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ABSTRACT

During the austral summer of 2006, the Projeto Baleias/Brazilian Antarctic Program (PROANTAR) conducted ship surveys for estimating whale
encounter rates and abundance in Gerlache and Bransfield Straits, westward of the Antarctic Peninsula (edge between IWC Areas I and II). The
encounter rate was higher in the Bransfield Strait (0.32 groups n. mile–1; 95% CI: 0.26–0.39) than in the Gerlache Strait (0.24 groups n. mile–1;
95% CI: 0.13–0.44), though the difference was not statistically evident. An abundance estimate using conventional distance sampling methods was
computed only for the Bransfield Strait. The perpendicular distance data was best fitted by the half-normal model without adjustments. Derived
abundance for the surveyed area was 865 humpback whales (95% CI = 656–1,141; CV = 14.13). This area represents only a small fraction of the
Stock G feeding ground. 
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stock structure which is crucial for proper stock assessment.
However, other relevant information are necessary for a
comprehensive assessment of the current status of humpback
whale stocks in the Southern Hemisphere, in particular
abundance estimates. Several surveys to estimate whale
abundance have been conducted in vast areas of the Southern
Ocean, e.g. IWC/IDCR, SOWER or Japanese scouting
vessel surveys (Branch and Butterworth, 2001; Reilly et al.,
2004) as well as in some breeding grounds (e.g. Bannister
and Hedley, 2001; Felix et al., 2005; Findlay et al., 1994;
Freitas et al., 2004; Zerbini et al., 2004). Estimates of
abundance or any related index (e.g. density or encounter
rates) in important concentration areas might be useful for
monitoring temporal trends and to compare with
corresponding feeding or breeding grounds. Gerlache and
Bransfield Straits are important feeding areas for Stock G,
where very high encounter rates (Secchi et al., 2002; 2001;
Thiele et al., 2004) and site fidelity have been reported (Dalla
Rosa et al., 2008; 2001).

Current abundance estimates of humpback whales in the
Bransfield Strait are presented and encounter rates between
this area and the Gerlache Strait are compared.

MATERIAL AND METHODS 

Study Area and Survey design
The Bransfield (approximately 62°S to 63°45’S) is a wide
strait (approximately 50 n. mile wide) between western
Antarctic Peninsula and the South Shetland Islands. In
comparison, the Gerlache Strait (ca. 63°45’S to 65°00’S) is
a narrow corridor (approximately 5 to 8 n.miles wide or more
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INTRODUCTION

The humpback whale, Megaptera novaeangliae, is a
cosmopolitan species and occurs in all major ocean basins
from tropical to polar waters (e.g. Clapham and Mead, 1999;
Dawbin, 1966; Mackintosh, 1965). The species was
extensively hunted historically, resulting in global population
decline to a very low level (Gambell, 1973). In the Southern
Hemisphere, seven breeding stocks are recognised by the
International Whaling Commission (IWC, 1998). Both
stocks wintering off South America (i.e. Stock G – eastern
South Pacific and Stock A – western South Atlantic) were
heavily exploited from coastal stations and by the pelagic
fleets (e.g. Chittleborough, 1965; Findlay, 2001; Gambell,
1973) and are among the least known breeding stocks.
Despite evidence from photo-identification data that whales
feeding around the Antarctic Peninsula are part of Stock G
(Stevick et al., 2004), controversy remains regarding the
feeding ground of whales from Stock A, believed to migrate
to somewhere around both the Antarctic Peninsula and South
Georgia (e.g. IWC, 1998; Slijper, 1965). Frequent matches
between individuals from the Antarctic Peninsula and the
eastern South Pacific wintering grounds, as well as the lack
of matches between the Peninsula and the western South
Atlantic breeding grounds (Acevedo et al., 2007; Dalla Rosa
et al., 2004; Rasmussen et al., 2007; Stevick et al., 2004)
suggest that the Antarctic Peninsula is a feeding ground for
Stock G only and that Stock A feeds elsewhere to the east.
Recent findings by Zerbini et al. (2011; 2006) show that the
migratory destination of Stock A humpback whales is nearby
South Georgia and the South Sandwich Islands. These new
findings contribute to elucidating the issue concerning the
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in front of large bays) between Brabant and Ansvers Islands
and the western Antarctic Peninsula. Its relatively calm
waters make cetacean observation easy (Fig. 1).

