pected to knowmore about social behaviors, such as mating, as this
is the habitat where some of these behaviors have been registered
(Paro, 2010).

Fishermen’s knowledge could bring new insights intomissing or
overlooked aspects of S. guianensis, and could also lead to specific
information to support the establishment of appropriate manage-
ment or conservation measures (Silvano and Valbo-Jorgensen,
2008). However, establishing the factors affecting the reliability of

such knowledge is an important step to advance the use and the
acceptance of LEK into science.

2. Materials and methods

This study is part of a major project on the relationship between
the fishermen and the estuarine dolphin (S. guianensis) in a specific
region of the Brazilian NE coast. Data referring to the interactions
between fisheries and the estuarine dolphin were previously pre-
sented (Manzan and Lopes, 2015).

2.1. Study area

This study was conducted in three fishing communities: Tibau
do Sul (S6!11012.7200, W35!05029.6600), Pipa (S6!13043.7100,
W35!02054.3900) and Baía Formosa (S6!22003.1800, W35!00029.3000)
(Fig.1). Although the villages are close to each other, sharing several
local characteristics (such as the weather, politics, and economics),
they are undergoing different touristic development and their
fishermen work in different habitats (estuarine lagoon or coastal
waters). Pipa is an international resort area famous, among others,
for dolphin-watching tourism. Pipa’s development is supposed to
have displaced fishermen and affected their livelihoods, originally
based on fishing at sea. Tibau do Sul, although very close to Pipa, is
less of a famous touristic destination, and most of its fishermen fish
in a local estuarine lagoon (Fig. 1). Neither regular nor dolphin-
watching tourism is common in the area, in comparison to the
other studied places. Baía Formosawas discovered by the Brazilians
and the foreigners alike, as a kite-surfing and surfing region, and
dolphin watching has began to develop. Fishermen from Baía For-
mosa may spend days at sea.

2.2. Data sampling

Small-scale fishermen were interviewed between April and July
2011 through semi-structured questionnaires, with open (fisher-
men used their own words) and closed questions (with expected
answers, such as yes or no) (Huntington, 2000). The fishermen’s
associations first granted permission before commencing this
project. According to the fishermen’s associations, there were
approximately 150 active small-scale fishermen in Tibau do Sul, 80
in Pipa, and 190 in Baía Formosa (including those who were non-
members of the fishermen’s association). We interviewed the
fishermen who met the following criteria: being older than 20,
whose main source of income were fisheries, who had been fishing
and living in the village for at least 10 years, and who assented to
take part in this study (after being verbally informed of its objec-
tives). Verbal consent was necessary due to high illiteracy rate
among the fishermen. Restrictions on the choice of fishermenwere
aimed to select those who have some reasonable knowledge about
the region (Lopes et al., 2009; Souza and Begossi, 2007); this
resulted in 39 interviews in Tibau do Sul, 36 in Pipa, and 41 in Baía
Formosa (116 in total).

After ensuring that the fishermen were aware of the occurrence
of a local small dolphin on their beaches (S. guianensis is the only
coastal cetacean in the study area), they were asked about the
behavioral ecology of the estuarine dolphin (S. guianensis). The
questions approached nine topics: habitat, distribution, seasonality,
fishermen’s general perception of the estuarine dolphin behavior,
group size, resting behavior, feeding behavior, mating and repro-
ductive behaviors. Fishermen’s general perception of the estuarine
dolphin behavior was simply a first introduction into what fisher-
men regularly see the dolphins doing in the region. This open
question could provide new and unexpected insights. The
remaining behavioral questions were specific. For instance,
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fishermenwere asked what and how the estuarine dolphin feed on.
The fishermen were also asked about their social background

(e.g., age, years of education and if they worked with dolphin-
watching tourism) and fishing data (e.g., years of experience, and
habitat they used to fish). These personal questions were used as
explanatory factors to understand eventual differences in LEK be-
tween fishermen and communities.

