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Information regarding the occurrence and distribution of beaked whales is lacking
in the southwest Atlantic (Barlow et al. 2006, MacLeod et al. 2006). Understand-
ing the role that top predators play is undoubtedly important in monitoring and
management of marine ecosystems (Trites et al. 1997, Pauly et al. 1998, Hooker
and Gerber 2004, Boyd et al. 2006), but since most studies tend to focus on highly
conspicuous predators (i.e., seabirds) more information is needed to understand the
role of lesser known species as potential indicators of ecosystem variability (Wimmer
and Whitehead 2004, MacLeod et al. 2006). Information regarding spatial distri-
bution patterns and occurrence of beaked whales would help to refine calibration of
regional specific ecosystem models (Hill et al. 2007), marine spatial planning, and
designation of specially protected areas in the Southern Ocean (Botsford et al. 2003,
Roberts et al. 2003). Currently in the southwest Atlantic, it is unclear where beaked
whales are likely to occur, because habitat assessments for beaked whales require
numerous sightings to infer baseline abundance and distribution patterns (Hooker
et al. 2002). To resolve this issue, we present sighting data of beaked whales collected
as part of an established long-term ecosystem monitoring program.

We investigated the occurrence and spatial distribution of southern bottlenose
whales (Hyperoodon planifrons) during January–March (austral summer) over 7 yr
(2003–2009) near the South Shetland Islands to quantify patterns of habitat use.
Observations were conducted during the U.S. Antarctic Marine Living Resources
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Table 1. Summary of survey effort during US AMLR surveys and sightings/individuals of
southern bottlenose whales; Survey 1 is January–February and survey 2 is February–March.

Year Survey Days Survey hours Distance (km) Sightings Individuals

2003 1 16 134.3 2,487.2 2 2
2 16 119.5 2,213.4 5 6

2004 1 17 139.2 2,578.3 5 7
2005 1 15 125.6 2,325.8 8 15

2 16 114.9 2,128.6 1 2
2006 1 16 122.7 2,271.5 3 5
2007 1 18 162.2 3,004.3 8 19
2008 1 23 168.7 3,124.6 2 4

2 16 128.9 2,387.8 0 0
2009 1 18 178.3 3,302.7 2 2

Totals 10 171 1394.4 25,824.3 36 62

(AMLR) Program field season on a fixed grid (area ∼120,000 km2) sampled each
year (Table 1, Fig. 1A). The position of the grid enables the survey of a range
of bathymetries (e.g., shelf, shelf-slope, deep pelagic) (Fig. 1A). In addition, the
southern Antarctic Circumpolar Current front (sACCf) a prominent dynamic feature
of this marine environment (Orsi et al. 1995) provides a reference to map beaked
whale distribution (Fig. 1A). We combined sighting data of beaked whales along
with georeferenced bathymetry (USGS ETPOS) and average hydrographic front
positions (Orsi et al. 1995) in a geographic information system (GIS) to examine
spatial distribution patterns of southern bottlenose whales. Herein, positions of
hydrographic fronts are provided as an average reference from Orsi et al. (1995) and
although the exact variability of these fronts is unknown, in this region the flow
of water from the Antarctic Circumpolar Current is principally controlled by the
position of the shelf break north of the South Shetland Islands (Thompson et al.
2009) (Fig. 1A).

Beaked whale distribution and relative abundance data were collected during
linear transects between oceanographic stations (Fig. 1A). Ship speed during transit
was 10 kn (∼18.6 km/h). Visual surveys were conducted using standard line transect
theory by trained observers each year (Heinemann 1981, Buckland et al. 1993).
Observers used hand-held binoculars (10 × 50) and were located at a height of
13 m above sea level. Weather conditions permitting, sightings were made in a
180◦ arc forward of and up to 3 km away from the vessel (Reid et al. 2000, Santora
et al. 2009). Sighting data were entered into a computer using real-time mapping
software, and positions were logged every 15 s while underway. For each sighting,
a best-estimate spatial position, bearing and perpendicular distance estimate to the
ship’s trackline were logged (Heinemann 1981, Buckland et al. 1993). Sea surface
state (Beaufort scale) and visibility (e.g., fog, glare) were monitored by the observer
and survey effort during unfavorable conditions (e.g., Beaufort scale >5 or heavy
fog) was excluded from the data set. Ten surveys were conducted during 2003–2009
and a total of 25,824 km of trackline were sampled to estimate an index of whale
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Figure 1. (A) Survey area (∼120,000 km2) and tracklines sampled during the US AMLR
Program January–March, 2003–2009; tracklines occur between stations and overlap each year.
The location of fronts is drawn from Orsi et al. 1995 (“sACCf ” is Southern Antarctic Circum-
polar Current Front and “sbACCf” is Southern Boundary of Antarctic Circumpolar Front).
Position of fronts is drawn to illustrate the potential average location only. Islands/features:
AP = Antarctic Peninsula, EI = Elephant Island, KG = King George Island, LI = Livingston
Island, and SFZ = Shackleton Fracture Zone. (B) Distribution of sightings and group size
of southern bottlenose whales (SBWH) in relation to oceanographic fronts and bathymetry.
Note that survey effort was not conducted north of the southern Antarctic Circumpolar
Current front. This figure appears in color in the online version of the article (DOI:
10.1111/j.1748-7692.2010.00377.x).
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abundance (sightings and individual whales) along with spatial distribution patterns
(Table 1, Fig. 1).