During the austral summer of 2006, the Projeto
Baleias/PROANTAR conducted ship surveys for cetacean
sightings in the Gerlache and Bransfield Straits, Antarctic
Peninsula region (the boundary between IWC management
areas I and II (see Donovan, 1991). In Bransfield, surveys
followed nine zig-zag transect lines from the South Shetland
Islands towards the Peninsula and back. The start point of
the survey in the Bransfield was chosen at random. Areas of
poor bathymetry were avoided. This resulted in an
unsurveyed strip about 15 n.mile wide westward of the
Peninsula. In Gerlache, the tracklines ran along the strait.
Tracklines in both Gerlache and Bransfield Straits are shown
in Fig. 1. Surveys were conducted in passing mode onboard
the Brazilian Navy 75m long Oceanographic and Supply
Vessel (NApOc) ‘Ary Rongel’.

Survey protocol
Surveys were conducted between 24 January and 9 February.
The observation platforms were the exterior wings of the
bridge, approximately 12m above sea level. One observer at
each board of the ship, one data recorder and one person
resting rotated their positions every 30min. The data recorder
and occasionally the person on rest helped the observers to
identify species and to estimate group size whenever the
animals were very far so the observers could keep on scanning
the area. Each observer covered one side of the vessel’s
trackline forward of the beam (90° quadrant). Searching effort
was higher towards the trackline. The searching area of the

two observers overlapped approximately 10° on each side of
the trackline. Logistics made independent observation
impractical and as a result, observers could hear each other
whenever a sight was reported to the data recorder. Whales
were searched for with 7×50 reticled Fujinon binoculars over
80% of the time and by naked eye. Slight variations in the
time observers used the binocular were expected. Ship speed
varied around 10 knots, depending on the number of growlers
and icebergs in the vicinity. Search effort was restricted to sea
conditions ranging from Beaufort scale 0 to 5 (inclusive) to
reduce its effect on sighting probability. Although visibility
and sea state categories tend to be subjective and may vary
among observers, their final classification was defined on a
common sense basis. Completely clear sky was considered as
an excellent visibility condition. When fog was slightly
limiting the observer’s sight of the horizon, the visibility was
classified as moderate. An approximate control of the
observer’s limit of visibility was obtained whenever possible
by using the ship’s radar to read distances from growlers and
icebergs. Observation effort was halted when visibility was
poor (i.e. below 3 n.mile) and sea state was above Beaufort 5.

For each sighting, the data recorder collected information
on species, group size (minimum, best and maximum
counting), position, date, time, navigation and environmental
conditions. Information regarding sightings, navigation,
environmental conditions and effort were stored in the
computer using the program Logger (IFAW, 1994). The
computer was connected to the ship’s navigation system,
allowing for real-time GPS position storage. The true heading
of the ship, the number of binocular reticles between the
animal(s) and the horizon and the radial angle between the
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Fig. 1. Survey design and plots of sighting positions in the Gerlache and Bransfield Straits.



group and the trackline were recorded immediately after
sighting. Detailed checks of the sightings were made during
and after the searching effort to identify and exclude probable
double counts. Observers were instructed to avoid rounding
in both reticle and horizontal angle readings. This information
was used to calculate perpendicular distancess of animals to
the trackline (e.g. Buckland et al., 2001, p.258; Lerczak and
Hobbs, 1998). Lerczak and Hobbs (1998)1 provided equations
for calculating the radial distance from reticle numbers when
horizon is obstructed by land. On such occasions, it was
necessary to know the distance between the observer and the
land blocking the view to the horizon at the exact angle of
that sighting. This approach was used to calculate the
perpendicular distance of some of the sightings in Gerlache
Strait. 

Data analysis
Only data obtained during searching effort are considered in
the analysis (i.e. crew and researcher sightings made ‘off
effort’ were not included).

The encounter rate, defined as the number of whales
sighted per nautical mile surveyed, was used as a simple
index of humpback whale density, allowing for comparisons
between the Gerlache and Bransfield Straits and with
previous studies in these areas. The number of sightings in
the Bransfield Strait was sufficient for estimating the
detection probability.

