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Abstract

The use of space by the resident population of estuarine dolphins (Sotalia guianensis) in Norte Bay, southern Brazil 
was studied by boat surveys between 2000 and 2003. Data such as the geographical position and group size was col-
lected at 5-minute intervals using focal-group sampling. The distribution and seasonal and daily group home-ranges 
were estimated using a GIS (Geographic Information System) environment. The dolphins did not use the area ho-
mogeneously, restricting their activities to a well-defined area located in the western part of the bay, while the use of 
the eastern part was not observed. A discrepancy between the Environment Protection Area of Anhatomirim, created 
especially to protect this population and the distribution of the dolphins was observed. Seasonal group home-range 
varied both qualitatively and quantitatively among the four consecutive seasons analyzed. The dolphins tended to use 
a larger area in cold seasons, when apparently the abundance of major prey items is lower. Core areas of intense use 
were identified, and also varied seasonally. These core areas may be regarded as critical habitats and require special 
legislation and control. The mean daily group home-range did not differ statistically among seasons. The present study 
corroborates a spatially strict residency pattern of the estuarine dolphin in highly productive coastal ecosystems.
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Variação sazonal no uso espacial pelo boto-cinza, Sotalia guianensis  
(Cetacea; Delphinidae) no seu limite sul de distribuição

Resumo

A utilização espacial pela população residente de botos-cinza, Sotalia guianensis, na Baía Norte de Santa Catarina, 
Sul do Brasil, foi estudada por meio de saídas de barco realizadas entre 2000 e 2003. Dados como posição geográfica 
(GPS) e tamanho de grupo foram obtidos utilizando-se o método de grupo focal. A distribuição e a área de vida diária 
e sazonal do grupo foram estimadas por um SIG (Sistema de Informações Geográficas). O uso do espaço pelos botos 
foi heterogêneo, restringindo suas atividades a uma área bem definida, localizada na parte oeste da baía, enquanto a 
utilização do lado leste não foi observada. Observou-se uma discrepância entre a distribuição dos botos e a Área de 
Proteção Ambiental de Anhatomirim, criada especialmente para proteger esta população. A área de vida sazonal do 
grupo variou tanto qualitativamente como quantitativamente nas quatro estações do ano consecutivas estudadas. Os 
botos tenderam a utilizar uma área maior nas estações frias do ano, quando a abundância de suas presas potenciais 
parece ser menor. Identificaram-se áreas de maior concentração de indivíduos, que também tiveram variação sazonal. 
Estas áreas de concentração podem ser consideradas hábitats críticos e exigem controle e legislação especial. Não 
houve uma diferença sazonal significativa nas áreas de vida diária do grupo de botos nas diferentes estações do ano 
estudadas. Os resultados deste trabalho apontam para um padrão de residência espacialmente restrita de S. guianensis 
em ecossistemas costeiros de grande produtividade.

Palavras-chave: distribuição, área de vida, sazonalidade, Cetacea, Baía Norte.

1. Introduction

 Two basic forms of describing a species’ use of space 
are the distribution and the home-range. Distribution can 
be defined as the “occurrence and spatial arrangement 

of a species within a defined area at a particular time” 
(Thompson et al., �998). Burt (�943) defines home-range 
as “the area traversed by the individual in its normal ac-
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tivities of food gathering, mating, and caring for young”. 
Distribution is a level of analysis which focuses on the 
entire species or population, while the analysis of home-
range focuses on the individual or social group level. 

The estuarine dolphin, Sotalia guianensis (according 
to Monteiro-Filho et al., 2002), is a small cetacean spe-
cies that can be found in estuaries, protected bays and 
coastal waters along the western Atlantic Ocean coast 
from Honduras (Silva and Best, �996) to Norte Bay, 
southern Brazil (Simões-Lopes, �988). At Norte Bay 
there is a resident population of estuarine dolphins with 
a high degree of site fidelity and residency (Flores, �999, 
2003). Based on the highest number of individuals ob-
served in one day, the population of estuarine dolphins of 
Norte Bay comprise at least 60 individuals (Daura-Jorge, 
2003), but this population size is probably underestimat-
ed. The bottlenose dolphin (Tursiops truncatus) can also 
be observed in the coastal waters of Norte Bay (Flores, 
2003; Wedekin et al., 2004).

