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The coast of Brazil is an important low latitude nursery ground for humpback whales (Megaptera novaeangliae). The number
of humpback whales in this region has increased and its population is reoccupying areas where it has been depleted during the
whaling period. The goal of this study was to conduct land-based observations during 2014 and 2015 to characterize patterns
of habitat use and relative abundance of humpback whales that migrate to one of these reoccupation areas: Serra Grande,
Bahia state. The observed mean group size was 2.12 + 0.96 individuals and did not vary through the reproductive season
nor between years. Dyads (32.9%) and singletons (26.7%) were more frequently observed, and groups with calves repre-
sented 21.2% of the sightings. The mean number of whales counted per hour increased from 2014 (3.44 * 3.35) to 2015
(5.12 + 4.18). Habitat use varied during the season; whales used shallower waters closer to shore as the season progressed.
The spatial distribution of groups with calves was dependent on the presence and number of escorts. Spatial segregation of
groups with calves closer to shore is a key factor in understanding the overall distribution of whales in the area, suggesting
that social strategies are affected by environmental factors, as seen in other wintering grounds. Small-scale studies from land-
based stations, in areas such as this where there is no previous knowledge about the species, are cost effective. They provide
information about the overall behavioural and spatial patterns while anthropogenic activity is still low, allowing habitat pro-
tection and management decisions before implementation and increase of human activities.
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INTRODUCTION

Humpback whales (Megaptera novaeangliae, Borowski 1781)
have characteristic temporal and spatial migratory patterns
that enable the species to take advantage of the great product-
ivity of high latitude waters for feeding during the austral
summer, and breeding and calving in low latitudes during
the winter months. Winter coastal distribution (Dawbin,
1956; Clapham, 2000) associated with islands and reef
systems (Clapham, 2009) is common in many humpback
whale populations. Females with calves occur even closer to
shore in shallower and more protected waters (Whitehead &
Moore, 1982; Smultea, 1994; Ersts & Rosenbaum, 2003).
Low latitude warmer waters (Clapham, 2000) with low preda-
tion risk (Corkeron & Connor, 1999) are thought to enhance
the chances of survival of humpback whale newborn calves.
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The population that migrates to the Brazilian coast
between July and November (Martins et al., 2001) is part of
Breeding Stock A (IWC, 2005). This population feeds off
South Georgia and Sandwich Islands (Zerbini et al., 2006,
2011; Engel & Martin, 2009) which are ~4000 km distance
from this breeding ground (Stevick et al., 2006).

The number of humpbacks that migrate to Brazil is
increasing (Freitas et al, 2004; Andriolo et al, 20105
Bortolotto et al., 2016). For years, all research efforts were
focused in the Abrolhos region (Martins et al., 2001; Morete
et al., 2003), which continues to be the main breeding area
(Andriolo et al., 2006; 2010). However, the species occurs
along the entire north-eastern coast of Brazil (Zerbini et al.,
2004; Lunardi et al., 2008) and the population shows a signifi-
cant expansion northern of Abrolhos, reoccupying winter
areas (Rossi-Santos et al., 2008; Andriolo et al., 2010) used
before the whaling period (Morais et al., 2016). Surveys
carried out between 2002 and 2005 showed a gradual increase
in the Brazilian population reaching 6404 individuals in 2005
(Andriolo et al., 2010). Bortolotto et al. (2016) had estimated
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19,429 humpback whales in 2012, while Pavanato et al. (2017)
had estimated 12,123 individuals in 2015 using different
methodologies in a larger study area. The IUCN
(International Union for the Conservation of Nature) has
changed the species status from ‘vulnerable’ to ‘least
concern’ (IUCN, 2013) due to the increase in size of most
humpback whale populations worldwide.

Zerbini et al. (2004) surveyed the north-east of Brazil and
found most humpback whale sightings to occur within 50 m
depth, which normally is associated with proximity to the
coastline. In Brazil, previous studies mainly occurred in two
regions along the state of Bahia: (1) the Abrolhos Bank
located off the southern limit of the state and considered to
be a unique environment compared with other regions
along the coast and (2) Praia do Forte to the north. There is
a gap of knowledge about the species between these two
regions, where our study site is located, between Itacaré and
Ilhéus, and where few human activities currently occur. The
region is unexplored except for a few boat-based and aerial
scientific surveys (Rossi-Santos et al., 2008; Andriolo et al.,
2010; Baracho-Neto et al., 2012). Between 2002 and 2005,
during aerial surveys aimed at estimating the humpback
whale population along the Brazilian coast, the Itacaré/
Ilhéus region presented densities between o.010 and 0.026
individuals per km* while over the Abrolhos Bank densities
were between 0.028 and 0.091 individuals per km®
(Andriolo et al., 2010).
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The presence of whales close to shore and the shoreline
features that include an elevated point (Serra Grande),
allowed observations from a land-based station (Wiirsig
et al., 1991). This research methodology has been applied to
study humpback whales for two decades in the Abrolhos
archipelago (Morete et al, 2003, 2008), which is located
within the Abrolhos Marine National Park. Our aim in this
study was to characterize patterns of relative abundance
and habitat use throughout the winter season in Itacaré/
Ilhéus region from a land-based station located at Serra
Grande. Social strategies used during the reproductive
season and other unknown aspects of humpback whale
distribution in this region will provide information to
support better habitat protection and other management
decisions.

MATERIALS AND METHODS

Study site

Data were collected from the highest point of Serra Grande
(14°28'30"S 39°01'50"W), ~34 km north from the city of
Ilhéus, southern Bahia state, north-eastern Brazil (Figure 1).
The land-based station is located 315 m from the coastline
at an elevation of 93 m above mean sea level. We considered
a radius of 14 km from the observation point to define the
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Fig. 1. Serra Grande study site located in north-eastern Brazil where a land-based observation station at elevation 93 m was used to conduct visual surveys that

covered an area of 195.63 km® (striped area).
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study area between 70 and 184° (True) covering 195.63 km™.
The orientation of the coastline, and the existence of vegeta-
tion and rocks prevent the monitoring of the north-east of
the area.

The region’s ocean floor is predominantly made of rocks
and sand (Freire & Dominguez, 2006). Mean water tempera-
ture varies during the year between 24 and 29°C (NOAA,
2016).

Visual surveys

Observations were made between July and October in 2014
and 2015. Data collection was conducted during the daytime
between 07:20 and 16:05h following survey methods
described by Mann (1999), each survey being of 1 h duration
(Morete et al., 2007, 2008). Morning and afternoon surveys
were undertaken when weather conditions allowed good visi-
bility of the skyline and when sea state was equal or below
Beaufort 4. The mean interval between surveys was 3.22 h
(SD = 0.68) allowing for observed groups to have moved
away by the time of the second survey, leading to sample inde-
pendence (Frankel & Clark, 2002).

