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Summary: In this study we describe how franciscana and Guiana dolphin habitat use is influenced by tidal cycles and 
seasonality in Babitonga Bay. The franciscanas use a greater area in winter and a smaller area in summer, but the extent of 
the area used did not vary with the tide. Guiana dolphins did not change the extent of the area used within seasons or tides. 
Franciscanas remained closer to the mouth of the bay and the islands during ebb tide, moving to the inner bay areas and 
closer to the mainland coast during flood tide. Guiana dolphin used areas closer to the mainland coast during the flood tide. 
Guiana dolphin patterns of movement do not seem to be related to the tidal current. Franciscanas used sandier areas while 
Guiana dolphins preferred muddy areas, with some seasonal variation. We suggest that these dolphins modify their distribu-
tions based on habitat accessibility and prey availability. This study enhances our knowledge of critical habitat characteristics 
for franciscana and Guiana dolphins, and these factors should be considered when planning local human activities targeting 
species conservation. 

Keywords: tide cycles; survey method; franciscana dolphin; Guiana dolphin; critical habitat; Babitonga Bay; SW Atlantic 
Ocean. 

Influencia de las mareas y las estaciones en el uso de hábitat de delfines en un estuario del sur de Brasil

Resumen: En este estudio describimos como el uso del hábitat del delfín franciscana y delfín costero es influenciado por los 
ciclos de mareas y las estaciones en la bahía Babitonga. Las franciscanas utilizan áreas mayores en invierno y menores en 
verano, pero el tamaño del área utilizada no varió con las mareas. El área de uso del delfín costero no varió entre estaciones ni 
con las mareas. Las franciscanas permanecieron más próximas a la boca de la bahía e islas durante la marea baja, moviéndose 
hacia áreas más internas cercanas al margen del continente durante la marea alta. Del mismo modo, el delfín costero utilizó 
áreas cercanas al margen del continente durante la marea alta. Los patrones de movimiento del delfín costero no presentaron 
relación con las corrientes de marea. Las franciscanas utilizaron áreas con más arena mientras que los delfines costeros pre-
firieron áreas lodosas; esta preferencia varió estacionalmente para ambas especies. Sugerimos que estos delfines modifican 
su distribución en base a la accesibilidad del hábitat y la disponibilidad de presas. Este estudio aumenta nuestro conocimiento 
sobre las características del hábitat crítico para la franciscana y el delfín costero, y estos factores deben ser considerados en 
la planificación de las actividades humanas locales orientadas a la conservación de estas especies.

Palabras clave: ciclos de mareas; método de barrido; delfín franciscana; delfín costero; hábitat crítico; bahía Babitonga; 
Océano Atlántico SO.
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INTRODUCTION 
 
Estuaries are particularly influenced by tidal cycles, 

which include periodic variations in depth, direction, 
current speed, salinity, temperature and availability of 
flooded areas (McLusky and Elliott 2004). Fish and crus-
taceans often modify their distributions and behaviours 
in response to variation in these environmental factors 
(Reis-Filho et al. 2011). These tidal migrations involve 
the movement of large numbers of species between loca-
tions synchronously with the tidal cycle (Gibson 2003). 
Top predators should be able to take advantage of these 
temporal changes in the aquatic environment to optimize 
the capture of prey (Lin et al. 2013). 

Identification of patterns of habitat use is key to 
our understanding of many ecological aspects of spe-
cies biology, such as population trends and social 
dynamics (Krebs 2008). This knowledge is crucial for 
creating strategies that may minimize or mitigate hu-
man impacts upon natural environments (Hastie et al. 
2004). Several studies have recognized the influence 
of tide on cetacean species distributions, behaviour 
and habitat use (e.g. Shane 1990, Bordino 2002), but 
few studies have specifically aimed to describe these 
effects in detail (e.g. Mendes et al. 2002, Fury and Har-
rison 2011, Lin et al. 2013). Hypotheses from optimal 
foraging theory (Perry and Pianka 1997) suggest that 
dolphins have lower spatial requirements in terms of 
area used when resource availability is higher. 