2.3. Data analyses

Fishermen’s responses were classified into categories, and the
number of answers (frequency) in each category was registered.
The frequency, and not the total number of interviewees, is
considered in the analyses because fishermen may not have
answered all the questions and/or may have given more than one
answer to a specific question. Answers such as “I do not know”
were also computed, as they could suggest lack of knowledge about
specific topics (Silvano et al., 2006).

The villages were compared through Kruskal-Wallis tests in the
case of the fishermen’s socioeconomic characteristics (age, years of
education and fishing experience). If the characteristics were
shown to be similar across communities, differences in knowledge
could be at least partially correlated with the level of tourism and
the main fishing habitat in each community (inasmuch as the vil-
lages are neighbors, therefore other general characteristics are
supposed to be similar).

The answers given by the fishermen (excluding “group size”)
were analyzed through frequency tests: Chi-Square or G-tests. A G-
test was used when categories had low response frequency, as it is
considered a more robust test (Doria-Filho, 1999). These tests were
used to compare if a village cited more categories of answers than
the other.

In order to quantitatively analyze which village showed more
detailed knowledge of S. guianensis behaviors, the number of cat-
egories cited by a fisherman in each of the following topics was
used: fishermen’s general perception of behavior, resting behavior,
feeding behavior and mating behavior. The average number of
categories cited by fishermen was compared among communities
using the non-parametric Kruskal-Wallis test. Whenever signifi-
cant, a post-hoc Student-Newman-Keuls (SNK) is performed to
identify which community was responsible for the observed dif-
ferences. The tests were individually performed in each of the four
topics (fishermen’s general perception of behavior, resting
behavior, feeding behavior and mating behavior). Later, the same
tests were performed using the total sum of these topics to analyze
the community’ knowledge about S. guianensis global behavior.

In addition, the total sum described above (the number of cat-
egories of answers cited by a fisherman, considering all the four
behavioral topics) was used in a Generalized Additive Model (GAM)
in order to understand the factors that contribute to a more
detailed report. The GAM was performed (N ¼ 116) using a
Gaussian error distribution and an identity link function. For

Fig. 1. Study area highlighting the studied fishing communities (Tibau do Sul, Pipa and Baía Formosa). Top left: Rio Grande do Norte, NE Brazil. Bottom left: The studied
municipalities.
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continuous variables (age, years of education and experience as a
fisherman), the generalized cross-validation (GCV) smoothness
parameter was used. The other variables (community, fishing
habitat and having worked with dolphin-watching tourism) were
treated as factors. Multiple GAM models were run using different
combinations of these variables. Deletion of terms can be somehow
subjective, but there was an attempt to delete only those known to
be auto-correlated, such as age and experience or fishing commu-
nity and fishing habitat. GCV score and the Akaike criterion (AIC)
were used to compare these models, as the best model should have
the lowest GCV and AIC. The package mgcv was used in R software
(Team R, 2009) for the GAM analysis (Wood, 2006). The frequency
tests (Chi-square test and G-test) and the Kruskal-Wallis tests were
done using Bioestat 5.3 software.

Fishermen’s information was qualitatively compared to the
published literature, whenever available.

3. Results and discussion

The studied communities were clearly defined considering their
main fishing habitat. In Pipa and Baía Formosa, all fishermen fish
exclusively in coastal waters (usually up to 15 km offshore). In Tibau
do Sul, 82.6% of the fishermen fish exclusively in the local estuarine
lagoon and the other 17.4%, in both environments.

The communities did not differ regarding their social features:
the interviewees were on average 47.9 years old (±13.1) (Kruskal-
Wallis test: H ¼ 4.459; df ¼ 2; p ¼ 0.108), studied for 3.6 years
(±3.4) (H ¼ 0.415; df ¼ 2; p ¼ 0.812) and had been fishing in the
region for 28.3 years (±13.3) (H ¼ 3.199; df ¼ 2; p ¼ 0.202).
Therefore, given a rather similar social context, it was assumed that
eventual differences between the communities could be at least
partially attributed to tourism development and differences in
fishing environment.

