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Abstract: We analyzed the influence of time, tide and water depth on the activity and spatial distribution of
estuarine dolphins Sotalia guianensis in Pontal Bay, Ilhéus, Brazil. Direct observations were carried out at
four fixed points from January to December of 2006. Estuarine dolphins were sighted in 11 out of 12 months
and in 30% of 181 sampling periods. The average group size, which was 3.75 £ 1.59 (n = 64), did not vary
significantly by month (Kruskal-Wallis, H = 10.6729; p = 0.3836). Infants and adults represented 18 and 82%
of the individuals whose age we were able to determine, respectively. Estuarine dolphins were more frequently
present than expected in areas deeper than 3 m (regression GLM, z = 3.773; p = 0.0002). The animals were more
frequently observed between 7:00 and 8:00 AM and between 3:00 and 5:00 PM (X? = 83.815; p < 0.0001). Their
presence in the bay tripled between the fourth hour of the flood and high tide, remaining elevated during the ebb
tide (X*>=22.152; p=0.02). The tide also influenced the animals’ feeding and travelling direction, mainly toward
the open see during the flood and to the back of the bay during others stages. Further studies are necessary to
analyze the influence of the hydrographic characteristics of Pontal Bay on the spatio-temporal distribution of
estuarine dolphins and their prey.
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espacial e atividades do boto-cinza, Sotalia guianensis (van Bénédén, 1864) (Cetacea, Delphinidae) na
Baia do Pontal, Ilhéus, Bahia, Brasil. Biota Neotrop. 10(2): http://www.biotaneotropica.org.br/v10n2/pt/
abstract?article+bn01310022010.

Resumo: Analisamos a influéncia do hordrio, da maré e da profundidade de 4gua sobre a atividade e a distribuicio
espacial do boto-cinza Sotalia guianensis na Baia do Pontal, Ilhéus, Brasil. Observagdes diretas foram realizadas
de quatro pontos fixos de janeiro a dezembro de 2006. Botos-cinza foram avistados em 11 dos 12 meses de
observagdo e em 30% dos periodos de amostragem. O tamanho médio dos grupos foi de 3,75+ 1,59; (n=64) e
ndo variou significativamente em fun¢do do més (Kruskal-Wallis, H = 10,6729; p = 0,3836). Infantes e adultos
representaram respectivamente 18 e 82% dos individuos cuja idade foi determinada. Os botos-cinza foram mais
freqiientes em dreas com profundidade superior a 3 m do que esperado (regressdo GLM, z = 3,773; p = 0,0002).
Os animais foram mais observados entre 7 e 8 horas e entre 15 e 17 horas (X*=83,815; p<0.0001). A frequéncia
do boto-cinza na baia triplicou entre a quarta hora de maré enchente e a preamar e sua presenga se manteve alta
durante a maré de vazante (X*= 22,152; p = 0,02). A maré influenciou também a dire¢éo de forrageamento e
deslocamento dos botos-cinza, principalmente para o mar aberto durante o preamar e o fundo da bafa em outras
fases da maré. E necessario estudar a influéncia das caracteristicas hidrograficas da Baia do Pontal sobre a
distribuicdo spatio-temporal de S. guianensis e suas presas.

Palavras-chave: golfinho, comportamento espacial, hordrio, maré, profundidade, fauna estuarina.
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Introduction

The estuarine dolphin Sotalia guianensis (Van Bénéden 1864)
is present in a seemingly continuous distribution from the coast of
Nicaragua to the State of Santa Catarina in Southern Brazil (Flores
& Da Silva 2009). The species occurs mostly in bays and estuaries
but can also be found in open coastal areas (Flores & Da Silva 2009).
Due to its coastal habits, it is vulnerable to almost all human activities
(Flores & Da Silva 2009), particularly fishing and boat traffic (Reeves
et al. 2003). The International Union for the Conservation of Nature
(IUCN) considers the threat assessment of the genus Sotalia as “Data
Deficient” (Reeves et al. 2008), but a “near threatened” category
for Sotalia guianensis has recently been proposed (Rossi-Santos &
Reis 2008).