Detectability is always an issue with beaked whales (Hooker and Baird 1999,
Tyack et al. 2006), but in comparison to other Southern Hemisphere species (e.g.,
Mesoplodon spp.), southern bottlenose whales have a distinct blow and occasionally
breach, providing additional cues for sighting and identifying them (Gowans 2002,
Shirihai 2002; Santora, personal observations). Based on size, a misidentification with
Arnoux’s beaked whale (Berardius arnuxii) is possible, but southern bottlenose whales
are lighter in body coloration, have a more bulbous and paler head, shorter beak and
a more erect, falcate dorsal fin (Shirihai 2002). Although H. planifrons and B. arnuxii
are distributed throughout the Southern Ocean, nowhere are they well known or
considered common. B. arnuxii has never been documented during our surveys in
January–March (Santora, personal observations). There is evidence that B. arnuxii
may favor high latitude coastal and pack ice waters near the Antarctic Continent
(Taylor 1957, Rogers and Brown 1999). Recently, Friedlaender et al. (2010) reported
two sightings from May to June (austral winter) of groups of B. arnuxii in the
coastal waters of Gerlache Strait, Antarctica (64◦33.9′S, 62◦37.1′W), a region that is
geographically different (i.e., protected coastal inlets and bays) than our study area.
A possible explanation for not recording B. arnuxii during our surveys is because
we surveyed the continental shelf and oceanic region of the southern Drake Passage
(Fig. 1) and there is no pack ice during January–March near the South Shetland
Islands (Hewitt 1997).

There were 36 sightings documented for a total of 62 southern bottlenose whales
(Table 1). The average number of sightings and individuals observed per 100 km/yr
was 0.14 ± 0.11 SD and 0.24 ± 0.22 SD, respectively. The median group size was
one (Mean ± SD is 1.72 ± 1.03) and ranged from one to five whales. There were only
three occasions when groups of three animals were observed and just two sightings
were made of a group size of five (2005 and 2007). It is important to note that
observations for beaked whales were conducted in sea states less than Beaufort 5, and
it is usually difficult to sight most species of beaked whales in sea states greater than
Beaufort 2. Therefore, some caution is required for interpreting distribution patterns
and group size.

A striking pattern emerges when the spatial distribution of whales is plotted
and compared to locations of hydrographic fronts, bathymetric features and the
archipelago (Fig. 1B). All sightings were collected in waters characterized by the
Antarctic Circumpolar Current (Orsi et al. 1995, Thompson et al. 2009). In fact,
there were no sightings to the south of the archipelago (Fig. 1B), indicating a
possible affinity for waters characterized by the sACCf. The ecological importance of
this frontal region for attracting foraging baleen whales is well documented (Tynan
1998, Ainley et al. 2007), presumably due to elevated krill concentration (Hoffman
et al. 1998), but it is also likely that this feature is important for attracting beaked
whales that specialize on squids and fish that feed on krill (Wimmer and Whitehead
2004).

Analyses of sightings (number per hour) in relation to depth were examined by
taking effort (hours surveyed per 500 m depth bin) into account. Sighting rate
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Figure 2. Sighting rate (number per hour) of southern bottlenose whales in relation to
survey effort by depth bin (hours per 500 m depth bin). IPUE is individuals per unit effort
and SPUE is sightings per unit effort.

(number per hour) increased significantly in deeper waters (r2 = 0.79, F1,8 = 30.25,
P = 0.005; Fig. 2). Furthermore, the number of individuals sighted across depth bins
showed peaks in the shelf-slope region and offshore region (Fig. 2). In combination
with the spatial distribution map, these results suggest that whales are concentrated
near the shelf-slope or in epipelagic waters (Fig. 1B). A possible explanation for
this apparent habitat use based on bathymetry is that there is a slope-associated
population and an epipelagic population, which is also observed in distribution
patterns of Mesoplodon densirostris in Hawaii (Baird et al. 2009, Schorr et al. 2009).
We speculate that there are likely predictable locations where groups of bottlenose
whales may be found near the South Shetland Islands and it is worth noting two
bathymetric features that may be attractive to whales. Over the study period, we
repeatedly sighted whales near the hydrographic canyons north of Livingston Island
(Warren et al. 2009), and along the shelf break north of Elephant Island, west of
the Shackleton Fracture Zone (Fig. 1B). These features are likely profitable conduits
for pursuing prey, whether it is due to bathymetric irregularities (Wimmer and
Whitehead 2004), or possibly an interaction with the position of the sACCf. A fine
scale survey is required near these probable prey concentration zones to quantify



NOTES 965

foraging habitat (e.g., distance to front, slope, shelf break) utilized by beaked whales
near the South Shetland Islands.

