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ABSTRACT. The resident population of estuarine dolphin, Sotalia guianensis (P.J. van Bénéden, 1864), in Norte Bay,
Santa Catarina, southern Brazil, was studied from 2000 to 2003. Systematic one-day cruises were undertaken
aboard a 5 m sail boat equipped with an outboard motor. Applying the focal-group method, information such
as geographical position, predominant behavioural patterns, group size, cohesion index and the presence of
calves, were registered at every five-minute interval, totalling 198 hours of direct observation of the dolphins. The
estuarine dolphin used preferential areas for each behavioural pattern. The mean group size was approximately
29 individuals, and the presence of calves occurred throughout the entire year, but with a significant increase in
the warm seasons. The frequency of behavioural patterns and group size varied according to season and time of
day, and were strongly associated. The frequency of moving behaviours increased in the cold seasons and along
the day. The seasonal variation in the moving behaviours suggest the requirement of a larger area in the cold
seasons, probably related to seasonal fluctuations in the abundance of dominant prey items. Higher group sizes
were observed while dolphins were foraging. The cohesion index also varied according to the behaviour. Our
results showed that group organization and behavioural patterns of this estuarine dolphin population are
probably linked to daily and seasonal environment cycles, and also possibly to the condition of being at the
furthest southern limit of distribution of the species.
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RESUMO. Padrdes sazonais e didrios do tamanho de grupo, coesio e atividade do boto-cinza, Sotalia
guianensis (P.]J. van Bénéden) (Cetacea, Delphinidae), no sul do Brasil. A populacio residente de boto-cinza,
Sotalia guianensis (P.). van Bénéden, 1864), da Baia Norte, Santa Catarina, sul do Brasil, foi estudada de 2000 a
2003. Foram realizados cruzeiros sistematicos de um dia, a bordo de um veleiro de 5 m equipado com motor de
popa. Utilizando o método de grupo-focal, informacdes como posicao geografica, padrdo comportamental
predominante, tamanho de grupo, indice de coesdo e presenca de filhotes, foram registradas a cada intervalo de
cinco minutos, totalizando 198 horas de observacdo direta dos botos. O boto-cinza utilizou areas preferenciais
para cada padrdo comportamental. O tamanho médio de grupo foi aproximadamente de 29 individuos, e a
presenca de filhotes ocorreu ao longo de todo o ano, porém com aumento significante nas estacoes quentes. A
freqiiéncia dos padrdes comportamentais e o tamanho de grupo apresentaram forte correlacdo, e variaram em
relacdo a estacdo do ano e hora do dia. Os comportamentos de movimento foram mais freqiientes nas estacbes
frias e ao longo do dia. A variacdo sazonal destes comportamentos sugere o requerimento de maiores areas nas
estacOes frias, provavelmente relacionado com as flutuacoes sazonais de abundancia e dominancia de presas. Os
maiores tamanhos de grupo ocorreram em comportamentos de forrageio. O indice de coesio também variou
com o comportamento. Nossos resultados demonstram que a organizacdo de grupo e os padrdes comportamentais
desta populagio de boto-cinza sio provavelmente influenciados por ciclos ambientais diarios e sazonais, e pela
condicdo de limite sul de distribuicio para a espécie.

PALAVRAS CHAVE. Baia Norte, comportamento, ecologia, organizacdo de grupo, padrées temporais.

The behaviour of an animal species is influenced by environ-  the way that a habitat is used (Kress 2001). Understanding this
mental factors that may affect the structure and organization of ~ behavioural basis is essential to the knowledge of the ecology of
a population (WiLson 2000) and control both the selection and  a population and its conservation (SUTHERLAND 1996, Caro 1998).
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The link between behavioural and ecological aspects, such
as distribution and seasonal abundance of resources, the pres-
ence of other species, habitat structure and others, has been
addressed in several studies with small cetaceans (Wursic &
Wursic 1979, 1980, WELLs et al. 1980, SHANE et al. 1986, SHANE
1990, 1995, Gest et al. 1999). However, until now, very little is
known about the estuarine dolphin, Sotalia guianensis (P.J. van
Bénéden, 1864), and this species is classified as “Data Deficient”
by the IUCN Red Data Book (Isama 2003).