Each survey was conducted by two or three dedicated
observers and active search done with naked eye and binocu-
lars 7 x 50. Whales were located based on presence cues such
as blows, water splash from aerial behaviours, or exposure of a
body part (Morete et al., 2008). When a group of whales was
sighted, the main observer (same person throughout the
study) tracked and monitored the group using a total station
TOPCON ES105 with 5" of precision and 30-power monocu-
lar magnification until the location angle, size, composition
and behaviour of the group was identified (Morete et al,
2008). Meanwhile, the other observers kept monitoring the
area, searching for other whale groups.

In order to avoid counting groups twice, if there was any
doubt about the discrimination of sighted groups during a
survey, the effort was interrupted and the ongoing survey
would be cancelled and another one started (Morete et al.,
2008). At the start and end of each survey and any time that
conditions changed, the wind direction, cloud cover and
Beaufort Sea state were registered by the main observer.

Definitions

A group was defined as a single or several individuals moving
in coordination towards the same general direction no more
than 100m apart from each other (Whitehead, 1983;
Morete et al., 2008).

Group composition categories were defined as (a) mother
with calf (MOC), (b) mother and its calf accompanied by an
escort (MOCE), (c) mother and its calf accompanied by two
or more escorts (MOCE/+), and in the absence of a calf,
group definitions were based on the number of individual
whales, (d) solitary (1AD), when a lone adult was observed,
(e) two adults (dyad) or (f) more than two adults (multiple)
(Morete et al., 2007; Dunlop et al., 2008). When it was not
possible to determine the composition, the group was identi-
fied as ‘undetermined’. The distance to the sightings did not
allow the discrimination of juveniles, therefore we considered
only two age classes: adults and calves, the latter identified as
such when its length was up to 50% that of an adult
(Chittleborough, 1953).
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Spatial analyses

The total station TOPCON ESio5 allows measurement of
horizontal angles between two points, a known reference
point and the target object, and also the vertical angle
between the target object and the observer (Gailey &
Ortega-Ortiz, 2002; Bailey & Lusseau, 2004). Total station
and reference point Universal Transverse Mercator (UTM)
coordinates were determined by GNSS (Global Navigation
Satellite System) positioning, with a precision of 1.00 mm.
Orthometric altitudes of these points were determined using
Geoidal MAPGEO 2010 model (Monico, 2008). These point
locations added to the height of the installed total station
and tidal variation allowed calculations of UTM (E, N) coor-
dinates of all points measured using trigonometric equations
(Gongalves, 2017). Errors due to Earth curvature (Vanicek
& Krakiwsky, 1996) were corrected by transforming the hori-
zontal distances to spherical distances.

Depth at the locations where groups were sighted were
obtained by ArcGIS 9.3 Extraction tool of the Spatial
Analyst using bathymetric information constructed from vec-
torization of nautical charts 1200 and 2105 from the Brazilian
Navy (CHM, 2011 -2015) followed by interpolation of depth
values using ordinary kriging geostatistical analyses (Childs,
2004). Distance to coastline was calculated through the dis-
tances between the meridians of the position of the sighted
group and the coast using Google Earth in order to acquire
more precise values given the high resolution mapping and
detailed images of the coast.

Statistical analyses

GROUPS

In order to examine how group size varied in the area
throughout the season, we considered only the data from
groups for which size and composition were determined
with confidence. A generalized linear model (GLM) was
used to fit the group size data into a Poisson distribution.
Year and Julian day were used as predictors of group size.

RELATIVE ABUNDANCE

Because of the fluctuation of whale relative abundance
between seasons (Morete et al, 2008), the peak of each
season was calculated using a segmented regression
(Muggeo, 2008) of the whale counts per survey. The seasons
were divided into three periods (initial, middle and final)
within a calving season of 123 days, each period having 41
days (Morete et al., 2007), and the peak of the season being
the centre of the middle period, which varied depending on
the year. Due to the lack of normality of the distribution, we
used a Mann-Whitney U test to verify if hourly whale
counts changed between the sampled years (2014 and 2015).
A GLM was used to fit the number of whales sighted per
hour (number of adults and calves separately) into a
Poisson distribution and test if it changed as the season pro-
gressed. The model to explain adult relative abundance
included year and lunar phase (four categories considered
by NOAA) as categorical predictors and Julian days and sea
state (Beaufort 1 to 4) as continuous predictor variables, as
well as the interaction between the variables: year and Julian
days. The model to explain calf abundance also included
number of adults as a predictor variable. The number of indi-
viduals considered in undetermined groups was the maximum
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number of sighted animals to avoid underestimation of the
total number of whales in such cases. The residuals and the
residual variation were verified to ensure that the models
were adequate with respect to the premises.

HABITAT USE

An ANOVA followed by a Tukey’s honest significant differ-
ence (HSD) test was used to verify if a whale group’s mean dis-
tance to coast and depth were different among periods of the
season. Spatial distribution of groups in the sampled area
along the season was mapped as Kernel densities using
Hawth’s Tools developed as an extension of ArcGIS (Beyer,
2004). We used default values for the parameters within this
tool and the band (h) was defined as 1.0 km to smooth over
100 x 100 m surface cell size using the normal bivariate
method. For comparison of the maps among the different
periods, the values were normalized to a common scale
(o-1). Statistical transformation was applied on a logarithmic
function that rescaled the values maintaining the original form
of distribution. We used t tests to establish whether distance to
coast and depth were different between groups with and
without calves. Within groups with calves, such differences
were tested between MOC, MOCE and MOCE/+ using
ANOVA. Mother and calf groups (MOC) were defined as
the baseline to verify differences with MOCE and MOCE/+.
We did not find any significant deviations from normality
given the robustness of the analyses to deviations from this
assumption. Variances were also assumed to be equal in all
ANOVAs except those used to test depth differences
between groups with calves. In those cases, we used
ANOVAs with Welch’s correction for unequal variances. All
statistical analyses were run in R 3.0.2 (R, Development
Core Team) with the significance value (o) of 0.05.

RESULTS

Ninety-three hours of surveys (Table 1) were carried out
during 67 days in the field (37 days in 2014, and 30 in
2015). The identification of the number of individuals and
age class (adult or calf) in the groups was possible for 146
(67.59%) out of the 216 groups sighted. Adult individuals
were the majority (N = 278) compared with calves (N = 31).

Groups

Group size varied from a single individual to five whales.
Mean group size was 2.12 (SD = 0.96). Year and day of the
season did not affect group sizes (Table 2).