The estuarine dolphin is classified as “data deficient” 
by the IUCN Red Data Book (IBAMA/GTEMA, 200�). 
In spite of this status, the ecological and social-economic 
importance of the southernmost population, and the great 
anthropogenic pressure that it suffers, demands conser-
vation efforts in the area (Wedekin, 2003). This situation 
led to the creation of the Environmental Protection Area 
(EPA) of Anhatomirim in �992 with the purpose of pro-
tecting the estuarine dolphin population of Norte Bay.

Various authors have described seasonal changes 
in the use of space by coastal cetacean species (e.g. 
Shane, �980; Würsig and Würsig, �980; Irvine et al., 
�98�; Nichol and Shackleton, �996; Wilson et al., �997; 
Karczmarski et al., �999; Bejder and Dawson, 200�). 
Despite this, not much literature is available concerning 
the estuarine dolphin’s use of space, and seasonal chang-
es have never before been recorded.

In the present work, we analyze the spatial distribu-
tion and the variation of seasonal and daily home-ranges 
of the resident group of estuarine dolphins at the south-
ernmost occurrence point of the species, the Norte Bay, 
southern Brazil.

2. Material and Methods

2.1 Study area

The Norte Bay is one of the two protected coastal 
bays that separate the mainland and the Island of Santa 
Catarina in southern Brazil (27° 30’ S and 48° 32’ W, 
Figure �). It covers an area of approximately 250 km2.

The hydrological features of Norte bay are very 
similar to those of the adjacent open waters, which have 
a strong seasonal variation of oceanographic characteris-
tics (Cerutti, �996). The water temperature varies mark-
edly between cold and hot seasons, ranging from 29 °C 
to a minimum of �5 °C (Cerutti, �996). The water circu-
lation inside the bay is highly influenced by the wind and 
tide currents (Filho et al., �997). The mean depth of the 
bay is 3.5 metres (±2.37 metres), with deeper waters in 

both south and north channels (22 and �� metres, respec-
tively). The margins of the bay consist of a mosaic of 
sand beaches, rocky shores and mangroves, the latter of 
which contributes to the marine productivity of the area.

The Norte Bay is highly modified and influenced by 
human activities posing threats to marine life such as 
physical alteration and pollution. There are almost half a 
million people in the surrounding land of the Norte Bay, 
and this land is experiencing a rapid process of urban 
expansion (Cerutti, �996).

2.2. Boat survey procedure

Systematic one-day research cruises were conducted 
aboard a 5-m sailing boat (with a 5-hp outboard motor). 
The boat followed a fixed circular route, leaving from 
the eastern part of the bay and running counterclockwise 
until a dolphin group was encountered. In order to sam-
ple the study area homogeneously, additional research 
cruises with alternative routes were also carried out. The 
group was followed for the longest possible time during 
a one-day period using focal-group sampling (Lehner, 
�996). Sometimes the first encountered group was arbi-
trarily left and the boat continued to sample the area. This 
last procedure was also conducted to reduce any bias due 
to an unequal sampling effort. During the observation of 
a group of dolphins, experienced observers scored group 
size, behaviour, geographical positions and other infor-
mation at 5-min intervals (= record). Whenever there 
were bad weather conditions (sea state over Beaufort 4 
and rain) the surveys were stopped. 

The basic social unit considered in the present study 
was the group. A group was interpreted as any aggre-
gation of dolphins observed in apparent association, 
and often, but not always, engaged in the same activ-
ity, where it was generally possible to directly count the 
individuals (adapted from Shane, �990). In practice, the 
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Figure 1.  Geographic location of Norte Bay and estuarine 
dolphin study area in southern Brazil. Dotted lines show 
3 meter isobath.
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studied groups had a very dynamic organization and 
smaller social units (called subgroups), generally con-
sisting of two to seven individuals and characterized by 
a distance among individuals of less than the equivalent 
of two body sizes, could also be identified, but they were 
considered to be part of the group.