3.1. Habitat, distribution and seasonality

According to the fishermen, S. guianensis is mostly a coastal
species (68.3% of 164 answers), although lagoons (27.4%) and rivers
(4.3%) were also mentioned as its habitat. This information agrees
with what has been described in the literature, which defines the
estuarine dolphin as a coastal species that prefers estuaries and
bays, also occurring in rivers and along the mangrove distribution
(Borobia et al., 1991; Monteiro-Filho et al., 2008; Sim~oes-Lopes,
1988). In addition, the studied communities cited proportionally
different habitats for this dolphin (G ¼ 35.019; df ¼ 4; p < 0.0001).
Baía Formosa’s fishermen did not cite “lagoon” as a habitat for the
dolphin (Fig. 2), since there is no lagoon in their region; they fish
exclusively in the sea. As expected, fishermen’s knowledge is
limited to the kind of environment they are used to (Yli-Pelkonen
and Kohl, 2005).

The interviewed fishermen specified the distribution of
S. guianensis in 25 sites of the Rio Grande do Norte coast, most of
themwere close to the study area (Fig. 3). This is also in agreement
with what is known about the dolphin’s distribution (Borobia et al.,
1991; Sim~oes-Lopes, 1988), including the specific details of this
species’ distribution in the study area (De Queiroz and Ferreira,
2009; Guilherme-Silveira and Silva, 2009; Monteiro et al., 2006).
However, the studied communities differed when considering
particularly the most cited sites of S. guianensis distribution
(G ¼ 340.054; df ¼ 28; p < 0.0001). The most frequently cited were
those sites closer to the interviewees’ community. This finding also
reinforces that knowledge is somewhat limited by the environment
people are acquainted with (Yli-Pelkonen and Kohl, 2005). How-
ever, according to a previous study (Silvano and Begossi, 2010), a lot
of LEK research does not take into account the interviewees’

background and experience.
More than half of the fishermen (51.7% of 116) believe that

S. guianensis shows no seasonality in the region, while others re-
ported specific periods of the year when this dolphin becomes
more frequent on the beaches. Some studies indeed suggest that
S. guianensis is present year round (Edwards and Schnell, 2001;
Flores and Bazzalo, 2004; Paro, 2010; Wedekin et al., 2007). How-
ever, the other half of the fishermen suggested that the estuarine
dolphin shows up more often in certain seasons. This could also be
true, since there is evidence that even in the absence of a strong
seasonality, there can be slight variations in their abundance along
the year in some places (Monteiro-Filho and Monteiro, 2008).

The suggested season in which S. guianensis is more abundant
varied according to the village (G ¼ 14.783; df ¼ 6; p ¼ 0.022). In
Tibau do Sul (30.8% of 39 fishermen) and Baía Formosa (29.3% of 41)
summer was the main mentioned season, while in Pipa (27.8% of
36), which is the place in between the other two communities,
fishermen cited the winter more often (Fig. 4). A higher number of
the estuarine dolphins were found in Pipa in the winter
(Guilherme-Silveira and Silva, 2009). The observed difference be-
tween Pipa and Baía Formosa could not be related to the fishing
dynamics, since fishermen from both communities target the same
species in coastal waters. S. guianensis could be migrating between
the study areas, and, in this case, fishermen would be providing a
finer scale migration map.