The franciscana dolphin, Pontoporia blainvillei 
(Gervais and d’Orbigny 1844), occurs in the coastal 
waters of eastern South America between the Brazil-
ian state of Espírito Santo (18°25’S) and the Argentine 
province of Chubut (42°35’S) (Siciliano 1994, Crespo 
et al. 1998). They are the most threatened small ceta-
cean in the southwest Atlantic Ocean. They are classi-
fied as “critically endangered” in Brazil (MMA 2014) 
and “vulnerable” on the IUCN Red List of Threatened 
Species (Reeves et al. 2012), and are on the List of 
Species Threatened with Extinction in Santa Catarina 
(CONSEMA 2011). There is some evidence that the 
influence of tidal cycles on species movement patterns 
are driven by trophic factors (Bordino 2002). The high-
est frequency of franciscana feeding behaviour in An-
egada Bay, Argentina, has been observed at high tide 
(Bordino et al. 1999). However, knowledge of the be-
havioural ecology of the species is still limited because 
observation in its natural environment is difficult due 
to its small body size, discreet behaviour and cryptic 
colouration (Cremer and Simões-Lopes 2008). 

The Guiana dolphin, Sotalia guianensis (Van 
Bénéden 1864), is strongly associated with estuarine 
environments, protected bays and river mouths (Boro-
bia et al. 1991). It is distributed along the tropical and 
subtropical coasts of South and Central America, from 
Nicaragua to Florianopolis, Santa Catarina, southern 
Brazil (Simões-Lopes 1988, Carr and Bonde 2000). 
The IUCN classifies this species as “poorly known” 
due to lack of population studies and information on 
threats to populations (Secchi 2012). It is classified as 
“vulnerable” in Brazil (MMA 2014) and “endangered” 
in Santa Catarina state (CONSEMA 2011), where there 

are only two stocks (Babitonga Bay: Cremer et al. 2011 
and North Bay: Simões-Lopes 1988). Guiana dolphins 
seem to exhibit strong site fidelity, and tend not to move 
very far from population habitat areas (Wedekin et al. 
2007, Hardt et al. 2010). In open coastal environments, 
Araújo et al. (2007) found no significant effects of tidal 
cycles on area utilization or variation in behaviour of 
the Guiana dolphin, while Azevedo et al. (2007) did 
find tidal effects in an estuarine environment. 

Babitonga Bay is the only location in the world 
with resident sympatric populations of franciscana 
and Guiana dolphins throughout the year (Cremer 
and Simões-Lopes 2008, Hardt et al. 2010). Previous 
studies found heterogeneous distributions with spatial 
overlap between species, and estimated site abundanc-
es of about 50 franciscanas and 200 Guiana dolphins 
(Cremer and Simões-Lopes 2008, Cremer et al. 2011). 
However, the future of these cetacean populations and 
ecosystem function as a whole may be compromised 
due to increasing human impacts, such as dumping of 
domestic and industrial effluents, intense urbanization 
of the cities that surround the bay, and new harbour 
enterprises in the region (Cremer 2007, Paitach 2015). 
This study sought to understand the factors that influ-
ence habitat use in these species, and may serve as a 
guide for planning human activities in Babitonga Bay. 

 
MATERIALS AND METHODS 

 
Study area 

Babitonga Bay (26°02′-26°28′S and 48°28′-
48°50′W) has an area of approximately 160 km2 in 
Santa Catarina state in southern Brazil (Fig. 1). Its river 
basin covers an area of 1560 km2 and extends through-
out six municipalities. The bay area has 83 islands as 
well as ledges and tidal flats, and receives input from 
several rivers. The bay is considered an estuary with 
homogeneous physicochemical conditions, so there are 
no significant variations in salinity and temperature 
on a spatial scale. These variables are mainly affected 
on time scales due to tidal conditions (salinity) and 
seasons (temperature) (IBAMA 1998). The area has a 
semidiurnal regime of micro-tides, i.e. two daily, well-
defined cycles of ebb and flow during spring tides, with 
tide reaching a maximum amplitude of 2.3 m. There is 
a dominance of flood tide, with amplification in the in-
nermost areas through effects of narrowing in the main 
channel (Truccolo and Schettini 1999). The main chan-
nel in the northeast direction is approximately 3.8 km 
wide, with depths up to 28 m, and this channel is the 
only connection to the open sea. 