2.3. Data analysis

A nautical chart of Norte Bay was digitized and all 
geographic locations were entered into a GIS database 
using Microsoft® Office Excel and ESRI ArcView® 
3.�. software. A distribution map was made using the 
geographical positions of all systematic survey records 
(n = 2.373), strandings from �989 to 2002 (n = 37) and 
opportunistic sightings made by experienced observers 
(n = 4).

Some evidence, provided by extensive scientific re-
search, suggests that the estuarine dolphin population 
of Norte Bay rarely disperses or separates, acting as a 
socially-cohesive unit. This evidence includes: exten-
sive overlapping among individual home-ranges (Flores, 
2003), a high degree of site fidelity and residency (Flores, 
�999, 2003), and group sizes larger than observed for 
most other areas where this species can be found (Daura-
Jorge, 2003). Moreover, two different groups are rarely 
observed on the same day, and when two groups were ob-
served, they were never more than � km apart from each 
other (Daura-Jorge, 2003). For this reason, even consider-
ing that occasional large-scale individual movements and 
dispersal may occur, the group home-range concept was 
applied in the present study in the same way as it is ap-
plied in some primate social group studies (e.g. Stacey, 
�986; Passamani and Rylands, 2000; Castro, 2003). 

The group home-range was calculated using the 
ArcView extension called “The Animal Movement 
Analyst Extension - AMAE” (Hooge and Eichenlaub, 
�997). The fixed kernel 95% and the minimum convex 
polygon methods were used for group home-range es-
timation, and fixed kernel 50% was used for core area 
estimation (for the description of the methods and as-
sumptions, see Harris et al., �990; Powell, 2000). Group 
home-range data was sorted by season in a consecutive 
one-year period of systematic data collection and similar 
field efforts (Table �). Whenever there was an overlap of 
the home-range estimates with land, the area of terres-

trial habitat was subtracted from the final estimate.
The assumption of the kernel method that spatial au-

tocorrelated data may cause bias in home-range estima-
tion (Swihart and Slade, �985; Harris et al., �990) was 
not considered, since recent findings have shown that the 
violation of this assumption does not produce any bio-
logically relevant distortion in the estimation (Reynolds 
and Laundre, �990; Solla et al., �999).

The fixed kernel smoothing parameter (h) was calcu-
lated by AMAE extension using the least square cross-
validation procedure (Worton, �989).

The minimum convex polygon home-range size was 
plotted against the number of records for each season 
(see Harris et al., �990). Using this procedure, whenever 
the curve stabilizes, or reaches an asymptote, the sample 
size (or number of records) is sufficient.

Daily home-range was calculated through the mini-
mum convex polygon method and the mean value of 
each season was also calculated. Differences among 
seasons were tested by Kruskal-Wallis analysis of vari-
ance (Siegel, �956) with Statistica 5.0 software. Due to 
the unequal sample sizes among daily home-range esti-
mates, a Pearson correlation (Siegel, �956) was used to 
test the influence of the sample size on the daily home-
range size with the Statistica program.

3. Results

3.1. Field effort

The systematic surveys were conducted from 
September 2000 to October 2003, and �97 hours (out 
of 422 h of effort) were of direct observation of dolphin 
groups. Dolphins were not observed on 29% of the one-
day surveys. The mean direct observation time for the 
same group of dolphins during one day was 4.3� hours 
(range = 0.56 to 8.08 hours). The range size vs. number 
of sightings curves reached an asymptote for all seasons 
analyzed, indicating that the sample size was sufficient 
for the seasonal group home-range estimates.

3.2. Distribution

Estuarine dolphins did not use the area homogene-
ously and were observed in a well-defined 50 km2 area 
on the west (mainland) side of Norte Bay along a 24 km 
north-south stretch of coast (Figure 2). The southernmost 

Table 1. Field effort and direct observation of the distribution and seasonal home-range estimates.

