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Abstract
The subtropical and temperate coastal waters of the western South Atlantic are an
important calving ground for southern right whales, Eubalaena australis. From 2002
to 2008, data on right whale distribution and habitat characteristics were collected
in 14 bays along the coastline of Santa Catarina State, Brazil. Generalized linear
models with a negative binomial error distribution were used to determine which
environmental (beach morphotype, bay mouth width, bay inclination angle, northsouth and east-west wind components), and temporal (month and year) variables best
explained the aggregation pattern of individuals. Our results suggested that both
cow-calf pairs and adults unaccompanied by calves prefer bays with dissipative beaches, and that cow-calf pairs apparently avoid bays facing southeast during days of
strong east-west winds. The number of sightings peaked in September and tended
to increase over the study period. One particular embayment (Ribanceira beach) had
considerably higher numbers of animals and may be considered a preferred spot in
this calving ground. Our findings contribute to a better understanding of the species’ habitat use and ecological requirements and should be taken into account if
new management measures are implemented to further increase protection of southern right whales in the region.
Key words: distribution, environmental variables, generalized linear models, cetacean, habitat modeling, management, Brazil.

Introduction
Understanding the relationship between distribution and habitat is an important
aspect of determining how to conserve wild populations. It can point to processes and
factors influencing habitat use (Redfern et al. 2006) and in turn enable better assessment of the potential impacts of human activities on the animals and their habitat
(Rowntree et al. 2001, Austin 2002).
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Cetacean habitat use may be influenced by a variety of environmental (biotic and
abiotic) and anthropogenic factors (Borcard et al. 1992, Jaquet 1996, Forcada 2002).
Most studies, however, have focused on areas where food availability determines animal aggregation patterns (e.g., Ca~nadas et al. 2002, Moore and Laidre 2008, Dalla
Rosa et al. 2012, Sveegaard et al. 2012). In general, baleen whales migrate seasonally
between feeding (summering) and breeding (wintering) grounds (Gaskin 1982).
Habitat use in the wintering ground, where the animals mate, give birth and nurse
their young (Cummings 1985), may be determined by environmental factors that
favor calf survival (e.g., Martins et al. 2001, Rowntree et al. 2001, Elwen and Best
2004a).
In their breeding area off South Africa, southern right whales (Eubalaena australis)
show a preference for coastal areas, and yet favor certain bays or stretches of coastline
over others (Best 2000). Gentle slopes, protection from wind and swell, seafloor type,
and proximity to freshwater discharge influence their distribution along the coast (Elwen and Best 2004b). Freshwater discharge has the potential benefit of facilitating
skin exfoliation or loss of external parasites (Elwen and Best 2004b). Over smaller
spatial scales, sandy bottoms seem to be preferred over rocky bottoms, which could
be related either to the sound dampening properties that this floor type provides or to
lower risk of injury from rocky projections (Elwen and Best 2004a). In addition,
cow-calf pairs seem to have a different distribution from adults unaccompanied by
calves (e.g., Payne 1986, Best 2000, Elwen and Best 2004a). Pregnant females tend
to move to nearshore areas to give birth and stay for a postpartum period presumably
because of the protection offered by these regions (Burnell and Bryden 1997). Ocean
temperature influences prey availability and, therefore, may be one of the factors
determining cetacean distribution in feeding areas (e.g., Dalla Rosa et al. 2012).
However, such a variable may also directly influence cetacean distribution in reproductive areas, as it might affect calf development (Gaskin 1982, Keller et al. 2006,
Rasmussen et al. 2007).
Data on southern right whale distribution along the southern Brazil coast started
to be gathered in 1981 (Palazzo and Flores 1998). Sighting data collected since then
were useful to identify an area of primary use during the reproductive period (from
July to November), which in the year 2000 was declared an environmental protection
area (EPA) in Santa Catarina State (Federal Decree of 14 September 2000). The main
purpose of the EPA was to give special protection to habitat crucial to the life cycle
of the species. However, the factors influencing southern right whale distribution in
this area are not known. Identifying the factors that drive habitat selection of adults
unaccompanied by calves and cow-calf pairs can be relevant for establishing or refining conservation strategies. Habitat modeling can be a powerful tool for predicting
cetacean distribution and understanding the ecological processes involved in habitat
selection (Redfern et al. 2006).