The most common group composition was dyad 32.9%
(N = 48), followed by solitary individuals 26.7% (N = 39)
and groups with calves 21.2% (N = 31). Multiple groups
were the least common in the area (19.2%, N = 28). Groups

Table 1. Number of surveys performed with the number of field days in
parentheses by period of the season from a land-based observation station
in 2014 and 2015 in Serra Grande, Bahia state, Brazil.

Initial Middle Final Total
2014 18 (11) 14 (10) 20 (16) 52 (37)
2015 9 (7) 19 (13) 13 (10) 41 (30)
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Table 2. Generalized Linear Model (Poisson distribution) parameter esti-

mates and P-values for year and Julian day that explained group sizes of

humpback whales observed from a land-based observation station in
2014 and 2015 in Serra Grande, Bahia state, Brazil.

Estimate P-value
Intercept 142.828946 0.538
Year —0.070815 0.539
Julian day 0.002376 0.327

with a calf were comprised mostly of MOC (61.3%, n = 19),
MOCE (22.6%, N=7), and MOCE/+ (16.1%, N =5)
categories.

Relative abundance

Abundance in both 2014 and 2015 seasons was characterized
by a segmented distribution with the break point between the
end of August and beginning of September (Figure 2). The
peak for 2014 was 23 August and for 2015, 4 September.
The segmented regression model was significant (P < 0.001)
and the regression coefficient was positive for the first half
and negative for the second half. Adult hourly abundance
pooled for both years varied from o to 14 and calves from o
to 4 individuals. The maximum hourly abundance (17 indivi-
duals) was observed in the beginning of September 2015.

In 2015, the mean number of individuals per hour
(N = 5.12, SD = 4.18) was significantly greater (W = 809,
P < 0.05) than in 2014 (N = 3.44, SD = 3.35). This difference
was due to the higher number of adults observed per hour
(W =813, P<0.05) in 2015 (N = 4.68, SD = 3.74) when
compared with adult numbers in 2014 (N =3.19, SD =
3.13). The number of calves did not change significantly
between years (W = 949, P = 0.24) although the absolute
counts were higher in 2015 (N = 0.44, SD = 0.8; N = 0.25,
SD = 0.52 in 2014).

Based on GLM, adult number was affected by the year
(P < 0.05) and lunar phase. The full moon was considered
as the baseline lunar phase in the model and there were
significantly fewer adults in the area during the new moon
(P < 0.001) and first quarter (P < 0.01) but no significant dif-
ference was verified during the last quarter (P = 0.33). The
interaction between Julian day and year also influenced the
adult numbers (P < 0.05); different peaks in adult abundance
occurred between the years and a sharper decrease in the adult
numbers beginning in the end of September was observed for
2015 when compared with 2014. Sea state did not affect adult
humpback whale abundance (Table 3).

Number of calves was positively affected by the Julian day
(P < o0.01) and by the number of adults (P < 0.001). Year,
lunar phase and sea state did not affect the number of calves
(Table 4).

Habitat use

Depth increases as a function of distance from the coast and
beyond 11 km this effect is higher (Figure 3). The majority
of humpback whale groups (90.3%) were sighted in waters
of less than s0 m depth and 67.6% up to 10 km away from
the coast. Mean distance to coast gradually decreased
through the season (F=22.22, d.f =139, P < o0.001;
Table 5, Figure 4) and was significantly different between
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Fig. 2. Hourly number of humpback whales observed in Serra Grande (Bahia state, Brazil) along the Julian days in 2014 (dots) and 2015 (triangles) with the

segmented regression 95% confidence interval model showed in grey.

initial and middle periods (P < 0.01) and between initial and
final periods (P < 0.001), but not significant between middle
and final periods (P = 0.07). Similarly, mean depth values in
which whales occurred varied among periods (F= 23.08,
d.f. = 139, P < 0.001; Table 5), decreasing as the season pro-
gressed, being significantly different between the initial and
middle periods (P < 0.001) and between initial and final
periods (P < o.001). No significant differences in mean
depth of humpback whale sightings were observed between
middle and final periods of the season (P = 0.23).

Mean values for distance to coast were significantly greater
(t=5.2019, d.f. =39.588, P <o.001) for groups without
calves (8.78 + 2.33 km) than for groups with calves (5.58 +
3.19 km). Within groups with calves, the distances where

Table 3. Parameter and P-values estimated using a Generalized Linear
Model with Poisson distribution that explained adult relative abundance
observed from a land-based observation station in 2014 and 2015 in
Serra Grande (Bahia state, Brazil). Predictor variables were: year, Julian
day, sea state (Beaufort), lunar phase and the interaction between Julian

day and year.

Estimate P-value
Intercept 0.762771 0.21979
Year 2015° 2.245929 0.01161*
Julian day 0.001787 0.45461
Sea state 0.108550 0.09855
First quarterb —4.430749 0.00268**
Last quarterb —0.141395 0.33329
New moon” —0.700321 0.00002***
Year 2015 x Julian day —0.007732 0.03253*

each group type were sighted were significantly different
(F=7.161, df =29, P<o0.05). Groups of MOC were
sighted significantly closer to the coast than MOCE/+ (P <
0.05) but no significant differences between MOC and
MOCE (P = 0.08) were found (Table 6).

We found significant differences in mean depth for groups
with and without calves (t= 4.3084, d.f.=47.079, P<
0.001). Groups with calves were in shallower waters
(22.38 + 12.67 m) than groups without calves (33.41 +
12.28 m). Also, there were significant differences in the
mean depth of sightings of the different types of groups
with calves (F= 6.2516, num. d.f. = 1.000, denom. d.f.
14.625, P < 0.05): MOC were sighted in shallower waters
than MOCE (P < 0.05) and MOCE/+ (P < 0.05) (Table 6).

Table 4. Parameter and P-values estimated using a Generalized Linear

Model with Poisson distribution that explained calf relative abundance

observed from a land-based observation station in 2014 and 2015 in

Serra Grande. Predictor variables were: year, Julian day, sea state

(Beaufort), lunar phase, number of adults and the interaction between
Julian day and year.

Estimate P-value
Intercept —11.21738 0.00368**
Year 2015° 3.93766 0.37122
Julian day 0.03663 0.00644**
Sea state —0.43180 0.07253
First quarterb 0.52168 0.35213
Last quarterb 0.16947 0.76678
New moon® —0.15624 0.83201
Adults 0.24152 0.00001***
Year 2015 X Julian day —0.01379 0.40563

P-values: *P < 0.05, **P < 0.01, ***P < 0.001.
*Difference from 2014.
PDifference from full moon.
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P-values: *P < 0.05, **P < 0.01, ***P < 0.001.
*Difference from 2014.
bDifference from full moon.
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Fig. 3. Relationship between distance to coast and depth of humpback whale
groups sighted from a land-based observation station in 2014 and 2015 in Serra
Grande, Bahia state, Brazil.