The estuarine dolphin has a wide distribution along the
Atlantic coast of Central and South America (Borosia et al. 1991).
Norte Bay, Santa Catarina, southern Brazil, is the southernmost
limit of distribution of the estuarine dolphin (Smoes-Lores 1988).
A resident population with a high degree of site fidelity and
residency can be found throughout the entire year in the wa-
ters of Norte Bay (FLores 1999). In contrast with the ecological
importance of the dolphins, the pressure caused by humans
over this population demanded immediate conservation mea-
sures in the area, and resulted in the creation of the Environ-
mental Protection Area (EPA) of Anhatomirim in 1992. Recent
studies developed in Norte Bay dealt with general aspects of
the species ecology (FLores 1999, FrLores & Bazzaro 2004), spa-
tial use (WEDEKIN et al. in press.), interaction with other species
(WEDEKIN et al. 2004) and movement patterns (DAurA-JORGE et
al. 2004).

The present work aims at clarifying the behavioural and
basic social organization aspects of the estuarine dolphin in
Norte Bay and the temporal variations in these parameters. The
relationship among behavioural patterns, group size and group
spatial cohesion was investigated, as well as how these factors
can represent responses to a better adjustment of the dolphins
to its environment.

MATERIAL AND METHODS

Study area

Norte Bay is a protected coastal bay that is located on
the central coast of Santa Catarina state, adjacent to the Santa
Catarina Island, southern Brazil (27°30’S, 48°32'W). It covers
an area of approximately 250 km?.

The oceanographic parameters of the water of Norte Bay
are very similar to those of the adjacent open waters, which
have a strong seasonal variation of characteristics such as wa-
ter temperature. The mean water temperature on the surface
during the cold season is approximately 20°C, and in the hot
season it is approximately 26°C. The mean depth of the bay is
3.5 m (£ 2.37 m), reaching its maximum in both channels
(South channel = 22 m, and North channel = 11 m) (Daura-
Jorat et al. 2004).

Data collection

Systematic one-day cruises (daily effort of about 10 h)
were undertaken aboard a 5 m sail boat equipped with an out-
board motor. The study area was surveyed counter-clockwise,

leaving from the eastern coast of the bay. Additional and op-
portunistic routes were undertaken in order to cover the area
homogeneously. After a group of dolphin was encountered,
the route was interrupted and the dolphins were followed us-
ing the focal-group method (Leuner 1996). Data such as geo-
graphic position (GPS Garmin), predominant behavioural pat-
tern, group size, cohesion index and the presence of calves,
were registered at every five-minute interval.

Following LenNEer (1996), behaviours may be regarded as
two distinct units: events, which are instantaneous displays;
and states (denoted here as behavioural pattern, or simply
behaviour), which have appreciable duration and were the fo-
cus of all analyses carried out in this article. The predominant
behavioural pattern for each interval was defined based on the
events and other evidence observed, which included aerial and
surface activities, the presence of seabirds, and swimming speed
and direction (Mann 1999).

The behavioural patterns considered in the present work
were adapted from SHaNE (1990), as follow: feeding (F) — short
and asynchronised dives, abundant surface events, movements
in varying directions and, many times, presence of seabirds;
travelling (T) - moving steadily in one direction, with
synchronised dives; travel/feeding (Tf) — behavioural charac-
teristics similar to the feeding pattern, but moving in a defined
direction, similar to travelling; resting (R) — lack of surface
events, slow movements and undefined direction; and social-
izing (S) — vigorous and isolated interaction activities among
the individuals while lacking evidence of any other predomi-
nant behavioural pattern of the group.