Abundance (N̂) was estimated using distance sampling
methods. Its variance and confidence intervals were obtained
using the empiric equation of Buckland et al. (2001, p.115).

where: 

A is the survey area;

n is the number of sightings;

Ê(s) is the estimated mean group size of observed groups;

L is the total trackline length;

ESW is the estimated effective strip width; and

ĝ(0) is the estimated detection probability on the trackline
(assumed to be 1).

Data analysis was performed using the software Distance 5.1
(Thomas et al., 2006). Perpendicular distances were
truncated at 3 n.mile and the effective search width was
estimated by fitting half-normal and hazard-rate models to
the data. Cosine and hermite polynomial series expansions
for half-normal function, and cosine and simple polynomial
adjustments for hazard-rate were also considered in the set
of candidate models. Beaufort sea state was included as a
covariate aiming at assessing its potential effects of on the
detection probability. The Bayesian Information Criterion
(BIC) and Goodness of fit tests were used to select the model
that best fit the data.

RESULTS

Encounter rate
Total observation effort was 140.11 n.mile in the Gerlache
Strait and 313.80 n.mile in the Bransfield Strait. Encounter
rate was higher in the Bransfield Strait (n = 100; 0.32 groups

N̂ =
A � n � Ê(s)

2 � L � ESW � ĝ(0)

n.mile–1; 95% CI: 0.26–0.39) than in the Gerlache Strait (n
= 33; 0.24 groups n.mile–1; 95% CI: 0.13–0.44), though the
difference was not statistically evident due to the complete
overlap of confidence intervals. Mean group size for the
Bransfield Strait (1.87; SE = 0.09) was slightly higher than
for the Gerlache Strait (1.67; SE = 0.19). Modal group size
was two individuals in both areas.

Abundance
The half-normal model without adjustments resulted in the
best fit to perpendicular distance data (χ2 = 5.95; d.f. = 6; p
= 0.428). The distribution of perpendicular distances and the
fitted detection function are presented in Fig. 2. Abundance
was estimated at 865 (95% CI = 656–1,141; CV = 14.13)
humpback whales in the Bransfield Strait. Model parameters,
density and abundance estimates are shown in Table 1.

DISCUSSION 

Encounter rate
Encounter rates of humpback whales were high in both the
Gerlache and Bransfield Straits. Surveys were conducted
during humpback whale peak density in the region (see
Secchi et al., 2001). Despite some intra and interannual
variation, humpback whale density is always relatively high
in the Gerlache Strait (Secchi et al., 2002; 2001). These
authors found that encounter rates of humpbacks whales in
this area were higher than in any other of the surveyed areas
in the vicinity of the Antarctic Peninsula. Nevertheless, the
encounter rate of humpback whales in the Gerlache Strait in
this survey was similar to those obtained during years of
suspected lower density of the species in this area (see Dalla
Rosa et al., 2005; Marques, 2003; Secchi et al., 2001).
Photo-identified individuals have been re-sighted on several

J. CETACEAN RES. MANAGE. (SPECIAL ISSUE) 3, 107–111, 2011 109

Table 1

Estimated model parameters: ESW = effective strip width (in n.miles); n/L
= encounter rates; DS = density of groups (groups n.mile–2); E(S) = mean
group size; D = density of individuals (whales n.mile–2); N = abundance in
the Bransfield Strait. 

Parameter         Point estimate          SE               %CV                 95%CI

f(0)                            0.61                 0.05             8.35               0.52–0.72
ESW                          1.65                 0.14             8.35               1.40–1.94
n/L                            0.32                    –                10.24               0.26–0.39
DS                            0.10                 0.01             13.21               0.07–0.13
E(S)                          1.87                 0.09             5.02               1.69–2.07
D                              0.18                 0.03             14.13               0.14–0.24
N                               865                    –                14.13              656–1,141

1 Errata. 1998. Mar. Mammal Sci. 14(4):903

Fig. 2. Half-normal model without adjustment fit to perpendicular distances
of humpback whales.