Table 5. Descriptive statistics (mean + SD) for distance to coast and

depth values of humpback whale groups sighted from a land-based obser-

vation station in Serra Grande (Bahia state, Brazil) per periods of the
season (initial, middle, final) in the years 2014 and 2015.

Initial Middle Final

Distance to coast (km)
Depth (m)

10.10 + 2.12
41.55 + 13.93

7.98 + 2.70 6.76 + 2.97
29.79 + 11.58 25.74 + 11.87

DISCUSSION

To our knowledge, this is the first study describing the habitat
use patterns of humpback whales in Serra Grande coastal low
latitudes. Descriptions of baseline habitat use patterns in
coastal areas while there is a low level of human disturbance
are essential for humpback whale conservation, in particular
where overlap with human activities may occur in the
future, such as the construction of a new port in the region
(BAMIN, 2011).

Group characteristics

Mean humpback whale group size in Serra Grande was similar
to that observed in other calving areas such as Abrolhos in
Brazil (Martins et al., 2001), Ecuador (Scheidat et al., 2000;
Félix & Haase, 2001) and the east coast of Australia
(Franklin et al, 2011). We did not observe variation in
group sizes through the season nor between the two

sampled years as also occurred in Abrolhos (Morete et al,
2007). Nonetheless, in Hawai’i (Baker & Herman, 1984) and
in Ecuador (Félix & Haase, 2001), group sizes tend to increase
as the season progresses due to an increase in mature male
densities searching for receptive females in competitive
groups. Each population might have different social strategies
depending on site-specific contexts or even on culture.

The proportions relating to group composition observed
are identical to the areas surveyed north of Serra Grande
(Lunardi ef al., 2008; Rossi-Santos et al., 2008). The propor-
tion of groups with calves is much smaller in Serra Grande
(21%) than around the Abrolhos Archipelago (48%)
(Morete et al., 2007), which is within the main calving
ground for the population that migrates to Brazil. Also, the
proportion of mother-calf pairs escorted by a single adult
(MOCE) is much higher in Abrolhos (Morete et al., 2007),
and may be related to the geomorphological characteristics
as further discussed.

Relative abundance patterns

It is not surprising that the number of whales sighted has
increased from 2014 to 2015 since the Population Stock A
has risen in recent years (Andriolo et al, 2010; Bortolotto
et al., 2016).

The peak of the season varied between years; in 2015, it was
12 days later than in 2014. Nevertheless, there was a marked
decrease in the number of whales observed in late
September in 2015. These temporal fluctuations in relative
abundance have been observed in other humpback whale
reproductive areas (Baker & Herman, 1981; Corkeron et al,
1994; Mattila et al, 1994; Frankel & Clark, 2002; Morete
et al., 2008) and may be related to migratory triggers in low
and high latitudes. Dawbin (1966) suggests that photoperiod
plays a role in migratory timing in high latitudes. Sea
surface temperature (Nishiwaki, 1959) and food resource
availability in the previous summer (Craig et al., 2003) are
thought to be the most important factors that trigger hump-
back whale migration to the feeding grounds (Abras, 2014).
The fat layer accumulated from summer feeding prior to
migration to low latitudes would limit the permanence of indi-
viduals in their reproductive areas (Craig et al, 2003). In
Brazilian waters, the ‘El Nifio’ phenomenon caused an increase
in the sea surface temperature in 2015 (NOAA, 2016). The
temperature rise started in August 2015 and could have
affected the timing of return of humpback whales to
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Fig. 4. Kernel density maps of all groups of humpback whales sighted in 2014 and 2015 from a land-based observation station at Serra Grande (Bahia state, Brazil)

divided by periods of the season: (A) initial; (B) middle; (C) final.

https://doi.org/10.1017/50025315418000255 Published online by Cambridge University Press


https://doi.org/10.1017/S0025315418000255

Table 6. Mean and SD of distance from coast and depth of the humpback

whale groups with calves observed in 2014 and 2015 in Serra Grande,

Brazil (MOC = mother and calf, MOCE = mother and calf and one
escort, MOCE/+ = mother and calf and two or more escorts).

Distance to coast (km) Depth (m)
MOC 4.47 £ 2.71 17.72 £ 7.85
MOCE 6.76 + 3.41 28.80 + 18.44
MOCE/+ 8.15 + 3.04 31.12 + 12.06

Antarctica, explaining the sharp decrease in abundance after
the peak of the 2015 season.

Highest adult abundance coincided with full and last
quarter lunar phases. Lunar phase affects when males are
more likely to sing during the day in Abrolhos (Sousa-Lima
& Clark, 2008). In Angola, lunar phase affects the relative
abundance of singers (Cerchio et al., 2014), the authors detect-
ing fewer singers during full moon than at new moon.
Humpback whale singers are often characterized by slow-
moving individuals (Tyack & Whitehead, 1983; Spitz et al.,
2002; Noad & Cato, 2007) and thus less likely to be detected
by visual surveys (Noad & Cato, 2007) when compared with
passive acoustic monitoring (Frankel et al, 1995; Noad &
Cato, 2007). One of the possible reasons for differences in
number of whales counted by us during the new moon
could be that the behaviour of singing males makes them
harder to be detected from a land-based observation station,
and we might have underestimated the number of adults by
missing singers during the new moon. Alternatively, maybe
the song keeps other acoustic competitors further away, con-
sequently leading to the presence of a smaller number of indi-
viduals, or the low densities lead to males singing more to
attract females. Studies on the abundance of singers in the
area may elucidate these findings.

The number of calves increased throughout the season, the
same pattern observed in Abrolhos, where the number of
calves varied with the number of adults and the Julian day
(Morete et al., 2003). Surprisingly, the number of calves did
not increase from 2014 to 2015, differing from what was
observed for adults. Morete et al. (2008) surveyed the
Abrolhos Archipelago for 7 years, and noted an increase in
the number of adults but the number of calves remained the
same, and only increased significantly in the last year
sampled. During the same years, Morete et al. (2007) did
not find evidence that the number of adults in the groups
observed in Abrolhos increased over the years, concluding
that females with calves could be using different areas or
that the number of calves would be the result of falling birth
rates. Clapham (1996) suggests that reproductive rates may
be affected by food availability, as was also proposed by
Seyboth et al. (2016) for reproductive success of the southern
right whales. Therefore, the constant number of calves
observed between 2014 and 2015 could be a result of lower
food availability in the 2014/2015 summer feeding ground
or a change in preferred calving area by females in 2015.

