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Abstract

The aim of the present study was to describe the characteristics of Guiana dolphins (S. guianensis) group size and
composition in the Paranagud Estuarine Complex (25° 15°-25° 36’ S and 48° 02’-48° 45° W), Paran4 State, as well as
to verify the existence of relationships between a given environmental variable (water depth, salinity, transparency and
temperature) and group size. An area of around 124 km? was surveyed by boat from April 2006 to February 2008 in
the following subsets of the estuary: Canal do Superagui (~28 km?), Pinheiros bay (~34 km?), part of Laranjeiras bay,
which included the Guaraquegaba sub-estuary (~38 km?), and part of the Mixture Section of the Paranagud Estuarine
Complex (~24 km?). In 45 survey days, a total of 147 hours were spent observing 286 groups of S. guianensis. Groups
varied from two individuals to aggregations of up to 90 individuals (mean £ SD: 11.5 £ 14.4 individuals). Solitary in-
dividuals were seen only on five occasions (1.7% of all observations). Groups with calves (n = 247) represented 86.4%
overall and were more common in all sub-areas when compared to groups without calves. Groups without calves were
found in all sub-areas and were usually smaller and composed of up to 12 individuals. A usual group composition of
70% of adults and 30% of calves was observed considering all sub-areas and seasons. No correlations were found
between group size and water temperature (Spearman’s rank test, r = 0.0059, p = 0.9338), transparency (Spearman’s
rank test, r = 0.0597, p = 0.9333), depth (Spearman’s rank test, r = 0.1421, p = 0.4698), and salinity (Spearman’s rank
test, r = —0.1938, p = 0.0665). While Guiana dolphin groups were seen in the entire surveyed area, group size varied
significantly among the three main surveyed sub-areas (Kruskal Wallis, H, , =29.85, p =0.0000). Groups were larger
in Laranjeiras bay and smaller in Canal do Superagui. The physical environment, risk of predation, seasonal distribu-
tion and abundance of prey are the main possible factors driving larger groups in inner and protected waters.

Keywords: Cetacea, Sotalia guianensis, group size, Guiana dolphin.

Tamanho e composicao de grupos do boto-cinza (Sotalia guianensis)
(Van Béneden, 1864) no Complexo Estuarino de Paranagua, Brasil

Resumo

O objetivo do presente estudo foi descrever as caracteristicas do tamanho e da composi¢do de grupos do boto-cinza
(S. guianensis) no Complexo Estuarino de Paranagud (25° 15°-25° 36’ S and 48° 02°-48° 45° O), Estado do Paran,
assim como de verificar a possivel existéncia de relagdes entre uma dada varidvel ambiental (profundidade, salinida-
de, transparéncia e temperatura da dgua) e o tamanho de grupo. Uma drea de aproximadamente 124 km? foi inves-
tigada com uso de barco a motor entre abril de 2006 e fevereiro de 2008 nas seguintes sub-dreas do estudrio: Canal
do Superagui (~28 km?), bafa dos Pinheiros (~34 km?), parte da bafa das Laranjeiras que incluiu o sub-estudrio de
Guaraquecaba (~38 km?), e parte da Se¢do de Mistura do Complexo Estuarino de Paranagud (~24 km?). Em 45 dias
de investiga¢do, um total de 147 horas foi empregado na observagdo de 286 grupos de S. guianensis. Numericamente
os grupos variaram entre dois e 90 individuos (média = DP: 11,5 + 14,4 individuos). Individuos solitdrios foram
observados em apenas cinco ocasides (1,7% de todas as observagdes). Grupos com filhotes (n = 247) representaram
86,4% de todos os observados e foram mais comuns em todas as sub-dreas quando comparados com grupos sem
filhotes. Grupos sem filhotes foram geralmente compostos por até 12 individuos e encontrados em todas as sub-
dreas. Uma comum composicio de grupo de cerca de 70% de adultos e 30% de filhotes foi observada considerando
todas as sub-dreas e estacdes do ano. Nao foram apontados correlagdes entre o tamanho de grupo e a temperatura
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(Teste de Rank de Spearman, r = 0,0059; p = 0,9338), a transparéncia (Teste de Rank de Spearman, r = 0,0597;
p = 0,9333), a profundidade (Teste de Rank de Spearman, r = 0,1421; p = 0,4698), e a salinidade da dgua (Teste de
Rank de Spearman, r = —0,1938; p = 0,0665). Enquanto grupos de botos-cinza foram observados ao largo de todo o

estudrio, seus tamanhos variaram significativamente entre a trés sub-dreas principais (Kruskal Wallis, H

=29,85;

2,196

p = 0,0000). Grupos foram maiores na bafa das Laranjeiras e menores no Canal do Superagui. A topografia, o risco de
predacdo, a distribuicdo sazonal e a abundéancia de presas sdo apontadas como os principais fatores que favoreceram
a formagdo de maiores tamanhos de grupos em dguas mais internas e protegidas.