The structure and distribution of cetacean groups have been related
to a variety of environmental factors, such as surface temperature,
water salinity (Selzer & Payne 1988), water depth (Edwards & Schnell
2001, Simao & Poletto 2002, Flores & Bazzalo 2004, Azevedo
et al. 2007), change in depth (Hui 1985) and tidal variation (Mendes
et al. 2002). The estuarine dolphin uses areas with steep seafloor
relief intensely, allowing it to trap fish schools and reduce energy
expenditure during foraging (Monteiro-Filho 1995, Cremer 2000,
Bonin 2001, Lodi 2003a). Seafloor relief and substratum can affect
prey distribution and are important factors in the choice of foraging
places within a bay or estuary (Lodi 2003a). Studies have corroborated
that many environmental variables that have been identified for other
cetacean species, such as tide state (Aradjo et al. 2003), water depth
(Geise et al. 1999, Lodi 2003a, Domit 2006) and water temperature
(Daura-Jorge et al. 2004, Rossi-Santos 2006), can also influence the
occurrence and habitat use of S. guianensis.

Some preliminary studies carried out in Pontal Bay (Ilhéus,
Brazil) have shown that estuarine dolphins regularly frequent the area
in groups usually consisting of 3 to 4 individuals (Batista 2001, Santos
2001). This study analyzes the occurrence of S. guianensis in Pontal
Bay in relation to tidal movement, water depth and time of day.

Material and Methods

The Cachoeira, Fundio and Santana rivers form an estuarine system
popularly known in its low part as Pontal Bay (14° 48’ S and 39° 02’ W),
located in the municipality of I1héus on the southern coast of Bahia,
Brazil. The estuary is silty, with mangroves and some sand banks at
the position of the lower alluvial terrace (Nacif et al., 2003). The local
climate is Af (tropical rain forest) according to the Kdppen classification
scheme. The upper part of the estuary presents high concentrations of
phosphorus, dissolved oxygen and fecal coliforms (Fidelman 2005) as
well as high concentrations of inorganic nutrients in Pontal Bay (Silva
2007, Ecaetal., 2008). Pontal Bay is 40 km?, and the water depth varies
from 1-17 m, according to the DHN 1201 nautical chart.

Behavioral and environmental data collection was carried out
from January to December of 2006. Each sampling session was
conducted during alternate periods, i.e., from 6:00 to 10:00 AM,
10:00 AM to 2:00 PM or 2:00 to 6:00 PM. Observations were carried
out sequentially or simultaneously (see below) from four fixed points
(A, B, C, D), allowing visualization of most of the bay (Figure 1).
Each sampling period consisted of 16 successive instantaneous scan
samplings (Altmann 1974, Martin & Bateson 2007); four scans were
conducted every 15 minutes from the same point, and the interval
between the last scan of a point and the first scan of the following
point was 15 minutes.
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Figure 1. The study area in Pontal Bay, Ilhéus, Brazil and the four observation points A, B, C and D.
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From January to August of 2006, data were collected an average of
four times per week by an observer (U. A. dos Santos), passing through
the four fixed observation points (A, B, C and D or, alternatively, D,
C, B and A). From September to December of 2006, observations
were carried out twice a week by four trained observers (U. A. dos
Santos and three others) who were positioned at a fixed point for four
hours in order to record the occurrence of several groups in different
areas of the bay. For the purpose of the present study and to maintain
homogeneous data collection, only the first four scans by the observer
stationed in the first fixed point (A or D), the fifth to eighth scans by
the second observer (stationed in B or C), the ninth to the twelfth
scans by the third observer (stationed in C or B) and the thirteenth
to the sixteenth scans by the fourth observer (stationed in D or A)
were considered for analysis.

Each scan sampling consisted of registering the time, location,
composition in age classes of each observed group of estuarine
dolphins and the activity carried out by each individual. The location
of each group was plotted on the DHN 1201 (1:12500) nautical
chart. The area of observation was subdivided into 59 quadrants of
six-second squares (33,000 m?) to facilitate plotting. The limit of
each quadrant was easily identified using visual cues like buildings,
trees, or decks, minimizing the risk of error when localizing the
groups. The use of binoculars was rarely necessary to confirm the
location of a group.