Bad weather conditions that result in high sea state levels
(Beaufort scale) may reduce whale detection probability
(Corkeron et al, 1994). Nonetheless, when observations
were restricted to sea state up to Beaufort level 4, the
number of adults and the number of calves sighted in Serra
Grande were not affected. Smultea (1994) had a limit for
data collection of up to Beaufort 3 and also did not find any
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effect of sea state on detection rates. Frankel & Clark (2002)
found that the sighting rate was negatively affected by the
sea state when working up to Beaufort 6, and noted this
effect particularly applied in offshore areas. There is a trade-
oftf between the amount of data collected (considering
higher sea state levels) and quality and reliability of sightings
(missed detections).

Social organization and habitat use

Distribution of whales varied throughout the season, with
groups using waters closer to the coast as the season pro-
gresses, as also observed in Western Australia by Jenner
et al. (2001), who suggested that the migratory route from
the feeding areas to the calving ground would be further
away from the coast and the path back to the feeding
ground would be closer to the coast. The same pattern may
be occurring off Serra Grande. Also, another reason that
could explain this approximation is the spatial segregation
of groups with and without calves that was identified in
Serra Grande. The increase in the number of calves after the
peak of the season may have caused the groups to stay
closer to the coast as the season progressed.

Coastal areas such as Serra Grande, where the shelf break is
closer to shore and depth changes abruptly, lead to more con-
centration of mother and calf groups than areas where depth
varies gradually, such as off islands and archipelagos. In Serra
Grande, the difference in mean depth between the sightings of
groups with and without calves is around 10m, and in
Abrolhos is smaller than 5 m (Martins et al., 2001), where
mean depth is 30 m, perhaps allowing escorts to have easier
access to mothers and calves. Different habitat conditions
across the range of humpback whales in Brazil may lead to dif-
ferences in habitat use and social organization as observed in
other populations (Félix & Botero-Acosta, 2011).

Groups with calves occupying shallower waters closer to
shore are considered a social strategy (Ersts & Rosenbaum,
2003). Mothers could be protecting their calves against harass-
ment from males trying to mate with them (Smultea, 1994),
which may cause injury to the newly born calves (Baker &
Herman, 1984) as well as higher energy costs for both
mother and calves (Cartwright & Sullivan, 2009; Craig et al.,
2014). Parental care could also explain why mothers remain
closer to shore in shallow waters where there are fewer preda-
tors (Smultea, 1994), less turbulence (Whitehead & Moore,
1982), and shallower depth, limiting the approach and man-
oeuvre of males (Ersts & Rosenbaum, 2003; Bruce et al,
2014). However, females with calves may allow the presence
of an escort during transit in areas where they would
be exposed to deeper, less protected waters (Ersts &
Rosenbaum, 2003). An escort may offer protection to the
mother-calf pair (Herman & Antinoja, 1977), which was evi-
denced by the observations of escorts defending calves from
predator attacks (Pitman et al., 2015), acting as bodyguards
(Mesnick, 1996; Wilson & Mesnick, 1997; Cartwright &
Sullivan, 2009), or even protection from other males attempt-
ing to mate.

Groups with calves escorted by adults occur in deeper
waters (Betancourt et al., 2012; MacKay et al., 2016) and in
Serra Grande, as the number of escorts increases, the distances
from shore increase. Craig et al. (2014) and Félix & Botero-
Acosta (2011) observed similar results and suggested that
water depth not only limits the association of escorts to
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mother-calf pairs but would also limit the movement of court-
ing males. Larger groups with calves would comprised inex-
perienced mothers that are unable to avoid being joined by
multiple escorts (Elwen & Best, 2004). Distance to coast and
water depth are environmental factors that explain the distri-
bution of humpback whale groups. Thus, our results support
the interaction between environmental constraints and social
organization proposed for the species (Félix & Botero-Acosta,
2011).

CONCLUSION

Serra Grande has a lower percentage of groups with calves
compared with Abrolhos, but this percentage is comparable
to other reproductive grounds (Ersts & Rosenbaum, 2003;
Rasmussen et al, 2011). Habitat use patterns also support
the notion that this is a calving area because of the typical
increase in the abundance of calves as the season progresses.
As populations recover, the presence of humpback whales in
other low latitude areas tends to expand. The importance of
Serra Grande as a calving area will probably increase given
the uniqueness of this site in having the shortest distance to
the shelf break in Brazil (IBGE, 2011; Prates et al., 2012),
allowing humpback whales to concentrate very close to the
coast. It is noteworthy that despite being a small-scale study,
we observed the same pattern as found in larger scale
studies (Zerbini et al., 2004), reinforcing this general pattern
for humpback whales off Brazil. Land-based platforms in
high altitude stations are cost effective and representative of
habitat use patterns. These local efforts throughout the area
of occurrence may reveal which environmental factors better
explain humpback whale distribution and abundance on a
larger scale. Decision making for the creation of protected
areas (Andriolo ef al, 2010) and the implementation of
human activities at sea will be supported by robust knowledge
of site-specific abundance patterns, avoiding potential pro-
blems such as collisions with vessels (Redfern et al., 2013)
and site abandonment (Jones & Swartz, 2009). Additionally,
the general public can profit from touristic activities by experi-
encing land- or boat-based whale watching.

ACKNOWLEDGEMENTS

Special thanks to the following field assistants: Erica Lopes,
Evelyn Froées, Juliede Nonato, Luana Pini, Mariana
Campélo, Stella Tomas and Winnie Silva, and for the logistical
support at the land-based observation station provided by
Giulio Lombardi, Davi Santiago, Mr Nelson Cangirana and
Mr Raimundo Gomes. We would like to thank Artur
Andriolo, Cristiane C.A. Martins, Luciano Dalla Rosa and
Yvonnick Le Pendu for their valuable comments on the text.

FINANCIAL SUPPORT

We thank the Coordination for the Improvement of Higher
Education Personnel (CAPES) for the PhD scholarship
granted to M.I.C.G. Financial support for fieldwork was pro-
vided by the Universidade Estadual de Santa Cruz (UESC) to
J.E.B. and by Cetacean Society International (2014 and 2015)
to M.L.C.G. M.E.M. is part of Projeto Baleia Jubarte which is

https://doi.org/10.1017/50025315418000255 Published online by Cambridge University Press

sponsored by Petrdleo Brasileiro S.A. (Petrobras). G.H.C.
received financial support from the Sio Paulo Research
Foundation (FAPESP #14292-9).