Palavras-chave: Cetacea, Sotalia guianensis, tamanho de grupo, Boto-cinza.

1. Introduction

Group size in small cetaceans can be dictated by
many factors such as predation risk, abundance and dis-
tribution of prey, physical environment, reproduction,
and cetacean abundance (Connor, 2000; Heithaus, 2001;
Gygax, 2002). It is known that small-sized dolphins in
open waters seem to be more vulnerable to predators and
tend to form larger aggregations for their own protection,
as well as to find patchy food resources in a vast area
(Norris and Dohl, 1980; Wells et al., 1987; Gygax, 2002).
On the other hand, there is a tendency to find smaller ag-
gregations of dolphins in inner protected waters (Wiirsig,
1986; Gygax, 2002). Small cetaceans organised in fis-
sion-fusion societies tend to select their habitat and
group size based on ecological conditions and their cur-
rent activity, which includes reproductive and foraging
purposes (Heithaus, 2001). As a consequence, in order
to understand the dynamics about the use of the area of
dolphin populations, it is important to gather information
on the characteristics of their associations, as well as on
the habitat in which they are found.

Along the Brazilian coast, Guiana dolphins Sotalia
guianensis (Van Béneden, 1864) represent the main tar-
get for cetacean ecological studies in their habitat. This
species can only be found in coastal and estuarine wa-
ters of the Western South Atlantic, from southern Brazil
to Honduras (Flores, 2002). In the last 15 years, when
several populations have been surveyed through photo-
identification, the knowledge on the species ecology has
been considerably upgraded (see Flores, 1999; Santos
et al., 2001; Azevedo et al., 2004; Flores and Bazallo,
2004; Azevedo et al., 2005; Flores and Fontoura, 2006;
Azevedo et al., 2007; Santos and Rosso, 2007; 2008).
However, even after the quoted progress, the biology and
the conservation status of S. guianensis remain poorly
understood. As a result, the species is still listed as “data
deficient” by the World Conservation Union (Reeves
et al., 2003; IUCN, 2006).

One of the best-known populations of S. guianensis
dwells in the northern range of the Lagamar estuary
(~24-25° S), southeastern Brazil. The latter includes in-
shore waters from Iguape (24° 36’ S and 47° 23° W), Sao
Paulo State, to Pontal do Sul (25° 36’ S and 48° 25’ W),
Parana State. Large mangrove forests and salt marshes
surround the whole estuary, which is characterised by

muddy bottom, shallow (up to 27 m) and relatively tur-
bid waters with high concentrations of nutrients, zoo-
plankton, shrimp, and fish found year-round (Besnard,
1950; Sinque et al., 1982; Brandini, 1985; Corréa, 1987;
Knoppers et al., 1987; Schaeffer-Novelli et al., 1990;
Mendonca and Katsuragawa, 1997; Corréa, 2000).
Due to their ecological importance, several areas of the
Lagamar estuary were designated as protected reserves in
the 1980s (see Schaeffer-Novelli et al., 1990; IPARDES,
2001), and further studies on ecology are still necessary
to reinforce the needs for nature conservation.

In its northern range, specifically around the
Cananéia island (~25° 00’ S and 47° 50° W) and adja-
cent areas, S. guianensis has been the focus of several
studies since thel990s, including behaviour (Santos
et al., 2000), feeding habits (Santos et al., 2002), age es-
timation (Santos et al., 2003), contaminant loads (Yogui
et al., 2003), acoustics (Pivari and Rosso, 2005), group
size and composition (Santos and Rosso, 2007), and so-
cial organization (Santos and Rosso, 2008). In a three-
year survey in the mentioned estuary, Santos and Rosso
(2007) showed that S. guianensis group size ranged from
2 to 60 individuals (mean + SD = 12.4 £ 11.4 individu-
als). Associations among Guiana dolphins were fluid,
showing strong evidence of a fission-fusion social or-
ganisation (Santos and Rosso, 2008). S. guianensis is
also found in the southern range of the Lagamar estu-
ary, more precisely in the Paranagud Estuarine Complex
(~25° 24’ S and 48° 24’ W) sensu Noernberg et al.
(2006). The quoted area is inserted in the northeast por-
tion of Parand state, where S. guianensis can be found
year round, but is still poorly known. A few studies were
based on dead individuals found after the recovery along
the coast (e.g. Rosas and Monteiro-Filho, 2002; Rosas
et al., 2003). So far, there have been no published stud-
ies based on the observation of live individuals in their
habitat. Thus, there is a lack of knowledge to be fulfilled
regarding population parameters of a top predator in a
highly productive ecosystem.