Tourism could be one possible explanation for this allegedly
different seasonality; its peak is in summer, when themarine traffic
is more intense. S. guianensis has been shown to avoid boats (Lodi,
2003; Santos et al., 2006); the dolphin-watching tourism, espe-
cially in Pipa, could disturb the species (Tosi and Ferreira, 2009).
This dolphin could be in search of calmer waters, such as Baía
Formosa. Dolphins, such as the beluga whale (Delphinapterus leu-
cas), became less abundant after the increase of anthropic inter-
ference, avoiding getting close to the beaches probably because of
boat engines or because boats may scare away the fish these ani-
mals eat (Huntington, 1999). Another possible reason for such
apparent seasonality would be the supposed existence of non-
interbreeding populations, separated by the river that divides
Tibau do Sul from Baía Formosa (Paro, 2010). In this case, distinct
population dynamics would explain a different peak in Baía For-
mosa, but not different peaks between Pipa and Tibau do Sul.
Confirming this fine scale seasonality and its reasons would require
specific analyses of this dolphin’s behavior (Lopez et al., 2010).
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Fig. 2. Sotalia guianensis habitat according to the fishermen answers. Interviewed
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the Brazilian NE coast.
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Fig. 3. Sotalia guianensis distribution according to the fishermen (N ¼ 336 answers) from three NE Brazilian fishing communities. The closer to red a dot is, the higher the
citation frequency by the fishermen for such point. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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3.2. Fishermen’s general perception of estuarine dolphin behavior

In the case of S. guianensis’ behavior, fishermen were simply
asked to cite activities performed by the dolphin, without inducing
them to think of any specific behavior. Based on the information
provided by the fishermen, the behavior of S. guianensis was clas-
sified into ten sub-categories: feeding (27.4%), aerial activities
(25.4%), playing (23.0%), moving from a place to another (10.5%),
aerial activity related to feeding (6.0%), reproduction (2.8%), inter-
action with fishing activities (2.0%), vocalization (1.2%), parental
care (0.8%), and resting (0.8%) (N ¼ 248 answers).

Each fisherman cited, on average, two of these sub-categories
(±0.9) and this did not vary among communities (H ¼ 1.324;
df ¼ 2; p ¼ 0.516). However, communities cited different activities
in different proportions (G ¼ 42.437; df ¼ 18; p ¼ 0.001). For
example, fishermen from Pipa cited the activities “playing” and
“moving from a place to another” less often than fishermen from
the other communities, but mentioned “aerial activity related to
feeding”more than fishermen from other communities. In Tibau do
Sul, on the other hand, fishermen never cited “reproduction”
(Fig. 5).

According to the great majority of fishermen (97.4% of 116),
S. guianensis lives in groups. Most fishermen (72.5%) said there are
multiple groups in the region, which, according to some reports
(n¼ 28), can eventuallymix up forming larger groups. Large groups
have been registered in other parts of S. guianensis distribution
(Flach et al., 2008; Lodi and Hetzel, 1998) and could be related to
feeding behavior in deeper waters (Santos and Rosso, 2007).

The reported number of individuals that form a group varied
according to the community (H ¼ 13.723; df ¼ 2; p ¼ 0.001). In
Tibau do Sul, fishermen estimated a group to have an average of 5.4
individuals (±4.9), which was not significantly different than Baía
Formosa (4.9 ± 1.7 individuals) (SNK: p ¼ 0.418). However, Pipa
differed from the other communities (SNK: p ¼ 0.0005 and
p ¼ 0.006, respectively), as its fishermen estimated the groups to
have an average of 7.1 individuals (±3.4). Despite the significant
difference between the different communities, the overall average
group size of S. guianensis cited by fishermen agrees with the
literature, which suggests from two to 30 individuals, being four to
six most common pattern (Edwards and Schnell, 2001; Flores and
Da Silva, 2009). Studies conducted in the region registered groups
up to 15 individuals (De Queiroz and Ferreira, 2009; Guilherme-
Silveira and Silva, 2009).