REFERENCES

Abras D.R. (2014) Efeito de parametros ambientais na migragio de
baleias-jubarte (Megaptera novaeangliae) entre Mar de Scotia e
Banco dos Abrolhos. MSc thesis. Universidade de Sao Paulo, Sao
Paulo, Brazil.

Andriolo A., Kinas P.G., Engel M.H., Martins C.C.A. and Rufino A.M.
(2010) Humpback whales within the Brazilian breeding ground: distri-
bution and population size estimate. Endangered Species Research 11,
233-243.

Andriolo A., Martins C.C.A., Engel M.H., Pizzorno J.L., Mas-Rosa S.,
Freitas A.C., Morete M.E. and Kinas P.G. (2006) The first aerial
survey to estimate abundance of humpback whale (Megaptera
novaeangliae) in the breeding ground off Brazil (Breeding Stock A).
Journal of Cetacean Research and Management 8, 307-311.

Bailey H. and Lusseau D. (2004) Increasing the precision of theodolite
tracking: modified technique to calculate the altitude of land-based
observations sites. Marine Mammal Science 20, 880-88s5.

Baker C.S. and Herman L.M. (1981) Migration and local movement of
humpback whales (Megaptera novaeangliae) through Hawaiian
waters. Canadian Journal of Zoology 59, 460-469.

Baker C.S. and Herman L.M. (1984) Aggressive behavior between hump-
back whales (Megaptera novaeangliae) wintering in Hawaiian waters.
Canadian Journal of Zoology 62, 1922-1937.

BAMIN (2011) Relatorio de impacto ambiental Porto Sul. Bahia
Mineragio Ltda, 118 pp.

Baracho-Neto C.G., Neto E.S., Rossi-Santos M.R., Wedekin L.L., Neves
M.C,, Lima F. and Faria D. (2012) Site fidelity and residence times of
humpback whales (Megaptera novaeangliae) on the Brazilian coast.
Journal of the Marine Biological Association of the United Kingdom
92,1783 -1791.

Betancourt L., Herrera-Moreno A. and Beddall K. (2012) Spatial distri-
bution of humpback whales (Megaptera novaeangliae) in Samana Bay,
Dominican Republic. Journal of Cetacean Research Management
SC/64/012, 1-10.

Beyer H.L. (2004) Hawth’s analysis tools for ArcGIS. Available at http://
www.spatialecology.com/htools.

Bortolotto G.A., Danilewicz D., Andriolo A., Secchi E.R. and Zerbini
AN. (2016) Whale, whale, everywhere: increasing abundance of
Western South Atlantic humpback whales (Megaptera novaeangliae)
in their wintering grounds. PLoS ONE 11, €0164596.

Bruce E., Albright L., Sheehan S. and Blewitt M. (2014) Distribution pat-
terns of migrating humpback whales (Megaptera novaeangliae) in
Jervis Bay, Australia: a spatial analysis using geographical citizen
science data. Applied Geography 54, 83-95.

Cartwright R. and Sullivan M. (2009) Associations with multiple male
groups increase the energy expenditure of humpback whale
(Megaptera novaeangliae) female and calf pairs on the breeding
grounds. Behaviour 146, 1573 -1600.

Cerchio S., Strindberg S., Collins T., Bennett C. and Rosenbaum H.
(2014) Seismic surveys negatively affect humpback whale singing
activity off northern Angola. PLoS ONE 9, €86464.

Childs C. (2004) Interpolating surfaces in ArcGIS spatial analyst. ESRI
Education Services. https://www.esri.com/news/arcuser/o704/files/
interpolating.pdf


http://www.spatialecology.com/htools
http://www.spatialecology.com/htools
https://www.esri.com/news/arcuser/0704/files/interpolating.pdf
https://www.esri.com/news/arcuser/0704/files/interpolating.pdf
https://doi.org/10.1017/S0025315418000255

Chittleborough R.G. (1953) Aerial observations on the humpback whale,
Megaptera nodosa (Bonnaterre), with notes on other species.
Australian Journal of Marine and Freshwater Research 4, 219-227.

CHM (2011-2015) Catdlogo de cartas e publicagbes. 12001/2105001.
Niter6i: Diretoria de Hidrografia e Navegagdo, Centro de
Hidrografia da Marinha.

Clapham P.J. (1996) The social and reproductive biology of humpback
whales: an ecological perspective. Mammal Review 26, 27 -49.

Clapham P.J. (2000) The humpback whale: seasonal feeding and breeding
in a baleen whale. In Mann J., Connor R.C,, Tyack P.L. and Whitehead
H. (eds) Cetacean societies: field studies of dolphins and whales.
Chicago, IL: University of Chicago Press, pp. 173-196.

Clapham P.J. (2009) Humpback whale. In Perrin W.F., Wiirsig B. and
Thewissen ]J.G.M. (eds) Encyclopedia of marine mammals. San
Diego, CA: Academic Press, pp. 582-585.

Corkeron P.]., Brown M., Slade R.-W. and Bryden M.M. (1994) Hump-
back whales, Megaptera novaeangliae (Cetacea: Balaenopteridae), in
Hervey Bay, Queensland. Wildlife Research 21, 293 -305.

Corkeron P.J. and Connor R.C. (1999) Why do baleen whales migrate?
Marine Mammal Science 15, 1228 -1245.

Craig A.S., Herman L.M., Gabriele C.M. and Pack A.A. (2003)
Migratory timing of humpback whales (Megaptera novaeangliae) in
the Central North Pacific varies with age, sex and reproductive
status. Behaviour 140, 981 -1001.

Craig A.S., Herman L.M., Pack A.A. and Waterman J.O. (2014) Habitat
segregation by female humpback whales in Hawaiian waters: avoid-
ance of males? Behaviour 151, 613-631.

Dawbin W.H. (1956) The migrations of humpback whales which pass the
New Zealand coast. Transactions of the Royal Society of New Zealand
84, 147-196.

Dawbin W.H. (1966) The seasonal migratory cycle of humpback whales.
In Norris K.S. (ed.) Whales, dolphins, and porpoises. Berkeley, CA:
University of California Press, pp. 145-170.

Dunlop R.A., Cato D.H. and Noad M.]J. (2008) Non-song acoustic com-
munication in migrating humpback whales (Megaptera novaeangliae).
Marine Mammal Science 24, 613 -629.

Elwen S.H. and Best P.B. (2004) Environmental factors influencing the
distribution of southern right whales (Eubalaena australis) on the
south coast of South Africa 1: broad scale patterns. Marine Mammal
Science 20, 567 -582.

Engel M.H. and Martin A.R. (2009) Feeding grounds of the western
South Atlantic humpback whale population. Marine Mammal
Science 25, 964-969.