The goal of this study was to investigate the relationship between southern right
whale distribution and environmental and temporal variables and to identify preferred calving areas in southern Brazil. Whaling drastically reduced the population
size and distribution to a restricted area along the Santa Catarina coast. As the
population recovers from whaling, it is expected to expand and, possibly, reoccupy
prewhaling grounds northward to Bahia state (Ellis 1969, Palazzo and Flores 1999).
Such an expansion is likely to increase conflicts between southern right whales and
human activities along the coast, emphasizing the importance of determining factors
that drive habitat use for the species.
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Methods
Study Area
The study area encompasses the central-southern sector of Santa Catarina State,
southern Brazil (Fig. 1). This coastal region is an important calving ground for
southern right whales and is characterized by the presence of many embayments. The
surveyed area includes 14 bays located within the EPA.
Data Collection
Right whales were observed from elevated points on shore along the study area
between 2002 and 2008, during the reproductive season (July to November). Observers, generally one on each bay, used 12 9 50 binoculars to scan the area from observation sites positioned between 20 and 90 m above sea level, to enable a broad view of
the bay. Each observer was responsible for monitoring a bay for a period of up to a
month, and then a rotation was performed so that each bay was surveyed by different
observers within and between seasons. The searching protocol was to scan the entire
area for 10 min followed by a 5 min resting interval. On some occasions, a 50 min
focal animal sampling (Altmann 1974) was performed to record animal behavior, followed by a 10 min resting interval, and the continuation of the scans. In such case, at
least one 10 min scan was conducted to search for new groups that could have entered
the bay during the focal sampling. Whales were tracked in order to avoid multiple
counting. On a few occasions, however, it was not possible to be certain about group
location. In such cases, the same group may have been resampled within a sampling
period and the data mistakenly attributed to separate groups.
Sampling was divided into half-day shifts of monitoring effort. For each shift,
information on environmental conditions (cloud cover, visibility, wind direction, and
Beaufort sea state) and sightings (number of groups and individuals and group composition) was recorded on standardized worksheets. The positions of the individuals
were plotted on nautical charts. Groups were classified as cow-calf pairs, adults unaccompanied by calves (lone adults or groups of multiple adults without a calf), or
undetermined (when the observer was unable to determine the composition). Solitary
subadults were treated as unaccompanied adults because of the subjectivity involved
in determining this class in the absence of a size reference.
Observation effort was halted when environmental conditions deteriorated due to
low visibility (<5–6 km), precipitation, or sea state >4 on the Beaufort scale. Sampling periods shorter than 1 h were not included in the data set. The influence of
weather conditions (sea state and visibility) on whale’s detectability was analyzed by a
Kruskal-Wallis test. Considering the results from this test, the 1 h minimum observation time and the broad views of the bays, we assume that all whales present in the
bays were detected.
Environmental variables considered as potentially relevant to the distribution of
the whales were also recorded, including sea surface temperature (SST), bay morphotype, east-west (E-W) and north-south (N-S) wind components, bay mouth width,
and bay orientation angle (Table 1). These last three variables allowed us to assess
physiographic features that may protect whales in the bay from wind and swell. Bay
mouth width and bay orientation angle were measured using georeferencing tools.
Bay mouth width was considered as the length of a line connecting one end of the bay
to the other (Fig. 2). Bay orientation angle was assessed using a line perpendicular to
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Figure 1. Study area in Santa Catarina State, Brazil. The monitored area is included in the
Environmental Protection Area (EPA da Baleia Franca) created specifically to protect the
southern right whale, Eubalaena australis. Symbols indicate the monitored bays and their colors
refer to beach morphotype (black ones are used for dissipative beaches and white ones for intermediate beaches).

SEYBOTH ET AL.: SOUTHERN RIGHT WHALE HABITAT USE IN BRAZIL

5

Table 1. Covariates included in analyses, with their respective type and data included in
the models.
Covariate

Type

Data

Year
Month
Morphotype
Bay mouth width
N-S wind component
E-W wind component
Bay inclination angle
SST

Continuous
Continuous
Categorical
Continuous
Continuous
Continuous
Continuous
Continuous

2002–2008
July to November
Dissipative and Intermediate
0.70–12.35 km (
x = 4.40)
–4–4
–4–4
55°–150° (
x = 102.85°)
15.37°C–22.30°C (
x = 19.10°C)