Most fishermen (66.4%) did not know how to describe
S. guianensis resting behavior, as this behavior is difficult to
recognize and/or observe (Daura-Jorge et al., 2005). The few ones

who described it, defined resting in six ways (47 answers): the
dolphin slows down (23.4%); does not rest (19.1%); sleeps (19.1%);
breathes only and nothing else (14.9%); floats (12.8%); and sub-
merges (10.6%). The average number of categories cited per fish-
erman was low (0.4 ± 0.6) and did not differ among communities
(H ¼ 0.230; df ¼ 2; p ¼ 0.891).

3.3. Feeding behavior

Fishermen mentioned 12 different items as part of the diet of
S. guianensis (N ¼ 145). Mullets (Mugil spp., 75.2%) and sardines
(Sardinella brasiliensis, 12.4%) were the most cited ones; though
moray eels (3.5%) and mud (2.8%) were also cited. The main food
items (Mugil sp. and S. brasiliensis) cited are in accordance to what
has been registered for the dolphin (Gurj~ao et al., 2003; Santos
et al., 2002). Although no biological study has confirmed the
ingestion of Moray eels and mud, they were previously cited in
another study that considered fishermen’s knowledge regarding
the same dolphin in a different region (Zappes et al., 2010).

Fishermen also defined the feeding behavior of S. guianensis in
different ways, which were later classified into ten sub-categories:
toss the fish in the air (18.0%); catches mullet (15.7%); scale the fish
before eating it (15.7%); catches the fish (14.2%); chases the fish
(10.4%); swallows/eats the fish (8.4%); jumps to catch fish (7.0%);
the fish jumps (4.6%); search for food (3.5%); and carries the fish in
the mouth (2.6%) (N ¼ 345 answers). The frequency that each
category of feeding behavior was cited differed between the com-
munities (G ¼ 32.477; df ¼ 18; p ¼ 0.019). Pipa and Baía Formosa
cited “Tossing the fish in the air” and “scaling the fish before eating”
more often, while “chasing the fish”was more common in Tibau do
Sul (Fig. 6).

Depending on the village, fishermen also cited different number
of feeding activities performed by S. guianensis (H ¼ 21.239; df ¼ 2;
p < 0.001). Contrary to the expectations, Tibau do Sul’s fishermen
cited fewer categories (1.9 ± 1.8) than Pipa’s (3.8 ± 1.3) or Baía
Formosa’s (3.3 ± 1.4) (SNK: p < 0.001 and p ¼ 0.001, respectively).
Pipa and Baía Formosa’s fishermen did not differ between each
other (SNK: p ¼ 0.333), showing a more detailed knowledge in the
case of S. guianensis feeding behavior, which reinforces scientific
findings showing that the coastal region is an important foraging
area for the species (Guilherme-Silveira and Silva, 2009). Also, there
is a conspicuous behavior, which could make it easier for fishermen
and researchers to know more (Araújo et al., 2008; Edwards and
Schnell, 2001; Nascimento et al., 2008).
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3.4. Mating and reproduction

Less than half of all the fishermen (39.7%) have observed the
mating behavior of S. guianensis, and these were mostly from Pipa
(58.3% of 36) and Baía Formosa (51.2% of 41). Few fishermen in
Tibau do Sul reported to have seen this dolphin mating (10.3% of
39), which resulted in significant difference in the number of ci-
tations between villages (X2 ¼ 21.626; df ¼ 2; p < 0.0001). Also,
when questioned about the general behavior of the species, fish-
ermen from Tibau do Sul did not mention the category “repro-
duction”, while the others did. This could be an indication that
mating and reproduction do not take place in the local lagoon (Paro,
2010).

The reproductive behavior of S. guianensis is still an important
gap in the knowledge about this species. Fishermen defined the
mating behavior in five categories (n ¼ 53 answers). The most
common (39.6%) describes that, during coupling, the individuals
align themselves horizontally, united by their abdomens, with the
female on topwith her back outside thewater (9.4%). Such position,
according to the fishermen, allows the female to keep breathing,
while males take turn in mating with her. Becoming agitated and
jumping got 30.2% of the answers and group mating got 13.2%.
Moreover, 7.5% mentioned fights among males over the females.
The frequency of answers for each behavior did not vary according
to the village (G ¼ 6.823; df ¼ 8; p ¼ 0.556). This information could
be a starting point for further studies about the estuarine dolphin
mating behavior in the region, since nothing as detailed as this has
been scientifically recorded.