Based on the described scenario, the aim of the present
study was to describe the characteristics of S. guianensis
group size and composition in the Paranagud Estuarine
Complex, as well as to verify the existence of relation-
ships between group size and a given environmental
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variable (water depth, salinity, transparency and temper-
ature). These variables were chosen because they have a
significant influence on lower trophic level species abun-
dance and distribution in tropical and subtropical estua-
rine ecosystems, mainly when considering rainy and dry
seasons (Day-Jr. et al., 1989). As a consequence, top
predators adapt the way they use the area through time
and space. These factors might influence group forma-
tion in S. guianensis in different subsets of the estuary,
as well as in coastal waters. Understanding how environ-
mental factors may affect living organisms is relevant to
describe the dynamics of the ecosystem and, therefore,
to achieve conservation purposes.

2. Materials and Methods

2.1. Study area

The Paranagud Estuarine Complex, here called PEC
(25°15°S-25°36"S and 48°02° W -48° 45’ W), is alarge
interconnected subtropical estuarine system comprising
two main water bodies (Lana et al., 2000) (Figure 1). It

has 3.870 km? of watershed area, from which 551.8 km?
represents the main water body (Noernberg et al., 2006).
This estuarine complex is composed of five smaller sec-
tions including the main bays: Antonina, Paranagud,
Laranjeiras, Pinheiros, and a Mixture Section. According
to Noernberg et al. (2006), Laranjeiras bay is composed
of four sub-estuaries, called: Medeiros, Itaqui, Benito
and Guaraquecaba.

The present study was conducted in Pinheiros bay,
as well as in a section of Laranjeiras bay, including the
whole sub-estuary of Guaraquegaba, and in part of the
Mixture Section including the area between Ilha das
Pecas and Ilha do Mel (Figure 1). In Pinheiros bay,
the decision was to split the area in two, in order to ad-
dress the investigation of groups in a whole day in both
subsets. One of the surveyed areas was named Canal
do Superagui and the other Pinheiros bay. The 14 km
long channel connecting the main body of water from
Pinheiros bay to coastal waters represents Canal do
Superagui. The remaining area represents Pinheiros bay.
Therefore, a total area of around 124 km? of the PEC was
surveyed in the following sub-areas: Canal do Superagui

24°36'S
1

24°48'S
1

25°00'S
1

Parana State

25°12'S
1

25°24'S
1

Sao Paulo State

Cananéia Island

Atlantic Ocean

1km

0 10 20 40

48°48' W 48°36'W 48°24'W 48°12'W

48°00' W

47°48' W 47°36'W 47°24'W

Figure 1. The Lagamar estuary, from Iguape, Sao Paulo State, to Pontal do Sul (PS), Parana State, showing the surveyed
area where Guiana dolphins (Sofalia guianensis) were studied in the Paranagua Estuarine Complex (25° 15°-25° 36’ S and
48°02°-48° 45’ W). Sectors 1 = Mixture Section; 2 = Laranjeiras; 3 = Pinheiros; 4 = Antonina; 5 = Paranagud. Sub-estuaries
A = Guaraquegaba; B = Canal do Superagui. IM = Ilha do Mel; IP = Ilha das Pegas; IS = Ilha do Superagui; ICa = Ilha do
Cardoso; ICo = Ilha Comprida; PS = Pontal do Sul. Modified from Noernberg et al. (2006).
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(denominated “Canal” in the present study) (~28 km?),
“Pinheiros” bay (~34 km?), part of Laranjeiras bay,
which included the Guaraquecaba sub-estuary and is
called “Laranjeiras” in this study (~38 km?), and part
of the Mixture Section close to Ilha das Pecas called
“Pecas” in this study (~24 km?) (see Figure 1). There
are no biological and/or physical barriers isolating these
four sub-areas. They were stratified in order to cover a
significant part of the area where dolphins can be found
in a lesser amount of days. Two sub-areas were usually
surveyed in a given day.