Figure 2. Scheme of the measures for the covariates bay mouth width (dashed line) and bay
inclination angle (solid line).

a line across the bay mouth (Fig. 2). Wind components were determined based on
the prevailing wind speed and direction during each half-day shift. In quadrants of a
compass, the wind direction and speed gave the angle and the length of the vector,
respectively. The N-S and E-W components were obtained by trigonometry. Beach
morphotype was defined based on a classification system (Silveira et al. 2011) that
considers beaches as dissipative, intermediate, or reflective (Fig. 3). In general, a dissipative beach has a gentle slope and its wave energy is attenuated by the breaking
process along a wide surf zone. Reflective beaches, on the other hand, have a very narrow surf zone, where the wave energy is generally low and the presence of beach cusps
is common. Beach cusps are regular longitudinal series of horns and embayments,
resulting in an undulating shoreline (Garnier et al. 2010). In reflective beaches, the
wave energy can be trapped by refraction. Intermediate beaches have narrow surf
zones and generally exhibit a sequence of sand or gravel bars, which are submerged
embankments built in the breaker zone due to the action of breaking waves and
edge-currents (Bharatdwaj 2009). In our study area only dissipative and intermediate
types occur (Silveira et al. 2011).
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Figure 3. Scheme of the main bay morphotypes: (a) dissipative, (b) intermediate, and (c)
reflective. The types in the study region are just dissipative and intermediate.

Monthly SST data with a 4 km resolution were obtained from the MODIS-Aqua
satellite (available at http://oceancolor.gsfc.nasa.gov/cms/). Monthly means were used
because of the high number of missing daily or weekly values resulting from cloud
cover. In addition, given the relatively small size of the study area, satellite SST data
did not differ markedly between the bays.
Data Analysis
Count data were modeled using Generalized Linear Models (GLMs) (McCullagh
and Nelder 1997) under R software (R Development Core Team 2010) version
2.13.1. Poisson and negative binomial distributions were used to fit models to the
data (Zuur et al. 2007). The response variable was the number of right whale cow-calf
pairs or unaccompanied adults sighted per half-day shift, and the explanatory variables included temporal (month and year) and environmental ones. Of all variables
tested, only beach morphotype was included in the models as categorical (Table 1);
all others were numerical, and used in their standardized form (x  x=SD½x). Quadratic terms for month and year were added in the models to account for nonlinear
patterns in relation to the response variable.
Differences in habitat use between cow-calf pairs and adults unaccompanied by
calves were examined by fitting separate models for each whale group category.
Model selection was based on AIC (Akaike Information Criterion) using a backward
stepwise approach (Zuur et al. 2009). Model validation followed graphical assessment
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of standardized residuals of the models that better explained the species distribution
(Zuur et al. 2009).

Results
Sightings
A total of 10,978 individuals were sighted during 6,196 half-day shifts of monitoring from 2002 to 2008. Half-day shifts lasted from 1 to 6 h (
x ¼ 2 h). In most
cases, no whale was sighted, but on one occasion 35 whales were sighted in a shift; a
mean of 0.7 cow-calf pairs and 0.3 adults unaccompanied by calves were sighted per
half-day shift. As high numbers of whales were rarely observed, possible recounts of
the same individuals are unlikely to have led to an inflation of the number of sightings in the bays. In all years, the number of cow-calf pairs was greater than the number of adults unaccompanied by calves. There was no significant influence of sea
state (v2 = 6.64, df = 4, P = 0.16) or visibility conditions (v2 = 4.40, df = 4, P =
0.35) on the number of sightings.
During the study period, adults unaccompanied by calves left the calving ground
before cow-calf pairs. The number of unaccompanied adults declined in October and
only two were seen in the study area in November. The number of sightings of cowcalf groups also started to decline in October, but a considerable number of individuals were still present in the bays in November (Table 2). Ribanceira Bay had the
highest number of individuals compared to the other bays (Table 3), a pattern that
remained throughout the reproductive season.
Model Selection
Data exploration indicated that the explanatory variables month and SST were
highly correlated (r > 0.7). Therefore, as the latter was based on monthly means, it
was not included in the models to avoid issues of collinearity.
The negative binomial distribution fitted better than the Poisson, based on AIC
(not presented). Models built with this distribution, and the respective AIC, are
shown in Table 4. The selected models in each whale class suggest that there are
some similarities of the variables that influence the occurrence and distribution of
cow-calf pairs and adults unaccompanied by calves, especially if we considered
competing models for unaccompanied adults based on very small AIC differences (see
Burnham and Anderson 2002) from the best model (Table 4).