Number of positions/
days

Field effort 
(hours)

Direct observation 
(hours)

Observation/effort 
* 100

Distribution
(May 2000 to October 2003)

2.373/69 422.50 �97.75 46.80

Seasonal group home-range
 Spring 200� 334/9 60.9� 27.83 45.69

 Summer 2002 367/�0 53.33 30.58 57.34

 Autumn 2002 302/9 5�.66 25.�6 48.70

 Winter 2002 309/9 36.83 25.75 69.9�
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occurrence point for the species was located in Sul Bay, 
suggesting that the resident group sporadically crosses 
the narrow and deep channel that separates Norte and Sul 
Bays. The presence of estuarine dolphins in the eastern 
(island) part of Norte Bay, or movements in and out of 
the bay, were never observed. This fact does not indi-
cate that these movements or the use of the eastern part 
of Norte Bay are not possible, but suggests that the fre-
quency of these events is probably rare. Only about 29% 
of the distribution of the dolphins detected in the present 
study was inside the Environment Protection Area of 
Anhatomirim. Strandings occurred all along the Norte 
Bay coastal line and were not restricted to the borders 
near the distribution of the dolphins.

3.3. Seasonal group home-range

Each season, dolphins tended to restrict their activi-
ties to specific areas (seasonal group home-range), which 
varied qualitatively and quantitatively. Inside the seasonal 
dolphin group home-range, core areas of intense use could 

be identified, and these areas also varied throughout the 
four different seasons analyzed (Figure 3; Table 2).

The dolphins used similar areas in spring 200� and 
summer 2002, which had only one core area (Currais 
Bay) and the smallest group home-range size (kernel 
95%: 8.32 and 8.42 km2 respectively). The group home-
range was considerably larger in autumn, 2002 (kernel 
95%: 20.27 km2) and two distinct core areas could be 
identified (Currais and São Miguel Bays). Finally, win-
ter, 2002 was characterized by only one core area (São 
Miguel Bay), distinct from the spring, 200� and summer, 
2002 core area, and by having the largest group home-
range size (kernel 95%: 32.�2 km2). Besides the seasonal 
spatial use variation, there was a trend towards greater 
spatial requirements in autumn, 2002 and winter, 2002 in 
contrast with spring, 200� and summer, 2002.

3.4. Daily group home-range

There was no correlation between the daily direct 
observation time and the size of the daily home-range 
estimate (Pearson correlation = 0.�33; p = 0.4462). 
Since daily sample sizes did not influence the daily 
home-range estimates, a seasonal comparison could be 
made with this spatial parameter. The mean daily home-
range estimates were not statistically different among 
seasons (Figure 4; Kruskal-Wallis: H = 2.704; gL = 3; 
p = 0.4395). However, the largest daily home-range sizes 
were observed in autumn, 2002 (35.70 km2) and the larg-
est mean daily home-range was observed also in autumn, 
2002 (�0.26 km2).

4. Discussion

The activities of the resident group of estuarine dol-
phins are restricted to the inside of Norte Bay, more spe-
cifically to its western part, while the use of the eastern 
part was not observed. Heterogeneous (non-random) 
use of space is common among other estuarine dolphin 
populations (Cremer, 2000; Bonin, 200�; Lodi, 2003) 
and also among other species of coastal dolphins, such 
as the bottlenose, Tursiops truncatus (Gubbins, 2002), 
and the Indo-Pacific humpback dolphin, Sousa chinensis 
(Karczmarski et al., 2000). The non-random distribution 
of the estuarine dolphin may reflect the heterogeneity of 

Table 2. Seasonal group home-range and core area sizes 
of Sotalia guianensis using the minimum convex polygon 
(MCP) and kernel 50 and 95% methods in Norte Bay.