A group was defined as any aggregation of dolphins ob-
served in an apparent association, frequently, but not always,
engaged in the same activity, in which it was possible to di-
rectly count the number of individuals and to determine the
predominant group activity (modified from SHane 1990). The
counts of individuals lasted approximately 30 seconds and were
done at the moment with the best view of the group during
the five-minute interval. The group had a very dynamic orga-
nization and smaller social unit (called subgroups), composed
of few individuals, were also possible to identify, but they were
considered to be part of the group.

For the analysis of spatial cohesion of the group, we used
a cohesion index (CI). Three arbitrary degrees of spatial disper-
sion of the group were established: low cohesion (CI 1) — dol-
phins were scattered through a sometimes large area, more than
100 m wide; intermediate cohesion (CI 2) — dolphins occupied
an area between approximately 50 and 100 m wide; and high
cohesion (CI 3) — dolphins were highly aggregated occupying a
small area, usually smaller than 30 m.

The counting of individuals, the determination of the
behaviour and the cohesion index were performed by experi-
enced researchers, who were always the same in the whole pe-
riod of study, reducing possible inter-observer bias (see LEHNER
1996).
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Data analysis

The geographic positions of each behavioural pattern were
plotted in a digitised nautical chart of Norte Bay using ArcView
GIS 3.2 (Environment Systems Research Institute — ESRI). As a
result, we generated maps of distribution for each behavioural
pattern to verify if the estuarine dolphins used preferential ar-
eas for different activities.

For all seasonal variation analyses we used only data from
Spring 2001 to Winter 2002, which were the four consecutive
seasons with the most regular sampling effort throughout the
study period. The whole dataset was used in the other analyses.
The resting and socializing states were excluded from the analy-
ses of behaviours patterns due to their occasional occurrence
during the observations. For the analysis of the relationship be-
tween behavioural pattern and seasonal and daily variations of
group size, and only when supported by previous statistical analy-
ses, we merged feeding and travel/feeding into a single func-
tional category called foraging.

The day was divided in three periods of equal duration
for the analyses of daily variation of group size and behaviour:
1) 8:00-10:59 h; 2) 11:00-13:59 h; 3) 14:00-17:00 h. Data gath-
ered before 8:00 and after 17:00 h, due to a small sample size,
were excluded from the analyses.

The seasonal and daily variations of the frequency of
behavioural patterns, and the association of the cohesion index
with behaviour were tested using the Independency Chi-Square
test (SokaL & RouLr 1995). To assess the seasonal and daily varia-
tion of group size, and if group size varied among behavioural
patterns, we used the Kruskal-Wallis test (SokaL & RonLr 19995).
The association between group size and frequency of behavioural
pattern was measured with Pearson Correlation test, and, lastly,
to verify if the absolute frequency of calves varied seasonally we
also used the Independency Chi-Square test (SokaL & RoHLr 1995).
All analyses were conducted using the Statistica 5.0 software.

RESULTS

Field effort

Between July 2000 and December 2002, 69 one-day cruises
were made to study cetaceans in Norte Bay, totalling 422 hours
of sampling effort, of which 198 hours (46.4% of the effort) cor-
responded to direct observation of the dolphins. The continu-
ous observation time of the same group of dolphins varied from
0.58 h to 8.08 h, and the mean duration was 4.31 h. In 29% of
the sampled days groups of dolphins were not encountered. We
never observed more than one group of dolphins in one day of
sampling effort, even after leaving the first encountered group
of dolphins after some hours of observation, and sampling other
areas. The sampling characteristics of the most regular consecu-
tive four seasons, which were used in the seasonal analyses, are
summarized in table I.

Spatial distribution of behaviour

The dolphins used distinct areas for each behavioural

pattern (Fig. 1). Feeding occurred preferentially in two distinct
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Table |. Sampling characteristics of the seasons used in the seasonal
analysis of the behaviour parameters of Sotalia guianensis in Norte Bay.