Table 2. Number of southern right whale cow-calf pairs, adults unaccompanied by calves
and from undetermined class sighted per month during the breeding season, from 2002 to
2008.
Whale class

July

August

September

October

November

Cow-calf
Adults unaccompanied by calves
Undetermined

67
208
30

970
994
69

1,759
819
123

1,250
58
3

290
2
0
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Table 3. Monitored bays and the related environmental characteristics, total effort and average number of sightings considering data from 2002 to 2008.

Bay

Morphotype

Mouth
width
(km)

Cardoso
Prainha
Praia Grande
Laguna
Itapiruba Sul
Itapiruba Norte
Vila
Porto
 gua
D’A
Ribanceira
Silveira
Garopaba
Guarda do Emba
u
Pinheira

Dissipative
Dissipative
Dissipative
Dissipative
Dissipative
Dissipative
Dissipative
Dissipative
Dissipative
Dissipative
Intermediate
Intermediate
Intermediate
Dissipative

1.63
2.26
4.48
8.04
10.19
12.35
0.62
1.65
0.7
4.5
1.5
5.96
7.08
2.26

Inclination
angle (°)

Effort
(half-day
shifts)

Mean number
(per half-day shift)
(SD)

155
50
117
100
112
108
134
60
120
108
127
60
115
93

317
77
110
583
771
772
816
313
302
736
393
523
172
365

1.03 (2.42)
1.41 (2.23)
0.89 (2.12)
0.82 (1.71)
1.01 (2.00)
1.63 (2.94)
1.14 (2.23)
0.43 (1.14)
2.50 (3.10)
6.73 (8.49)
0.62 (1.62)
1.30 (2.49)
0.44 (1.25)
0.40 (1.52)

Parameter Estimates
Parameter estimates of the selected models for cow-calf pairs and unaccompanied
adults are listed in Tables 5 and 6, respectively. The intercept provides an estimate of
the log-density (i.e., expected number of whales per half-day shift) for a dissipative
beach type when all numeric variables are set equal to zero; that is, at their mean
(used in standardization) for each whale class. For cow-calf pairs and for adults unaccompanied by calves, models indicate that there were fewer right whale sightings at
intermediate than dissipative beaches and that the number of whales sighted
increased over time (Fig. 4). Our models also show that during the reproductive season, whale numbers increase until they reach a peak in September, and then start to
decrease (Fig. 5).
Some variables were selected only in the model for cow-calf pairs. The north-south
wind component alone, with a negative coefficient value, indicates that fewer cow-calf
pair sightings occurred when this wind component was strong. The interaction term
of bay angle with the east-west wind component, with its constitutive terms and estimated coefficients, indicate that larger bay angles had a negative influence on whale
numbers, which increased with stronger east-west winds. That is, lower numbers of
cow-calf pairs were observed at bays facing south/southeast when wind was blowing
east-west. Bay angle in the selected model for adults unaccompanied by calves
resulted in a positive coefficient, but caution is necessary in interpreting this variable
as the effect is small and nonsignificant.

Discussion
Right whale distribution was nonuniform among different bays in the Santa
Catarina calving area during the study period, as shown by the different numbers of
individuals observed at these sites. Elwen and Best (2004a) reported a similar pattern

Adults
unaccompanied
by calves

Cow-calf pairs

Class

year + year.q + month.q + month + morphotype + bayangle * mouth + bayangle * north_south + bayangle *
east_west + mouth * north_south + mouth * east_west
year + year.q + month.q + month + morphotype + bayangle * mouth + bayangle * east_west + mouth *
north_south + mouth * east_west
year + year.q + month.q + month + morphotype + bayangle * mouth + bayangle * east_west + mouth *
north_south
year + year.q + month.q + month + morphotype + bayangle * mouth + bayangle * east_west + north_south
year + year.q + month.q + month + morphotype + mouth + bayangle * east_west + north_south
year + year.q + month.q + month + morphotype + bayangle * east_west + north_south
year + year.q + month.q + month + morphotype + bayangle * east_west
year + year.q + month.q + month + morphotype + bayangle + east_west
year + year.q + month.q + month + morphotype + bayangle
year + year.q + month.q + month + morphotype
year + year.q + morphotype
year + year.q
year + year.q + month.q + month + morphotype + bayangle * mouth + bayangle * north_south + bayangle *
east_west + mouth * north_south + mouth * east_west
year + year.q + month.q + month + morphotype + bayangle * mouth + bayangle * north_south + mouth *
north_south + mouth * east_west
year + year.q + month.q + month + morphotype + bayangle * mouth + bayangle *
north_south + mouth * east_west
year + year.q + month.q + month + morphotype + bayangle * mouth + north_south + mouth * east_west