The age class of each individual was visually estimated, taking into
consideration body size and coloration pattern (Simdes-Lopes 1988,
Da Silva & Best 1996, Randi et al. 2008); individuals were classified
as infants (with half to three fourths of the total length of an adult,
adults (with more than three fourths of the total length of an adult) or
undetermined (when it was not possible to define the age class). We
recorded when the animals were feeding or travelling (Bearzi 2005 for
definitions), in the direction of the entrance or back of the bay. Only
the first sighting of each group was considered in the analyses. For
each scan sampling, the number of hours from the last low tide and
the direction of flow were recorded, using the tide table of the Porto do
Malhado region, Ilhéus, published by the Hydrography and Navigation
Directory of the Brazilian Navy. Twelve tide states were defined: 0 to 6
during flood (0, from the time of low astronomic tide to one hour later,
to 6, beginning six hours after low tide to high tide) and 7 to 11 during
flood (7, from the time of high astronomic tide to one hour later, to 11,
beginning six hours after high tide to the next low tide).

A geographically referenced database of the study area was made
through the ESRI Arc Gis 9.3 program to investigate the relationships
between the frequency of sighted individuals and the average depth of
each quadrant. For this purpose, the bathymetric data of the nautical
chart was vectorized and interpolated, applying the TIN (Triangulated
Irregular Network) algorithm (Burrough & Mcdonnell 1998). The
average depth of each quadrant was then extracted to a database.
To analyze the use of the area, i.e., the number of individuals per
quadrant relative to water depth, a regression was carried out with
Poisson error through generalized linear models. Quadrants with
an average water column of less than 40 cm (n = 6) were excluded
from analysis. Individuals more than 100 m away were considered
as being part of different groups (adapted from Shane 1990, Mann
1999). The data regarding the number of individuals observed per scan
sampling according to time were homogenized: the average number
of individuals observed per hour was generated by 1,000 permutations
of 200 scans, and the average curve was adjusted, carrying out an
interpolation of Cubic Spline type. The same procedure was used to
analyze variations in the number of individuals observed by the tide
state. The permutation analyses were carried out using R version 2.7.1.
Chi-square and Kruskal-Wallis non-parametric tests were carried out
using Bioestat 5.0 software.

http://www.biotaneotropica.org.br/v10n2/en/abstract?article+bn01310022010

Results

The presence of estuarine dolphins in the bay was registered in
52 out of 181 sampling periods and in 88 out of 2,894 scan samplings.
The dolphins were sighted in every month except November. The
sighting probability of estuarine dolphins was higher in September
and October (Figure 2) than in other months.

A total of 64 groups ranging from 1 to 7 individuals (3.75 £ 1.59)
were sighted, totaling 240 estuarine dolphins, but the same individuals
may have been registered on different days. The monthly variation in
group size was not significant (Kruskal-Wallis, H=10.6729; g.1. = 10;
P =0.3836). Infants and adults represented 18 and 82%, respectively,
of the individuals whose ages were determined. Infants and adults
were identified every month. We were unable to determine the age
of 19% of the individuals.

A larger frequency of estuarine dolphins was found in deeper
areas (GLM regression with Poisson error: Depth = 1.46231 + 0.13043
(individuals); z = 3.773; p = 0.0002). Almost half of the sightings
(49.3%) occurred in quadrants with 3 to 6.79 m of mean depth which
only represented 32% of the available quadrants (Figure 3).

The number of estuarine dolphins recorded in the area varied
according to the time of day: animals were more frequently observed
between 7:00 and 8:00 AM and between 3 :00 and 5:00 PM
(X2 = 83.815; d.f. = 11; p < 0.0001). As the distribution of group
size was constant during the day, the larger frequencies of estuarine
dolphins registered in the morning and afternoon are due to a larger
number of groups frequenting the bay (Figure 4).

The estuarine dolphins frequented Pontal Bay in a heterogeneous
way relative to tidal state (X* = 22.152; g.1. = 11; p = 0.02). During
the first four hours of flood tide, the number of individuals decreased
gradually, before tripling between the fourth hour of flood and the
high tide. The number of individuals recorded remained high during
the ebb tide (Figure 5).