 
Data collection 

 
Sampling was carried out from February 2004 to 

August 2014 (154 days), following an adapted survey 
method (from Mann 1999) that aims to get a “picture” 
of the distribution of populations by covering the entire 
study area homogeneously in the shortest time possi-
ble. Two preestablished routes were covered by boat 
with varying frequencies over the years. From 2004 to 
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2009, between one and four monthly surveys were con-
ducted, and the routes were followed in sequence. We 
did not survey the area in 2010. Beginning in March 
2011, surveys were performed at least bi-weekly, with 
the two routes taken simultaneously. During the sur-
veys the boat remained at a constant speed of approxi-
mately 20 km h–1. No surveys were carried out if sea 
conditions were above 1 on the Beaufort scale and if 
the conditions become inadequate throughout a survey, 
the circuit was interrupted and the data collected were 
considered.

Groups of dolphins were searched for visually, 
sometimes using Bushnell 7×50 binoculars. When 
dolphins were sighted, the time, geographical position 
and number of individuals were recorded. We identi-
fied tidal conditions for each record using the tide ta-
bles published by the Directorate of Hydrography and 
Navigation of the Brazilian Navy for the port of São 
Francisco do Sul. The following tidal categories were 
adopted: early flood, late flood, early ebb and late ebb. 
Each tide period was divided in half due to the timing 
of tides, with the first half considered as ‘early’ and 
the second half considered as ‘late’ (for both flood and 
ebb tides). The total sampling effort was 419 h. The 
number of sampling hours in each tidal stage was as 
follows: 141 h in early flood; 113 h in late flood; 70 
h in early ebb; and 95 h in late ebb. The number of 
sampling hours in each season was as follows: 129 h in 
the autumn; 130 h in the winter; 75 h in the spring; and 
85 h in the summer.

Data analysis 
 
Different metrics were adopted to verify variation 

in habitat use by franciscana and Guiana dolphins in 
relation to tidal cycles and seasons. We first observed 
changes in the size of home range and core areas. The 
geographical positions of dolphin groups were record-

ed using a geographic information system. The areas 
were estimated using the fixed kernel method, which 
takes the intensity of use in the area into account (La-
ver 2005). We used the “Animal Movement Analyst” 
extension in ArcGIS 3.2 (Hooge and Eichenlaub 1997). 
The bandwidth of the areas was determined by the least 
squares cross-validation method (Powell 2000). Esti-
mating the area with 95% of the recorded geographical 
locations allowed us to estimate habitat use area (home 
range) excluding outliers, and considering the density 
of 50% of the records identified the core areas. The 
kernel method is optimized for analysis of individuals, 
but in this study we chose to use the method as a group 
approach, with the goal of highlighting general patterns 
(Ingram and Rogan 2002). The portions of areas that 
overlapped the land areas were excluded with the ‘clip 
tool’, so the areas were recalculated in ArcGIS 10.3. 

Records from each sampled year were grouped by 
season and tidal state and analysed separately. Only 
years with more than five groups of franciscana or 
Guiana dolphin records per season and tidal state were 
used. The data were tested for normality and homoge-
neity of variances, and an ANOVA was used to test 
for the effect of season (spring, summer, autumn and 
winter) and tidal state (early flood, late flood, early ebb 
and late ebb) on variation in the home range and core 
areas of franciscana and Guiana dolphins. The test was 
run with a confidence interval of 95% (Zar 1999). 

We then analysed depth, bottom substrate and Eu-
clidean distances from the islands, the mainland and 
the mouth of the bay for each dolphin group using Arc-
GIS 10.3. The distances of the islands and the main-
land were analysed separately because they represent 
different habitat features. While the islands are mostly 
surrounded by rocky headlands, the estuarine mainland 
is characterized by sandy-muddy beaches and man-
groves. The bottom substrate was rated according to 
Vieira et al. (2008) as one of the following types: sand, 
sand with mud, mud with sand, and mud. 

Pearson correlation results indicated that numerical 
environmental variables were not correlated (p>0.05). 
We used two-way ANOVA to test for effects of season 
and tidal state on variation in depth and distance from 
the islands, mainland and mouth of the bay, as well as 
interactions between main factors (tide and seasonal-
ity). We used ANOVA to test for effects even when the 
data barely met assumptions of normality and homoge-
neity of variances, but with a 99% confidence interval 
to minimize type I errors and increase the power of the 
analysis (Underwood 1981). We used a chi-square test 
with a 95% confidence interval to test for differences 
in bottom substrate used by dolphins between seasons 
and tidal states (Zar 1999). All statistical analyses were 
conducted in R version 3.2.3 (R Development Core 
Team 2014). 