Model

6.6
4.8

7,406.4
7,404.6

(Continued)

8.3

7,408.1

3

11,888

2
2
0
5
7
12
18
350
383
10.3

5

11,890

11,887
11,887
11,885
11,890
11,892
11,897
11,903
12,235
12,268
7,410.1

7

DAIC
11,892

AIC

Table 4. Models generated for cow-calf pairs and for adults unaccompanied by calves in the stepwise backwards model selection with their respective
AIC. The selected model in each whale class is in bold. “.q” indicates quadratic terms for some explanatory variables and “*” refers to interactions between
explanatory variables. morphotype = beach morphotype; bayangle = bay orientation angle; mouth = bay mouth width; east_west = east-west wind component; north_south = north-south wind component.
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Class

year + year.q + month.q + month + morphotype + bayangle * mouth + mouth * east_west
year + year.q + month.q + month + morphotype + bayangle * mouth + east_west
year + year.q + month.q + month + morphotype + bayangle * mouth
year + year.q + month.q + month + morphotype + bayangle + mouth
year + year.q + month.q + month + morphotype + bayangle
year + year.q + month.q + month + morphotype
year + year.q + month.q + month
month.q + month

Model

Table 4. (Continued)
AIC
7,402.6
7,401.3
7,400.6
7,400.7
7,399.8
7,400
7,422.8
7,457.8

2.8
1.5
0.8
0.9
0
0.2
23
58

DAIC
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Table 5. Estimates and P-values of coefficients for selected GLM fitted to right whale cowcalf pairs. “.q” indicates quadratic terms for some explanatory variables and “*” refers to interactions between explanatory variables. morphotype = beach morphotype; bayangle = bay orientation angle; mouth = bay mouth width; east_west = east-west wind component and
north_south = north-south wind component.
Parameter

Estimate

P

intercept
year
year.q
month.q
month
morphotype (intermediate)
bayangle
north_south
east_west
bayangle:east_west

–0.09254
0.50607
0.1985
–0.67305
0.04329
–0.82048
–0.09448
–0.0429
–0.01673
–0.05643

0.10994
<2 9 10–16
7.99 9 10–9
<2 9 10–6
0.22218
<2 9 10–16
0.00432
0.01402
0.51222
0.00725

Table 6. Estimates and P–values of coefficients for selected GLM fitted to right whale
adults unaccompanied by calves sightings. “.q” indicates quadratic terms for some explanatory
variables. morphotype = beach morphotype and bayangle = bay orientation angle.
Parameter

Estimate

P

intercept
year
year.q
month.q
month
morphotype (intermediate)
bayangle

–130,265
0.17772
0.2361
–0.92731
–169,879
–0.51201
0.06305

<2 9 10–16
4.43 9 10–6
4.79 9 10–8
<2 9 10–16
<2 9 10–16
6.96 9 10–6
0.126

in South Africa, where animals were considered to have a discontinuous but predictable distribution. Moreover, other studies have shown that in calving areas some
coastal regions seem to be preferred by southern right whales (Best 2000).
It is worth emphasizing, however, that the greater number of cow-calf pairs (n =
4,336) sighted during the study period, compared to the total number of adults unaccompanied by calves (n = 2,081), demonstrates the importance of this area as a calving site. Although a birthing event has not been observed in Santa Catarina,
sightings of small calves, sometimes with fetal folds, are evidence that births occur in
this area. The inversion of the ratio of cow-calf pairs to adults unaccompanied by
calves between August and September represents further evidence (Table 2). In fact,
some of the groups classified as unaccompanied adults in the beginning of the season
were likely to be pregnant females. Witnessing a right whale birth is rare (Foley et al.
2011), and there is no observation of such an event for southern right whales. For
North Atlantic right whales (Eubalaena glacialis), some evidence of births has been
recorded but only after many years of systematic aerial surveys (Zani et al. 2008,
Patrician et al. 2009, Foley et al. 2011). Moreover, the conspicuous increase in the
ratio of cow-calf pairs to adults unaccompanied by calves from September to October
(Table 2) suggests that unaccompanied adults leave the area earlier than cow-calf
pairs.
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2003