2.2. Data collection

Fieldwork was conducted as part of along-term inves-
tigation on the ecology of S. guianensis in the Lagamar
estuary. Basically, fieldwork has been conducted through
boat-based observations using the photo-identification
technique to monitor individually recognizable dolphins
through time and space (Wiirsig and Wiirsig, 1977).
Boat-based (15 hp motorised vessels) surveys were con-
ducted from April 2006 to February 2008 in six differ-
ent seasons: autumn, winter and spring of 2006, sum-
mer and winter of 2007, and summer of 2008. Seasons
were divided as follows: summer (December-February),
autumn (March-May), winter (June-August), and spring
(September-November). All sub-areas but the Mixture
Section were surveyed in all seasons. The latter was in-
cluded in surveys mainly from the summer of 2008 on.
Survey days lasted from 8 to 12 days in each season, cov-
ering each subset of the estuary at least four times. The
survey path followed a random zig-zag pattern in order to
maximise the chances of encountering dolphins. Surveys
were only conducted in good sea conditions (Beaufort
Scale < 2). When a group of dolphins was found, the
boat approached it for the photo-identification study and
to gather the information on group size and composition.
A group of Guiana dolphins was defined as any aggrega-
tion of two or more individuals, including female-calf
pairs, observed in close proximity to each other within a
radius of approximately 50 m (Santos and Rosso, 2007).
These aggregations were generally, but not necessarily,
engaged in similar activities. Although rarely seen, lone
dolphins were also counted and included in the analyses.
Groups with more than 20 individuals had their numbers
estimated. Two distinct types of groups were defined:
(1) with and (2) without calves. Calves were character-
ised to be 1/2 or less in size than the largest individuals

in the group. When calves were observed, the number
of newborns was noted. Newborns were easily distin-
guished within a group by their fetal folds, which can
be seen along the sides of their bodies, as well as the
slapping of their heads on the surface of the water when
breathing. Data on environmental characteristics were
collected when groups were found: water salinity (hand-
held refractometer), transparency (Secchi disk), depth
(echo-sounder; every five minutes), and temperature at
the surface (alcohol thermometer).

2.3. Data analysis

Environmental data were plotted for comparisons
among seasons, as well as sub-areas. Emphasis was giv-
en to summer and winter seasons, as both seasons were
surveyed twice. The null hypothesis that there were no
differences among the following parameters was tested:
(1) water depth among sub-areas, (2) water temperature
at surface between seasons, (3) water salinity between
seasons in the same sub-area and (4) among sub-areas
in the same season, (5) water transparency between sea-
sons in the same sub-area and (6) among sub-areas in the
same season. Group sizes were divided into the following
categories: 1 to 5, 6 to 10, 11 to 15, 16 to 20, and 21+
individuals. Data were plotted for comparisons among
sub-areas. The null hypotheses that (7) there were no dif-
ferences in group size when comparing the surveyed sub-
areas, as well as in (8) seasonal variation of group size
in the same subset of the surveyed estuarine complex,
were also tested. Spearman correlation analyses were per-
formed in order (9) to evaluate the relationship between
group size and each of the four environmental variables.
According to the characteristics of the gathered data (see
Siegel, 1975; Sokal and Rolf, 1995), for investigations (1)
to (9) non-parametric analyses were performed using the
software Statistica for Windows® 6.0 (StatSoft, Inc., Tulsa,
OK, USA). Non-parametric statistics were used to analyse
the environmental data because distributions were not nor-
mal. The 5% significance level was adopted for all tests.

3. Results

In 45 survey days in four sub-areas from April 2006
to February 2008, a total of 147 hours were spent observ-
ing 286 groups of S. guianensis in the following areas
of the PEC: Laranjeiras (40.9% of all efforts), Pinheiros
(28.5%), Canal (24.4%), and Mixture Section (7.7%).
Groups varied from two individuals to aggregations of

Table 1. Group size and composition of Guiana dolphins (Sotalia guianensis) observed in four sub-areas of the Paranagua
Estuarine Complex from April 2006 to February 2008. SD = Standard Deviation, Nbs = Newborns.