 
RESULTS 

 
A total of 950 sightings were recorded, in which 

327 were groups of franciscanas and 623 were groups 
of Guiana dolphins, including groups that were counted 
more than once. No mixed species groups were found. 

Fig. 1. – Map of Babitonga Bay in southern Brazil. Dolphin survey 
routes are indicated with dotted lines. 
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Area use for franciscanas was higher in winter and 
lower in summer (F=3.776, P=0.03, Table 1), but did 
not change in relation to tidal cycles (F=0.079, P=0.97). 
The size of core area of franciscanas was not affected by 
the main factors analysed (season: F=1.847, P=0.176; 
tide: F=12:04, P=0.988). Guiana dolphin home range 
did not change with season (F=0.559, P=0.647) or tide 
(F=0.864, P=0.471). The core area of use was also not 
affected by these factors (stations: F=0.21, P=0.888; 
tide: F=0.222, P=0.88). 

At the end of ebb tide, franciscanas remained closer 
to the bay mouth and islands, environments dominated 
by rocky shore (Table 2). At the end of the flood tide, 

franciscanas shifted with the current in favour of inner 
areas of the bay and approached the edge of the conti-
nent; these environments are dominated by mangrove 
and muddy beaches. Franciscanas were closer to the 
bay mouth in the winters, and in the innermost bay 
areas in the summers (F=5.576, P<0.001). Area depth 
did not change in relation to tidal cycles (F=3.572, 
P=0.014) or seasonality (F=0.724, P=0538). The dis-
tance that the animals remained from the islands did 
not change due to season alone (F=7.713, P=0.003), 
but there were joint effects of season and tide (F=6.018, 
P<0.001). This significant interaction indicated that 
tide may influence franciscana habitat use differently 
between seasons. 

There were no differences in substrate use by fran-
ciscanas at different tidal stages (χ2=4.106, P=0662), but 
we did detect differences between seasons (χ²=17.995, 
P=0.006). In summer they predominantly used areas 
with sandy substrate (92%), and the species was not re-
corded in areas with only mud substrate (Fig. 2). 

The Guiana dolphin used areas closer to the con-
tinental shore during the flood tide in mangroves and 
sandy-muddy beaches, and moved away at the end 
of ebb tide (Table 3). The distance from the estuary 
mouth ranged between tidal states (F=6.283, P<0.001). 
However, we were not able to identify a pattern of 
movement in relation to the tidal current. The depth 
and distance from islands did not vary due to tidal 
cycles (depth: F=3.004, P=0.029; distance of islands: 
F=2.743, P=0.042) or seasonality (depth: F=2.944, 
P=0.032; distance of islands: F=2.562, P=0.053) alone. 

Table 1. – Mean and standard deviation (km2) of home range (95%) 
and core area (50%) of use for Pontoporia blainvillei and Sotalia 
guianensis in Babitonga Bay (February 2004 - August 2014). Es-
timation was by the fixed kernel method with least squares cross-
validation, and ANOVA testing for effects of tidal stage and season 

(*, significant values).

  Pontoporia blainvillei Sotalia guianensis
  Kernel 95% Kernel 50% Kernel 95% Kernel 50%

Early flood 15.1±10.1 3±2.2 50.4±15.2 8.8±4.4
Late flood 16.8±13.5 3.4±2.3 42.4±20.1 8.8±7.4
Early ebb 18.2±14.6 3.1±2.7 38.2±13.6 8.2±6.9
Late ebb 15.5±10.2 3.2±2.4 38.5±21.4 7.5±4.5
F tide 0.079 0.040 0.864 0.21
P tide 0.97 0.988 0.471 0.888
Autumn 17.1±13.1 3.6±4.4 46±15.1 9.3±4.9
Winter 24.3±14.3 5±3.2 42.8±16.9 7±3.6
Spring 12.6±6.5 3.2±2.8 41.1±17 7.5±5.4
Summer 6.3±6.8 1.4±1.7 37.3±21.5 9.1±9.4
F season 3.776 1.847 0.559 0.222
P season 0.030* 0.176 0.647 0.88

Table 2. – Mean and standard deviation (metres) of habitat use 
metrics for Pontoporia blainvillei in Babitonga Bay (February 2004 
- August 2014) with bi-factorial ANOVA results testing for effects 

of tidal stage and season (*, significant values).