2004

2005

2006

2007

2008

4
3
2
1
0

Model−fitted mean number of adults unaccompanied by calves

3
2
1
0

3
2
1
0

Model−fitted mean number of cow−calf pairs

4

4
3
2
1

Mean number of cow−calf pairs sighted per half−day−shift

0
2002

4

b
Mean number of adults unaccompanied by calves sighted per half−day−shift

a

2002

2003

Year

2004

2005

2006

2007

2008

Year

Figure 4. Mean number of southern right whale cow-calf pairs (a) and adults unaccompanied by calves (b) sighted per half-day shift along the coast of Santa Catarina state between
2002 and 2008 (bars), and the corresponding model-fitted values (dashed lines).

September
Month

October

November

2.0
1.5
1.0
0.5
0.0

Model−fitted mean number of adults unaccompanied by calves

2.5

2.5
2.0
1.5
1.0
0.5
0.0

1.5
1.0
0.5
0.0
August

Model−fitted mean number of cow−calf pairs

2.5
2.0

2.0
1.5
1.0
0.5

Mean number of cow−calf pairs sighted per half−day−shift

0.0

July

Mean number of adults unaccompanied by calves sighted per half−day−shift

b

2.5

a

July

August

September

October

November

Month

Figure 5. Mean number of southern right whale cow-calf pairs (a) and adults unaccompanied by calves (b) sighted per half-day shift during the breeding season along the coast of Santa
Catarina state (bars), and the corresponding model-fitted values (dashed lines).

The preference for specific bays by individuals during the study period might indicate a change in the distribution pattern of this population. In early years (from 1986
to 2003) Laguna Bay stood out due to its high number of animals (Groch 2000,