The average number of mating behavior sub-categories cited by
each fisherman, although low, varied between communities
(H ¼ 13.625; df ¼ 2; p ¼ 0.001). Fishermen from Tibau do Sul cited,
on average, fewer mating behaviors sub-categories (0.1 ± 0.5) than
those from Pipa (0.9 ± 1.2) and Baía Formosa (0.8 ± 1.1) (SNK:
p ¼ 0.001 and p ¼ 0.003, respectively). Pipa and Baía Formosa did
not vary between each other (SNK: p ¼ 0.599).

Most fishermen (65.5%) believe that S. guianensis reproduces
during the whole year, though some (34.5%) mentioned birth peaks
during some seasons. These periods vary based on the community
(G ¼ 22.770; df ¼ 8; p ¼ 0.004); Pipa’s fishermen (22.2%) reported
that birth peak is in the winter, while Baía Formosa fishermen
(17.1%) reported summer (Fig. 7). This reproductive seasonality
could be related to the period when the species becomes more
abundant in the fishermen’s region, as both periods coincided in
the fishermen’s report: higher occurrence in the winter in Pipa and
in the summer in Baía Formosa. A study suggests that the estuarine

dolphin reproduces along the year (Rosas and Monteiro-Filho,
2002), while others suggest birth peaks in some seasons (Daura-
Jorge et al., 2005; Ramos et al., 2000; Rosas et al., 2010). There-
fore, the same questions remain open in science.

3.5. Detailing behavioral patterns

The reported number of behavioral patterns of the estuarine
dolphin (the sum of the number of categories cited per fisherman in
the topics: “general behavior”, “resting”, “feeding” and “mating
behavior”) varied between the communities (H ¼ 19.294; df ¼ 2;
p ¼ 0.0001). Fishermen from Pipa (7.3 ± 2.3) and Baía Formosa
(6.7 ± 2.1) detailed the behaviors more than those from Tibau do
Sul (4.5 ± 2.7) (SNK: Tibau do Sul # Pipa, p < 0.0001; Tibau do
Sul # Baía Formosa, p ¼ 0.0003; Pipa # Baía Formosa, p ¼ 0.650)
(Fig. 8). It was indeed expected that the level of S. guianensis
behavioral details would be greater for fishermen in the coast, as
S. guianensis performs differently a larger set of behaviors in coastal
sea waters (Bazzalo et al., 2008; Geise et al., 1999; Monteiro-Neto
et al., 2004).

In addition, as shown before, fishermen from Pipa and Baía
Formosa know more about the estuarine dolphin reproduction, as,
in this region, such activities take place in coastal sea-waters (Paro,
2010). However, different than expected, the feeding behavior was
also more detailed by fishermen from Pipa and Baía Formosa, even
though the lagoon is an important foraging ground for the estua-
rine dolphin and is the type of environment where cooperative
fishing is supposed to be found (Manzan and Lopes, 2015; Peterson
et al., 2008).

Perhaps coastal sea fishermen also know more in general
because this type of habitat supposedly demands a deeper envi-
ronmental knowledge for being more complex than lagoons
(García-Quijano, 2009). Another alternative would be the fact that
sea coastal fishermen spend a lot of time on the beach or in very
shallow waters preparing to go fishing (e.g., fixing nets and boats),
which would give them plenty of time to observe these dolphins
both in shallow and deeper waters.