  Average 
depth

Distance 
from islands

Distance 
from continent

Distance 
from mouth

Early flood 6.3±2.1 744±441 958±356 13085±1899
Late flood 5.8±2.1 885±469 895±280 13523±2039
Early ebb 5.6±2.1 813±486 1023±378 12744±2251
Late ebb 6.7±2.7 638±426 1119±360 11892±1858
F tide 3.572 7.713 6.191 9.562
P tide 0.014 0.003* <0.001* <0.001*
Autumn 6.2±2.2 812±481 987±333 13229±2070
Winter 6.2±2.5 828±508 1025±382 12209±2292
Spring 6.4±2.2 681±343 896±335 12999±1819
Summer 5.9±2.3 629±375 1039±341 13153±1515
F season 0.724 3.013 1.287 5.576
P season 0.538 0.03 0.278 <0.001*
F (tide×season) 1.601 6.018 2.315 1.014
P (tide×season) 0.113 <0.001* 0.015 0.428

Fig. 2. – Variation in bottom substrate of the areas used by Pontoporia blainvillei per season in Babitonga Bay (February 2004 - August 2014).

Table 3. – Mean and standard deviation (m) of habitat use metrics 
for Sotalia guianensis in Babitonga Bay (February 2004 - August 
2014) with bi-factorial ANOVA results testing for effects of tidal 

stage and season (*, significant values).

  Average 
depth

Distance 
from islands

Distance from 
continent

Distance 
from mouth

Early flood 5.3±3.1 903±592 1303±606 12678±2735
Late flood 5.4±2.9 1039±650 1303±574 12362±2622
Early ebb 4.4±2.4 1084±598 1318±623 13703±2578
Late ebb 4.9±2.6 954±610 1521±599 12308±2290
F (tide) 3.004 2.743 4.636 6.283
P (tide) 0.029 0.042 0.003* <0.001*
Autumn 5.3±2.6 1008±579 1332±569 12693±2551
Winter 5.3±3 991±605 1304±584 12368±2619
Spring 5±3.1 828±648 1350±651 12624±2657
Summer 4.5±2.5 1047±644 1473±635 13153±2690
F (season) 2.944 2.562 1.956 2.507
P (season) 0.032 0.053 0.119 0.058
F (tide×season) 1.296 2.472 2.577 2.125
P (tide×season) 0.235 0.008* 0.006* 0.025
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But when the joint effect of tide and season was consid-
ered, there was variation in the distance to the islands 
(F=2.472, P=0.008) and continental shores (F=2.577, 
P=0.006). This finding shows that, as in the francis-
cana, tide can influence the habitat use of the Guiana 
dolphin differently between seasons. 

As in the franciscanas, the bottom substrate type 
used by Guiana dolphins did not differ with the tidal 
cycle (χ2=10.651, P=0.300). There was seasonal 
variation in substrate use (χ2=39.727, P<0.001), with 
Guiana dolphins predominantly using sand in winter 
(56%) and mud with sand in the spring (55%) (Fig. 3). 

 
DISCUSSION 

 
The habitat use patterns of franciscana and Guiana 

dolphins in Babitonga Bay varied seasonally and by 
daily tidal cycles, but in different ways. We suggest 
that the observed results probably reflect the avail-
ability of prey for the dolphins. Several studies relate 
distribution, habitat use and behaviour of cetaceans 
with physical environmental parameters (e.g. Ingram 
and Rogan 2002, Azevedo et al. 2007). However, stud-
ies are unanimous in recognizing that these are indirect 
measures because they primarily influence the distribu-
tion of prey, which consequently affects the spatial and 
behavioural patterns of predators (Hastie et al. 2004). 
In a study by Ijsseldijk et al. (2015), the authors evalu-
ated the influence of different tidal covariates such as 
salinity and temperature on habitat use by Phocoena 
phocoena. Salinity was identified as the most important 
factor, but according to the authors this is an indirect 
measure because it is tidal patterns that cause variation 
in salinity (Ijsseldijk et al. 2015). 

The effects of the tide on dolphin spatial patterns 
are extremely variable. In Hong Kong, for example, 
Souza chinensis is mostly seen during low tide (Par-
sons 1998), while in the Moray Firth, Scotland, Tur-
siops truncatus sightings are most common during the 
flood tide (Mendes et al. 2002). The latter is similar in 
behaviour to T. aduncus in the estuaries of the Clarence 
and Richmond rivers in Australia, where dolphins are 
also sighted more frequently in flood tide (Fury and 
Harrison 2011). 