Seasons Days Field Dire‘ct Observation
effort (h) observation (h) effort (%)
Spring 2001 9 60.91 27.83 46.00
Summer 2002 10 53.33 30.58 57.00
Autumn 2002 9 51.66 25.16 49.00
Winter 2002 9 60.65 21.75 36.00
Total 37 226.55 105.32 46.48

areas of Norte Bay: Sdo Miguel and Currais bays. The area used
for travelling and travel/feeding overlapped extensively, and
were characterized by a large stretch parallel to the coast and
at the same depth range. Resting and socializing were restricted
to Currais Bay and its surroundings.

Seasonal and daily variations of behaviour

The frequency of behavioural patterns varied among dif-
ferent seasons of the year (x> = 134.3088; df = 6; p < 0.05).
Feeding was the most frequent behaviour observed over the
entire study period, but tended to decrease in the cold seasons
(Autumn and Winter 2002), while travel/feeding and travel-
ling increased substantially (Fig. 2). Resting and socializing were
rarely observed (2.58% and 0.55%, respectively).

The frequency of behavioural patterns varied among dif-
ferent periods of day (x* = 44.5379; df = 4; p < 0.05). There was
an inverse trend along the day between moving behaviours
(travelling and travel/feeding) and feeding (Fig. 3). While the
frequency of feeding decreased progressively, travelling and
travel/feeding tended to increase in frequency.

Seasonal and daily variations of group size

The mean group size of Sotalia guianensis in the study
area was 29 individuals (Sd = 9.8; range = 1-59). The most ob-
served value (mode) was 29 individuals and small groups of 1
to 10 individuals were rare (4.2 %). The small groups of dol-
phins were never observed far from a larger aggregation of in-
dividuals (more than 1 km apart from each other).

Group size varied along the seasons of the year (Kruskal-
Wallis: H = 112.839; df = 3/1241; p < 0.05; Fig. 4). The Spring
2001 presented the lowest mean group size (25.5 individuals),
which increased in Summer and Autumn 2002 (30.2 and 34.0
individuals, respectively) and decreased again in Winter 2002
(31.86 individuals).

The mean group size varied along the day (Kruskal-Wallis:
H=72.197; df = 2/2039; p < 0.05). The largest mean group size
was observed in the beginning of the day (mean: 31.1 indi-
viduals) and decreased progressively until late atternoon (mean:
25.6 individuals; Fig. 5).

Relationship between group size and behaviour

Group size varied among different behavioural patterns
(Kruskal-Wallis: H = 223.608; df = 2/2101; p < 0.05). Group size
of the estuarine dolphin when feeding and travel/feeding was
similar (mean = 30.4 and 30.6 individuals, respectively) and
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Feeding

Travelling

Travel/feeding

Figure 1. Spatial distribution of the behavioural patterns records of Sotalia guianensis in Norte Bay. Dotted lines show 3-m isobath.
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Figures 2-3. Sotalia guianensis in Norte Bay: (2) relative frequencies of the behavioural patterns between spring 2001 and winter 2002;
(3) daily variation on the relative frequencies of the behavioural patterns. Feeding (F), travelling (T) and travel/feeding (Tf).

higher than during travelling (mean = 21.7 individuals; Fig. 6),
thus supporting our merging of feeding and travel/feeding states
into a category named “foraging”.

There was a strong positive association of group size and
frequency of foraging (feeding + travel/feeding) through the
seasons (r = 0.86; n = 8; p < 0.05) and a moderate positive asso-
ciation between these two parameters throughout the day
(r=0.78; n=11; p < 0.05).

Group spatial cohesion and calves presence

Spatial cohesion of estuarine dolphin groups, similarly
as group size, varied regarding the behavioural pattern. There
was a significant variation of cohesion index among the
behavioural patterns (x*=176.402; df = 4; p < 0.05). The higher
degree of group spatial cohesion was observed while dolphins
were feeding, and the lowest degree was observed when dol-
phins were travel/feeding (Fig. 7).
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Figures 4-6. Mean group size of Sotalia guianensis in Norte Bay: (4) from Spring 2001 to Winter 2002; (5) during the periods of the day;

(6) according to behavioural pattern.
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Figure 7. Relative frequency of cohesion index for each behavioural

state of Sotalia guianensis in Norte Bay. Feeding (F), travelling (T)
and travel/feeding (Tf).