Ersts P.J. and Rosenbaum H.C. (2003) Habitat preference reflects social
organization of humpback whales (Megaptera novaeangliae) on a win-
tering ground. Journal of Zoology 260, 337-345.

Félix F. and Botero-Acosta N. (2011) Distribution and behaviour of
humpback whale mother-calf pairs during the breeding season off
Ecuador. Marine Ecology Progress Series 426, 277 —287.

Félix F. and Haase B. (2001) The humpback whale off the coast of
Ecuador, population parameters and behavior. Revista de Biologia
Marina y Oceanografia 36, 61-74.

Frankel A.S. and Clark C.W. (2002) ATOC and other factors affecting
the distribution and abundance of humpback whales (Megaptera
novaeangliae) off the North shore of Kauai. Marine Mammal Science
18, 644-662.

Frankel A.S., Clark C.W., Herman L.M. and Gabriele C.M. (1995)
Spatial distribution, habitat utilization, and social interactions of
humpback whales, Megaptera novaeangliae, off Hawai’s, determined

https://doi.org/10.1017/50025315418000255 Published online by Cambridge University Press

HABITAT USE PATTERNS OF HUMPBACK WHALES

using acoustic and visual techniques. Canadian Journal of Zoology
73, 1134-1146.

Franklin T., Franklin W., Brooks L., Harrison P., Baverstock P. and
Clapham P.J. (2011) Seasonal changes in pod characteristics of
eastern Australian humpback whales (Megaptera novaeangliae),
Hervey Bay 1992 -2005. Marine Mammal Science 27, 134-152.

Freire A.F.M. and Dominguez J.M.L. (2006) The holocene sequence of
the central continental shelf of the State of Bahia, Brazil. Boletim
Geociéncias Petrobras 14, 247 —267.

Freitas A.C., Kinas P.G., Martins C.C.A. and Engel M.H. (2004)
Abundance of humpback whales on the Abrolhos Bank wintering
ground, Brazil. Journal of Cetacean Research and Management 6,
225-230.

Gailey G. and Ortega-Ortiz J.G. (2002) A note on a computer-based
system for theodolite tracking of cetaceans. Journal of Cetacean
Research and Management 4, 213-218.

Gongalves M.I.C. (2017) Uso de habitat, comportamento e emissées aciis-
ticas das baleias-jubarte (Megaptera novaeangliae) na regido de Serra
Grande - Bahia. PhD thesis. Universidade Estadual de Santa Cruz,
Ilhéus, Brazil.

Herman L.M. and Antinoja R.C. (1977) Humpback whales in the
Hawaiian breeding waters: population and pod characteristics.
Scientific Reports of the Whales Research Institute 29, 59-85.

IBGE (2011) Atlas geografico das zonas costeiras e ocednicas do Brasil. Rio
de Janeiro.

IUCN (2013) The IUCN Red List of Threatened Species. Version 2013.1.
Geneva: [UCN.

IWC (2005) Report of the Scientific Committee. Annex H - report of the
sub-committee on other southern hemisphere whale stocks. Journal of
Cetacean Research and Management 7, 235-246.

Jenner K.C.S., Jenner M.-N.M. and McCabe K.A. (2001) Geographical
and temporal movements of humpback whales in Western
Australian waters. APPEA 41, 749-765.

Jones M.L. and Swartz S.L. (2009) Gray whale Eschrichtius robustus. In
Perrin W.F., Wiirsig B.and Thewissen ].G.M. (eds) Encyclopedia of
marine mammals. San Diego, CA: Academic Press, pp. 503-511.

Lunardi D.G., Engel M.H. and Macedo R.H.F. (2008) Behavior of hump-
back whales, Megaptera novaeangliae (Cetacea: Balaenopteridae):
comparisons between two coastal areas of Brazil. Revista Brasileira
de Zoologia 25, 159-164.

MacKay M.M., Wiirsig B., Bacon C.E. and Selwyn J.D. (2016)
Humpback whale (Megaptera novaeangliae) hotspots defined by
bathymetric features off Western Puerto Rico. Canadian Journal of
Zoology 94, 517-527.

Mann J. (1999) Behavioral sampling methods for cetaceans: a review and
critique. Marine Mammal Science 15, 102-122.

Martins C.C.A., Morete M.E., Engel M.H., Freitas A.C., Secchi E.R. and
Kinas P.G. (2001) Aspects of habitat use patterns of humpback whales
in the Abrolhos Bank, Brazil, breeding ground. Memoirs of the
Queensland Museum 27, 563 -570.

Mattila D.K., Clapham P.J., Vasquez O. and Bowman R.S. (1994)
Occurrence, population composition, and habitat use of humpback
whales in Samana Bay, Dominican Republic. Canadian Journal of
Zoology 72, 1898-1907.

Mesnick S.L. (1996) Sexual selection and biological diversification: patterns
and processes. PhD thesis. University of Arizona, Tucson, USA.

Monico J.F.G. (2008) Posicionamento pelo GNSS - descrigdo, fundamen-
tos e aplicagdes. Sao Paulo: UNESP.

1095


https://doi.org/10.1017/S0025315418000255

1096

MARIA ISABEL CARVALHO GONGALVES ET AL.

Morais 1.0.B., Danilewicz D., Zerbini A.N., Edmundson W., Hart 1.B.
and Bortolotto G.A. (2016) From the southern right whale hunting
decline to the humpback whaling expansion: a review of whale catch
records in the tropical western South Atlantic Ocean. Mammal
Review 47, 11-23.

Morete M.E., Bisi T.L., Pace R.M. and Rosso S. (2008) Fluctuating abun-
dance of humpback whales (megaptera novaeangliae) in a calving
ground off coastal Brazil. Journal of the Marine Biological
Association of the United Kingdom 88, 1229-1235.

Morete M.E., Bisi T.L. and Rosso S. (2007) Temporal pattern of hump-
back whale (Megaptera novaeangliae) group structure around
Abrolhos Archipelago breeding region, Bahia, Brazil. Journal of the
Marine Biological Association of the United Kingdom 87, 87-92.

Morete M.E., Pace R.M., Martins C.C.A., Freitas A.C. and Engel M.H.
(2003) Indexing seasonal abundance of humpback whales around
Abrolhos Archipelago, Bahia, Brazil. Latin American Journal of
Aquatic Mammals 2, 21-28.

Muggeo V.M.R. (2008) Segmented: an R package to fit regression models
with broken-line relationships. R News 8, 20-25.

Nishiwaki M. (1959) Humpback whales in Ryukyuan water. Scientific
Reports of the Whales Research Institute 14, 49-87.

NOAA (2016) Ocean products. Vol. 2016: Office of satellite and product
operations.