Sub-areas # Groups Mean+SD Median Variation #Adults # Calves # Nbs % Nbs
Canal 87 53+3.6 4.0 1to 20 314 143 17 12
Pinheiros 81 127+£17.1 6.0 1 to 80 656 273 61 22
Laranjeiras 98 1424152 8.5 21090 902 409 37 9
Mixture Section 20 233+19.2 15.0 5to 80 213 104 10 10
Overall 286 11.5+14.4 6.0 1 to 90 2085 929 125 13

# = number of
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Table 2. Group size and composition of Guiana dolphins (Sotalia guianensis) observed in three sub-areas of the Paranagud
Estuarine Complex in winter and summer seasons from July 2006 to February 2008. SD = Standard Deviation, Nbs = New-

borns.
Sub-areas  # Groups Mean +SD Variation # Adults # Calves # Nbs % Nbs
Canal 56 52435 1 to 20 205 87 9 10
Pinheiros 64 8.4+10.1 1 to 60 378 160 12 8
Laranjeiras 76 154+16.2 21090 805 365 42 12
Overall 196 11.5+14.4 1 t0 90 1388 612 63 10

# = number of

Table 3. Group size and composition of Guiana dolphins (Sotalia guianensis) observed in three sub-areas of the Paranagud
Estuarine Complex in winter and summer seasons from July 2006 to February 2008, with details on mean and standard de-
viation (SD) values gathered on water salinity (ppm), transparency (m), and temperature (°C).

Sub-areas Seasons # Groups Group Size Salinity Transparency Temperature
Mean + SD Mean + SD Mean + SD Mean + SD
Canal Summer 27 43+3.7 254+3.38 1.2+03 27.6+0.9
Winter 29 6.1+3.2 31.1+1.8 24+0.8 170+ 1.0
Overall 56 52+35 284 4.1 1.8+0.9 22.1+54
Pinheiros ~ Summer 34 9.8+11.9 20.6+5.5 1.1+£0.2 27.1+£1.0
Winter 30 6.8+74 286+ 1.9 22+0.8 174+£0.9
Overall 64 8.4+10.1 244+5.8 1.6 0.8 225149
Laranjeiras Summer 40 14.0+£12.0 142+4.7 1.0+ 0.6 27415
Winter 36 169+ 19.7 242+33 14+03 169+1.2
Overall 76 154+16.2 189+6.5 1.2+0.5 224+54

# = number of

up to 90 individuals (Table 1). Solitary individuals were
seen only in five occasions (1.7% of all observations).
Groups with calves (n = 247) represented 86.4% overall
and were more common in all sub-areas when compared
to groups without calves. Groups without calves were
found in all sub-areas and were usually smaller and com-
posed of up to 12 individuals. A usual group composition
of 70% of adults and 30% of calves was observed con-
sidering all sub-areas and seasons. The largest number
of newborns was observed in Pinheiros bay (Table 1).
The gathered result was strongly influenced by the 2006
fall season, when newborns represented 35% from all
observed calves, while in other seasons and sub-areas
including Pinheiros bay, they ranged from 8 to 12%
(Tables 1 and 2).

When considering the three main surveyed sub-
areas in winter and summer seasons, 196 groups were
reported (68.5% overall) in 95 hours of direct observa-
tions (Table 2). In those three sub-areas, water depth
ranged from 0.4 to 35.9 m, with deeper waters found in
Canal do Superagui (mean = SD: 14.1 £ 7.9 m; n = 249)
when compared to Pinheiros (mean + SD: 6.4 + 3.4 m;
n = 337) and Laranjeiras bay (mean + SD: 5.7 £ 3.1 m;
n = 337) (Kruskal Wallis, H, ,,, = 229.02; p = 0.0000).
The water temperature varied from 15 to 31 °C, with
an expected significant difference observed when com-
paring summer and winter after joining data from the
three sub-areas (Mann Whitney, U= 12.09; p = 0.0000)

Braz. J. Biol., 2010, vol. 70, no. 1, p. 111-120

(Table 3). Differences were reported when comparing
salinity values among sub-areas joining both seasons
(Kruskal Wallis, szl%z 39.52, p = 0.0000). To address
a more detailed investigation, Mann Whitney tests were
performed to compare salinity values between seasons in
each of the surveyed sub-areas with the following results:
Canal, U = 87.50, p = 0.0000; Pinheiros, U=117.50,p =
0.0000; and Laranjeiras, U = 64.50, p = 0.0000. As a
general result, lower salinity values were usually found
in inner waters in summer (Table 3). The water transpar-
ency varied from 0.4 to 3.8 m. Differences were reported
when comparing transparency values among sub-areas
joining both seasons (Kruskal Wallis, H, , = 26.45,
p = 0.0000). To address a more detailed investigation,
Mann Whitney tests were performed to compare trans-
parency values between seasons in each of the sur-
veyed sub-areas with the following results: Canal, U =
58.00, p = 0.0000; Pinheiros, U = 54.50, p = 0.0000;
and Laranjeiras, U = 260.00, p = 0.0000. As a general
result, the water was darker in inner waters in summer
(Table 3).