A total of 348 individual activity states were registered and
classified as travelling (49.7%) or feeding (50.3%). The tide
influenced the animals’ feeding and travelling direction. During the
first four hours of flood, the proportion of individuals performing any
of these activities toward the back of the bay increased gradually, from
18 to 83% (Figure 6). During the two following hours, this direction
was reversed and most of individuals (87.5%) were oriented to the
entrance of the bay during the high tide (state 6), mainly engaging in
feeding activity (69%). At the beginning of the ebb tide (state 7), 76%
of the individuals were swimming upstream, toward the back of the
bay. This proportion decreased gradually during the ebb tide.
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Figure 2. Monthly proportion of sampling periods with sighting of estuarine
dolphins at Pontal Bay, I1héus in 2006. Labels: number of sampling periods
with sightings/total number of sampling periods.

http://www.biotaneotropica.org.br



70

39°2'30"W

14° 48'30" S

Santos, U.A. et al.

39°2'0"W

Biota Neotrop., vol. 10, no. 2

39°1'30"W

° 1
O 10

O

Landforms
B Sand bank
O Land

O Beach rock

0.00

0.30

0.60 km

39°2'30"W

39°2'0"W

39° 130" W

0O 0.00-1.21

Bathymetry (m)

0 188-226 M@ 247-285 W 3.53-4.73 W 6.89-10.73
0D0121-188 @ 226-247 W 285-353 MW 473-6.89 MW 10.73-17.60

GLM regression with Poisson error: depth = 1.46231 + 0.13043 (individuals); z = 3.773; p = 0.0002

Figure 3. Number of estuarine dolphin sightings by quadrant at Pontal Bay, Ilhéus in 2006 (n = 335).
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Figure 4. Expected number of individuals under random conditions (dashed
line) and group size (dots) according to time at Pontal Bay, Ilhéus in 2006.
The frequencies of observed individuals are based on 1,000 re-samplings of

200 scan samplings.
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Figure 5. Number of observed individuals (dashed line) and group size (dots)
according to tide state (see text for explanation) at Pontal Bay, Ilhéus in 2006. The
frequencies of observed individuals are based on 1,000 re-samplings of 200 scan

samplings. The relative height of the tide is symbolized by the dotted line.
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Figure 6. Proportion of individuals swimming or foraging in the direction of
the back of the bay according to tide state (see text for explanation).

Discussion

Estuarine dolphins were observed in Pontal Bay in 30% of the
sampling periods, indicating the importance of this area for the
species. The animals were observed during the entire year except for
the month of November. This observation can be explained in part
by the relatively small sampling effort carried out from September
to December, but several authors have noted a drastic decrease in
the frequency of observation of estuarine dolphins in an adjacent
area (Assis 2008, Izidoro 2009). The animals were sighted more
frequently in September and October, but we cannot yet confirm if
this increase corresponds to a seasonal pattern. The seasonal pattern
of occurrence of estuarine dolphin has only been described for large
bays like Guanabara Bay, Rio de Janeiro, and the lagoon estuary of
Cananéia, Sao Paulo: Geise (1991) and Geise et al. (1999) observed
a high frequency of estuarine dolphins throughout the year, with
no seasonal pattern. Hayes (1999) recorded a higher frequency of
individuals in March at Iracema Beach in Ceard and related this
abundance to heavy rainfall and the large amounts of fish present in
the shallow waters of the area. In Pernambuco, Aratjo et al. (2007)
observed a decrease in the number of individuals sighted with an
increase in monthly precipitation. However, the frequency of sightings
of estuarine dolphins was not related to precipitation intensity at
Pontal Bay (Santos 2007). The presence of infants was observed
during the entire year at Pontal Bay, as seen for other estuarine dolphin
populations (Cremer 2000, Di Beneditto et al. 2001, Aradjo et al.
2003, Lodi 2003b, Azevedo et al. 2005, Daura-Jorge et al. 2005).

Estuarine dolphins were more frequently present in the channel of
Pontal Bay in areas greater than 3 m in depth. The use of such areas
can occur due to the abundance of fish and a topography facilitating
the capture of prey. The preferential use of estuaries and passages
where prey concentrate has also been identified in Tursiops truncatus
(Shane 1990, Ballance 1992) but an individual observed in a bay can
also frequent offshore waters according to local bathymetric and
oceanographic conditions (Bearzi 2005). Some authors have reported a
higher use of areas greater than 10 m in depth, where food abundance
is greater, for S. guianensis (Geise 1991, Cremer 2000, Simio &
Poletto 2002, Aratjo et al. 2007, Azevedo et al. 2007). In Sepetiba
Bay, Simdo & Poletto (2002) observed estuarine dolphins fishing in
waters between 3 and 30 m deep, with an average depth of 13 m, a
value close to the 12 m found in Guanabara Bay (Azevedo et al. 2007).
However, other populations use shallow areas more frequently, with
depths less than 1 m (Geise et al. 1999), 3 m (Edwards & Schnell
2001, Flores & Bazzalo 2004, Bazzalo et al. 2008) or 6 m (Lodi 2003a,