occasions, both within and between seasons in the Gerlache
Strait (Dalla Rosa et al., 2004; 2001). One of two humpback
whales satellite tagged in the area in the 2004 austral summer
remained in the Gerlache area, including the adjacent
Dallman Bay, for more than two months, until the tag
batteries probably failed (Dalla Rosa et al., 2008). This
provides evidence that the Gerlache Strait is an important
feeding ground for humpback whales in the Antarctic
Peninsula area. The northern part is generally more
productive and the humpback whale density is higher than
the southern part of Gerlache Strait (Dalla Rosa et al., 2005).
Four whales tagged in the summer of 2006 moved from the
Gerlache Strait to the Bransfield Strait within a week (Dalla
Rosa et al., 2008), which coincides with the higher encounter
rate in the Bransfield Strait. The close proximities of the
northern Gerlache and Bransfield Straits might suggest 
that environmental factors influence both areas similarly.
These two areas are influenced by cold deep water masses
from the Weddell Sea and warmer waters from the
Bellingshausen Sea. Zooplankton sampling around the
Antarctic Peninsula found the highest krill biomass in
Gerlache and Bransfield Straits (Montu et al., 1994). The
seasonal input of nutrients and minerals coincides with
blooms of phytoplankton in these areas (Bathmann et al.,
1997; Loescher et al., 1997). 

Abundance
No previous abundance estimates were available for the
Bransfield Strait as it was the first time a good proportion of
the strait could be surveyed within the PROANTAR
expeditions. Although the Bransfield Strait is an important
concentration area and perhaps, together with the Gerlache
Strait, is among the most important humpback whale feeding
grounds around the Antarctic Peninsula (see Secchi et al.,
2001), the abundance estimate presented here represents
probably a very small fraction of breeding Stock G. Because
of navigational restrictions, part of the Bransfield Strait was
not surveyed. The density was extrapolated only to a
surveyed area of approximately 4,780 n.mile2. The total
Bransfield area is almost twice as large as the surveyed area
(approximately 8,085 n.mile2). The detection probability,
assumed to be one, might have caused a slightly
underestimation of local abundance as some individuals
could have been undetected. Detection probability from ship-
based surveys was suggested to be very close to one for
humpback whales (e.g. Barlow, 1997). The potential under-
detection of animals was minimised by allocating higher
observation effort in and near the trackline and by using
binoculars most of the time. Only 3% of the sightings were
made by naked-eye. Beaufort sea state was considered as a
covariate to assess its effect in the detection probability,
however no improvement was obtained (increased BIC and
small reduction in the CV of f(0)).

Although there is some evidence that humpback whales
are not very abundant eastward of the Peninsula (e.g. Secchi
et al., 2001), they seem to be fairly abundant further south
of the Gerlache Strait towards Marguerite Bay, in the
Bellingshausen Sea (Secchi et al., 2001; Thiele et al., 2004).
A humpback whale satellite tagged in the Gerlache Strait in
the 2004 austral summer moved north to the Bransfield Strait
(near Deception Island) and then made a long southward
movement in the Bellingshausen Sea until the tag stopped
transmitting, when the whale was in the vicinity of
Marguerite Bay (Dalla Rosa et al., 2008). Another whale
tagged in the 2006 austral summer in the Gerlache Strait also
moved to the Marguerite Bay area after spending some time

in the Bransfield Strait (Dalla Rosa et al., 2008). Although
it is assumed here that humpback whales feeding off the
Antarctic Peninsula region represent only individuals from
Breeding Stock G, their distribution range in the feeding
ground is poorly known, therefore, the size of the
unsurveyed fraction remains to be determined. Furthermore,
there is recent evidence that a small proportion of Stock G
does not migrate to the Antarctic, remaining in the Magellan
Strait and Fuegian Channels, considered an alternative
feeding ground for part of Stock G (Acevedo et al., 2007).
Likewise, abundance estimates for Stock G in its breeding
grounds are restricted to relatively small areas (e.g. Castro
and González, 2002; Felix et al., 2005; Scheidat, 2001).
Consequently, the total abundance of Stock G remains
unknown. More comprehensive surveys westward of the
Peninsula including the eastern Bellingshausen Sea,
Gerlache-Bransfield areas and Marguerite Bay are therefore
recommended.
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