While Guiana dolphin groups were seen in the en-
tire surveyed area, group size varied significantly among
sub-areas (Kruskal Wallis, H, . = 29.85, p = 0.0000).
Groups were larger in Laranjeiras bay and smaller in
Canal do Superagui (Tables 2 and 3). Aggregations com-
posed of more than 20 individuals were only reported
in Pinheiros and Laranjeiras bay (Figure 2). No signifi-
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Figure 2. Frequency of Guiana dolphins group sizes found
in the three surveyed sub-areas in the Paranagud Estuarine
Complex from July 2006 to February 2008 (n = 196). Group
sizes were divided into the following categories: (1) 1 to 5; (2)
6t0 10; (3) 11 to 15; (4) 16 to 20; (5) 21+ individuals.

cant differences were observed when comparing group
size between seasons for Laranjeiras (Mann Whitney,
U = 712.50, p = 0.9378) and Pinheiros bay (Mann
Whitney, U = 338.50, p = 0.1210). However, differences
were detected when comparing group sizes between sea-
sons in Canal do Superagui (Mann Whitney, U = 214.00,
p = 0.0036), with quite larger groups observed in winter
(Table 3).

No correlations were found between group size and
water temperature (Spearman’s rank test, r = 0.0059,
p = 0.9338), transparency (Spearman’s rank test,
r = 0.0597, p = 0.9333), depth (Spearman’s rank test,
r = 0.1421, p = 0.4698), and salinity (Spearman’s rank
test, r = -0.1938, p = 0.0665).

4. Discussion

In order to investigate the characteristics of
S. guianensis group size in the PEC, three main sub-
areas were surveyed in this preliminary study. Because
of a few limitations including available time and budget
for fieldwork, it was not possible to survey the whole
PEC. Laranjeiras, Pinheiros and Canal do Superagui
were chosen based on four previous visits to the site
conducted between 2000 and 2003. On those occasions,
S. guianensis was abundant in all quoted sites. However,
as the research team got used to the site after the first at-
tempts to cover the chosen sub-areas, it was possible to
expand the surveyed areas to other estuarine subsets such
as the Mixture Section sensu Noernberg et al. (2006).
Regarding the surveyed sites, the decision to split the
Pinheiros sub-estuary sensu Noernberg et al. (2006)
in two sub-areas was definitely relevant and should be
considered in further local studies on ecology. Several
environmental characteristics (e.g. water salinity, trans-
parency, depth), as well as S. guianensis group size, were
significantly different when comparing the two remain-
ing sub-areas.

The mean group size of S. guianensis in the PEC was
11.5 £ 14.4 (SD) individuals (n = 286), which showed
a large range from lone individuals to estimated ag-
gregations of up to 90 dolphins. These results are quite
similar to the ones observed in the Cananéia estuary
(mean £ SD = 12.4 + 11.4 individuals; n = 374), where
the range varied from one up to around 60 individuals
(Santos and Rosso, 2007). Besides that, the proportion of
adults and calves was almost the same when comparing
both sites in the Lagamar estuary (see Santos and Rosso,
2007), as well as the rarity when finding lone individu-
als. However, different from what was observed in the
Cananéia estuary, a peak of newborns (35% of all ob-
served calves) was observed in Pinheiros bay in the 2006
fall season. Unfortunately no other fall seasons were
monitored and further investigations would be necessary
to gather more samples for comparisons. It is known that
there is a tendency to observe calves all year round with
no seasonal peaks in the same area (Rosas and Monteiro-
Filho, 2002).

All the monitored environmental data in the present
study followed the tendencies found in several previous
studies conducted in the PEC (e.g. Sinque et al., 1982;
Brandini, 1985; 1987; Knoppers et al., 1987; Corréa,
2000; Nogueira de Queiroz et al., 2006; Schwarz Jr.
et al., 2006). As expected, inner waters are usually more
turbid and less salty when compared to the areas close to
the shore (see Table 3). The rainy summer season has an
important influence on the lower salinity values observed
and is also responsible to carry organic matter from the
huge chain of mountains and mangrove forests found in
close proximity to the inner areas of the estuary.