Season kernel 95
(km2)

kernel 50
(km2)

kernel 50/95 
ratio * 100

MCP
(km2)

Spring 
200�

8.32 0.73 8.77 9.80

Summer 
2002

8.42 0.74 8.79 �2.94

Autumn 
2002

20.27 3.80 �8.75 77.08

Winter 
2002

32.�2 3.9� �2.�7 46.�5
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Figure 2. Distribution of Sotalia guianensis sightings and 
strandings in Norte Bay.
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coastal habitats and its consequences on the distribution 
of prey and/or predators. 

Another possible explanation for the heterogeneous 
use of Norte Bay by the estuarine dolphins may be the 
presence of the larger bottlenose dolphin. A spatial seg-
regation, with little overlap, is observed when the distri-
bution data of both species is plotted on a map (Flores, 
2003; Daura-Jorge, 2003). Although this may be a prom-
inent ecological phenomenon, more research is needed 
in order to identify the true causes of such a spatial re-
lationship between these two species. One hypothesis 
is that the segregation is caused by a simple differential 
habitat selection, and each species has particular and 
distinct habitat preferences. However, this hypothesis is 
weakened by the observation of an aggressive interac-
tion between the two species in the area (Wedekin et al., 
2004). In spite of the very particular nature of these ag-
gressive interactions, one possible cause of the spatial 
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Figure 3. Comparison of seasonal group home-range of Sotalia guianensis using the minimum convex polygon and kernel 
methods (50 and 95%) from spring, 200� to winter, 2002 in Norte Bay. 
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segregation is inter-specific territoriality (Brown and 
Orians, �970). This last hypothesis should nevertheless 
be viewed with caution because individuals of different 
species may experience greater behavioural and mor-
phological differences, making the spatial exclusion less 
probable (Brown and Orians, �970).

The residence and site fidelity of the estuarine dol-
phins in Norte Bay were observed through previous in-
dividual photo-identification studies (Flores, �999, 2003). 
In the present study, it was observed that this residency is 
spatially restricted to the waters within the bay. The social 
cohesion of the Norte Bay population also produces a spa-
tial relationship which is highly clumped and aggregated, 
with extensive overlapping among individual home-ranges 
(Flores, 2003). The same spatially-strict residency was ob-
served by Cremer (2000) in Babitonga Bay, �50 kilome-
tres north, where the estuarine dolphin uses a well-defined 
area. Although individual movements in and out of Norte 
and Babitonga Bays were not observed, it is still possible 
that such events may occur. However, the fact that much 
observation has not detected such movements indicates 
that their frequencies are probably low. 

The spatial use and residency patterns may be re-
sponses of habitat characteristics and behaviour strate-
gies to cope with a varying environment. For the coastal 
estuarine dolphin, this pattern may be as variable as that 
of the bottlenose dolphin (Ballance, �992), but the ob-
served tendency is that estuarine dolphins are year-round 
residents (Geise, �99�; Cremer, 2000; Bonin, 200�; 
Lodi, 2003) and movements are probably restricted to 
a local scale, as analyzed in this work. In Guanabara 
Bay, for example, estuarine dolphins’ movements in and 
out of the bay can be observed on a daily basis (Geise, 
�99�). In Norte Bay, the dolphins’ movements also have 
a daily rhythm but are restricted to the inside of the bay 
(Daura-Jorge, 2003). The year-round residency strat-
egy of estuarine dolphins is consistent with the use of 
highly productive coastal ecosystems, such as protected 
bays and estuaries (Borobia et al., �99�) and the general-
ist diet of the species (Borobia and Barros, �989; Silva 
and Best, �996). Migration or long-range dispersal and 
movements have never been recorded for the species.

The differences between the dolphins’ distribution 
and the stranding localities indicate that dead dolphins’ 
carcasses may drift for a considerable time before reach-
ing land. Inferences of actual distribution from stranding 
data must be considered carefully, except in studies fo-
cusing on large spatial scale. Due to the widespread pat-
tern of occurrence of strandings in relation to a restricted 
distribution, strategies to rescue dead animals’ carcasses 
must be planned to involve the entire Norte Bay and not 
only the areas adjacent to the dolphins’ distribution.