Noad M.J. and Cato D.H. (2007) Swimming speeds of singing and non-
singing humpback whales during migration. Marine Mammal Science
23, 481-495.

Pavanato H.J., Wedekin L.L., Guilherme-Silveira F.R., Engel M.H. and
Kinas P.G. (2017) Estimating humpback whale abundance using hier-
archical distance sampling. Ecological Modelling 358, 10-18.

Pitman R.L., Totterdell J.A., Fearnbach H., Ballance L.T., Durban J.W.
and Kemps H. (2015) Whale killers: prevalence and ecological impli-
cations of killer whale predation on humpback whale calves off
Western Australia. Marine Mammal Science 31, 629 -657.

Prates A.P.L., Gongalves M.A. and Rosa M.R. (2012) Panorama da con-
servagdo dos ecossistemas costeiros e marinhos no Brasil. Brasilia:
MMA.

Rasmussen K., Calambokidis J. and Steiger G.H. (2011) Distribution
and migratory destinations of humpback whales off the Pacific coast
of Central America during the boreal winters of 1996-2003. Marine
Mammal Science 28, 267 -279.

Redfern J.V., Mckenna M.F., Moore T.J., Calambokidis J., Deangelis
M.L., Becker E.A., Barlow J., Forney K.A., Fiedler P.C. and
Chivers S.J. (2013) Assessing the risk of ships striking large whales
in marine spatial planning. Conservation Biology 27, 292-302.

Rossi-Santos M.R., Neto E.S., Baracho C.G., Cipolotti S.R., Marcovaldi
E. and Engel M.H. (2008) Occurrence and distribution of humpback
whales (megaptera novaeangliae) on the north coast of the State
of Bahia, Brazil, 2000-2006. ICES Journal of Marine Science 65,
667-673.

Scheidat M., Castro C., Denkinger J., Gonzalez J. and Adelung D.
(2000) A breeding area for humpback whales (Megaptera novaean-
gliae) oft Ecuador. Journal of Cetacean Research Management 2,
165-171.

Seyboth E., Groch K.R., Dalla Rosa L., Reid K., Flores P.A.C. and Secchi
E.R. (2016) Southern right whale (Eubalaena australis) reproductive
success is influenced by Krill (Euphausia superba) density and
climate. Scientific Reports 6, 28205.

https://doi.org/10.1017/50025315418000255 Published online by Cambridge University Press

Smultea M.A. (1994) Segregation by humpback whale (Megaptera
novaeangliae) cows with a calf in coastal habitat near the island of
Hawaii. Canadian Journal of Zoology 72, 805-811.

Sousa-Lima R.S. and Clark C.W. (2008) Modeling the effect of boat
traffic on the fluctuation of humpback whale sing activity in the
Abrolhos National Marine Park, Brazil. Canadian Acoustics 36, 174.

Spitz S.S., Herman L.M., Pack A.A. and Deakos M.H. (2002) The rela-
tion of body size of male humpback whales to their social roles on the
Hawaiian winter grounds. Canadian Journal of Zoology 80, 1938-
1947.

Stevick P.T., Godoy L.P., McOsker M., Engel M.H. and Allen J. (2006)
A note on the movement of a humpback whale from Abrolhos
Bank, Brazil to south Georgia. Journal of Cetacean Research and
Management 8, 297 - 300.

Tyack P.L. and Whitehead H. (1983) Male competition in large groups of
wintering humpback whales. Behaviour 83, 132-154.

Vanicek P. and Krakiwsky E.J. (1996) Geodesy: the concepts, 2nd edition.
Amsterdam: Elsevier.

Whitehead H. (1983) Structure and stability of humpback whale groups
off Newfoundland. Canadian Journal of Zoology 61, 1391-1391.

Whitehead H. and Moore M.]. (1982) Distribution and movements of
West Indian humpback whales in winter. Canadian Journal of
Zoology 60, 2203 -2211.

Wilson M. and Mesnick S.L. (1997) An empirical test of the bodyguard
hypothesis. In Gowaty P.A. (ed.) Feminism and evolutionary biology:
boundaries, intersections and frontiers. New York, NY: Chapman &
Hall, pp. 505-511.

Wiirsig B., Cipriano F. and Wiirsig M. (1991) Dolphin movement pat-
terns: information from radio and theodolite tracking studies. In Pryor
K. and Norris K.S. (eds) Dolphin societies - discoveries and puzzles.
Berkeley, CA: University of California Press, pp. 79-111.

Zerbini A.N., Andriolo A., Heide-Jorgensen M.P., Moreira S.C.,,
Pizzorno J.L., Maia Y.G., VanBlaricom G.R. and DeMaster D.P.
(2011) Migration and summer destinations of humpback whales
(Megaptera novaeangliae) in the western South Atlantic Ocean.
Journal of Cetacean Research Management 3, 113-118.

Zerbini A.N., Andriolo A., Heide-Jorgensen M.P., Pizzorno J.L., Maia
Y.G., VanBlaricom G.R., DeMaster D.P., Simdes-Lopes P.C.,
Moreira S. and Bethlem C. (2006) Satellite-monitored movements
of humpback whales Megaptera novaeangliae in the Southwest
Atlantic Ocean. Marine Ecology Progress Series 313, 295—304.

and

Zerbini A.N., Andriolo A., Rocha ]J.M., Simées-Lopes P.C,, Siciliano S.,
Pizzorno J.L., Waite J.M., DeMaster D.P. and VanBlaricom G.R.
(2004) Winter distribution and abundance of humpback whales
(Megaptera novaeangliae) off Northeastern Brazil. Journal of
Cetacean Research and Management 6, 101-107.

Correspondence should be addressed to:
M.I.C. Gongalves
Graduate Program in Ecology and Biodiversity Conservation,
Universidade Estadual de Santa Cruz, Rodovia Jorge Amado,
km 16, CEP 45662-900, Ilhéus, Bahia, Brazil
email: misabelcgoncalves@gmail.com


mailto:misabelcgoncalves@gmail.com
https://doi.org/10.1017/S0025315418000255

	Low latitude habitat use patterns of a recovering population of humpback whales
	INTRODUCTION
	MATERIALS AND METHODS
	Study site
	Visual surveys
	Definitions
	Spatial analyses
	Statistical analyses
	GROUPS
	RELATIVE ABUNDANCE
	HABITAT USE


	RESULTS
	Groups
	Relative abundance
	Habitat use

	DISCUSSION
	Group characteristics
	Relative abundance patterns
	Social organization and habitat use

	CONCLUSION
	ACKNOWLEDGEMENTS
	FINANCIAL SUPPORT
	REFERENCES