When analysing the characteristics of group sizes in
both sites of the Lagamar estuary, as well as consider-
ing data from the literature (see a review in Santos and
Rosso, 2007), it was interesting to observe that a different
scenario was found in the PEC: larger groups observed
in inner protected waters, and smaller ones close to the
connection with coastal waters. Several reasons may ex-
plain the gathered results in the present study. The physi-
cal environment is known to be one of the main factors
affecting group size in cetaceans (Gygax, 2002). In the
present study we observed larger S. guianensis groups in
Laranjeiras and Pinheiros bays when compared to Canal
do Superagui. The latter is deeper when compared to
the two mentioned sub-areas. No correlation was found
between group size and water depth as was observed in
the Cananéia estuary by Santos and Rosso (2007). In
Cananéia, larger groups were usually found in the main
estuary entrance of 4 km wide and an average of 14 m
deep. In the present study, although S. guianensis groups
were smaller in the surveyed connection to coastal wa-
ters from Canal do Superagui, we usually found larger
groups composed of more than 20 individuals (n = 9)
when monitoring the other connection with coastal wa-
ters placed between Ilha das Pecas and Ilha do Mel. In
that location, the sub-area width ranges from 2.5 to 5 km
and depth from 7.2 to 27.6 m. When compared to the in-
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ner subsets of the Cananéia estuary and other protected
areas, both Pinheiros (up to 5 km) and Laranjeiras bays
(up to 10 km) are wider, which amplifies the carrying
capacity for dolphins using the area. On the other hand,
Canal do Superagui has a maximum width of 2 km, but
is usually 1 km wide. With these characteristics, there
is a natural tendency of finding smaller groups in nar-
rower subsets of the estuary. As a consequence, it would
be possible that the topography of the sub-area could in-
fluence the usually seen smaller group sizes in Canal do
Superagui. Further studies should be addressed in order
to verify the seasonal difference in group size observed
in Canal do Superagui.

The risk of predation may also play a role in de-
termining the size of groups in mammals (Bertram,
1978; Connor, 2000; Heithaus, 2001). To date, there
is no published information on S. guianensis preda-
tors. Potentially, sharks and killer whales, Orcinus orca
(Linnaeus, 1758) may prey upon S. guianensis. However,
to date no attacks have been reported, nor is there evi-
dence of scars or mutilated photo-identified individu-
als. A killer whale was recently witnessed attacking
and killing a franciscana dolphin, Pontoporia blainvillei
(Gervais & d’Orbigny, 1844) in closer coastal waters
(Santos and Netto, 2005), and the only known record of
the presence of an individual killer whale was recently
reported for the Cananéia estuary (Santos and Rosso,
2007). Interactions between sharks (order Selachii) and
dolphins (order Cetacea, suborder Odontoceti) have been
reported worldwide (see Heithaus, 2001 for a review of
shark predation on dolphins). Such interactions are usu-
ally reported from the investigation of stomach contents,
from occasional opportunities witnessed in the field, and
from observations on wounds and scars on living and
dead scavenged individuals. Heithaus (2001) showed
that the remains of at least 24 toothed whale species
were already found in shark stomachs, but S. guianensis
was not listed. On 16 February 2008, during one of the
survey days in Canal do Superagui, an adult Guiana dol-
phin was photographed without its dorsal fin in a group

SR

Figure 3. Left side of the body of an adult Guiana dolphin
(Sotalia guianensis) showing a healed wound provoked by a
shark predation attempt which took off the dorsal fin.
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of 20 individuals composed of 14 adults and 6 calves,
all photographed. A detailed analysis of the photographs
(see Figure 3) showed that the wound was certainly pro-
voked by a shark bite, probably the result of a failed pre-
dation attempt. However, it was not possible to ascertain
the species responsible for the unwitnessed attack, as
well as to know if the attack occurred in inner or outer
waters. The bull shark, Carcharhinus leucas (Miiller &
Henle, 1839), commonly found in local coastal waters
and already found in inner estuarine waters of Cananéia
(Sadowsky, 1971), and listed as a regular predator of
small cetaceans (Heithaus, 2001), may be listed as a
potential candidate for the observed bite. An investiga-
tion on the feeding habits of several shark species found
in local (inshore and offshore) waters may render more
clues on their possible interactions with S. guianensis.
According to Heithaus (2001), to understand group sizes
and habitat use of dolphins, it is important to understand
the relative risk to an individual odontocete from preda-
tors, particularly sharks, in different habitats.