Using methods of acoustic detection, Lin et al. 
(2013) found that S. chinensis are more often found 
at the entrance of the Xin Huwei estuary in Taiwan at 
high tide, while in Lundy Island, 19 km from the coast 
of England, most acoustic detection of P. phocoena 

occurred during the ebb tide (Squires et al. 2014). In 
southwest Britain, the foraging behaviour of P. phoc-
oena is more common at the peak of high tide (Good-
win 2008), while in a nearby shallow coastal area of 
Cardigan Bay, United Kingdom, foraging is related to 
the flood period (De Boer et al. 2014). Different popu-
lations of the same species may even have different 
habitat use patterns in relation to tidal cycles (e.g. Par-
sons 1998, Lin et al. 2013). Thus, it is possible that the 
characteristics of each habitat determine how the tidal 
cycles influence the environment and, consequently, 
how dolphins use the habitat (Lin et al. 2013). 

The franciscanas used larger areas in winter and 
smaller areas in summer. This pattern corresponds to 
the hypothesis that individuals should be more dis-
persed when prey availability is lower, and fish abun-
dance in estuaries tends to be higher in warmer seasons 
due to juvenile recruitment (Gratwicke and Speight 
2005). This correlation between distribution and food 
availability was also verified in a seasonal analysis 
by Cremer (2007) with the same population of fran-
ciscanas. The Guiana dolphins, on the other hand, did 
not demonstrate these patterns. In North Bay, Daura-
Jorge et al. (2004) observed that the Guiana dolphins 
tend to move more in the winter. On the coast of São 
Paulo, Louzada (2014) did not observe behavioural 
differences of the Guiana dolphins throughout the year, 
although diet and food availability varied seasonally. 

The estuarine fish fauna is strongly influenced by 
tidal cycles (Reis-Filho et al. 2011). At low tide there is 
a decrease in habitat and increased population density 
of fish (the main prey of dolphins), and this increase 
in resource availability may result in a lower spatial 
requirement for the predators (Reis-Filho et al. 2011). 
Contrary to this expectation, we found no differences in 
area of use of Babitonga Bay franciscanas and Guiana 
dolphins between tidal cycles. However, it is possible 
that tidal cycle may influence the accessibility of prey 
in different ways, affecting other aspects of habitat use 
of the dolphins. 

Franciscanas approached the islands at the end of 
ebb tide, while Guiana dolphins were affected by tidal 
conditions differently between seasons. The central 
region of Babitonga Bay has the greatest concentration 
of islands and a strong convergence of currents, caus-
ing an accumulation of nutrients. This attracts fish and 
leads this area to be the primary zone of occurrence 
for franciscanas and Guiana dolphins (Cremer and 
Simões-Lopes 2008, Cremer et al. 2011). Moreover, 

Fig. 3. – Variation in bottom substrate of the areas used by Sotalia guianensis per season in Babitonga Bay (February 2004 - August 2014).
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the islands may act as a natural barrier aiding dolphin 
hunting, since rocks are a favourable feature for group-
ing and capturing shoals. The fact that the Guiana 
dolphin approaches the islands in different tidal condi-
tions throughout the seasons may also be a strategy to 
capture seasonally occurring prey species. The slope 
of some areas can also function as a barrier and can 
be an important variable for many species (e.g. Ingram 
and Rogan 2002). In North Bay, the estuarine dolphin 
showed a clear preference for areas with the greatest 
slope (Wedekin et al. 2010). Although this variable 
was not considered in this study, we note that the slope 
is not very steep in Babitonga Bay but tends to be 
stronger near the islands (Vieira et al. 2008). 