Besides being affected by the fishing environment, the behav-
ioral details reported by the fishermenwere also affected by fishing
experience and years of education. The models tested were very
similar regarding their AIC, GCV and Pseudo-R2 and were not
significantly different from each other when their residual de-
viances were tested, except for a trend betweenModel 2 andModel
3 (Deviance¼ 1.046; F¼ 3.9478; p¼ 0.052) (Table 1). Therefore, the
model with the lowest AIC and GCV (Model 6) was chosen (Table 2).

Fig. 6. Main feeding behavior exhibited by Sotalia guianensis, according to the
fishermen answers. Interviewed fishing communities (Tibau do Sul ¼ 74 answers,
Pipa ¼ 135 and Baía Formosa ¼ 136) on the Brazilian NE coast. Categories with less
than 8.0% of the overall citations are not shown.
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Fig. 7. Sotalia guianensis reproductive season according to the fishermen. Inter-
viewed fishing communities (Tibau do Sul ¼ 39 fishermen; Pipa ¼ 36 and Baía
Formosa ¼ 41) on the Brazilian NE coast.
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According to this model (6), those that fish predominantly in the
lagoon show less knowledge about the dolphin behavior. On the
other hand, more years at school and a longer experience as a
fisherman are factors related to being more knowledgeable (the
fisherman provides more details when explaining the behaviors).
These factors were already shown to affect fishermen’s general
knowledge about the estuarine dolphin when considering its in-
teractions with fisheries (Manzan and Lopes, 2015).With additional
years of fishing experience, fishermen have more opportunities to
interact with and observe aquatic species (Davis andWagner, 2003;
Ruddle and Davis, 2011;Wiber et al., 2012). Also, themore the years
of formal education a fisherman had, the more details he can pro-
vide regarding S. guianensis behavior. In this case, fishermen could
develop a more accurate sense of observation and be exposed to
general information regarding different species. However, years of
education do not follow a linear function: a fisherman increases his
knowledge up to a certain point while studying; then this knowl-
edge has the tendency to decrease proportionally. Fishermen’s
detailing did not increase proportionally, which may be because
studying more could mean having less fishing experience and,
consequently, fewer opportunities to directly observe the species
(Manzan and Lopes, 2015).

Although dolphin-watching tourism is an activity that could
bring the estuarine dolphin to the forefront and increase the

people’s attention, Pipa’s fishermen did not necessarily knowmore
than the Baia Formosa’s fishermen.

3.6. Fishermen’s LEK and the Sotalia guianensis conservation

The knowledge of the fishermen brought about important in-
formation on S. guianensis local distribution and seasonality, as well
as the habitats where mating and feeding behaviors are commonly
observed. These types of information can be used as a starting point
to guide the test of new hypotheses to aid conservation (Bethel
et al., 2014), such as regarding mating behavior and ideal places
and special periods of the year to observe and protect the species.
Having some insight on when and where the dolphins are could
guide the establishment of zoning areas for boats and traffic limits.
Meanwhile, the differences in seasonality (a supposed fine-scale
migration of the species) should be carefully addressed in order
to separate a local natural behavior from those induced by the
tourism high season.

It is clear, however, that such knowledge should not be taken
uncritically (Huntington, 2011), as fishermen are affected by their
sociocultural background, even if their general community setting
is about the same. Nevertheless, the LEK presented here reinforced
scientific information and provided novelty worth investigating.

Therefore, to learn more about S. guianensis and all of its local
behavioral variations, it might be worth a try to consider what
fishermen have to say about it. We could know more about ceta-
ceans in Brazil in general, for instance, if users’ opinions are
accepted and critically validated by researchers andmanagers, thus
incorporating these opinions in the decision-making processes
(Huntington, 2011). Local people frequently suggest management
ideas for local issues, whereas they tend to be skeptical about the
current management measures that disregard their presence,
knowledge and suggestions (Bethel et al., 2011). LEK can be the
dialogue bridge missing between conservationists and resource
users.