Another reason listed in the literature driving group
associations in mammals is the distribution and abun-
dance of prey (Bertram, 1978; Norris and Dohl, 1980;
Connor, 2000; Heithaus, 2001; Gygax, 2002). Several
studies described the seasonal occurrence of fish in the
PEC (e.g. Corréa, 1987; 2000; Nogueira de Queiroz
et al., 2006; Schwarz Jr. et al., 2006). In all studies, cat-
fish species (Ariidae) were usually listed as the most
common, followed by Stellifer rastrifer (Jordan, 1889)
and S. brasiliensis (Schultz, 1945) (Sciaenidae). Corréa
(2000) described the presence of fish from the genus
Stellifer all year round in local estuarine waters for
growing, maturation, recruitment, and reproduction pur-
poses. According to Corréa (1987), fishes from the genus
Stellifer are of no interest to local fishermen who usu-
ally discard this resource in fishing operations. The two
mentioned species are bottom-dwelling fish (Menezes
and Figueiredo, 1980) known to be the main prey items
of S. guianensis in the Cananéia estuary (Santos et al.,
2002; Santos and Rosso, 2007). They may also play an
important role in the diet of Guiana dolphins in the sur-
veyed area. In tropical and subtropical estuarine systems,
Sciaenid fishes are usually dominant (Blaber, 2002) and,
as an opportunistic feeder, S. guianensis takes advantage
of such abundance. Feeding aggregations composed
of more than 20 dolphins were usually observed in
Pinheiros and Laranjeiras bay. Several individuals usu-
ally showed mud attached to their bodies when surfacing
for breathing, which was already related to a bottom-
feeding clue in other studies (Santos et al., 2002; Santos
and Rosso, 2007). Zanelatto (2001) showed that teleost
fishes represented 91.5% of the food items found in a
sample of 35 stomach contents collected from Guiana
dolphins found dead in the PEC. Sciaenid fishes rep-
resented 25.5% of all food items. The most common
species found were the barbel stradrum, Ctenosciaena
gracilicirrhus (Metzelaar, 1919) and the rake stardrum
(Stellifer rastrifer). An interesting observation from
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that study came from the importance of Clupeid fishes
in winter, mainly the coastal pellona, Pellona harroweri
(Fowler, 1917). As was observed for the CE, Clupeid
fishes are found in high abundance in protected estuarine
waters for maturation in winter when they serve as nour-
ishment for Guiana dolphins (Santos & Rosso, 2007).
Usually, schools are large and attract higher numbers of
dolphins and other predators such as seabirds for a feast.
This is an important factor that can lead to the formation
of large groups of Guiana dolphins in winter.

As previously expected for a large estuarine area in
a sub-tropical region, environmental data showed a high
variability (see Table 3). It is known that water depth and
salinity affects the seasonal composition, diversity, abun-
dance and distribution of fish (Moyle and Cech Jr., 1988;
Day-Jr., et al., 1989; Corréa, 2000). In the surveyed es-
tuarine system, Corréa (2000) showed that higher abun-
dances of S. rastrifer were usually associated with lower
salinity and higher transparency values. In our analyses,
larger groups of S. guianensis were found in inner pro-
tected areas, which usually present the same quoted char-
acteristics. This pattern was not observed in the Cananéia
estuary (see Santos and Rosso, 2007). Probably the use
of larger and protected subsets of the estuary with plenty
of available food items led to the observed group size
patterns in the PEC.

Other population parameters of the surveyed popula-
tion are under investigation, with emphasis on abundance
based on capture-recapture models, as well as associa-
tions among individuals, both after photo-identification
efforts. With these additional pieces of the puzzle, more
details will be available to better understand the way
S. guianensis forms groups in the PEC. Joining the gath-
ered results and further observations it would be possi-
ble to answer questions like: if a large school of Clupeid
fishes is found in Canal do Superagui in winter, would
Guiana dolphins aggregate in larger numbers for feeding
bouts? Further information on feeding habits based on
the analyses of stomach contents would also render an
important pathway to describe S. guianensis associations
in a huge and complex estuary. As an important element
of the trophic level in a highly productive ecosystem, the
knowledge on a flagship species like S. guianensis will
represent an important tool for the PEC conservation
purposes. Recent observations on skin diseases affect-
ing Guiana dolphins showed evidence that the mentioned
ecosystem is likely to be compromised by pollution (see
Van Bressem et al., 2009).
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