2005). Our research shows that, of the 14 bays studied, Ribanceira, Praia D’Agua,
Itapiruba Norte, and Itapiruba Sul were the preferred bays from 2002 to 2008.
Changes might be related to factors such as individual preference, social cohesion, or
habitat disturbance (Rowntree et al. 2001). Alternatively, they could be a result of
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the increasing number of animals using Santa Catarina as a calving ground, since the
population increased at a rate of 12% from 1987 to 2010 (IWC 2012).
Many studies have shown differences in distribution between southern right whale
cow-calf pairs and adults unaccompanied by calves (e.g., Payne 1986, Best 2000,
Rowntree et al. 2001, Elwen and Best 2004a). In general, cow-calf pairs are found in
shallower waters and in locations that offer higher protection from unfavorable sea
conditions. Both adults unaccompanied by calves and cow-calf pairs seem to prefer
sandy instead of rocky beaches. In our study, the higher concentration of whales in
some bays, regardless of the class, suggests that similar environmental or behavioral
conditions might influence the distribution of all classes, at least at larger spatial
scales. The presence of cow-calf pairs may attract unaccompanied adults waiting for
the opportunity to mate with the cow or with other females in the area, especially
considering that mating behavior has been observed on some occasions. In addition,
some females may arrive at the breeding ground accompanied by their subadult offspring, abandoning it afterwards, as it has been documented at Penınsula Valdes
(Thomas and Taber 1984). Nevertheless, our models do support some differences
between unaccompanied adults and cow-calf pairs.
The temporal variables year and month presented opposite signals for the quadratic
terms. The positive signal for year indicates that the relationship between these variables could be represented by a curve with a concave pattern. In fact, the total number
of sightings for both cow-calf pairs and adults unaccompanied by calves decreased
from 2002 to 2003. In 2004, sightings started to increase, reaching a maximum in
2007 and 2008, the last years included in our analyses. The general increase in sighting numbers in the latter years agrees with the population recovery observed in this
calving area (Groch et al. 2005). The negative signal in the quadratic term for month
was expected, as it is known that in the initial months of monitoring individuals
were just starting to arrive in this calving area, until a peak was reached in September. During the last months of the reproductive season, individuals started their
migration back to the feeding areas.
Regarding beach morphotype, individuals preferred dissipative rather than intermediate beaches, probably because of the gentler slope of dissipative beaches, which
may be particularly favorable to cow-calf pairs. The shallow depths close to shore at
dissipative beaches may help avoid male mating attempts and offer fewer directions
from which either predators or conspecifics can approach (Elwen and Best 2004a).
Because the exact position of the observed individuals was not recorded in our study,
it is not possible to investigate differences between the spatial distribution of adults
unaccompanied by calves and cow-calf pairs inside the bays. Groch (2000) reported
that southern right whales were seen in the area more frequently within the 5 m isobath than the 10 and 20 m isobaths, behind the breaking waves. This is similar to
the distribution pattern of right whale mothers with calves observed off Argentina
(Payne 1986) and South Africa (Best 2000).
In the best model for cow-calf pairs, the east-west wind component, bay orientation angle and their interaction term suggest that whales may avoid bays facing
southeast during strong winds from the east-west component. The north-south wind
component also had a negative effect on cow-calf numbers, further emphasizing the
influence of variables related to protection against wind and swell. For unaccompanied adults, such effects seem less important based on the best model, although competing models also included these variables. Additional studies to investigate whale
movements using satellite telemetry would help to understand whale behavior and
confirm whether they tend to stay away from bays during rough weather conditions.
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Some variables that are thought to influence right whale distribution in other
reproductive areas could not be included in our models because of study area characteristics. This is the case, for instance, for seafloor type and proximity to freshwater discharge. The dominance of sedimentary floors in the study area (Santos 2008)
and the difficulties in defining important freshwater runoff due to flow variability
prevented us from assessing the relevance of these variables in determining whale
preference among bays. Furthermore, kelp gull (Larus dominicanus) harassment may
influence right whale behavior and distribution at Penınsula Valdes, Argentina
(Rowntree et al. 1998, Sironi et al. 2009). This kind of event is considered relatively rare in our study area, with only two attacks observed in the region (Groch
2001).
Behavioral and cultural factors may also influence cetacean distribution; therefore,
their inclusion would be required for a complete understanding of habitat use (Hastie
et al. 2004). Behavioral influences on habitat use may include foraging, sexual (mating and courtship), or social contexts guiding species distribution (Tyack 2002). Cultural aspects, such as philopatry, are transmitted through maternal fidelity to a
specific location within the reproductive area (Clapham et al. 2008). Although right
whales seem to have philopatric plasticity (e.g., Rowntree et al. 2001), it could still
contribute towards the use of preferential areas. Site fidelity of southern right whales
from Penınsula Valdes to feeding grounds seems to last for several generations (Valenzuela et al. 2009) and, added to the species’ natal philopatry (e.g., Best 2000), such
factors could restrict the animals’ ability to use alternative reproductive and feeding
grounds other than those learned from their mothers. Although information on site
fidelity of the population breeding off Brazil is limited, 10% of the individuals registered in the Brazilian Right Whale Catalogue until 2003 have been resighted in the
reproductive area (Groch et al. 2005).
The growth of this population and its expected habitat expansion will likely
increase interactions with human activities. Industrial developments are a cause of
concern. The ongoing expansion of Imbituba Harbor, in particular, is likely to affect
right whale distribution because of the increase in vessel traffic and noise in the area.
Such environmental disturbances are known to have influenced bottlenose dolphin
populations in other areas (e.g., Wells and Scott 1997, Nowacek et al. 2001) and
southern right whales in the Penınsula Valdes calving area (Rowntree et al. 2001).
Cetacean habitat use should be investigated prior to industrial development, so that
changes can be detected and appropriate mitigation measures implemented (Macleod
et al. 2003).
Overall, our findings on whale distribution highlight the preference for specific bays
within the area of largest concentration of the species in Brazilian waters. We also show
that some temporal and environmental variables influence the habitat used by both
adults unaccompanied by calves and cow-calf pairs. Such information can be useful to
environmental managers aiming to provide higher protection to the most critical bays
for the conservation of this southern right whale population. It may also help identify
relevant areas in a scenario of population expansion, assuming that the same ecological
requirements will determine habitat selection in newly occupied areas.
The continued monitoring of the species in the southern Brazil calving area is
necessary to provide further information about the environmental and behavioral
factors that determine habitat use patterns, and to detect potential changes in whale
distribution due to industrial and naval development in an area that represents
critical habitat for this population.
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