http://www.biotaneotropica.org.br/v10n2/en/abstract?article+bn01310022010

Rossi-Santos 2006). Water depth is not a factor that can sufficiently
explain the spatial distribution of the species. Habitat use is related
to topography conditions and bottom substratum (Monteiro-Filho
1991). For example, Lodi (2003a) observed the species near rocky
areas that are favorable for shoal enclosure, showing that estuarine
dolphins change their fishing behavior due to local geomorphologic
characteristics (Domit 2006).

According to Geise et al. (1999) and Lodi & Fiori (1987),
populations of several species of coastal dolphins use different parts
of their home range according to the time of day, and such variation
is related to the animals’ activity patterns. S. fluviatilis (Gervais and
Deville 1853) exhibit daily displacements, entering lakes in the morning
and exiting to rivers in the afternoon (Da Silva & Best 1996). At Pontal
Bay, the highest numbers of sightings of estuarine dolphins occurred
in the morning and at the end of the afternoon, confirming the findings
of a previous study in the same area (Santos 2001). Geise (1991) and
Garcia & Trujillo (2004) found similar results at Guanabara Bay and
Cispatd Bay, respectively, which is notable considering that these bays
are deeper and larger than Pontal Bay. Geise et al. (1999) observed
that most entrances of estuarine dolphins in the Cananéia estuary
occurred by 10:00 AM, while Hayes (1999) and Aratjo et al. (2003)
registered larger abundances in the morning at Iracema Beach and
Golfinhos Bay, respectively. At Pontal Bay, the frequency of sightings
of estuarine dolphins and the direction of their displacement is related
to tidal movements; the animals are more frequently observed in the bay
during the ebb tide and move mainly upstream during this time. Such
adisplacement pattern can be associated with a fishing strategy. Fewer
chases (Aratjo et al. 2003) and reduced foraging activity (Guilherme-
Silveira 2006) were observed during high tide at Golfinhos Bay, Rio
Grande do Norte, suggesting that low water depths may facilitate prey
capture. Oliveira et al. (1995) and Hayes (1999) also observed more
individuals during the ebb and low tide in the shallow foraging area
of Iracema Beach. However, more estuarine dolphins were sighted
during the flood tide at Caravelas River estuary, Bahia, which was
accentuated during tides of high amplitude (Rossi-Santos 2006). The
author suggests an opportunistic exploration of the direction and speed
of the tide by estuarine dolphins to forage, enter and leave estuaries.
Aratjo etal. (2007) found no significant differences between the relative
frequencies of foraging events during flood and ebb tides in four port
areas of Pernambuco. At Pontal Bay, the displacement direction of
most individuals follows the tidal movement: an increased proportion
of individuals move toward the back of the bay during the flood, and
this proportion decreases during the ebb tide. This phenomenon has
also been verified for bottlenose dolphins (7ursiops truncatus, Montagu,
1821) in the strait estuarine channel of Kessock, Scotland (Mendes
et al. 2002), where dolphins were usually sighted in the proximity
of the tide intrusion front, the supposed place of fish concentration.
The authors suggest a joint influence of tide, estuary configuration
and estuary bathymetry to explain the concentration of cetaceans and
fishes in this location. Such a conjunction of factors could explain the
sometimes contradictory results found by studies that analyzed the
influence of tidal state on the foraging activity and displacement of
estuarine dolphins along the Brazilian coast, since the estuaries present
heterogeneous hydrogeographical configurations.

Estuarine dolphins frequent Pontal Bay during most of the year,
primarily for feeding purposes. According to our results, animal
location and displacement are influenced by water depth, time and
flow direction. The potential interaction between these variables
must be further investigated. Other factors, such as the influence of
hydrographic characteristics on space-temporary distribution of preys,
variations in tidal range and fresh water flows from rivers, should be
analyzed to better understand their influences on the use of Pontal
Bay by estuarine dolphins.
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