The size and areas comprised by the seasonal group 
home-range demonstrated a strong seasonal variation 
between the hot and cold seasons. The seasonal group 
home-range was smaller in the hot seasons and larger in 
the cold seasons. Based on the diet of the dolphins and 
on the seasonal variation of abundance of dominant prey 

types (especially fish from the Engraulidae Family), it has 
been hypothesized that the greater spatial requirements 
of the estuarine dolphins in the cold seasons were due to 
a lower abundance of food resources, whereas the oppo-
site occurs in the summer (Daura-Jorge, 2003; Wedekin, 
2003; Daura-Jorge et al., 2004). The negative relationship 
between the abundance of major food items and the size of 
the area used by individuals or groups has also been found 
in primates (Passamani and Rylands, 2000; Castro, 2003) 
and in one small cervid species (Tufto et al., �996).

Some portions of the seasonal group home-range 
were very frequently used by the dolphins. The excessive 
use of certain areas may be related to high concentrations 
of prey, and similar excessive use has been identified in 
other areas where the estuarine dolphin has been studied 
(Oliveira et al., �995; Cremer, 2000; Bonin, 200�; Lodi, 
2003). These areas may be considered more important 
because of their higher frequency of use by the dolphins 
in comparison with other portions of the available habi-
tat. For this reason, the core areas may be regarded as 
critical habitats for conservation (e.g. Ingram and Rogan, 
2002; Karczmarski et al., 2000).

We noted that the core areas also varied seasonally. 
The spring and summer core area (Currais Bay) has been 
identified by Flores (�999). However, we also identi-
fied a distinct core area during the winter season (São 
Miguel Bay). In the autumn, dolphins used both Currais 
Bay and São Miguel Bay core areas. Moreover, dolphins 
frequently move in a predictable way from Currais Bay, 
where the group can be encountered first, to São Miguel 
Bay (Daura-Jorge, 2003).

Seasonal changes in the areas used have been not-
ed in several odontocete species, such as T. truncatus 
(Shane, �980; Irvine et al., �98�; Wilson et al., �997), 
Lagenorhynchus obscurus (Würsig and Würsig, �980), 
Cephalorhynchus hectori (Bejder and Dawson, 200�), 
S. chinensis (Karczmarski et al., �999) and Orcinus orca 
(Nichol and Shackleton, �996). In all the cases cited 
above, these changes have been attributed to changes in 
prey distribution and abundance, and indeed, fish stocks 
generally suffer great abundance changes in time and 
space (Laevastu and Hayes, �989).

In our study, the size of the daily group home-range 
did not differ statistically among seasons, although the 
highest values were observed in the cold seasons. Similar 
results have been obtained with one rodent species in 
which the daily and seasonal home-range differed in size 
and shape (Spencer et al., �990) and with primates where 
the daily home-range does not directly reflect the sea-
sonal or long-term home-range (Crockett and Eisenberg, 
�987). The cause of such a pattern may be a daily limit 
of energy expenditure that an animal is constrained by 
(Crockett and Eisenberg, �987), but this interpretation 
must be viewed with caution because of the lower cost of 
moving in the water compared with moving on land.

The discrepancy between the legal limit of the 
Environment Protection Area of Anhatomirim and its 
natural boundaries (which correspond to the distribu-
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tion of the dolphins) has been discussed and analyzed 
more profoundly by Wedekin et al. (2002). The results 
presented here only emphasize that the design of this ma-
rine protected area does not meet its main objective of 
protecting the resident estuarine dolphin population. 

The spatial patterns presented here for the estuarine 
dolphin have important implications for the management 
of the EPA of Anhatomirim. One of these implications 
is that the planning (especially zoning) may not be ef-
fective if it does not consider the seasonal variations of 
spatial use by the dolphins. Human disturbance may be 
greatly amplified in the critical habitats (core areas), thus 
requiring special legislation and control.
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