Guiana and franciscana dolphins used areas closer 
to the continental shore at the end of the flood tide. This 
is the period when tidal flats overflow, causing the fish 
to migrate to these important feeding areas (Reis-Filho 
et al. 2011). Dolphins may use these areas opportunis-
tically, as fish are more vulnerable to predation in these 
locations (Reis-Filho et al. 2011). The use of shallow 
areas as a strategy to maximize fish capture has already 
been observed for Guiana dolphins (Souto 2006). In 
this study, Guiana dolphins moved towards the shore 
mainly in the flood tide, and more intensely in winter. 
This behaviour may be due to mullet predation (Mugi-
lidae). These fish have pelagic habits and move in and 
out of estuaries, staying close to intertidal areas which 
are their feeding sites (Harrison 2002). The Mugil ge-
nus is the most important for the Guiana dolphin diet 
in Babitonga Bay (Paitach 2015). Similarly, Scott et al. 
(1990) observed that bottlenose dolphins (T. truncatus) 
in Florida follow the movement of Mugil cephalus (an 
important prey species) towards shallow water at high 
tide, returning to deeper waters at low tide. 

Franciscanas moved towards the mouth of the bay 
during ebb tide and in the opposite direction during 
flood tide, following the flow of current. This is similar 
to what occurs in the Anegada Bay (Bordino 2002). 
Movements in favour of the current may be associated 
with mechanical drag, resulting in greater travel speed 
and lower energy consumption (Bordino 2002). This 
movement may also be related to hunting strategies 
(Shane 1990). On the other hand, the Guiana dolphins 
did not show a well-defined pattern in relation to the 
tidal currents, using inner areas in the early ebb stage 
and remaining near the mouth of the bay in the late 
flood stage. A similar pattern was observed for Guiana 
dolphins in Pontal Bay in Bahia, Brazil, where they 
moved towards the bay mouth during flood tide (San-
tos et al. 2010). Although the counter-current foraging 
strategy has already been described for T. truncatus 
(Shane 1990), apparently movement following the di-
rection of the current is most common (e.g. Bordino 
2002, Mendes et al. 2002, Fury and Harrison 2011). 

The franciscanas mainly used areas with a sandy 
bottom, while the Guiana dolphins used areas with 
mud more frequently. The franciscana is a species 
that occurs mainly in the coastal region, outside bays, 
where the sand substrate is predominant, and the Ba-
bitonga Bay franciscana population is the only known 
species that resides year-round in estuarine environ-

ment (Cremer and Simões-Lopes 2008). The Guiana 
dolphin is strongly associated with estuarine environ-
ments in southeastern and southern Brazil (Borobia et 
al. 1991), and prefers areas with mud substrate (Lodi 
2003). Both species vary in use of areas seasonally in 
association with bottom substrate. This probably oc-
curs due to changes in the composition and abundance 
of the prey community throughout the year (Gratwicke 
and Speight 2005). 

Twenty-one teleosts were identified in the diet of 
Babitonga Bay franciscanas, and 28 in Guiana dol-
phins (Cremer et al. 2012, Paitach 2015). The Cangoá, 
Stellifer rastrifer (Sciaenidae), was the prey of great-
est importance in the franciscana diet, particularly in 
subadults (Paitach 2015). This is a benthopelagic spe-
cies, remaining in the water column near the bottom 
and mainly associated with sandy or muddy substrate 
(Andrade-Tubino et al. 2008). Although Mugil curema 
(Mugilidae) was the most important species in the Gui-
ana dolphin diet, there is a degree of seasonal variation 
in diet, and in cold months (autumn and winter) the 
Cangoá becomes important (Paitach 2015). Citharich-
thys spilopterus (Paralichthyidae) was the prey species 
of greatest importance for subadult Guiana dolphins 
(Paitach 2015), which are strongly associated with 
muddy substrate (Robins and Ray 1986). 

Acoustic monitoring can be an important tool for 
understanding patterns of habitat use for dolphins and 
their prey in waters with poor visibility, such as estuar-
ies (Mellinger et al. 2007). Several fish species become 
more active at night, and dolphins may use the habitat 
differently over nictemeral cycles. Acoustic monitor-
ing is the only method allowing such observations, as 
it is not possible to visually monitor the dolphins over-
night (Lin et al. 2013). 

The most effective measures for dolphin conserva-
tion will probably involve ecological approaches that 
consider the factors influencing species habitat choices 
and predator-prey dynamics (Dunning et al. 2006). 
Our results provide novel information on patterns of 
habitat use by franciscana and Guiana dolphins in as-
sociation with tidal cycles and seasonality in Babitonga 
Bay. We conclude that these dolphins probably adapt 
their distributions based on habitat accessibility and 
availability of prey, and suggest the implementation 
of conservation measures that take these factors into 
consideration. 
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