In every group we followed during the study period we
observed the presence of at least one calf. The seasonal differ-
ence in the frequency of records of one or more calves in the
group could potentially reflect a season of births. A total of
613 records (24.7%) were obtained of at least one calf presence
in the group. In the warm seasons there was a higher frequency
of records of calves in groups of dolphins (Spring 2001 = 30.5%
and Summer 2002 = 29.7%) compared to the cold seasons (Au-
tumn 2002 = 24% and Winter 2002 = 19.8%), and this varia-
tion was statistically significant (x> = 9.258; df = 3; p < 0.05).

DISCUSSION

The predominance of feeding in more sheltered and/or
lower water circulation areas, such as Currais and Sdo Miguel
bays, as well as an overlap of movement behaviour with the 3
m isobath, as mentioned earlier by FLores & Bazzaro (2004),
demonstrate that different areas were used for distinct
behaviours of the estuarine dolphin in Norte Bay. This reflects
the habitat heterogeneity of the coastal waters of Norte Bay,
requiring distinct behavioural responses by the dolphins. The
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choice of preferential areas for given activities seems to be a
common characteristic of estuarine dolphin populations (Araujo
et al. 2001, Cremer et al. 2004) as well as other coastal small
cetaceans such as Tursiops truncatus (Montagu, 1821) and Sousa
chinensis (Osbeck, 1765) (Suane 1980, Gricc & Markowirz 1997,
Karczmarski et al. 2000).

Resting and socializing behaviours of the estuarine dol-
phin are difficult to be recognized in the field and tend to be
recorded less frequently. In the present study these behaviours
were probably underestimated. The predominance of large
groups in the area and the use of focal-group sampling, focus-
sing on the predominant activities, may mask the occurrence
of such behaviours (see ManN 1999).

Feeding was the most frequent behaviour in the entire
study. The same tendency was observed by C. BoniN (pers. comm.)
for the estuarine dolphin in Guaraquecaba Bay, southeastern
Brazil, however, higher frequencies of travelling activities were
observed in Guanabara Bay, eastern Brazil (Geist et al. 1999),
and Babitonga Bay, southern Brazil (M. Cremer, pers. comm.).

The temporal variation of behavioural states points to a
higher feeding activity in the warm seasons and a tendency of
moving more (travelling and travel/feeding) in the cold sea-
sons. A similar pattern was observed in recent analyses of group
home range size (WEDEKIN ef al. in press.) and movement inten-
sity (Daura-JorGe et al. 2004) of this same population. Both stud-
ies suggest the need of wider spatial requirements during cold
seasons, probably as a consequence of a fluctuation in the abun-
dance of feeding resources.

Feeding activity was the most frequent one over the whole
day and tended to decrease in the afternoon, when travelling
increased in intensity. This pattern of activity was observed on
almost all days sampled. A daily variation of behaviour or the
regular cycle of daily activities may be influenced by photope-
riod and the tide regime (SHANE et al. 1986), and even wind
speed, but this must be an indirect relation, and the dolphins
would actually be responding to prey movement. Another fac-
tor that could subject this pattern is the resource depletion in a
given area, such as food, that would cause the animal to move
to other sites looking for the depleted resource (SUTHERLAND
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1996). In the case of Norte Bay, correlations between
behavioural activities and environmental variables (such as tide
and wind) may elucidate the daily pattern found, and further
study on the prey dynamics may establish the links among
these various components.

The presence of calves occurs throughout an entire year
in Norte Bay, but apparently there is a reproductive season. The
difference in frequency of calves was significant among seasons
with a slight increase in the warm seasons. This finding agrees
with the studies of Geisk et al. (1999) and Lobi (2003), who found
a summit in calves’ frequency for the estuarine dolphin in spring
and summer. On the other hand, Rosas & MonrterRo-Firro (2002)
did not find this seasonal pattern in their study about the repro-
duction of the estuarine dolphins. In this way, additional stud-
ies focused specifically on reproduction would be desirable to
clarify this subject concerning the population of Norte Bay.