4. Conclusions

The difficulties in studying underwater behavior in cetaceans
could be partially overcome or at least redirected with the infor-
mation provided by fishermen’s LEK. In the present study, fisher-
men presented accurate knowledge regarding habitat, local
distribution, seasonality, and some behavioral aspects of the estu-
arine dolphin (S. guianensis). Among the behaviors, fishermen had
an in-depth knowledge of the feeding process; this also highlights
the importance of the studied area as a foraging ground for
S. guianensis. However, such knowledge is not evenly distributed

Fig. 8. Average number of behavioral patterns cited by the fishermen. Interviewed
fishing communities (Tibau do Sul ¼ 39 fishermen, Pipa ¼ 36 and Baía Formosa ¼ 41)
on the Brazilian NE coast.

Table 1
Generalized Additive Models performed. The variables age, years of education and
experience were wrapped in a non-parametric smoothing function.

Model Predictor variable AIC GCV Pseudo-R2%

Com FisEnv Age School Exp Tour

M1 X X X X X X 197.82 0.319 38.7
M2 X X X X 197.89 0.319 36.6
M3 X X X X X 195.84 0.313 38.7
M4 X X X X X 194.89 0.310 38.1
M5 X X X X 194.30 0.308 37.4
M6 X X X X 192.99 0.305 38.0

Com ¼ community (factors: Tibau, Pipa, BFormosa); FisEnv ¼ fishing environment
(factors: coast, lagoon, both); Age ¼ fisherman’s age (continuous);
School ¼ fisherman’s years of education (continuous); Exp ¼ number of years as a
fisherman (continuous); Tour ¼ practiced cetacean watching tourism (factors: yes/
no).

Table 2
Specific results for the best Generalized Additive Model (GAM) e M6 e explaining
fishermen’s knowledge about Sotalia guianensis behavior.

Parametric coefficients Estimate Std. error t-value P

Intercept 1.70351 0.20456 8.328 0.00000
FisEnv (Lagoon) $0.66909 0.22903 $2.921 0.00424
FisEnv (Coast) $0.04568 0.21719 $0.210 0.83382
Tour (Yes) 0.16776 0.12867 1.304 0.19504

Smooth terms Edf Ref. df F P

School 2.476 3.107 3.842 0.0108
Exp 1.000 1.000 4.390 0.0385

FisEnv ¼ fishing environment (factors: coast, lagoon, both); School ¼ fisherman’s
years of education (continuous); Exp ¼ number of years as a fisherman (contin-
uous); Tour ¼ practiced cetacean watching tourism (factors: yes/no).
R-sq.(adj) ¼ 0.343 Deviance explained ¼ 38%.
GCV score ¼ 0.30511 Scale est. ¼ 0.28544 N ¼ 116.
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among fishermen. Fishermen more familiar with coastal waters
possess vast understanding about dolphin than those that fish
mainly in estuarine lagoons. Likewise, being more experienced and
having studied more (though non-linearly) also increased their
knowledge. Tourism, on the other hand, did not clearly affect the
level of knowledge of the fishermen; though it could affect a sup-
posed fine scale of migration of the S. guianensis among the studied
areas.

In a time where many species are threatened by extinction,
overharvesting and habitat destruction, knowing about them is
crucial, but the gaps in knowledge could prevent proper action.
Hence, information provided by fishermen could be the first step to
redirect studies and gather scientific information that could be
applied to conservation (Silvano and Valbo-Jorgensen, 2008). Given
the specificity of knowledge of the fishermen in different habitats,
it is important to choose communities in order to analyze their LEK
according to local characteristics. One option is to encompass as
many communities to completely represent the available habitats
and ecosystems, taking into account fishermen’s experience and
education. Fishermen knowmore than they are usually credited for.
Tapping into such knowledge, and being aware of the limitations
imposed by the habitat which the fishermen are familiar with and
their sociocultural background, could help close some of the
knowledge gaps about marine species.
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