The seasonal and daily variations of group size were
strongly associated with seasonal and daily variations of
behavioural patterns. Feeding and travel/feeding presented the
highest group sizes in Norte Bay, and the increasing of their
frequencies in a season or period of day may have lead to an
increase of the mean group size. This increase may be caused by
a tendency to higher counts for given behaviours. When a group
is too dispersed, the count becomes more difficult and may be
underestimated. The feeding behaviour, which presented the
most aggregated spatial conformation (lower cohesion index),
and the travel/feeding, which presented the most dispersed one,
had extremely similar group size, though. Nonetheless, the
breathing/diving intervals and the travelling speed of each
behaviour may influence the counts, so that the group size varia-
tions found may be a consequence of these factors instead of
real fluctuations of the number of individuals present in the
group.

The Sotalia guianensis population of Norte Bay presents a
singular group structure. The mean group size recorded (29 in-
dividuals) was higher than what is normally observed for this
species in other areas along its distribution (Geise 1991, OLIvEIRA
etal. 1995, Geist et al. 1999, Araujo et al. 2001, EDWARDS & SCHNELL
2001). Another interesting characteristic is that two or more
groups were never registered using different areas in Norte Bay.
Instead, a single formation was always observed, with a high
mean group size, extremely dynamic but apparently stable, in
which almost all (or probably all) individuals were present. This
is different from what is observed in other areas of occurrence
of the species, where several different groups can be observed
within a single sampling day (LW, FDJ and PCSL, pers. obs.).
Although we did not show results to confirm this hypothesis,
this view is corroborated by studies about the ecology of this
population, which showed a high degree of residency and site
fidelity (FLores 1999), extensive overlap among individual home-
ranges (FLores & Bazzaro 2004), and a highly aggregated pattern
of spatial usage (WEDEKIN ef al. in press.).

Several studies of small cetaceans suggest that the size and

conformation of a group may be related to habitat structure and
social-environmental aspects of the populations (e.g. Norris &
DonL 1980, Wursic & WUrsiG 1980, WELLs et al. 1987, SHANE 1990,
BeL'kovicH et al. 1991, WURrsIG et al. 1991, Bairp & DiLL 1996, GYGAX
2002). The potential advantages of living in groups have been
of great interest and speculation. According to WiLson (1975),
the group size is among the main characteristics of the social
organization of a population. The causal relationship between
habitat and group size is yet to be known. According to PuLLian
& Caraco (1987), a great abundance and aggregation of food
resources and the presence of predators are two characteristics
of the environment that would propitiate the formation of large
groups as those observed in Norte Bay for the estuarine dolphin.
These two issues are still poorly known in Norte Bay and other
areas of occurrence of this species. However, the presence of the
larger bottlenose dolphin in Norte Bay is also a trait that may
influence the social organization and group formation of the
estuarine dolphin, since both species have already been observed
in an aggressive interspecific interaction in the area (WEDEKIN et
al. 2004). It is also important to consider that the population
studied here is found in the southernmost limit of distribution
of the species. The geographic outliers of a species are likely to
occur in unusual, atypical or in marginal and stressful condi-
tions (see review in LesicaA & ALLENDORF 1995), and thus we can
expect that the behavioural responses of an animal to this con-
ditions may be equally unusual and atypical.

Our results showed that group organization and
behavioural patterns of this estuarine dolphin population are
probably linked to daily and seasonal environment cycles, and
also possibly to the condition of being at the furthest limit of
distribution of the species. Behaving in different manners along
the temporal and spatial axis are forms of better exploring and
adapting to the varying environment. We leave an open road
for future research projects aiming at test and explore how spe-
cifically the biotic and abiotic factors of the environment con-
dition these behavioural responses, although we already pro-
posed some hypothesis based on the available data.
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