There is some evidence that suggests southern bottlenose whales are the numer-
ically dominant beaked whale in Antarctic waters and that they may have a larger
role in Antarctic marine ecosystems than previously presumed (Kasamatsu and Joyce
1995, Pauly et al. 1998). Although southern bottlenose whales do not feed on krill
directly (Sekiguchi et al. 1993, Clarke and Goodall 1994, Slip et al. 1995), by feed-
ing on krill predators (e.g., fish and squid) they may exert top-down control on krill
populations (Hill et al. 2007). The results of our study shows some spatial clustering
of southern bottlenose whale sightings on the shelf break north of Livingston Island
and along the shelf break north of Elephant Island (Fig. 1B). It is well documented
that these two areas are krill hot spots that were targeted by the krill fishery (Marin
and Delgado 2001, Hewitt et al. 2004, Jones and Ramm 2004). Krill fishing vessels
tend to operate during the austral summer (November–April), when krill swarms are
densest and most persistent in space and time (Marin and Delgado 2001, Hewitt et al.
2004). If southern bottlenose whales are attracted to these areas due to an increased
concentration of their prey (fish and squid) that consume krill, then steps should be
taken to better understand the role of beaked whales in the food web to minimize
potential interactions with krill fisheries. The Commission for the Conservation of
Antarctic Resources (CCAMLR) regulates krill fisheries in this region to minimize
potential impacts on land-based predators (e.g., penguins and seals). At this time the
potential interactions between krill fisheries and beaked whales are unknown, but
that knowledge could be improved upon by incorporating beaked whale distribution
data into spatial planning and ecosystem-based management scenarios (Hooker and
Gerber 2004). In addition, if commercial cephalopod fisheries move into the area
they may also pose a potential threat to beaked whales through competition for
squid and risk of entanglement with fishing gear. Moreover, if marine geophysical
exploration continues in the Southern Ocean, then there is also a potential threat
from seismic studies (Bowles et al. 1994, MacLeod and D’Amico 2006).

Much of the problem in measuring habitat requirements and population dynamics
of beaked whales lies in identifying regions where whales are repeatedly encountered
(Whitehead et al. 1997, Hooker et al. 2002, Wimmer and Whitehead 2004). For
example, much has been learned about the sister species, northern bottlenose whale
(Hyperoodon ampullatus), because of the finding of a location (The Gully, Nova Scotia)
where beaked whales are repeatedly encountered (Hooker and Baird 1999, Dalebout
et al. 2001, Hooker et al. 2002). To our knowledge, this study provides the first
account of where southern bottlenose whales are likely to aggregate near the Antarctic
Peninsula. Given the large spatial scale of the Southern Ocean and presumed rarity
of southern bottlenose whales, emphasis should be made to track local populations to
better understand their habitat requirements and role in Southern Ocean ecosystems
(Whitehead et al. 1997, Pauly et al. 1998, Hooker et al. 2002). We recommend that
future studies focus on examining the hydrographic canyons, shelf break, and pelagic
regions we identified as favorable habitat for beaked whales (Fig. 1). Emphasis should
be made to explore population size and trends over time, population demographics, as
well as ecological linkages to other species (e.g., prey, other cetaceans). Furthermore,
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using tag data to quantify individual movements should provide essential information
for estimating residence time and area specific consumption rates of prey (Hooker
et al. 2002, McSweeny et al. 2007, Baird et al. 2009). There is also the potential
of using passive acoustic monitoring to examine temporal patterns of beaked whale
vocalizations to better understand seasonal occurrence near the South Shetlands
( Johnston et al. 2008).

Approximately 25,000 km of trackline survey effort was made over a 7-yr period
to get 36 whale sightings to infer this localized view of habitat use for southern
bottlenose whales. Kasamatsu and Joyce (1995) reported on a population density
estimate for all ziphiid whales in the Southern Ocean around 20.5/1,000 km2 and
stated that southern bottlenose whales have the highest density. However, population
estimates on local scales are generally unknown, but are assumed to be low due to
the paucity of sighting data and regularity of surveys in the Southern Ocean. Given
the potential changes to the Southern Ocean ecosystem due to climate change, and
commercial fisheries, a better understanding of beaked whale populations is needed
for future spatial planning and designation of specially protected areas (Botsford
et al. 2003). We have shown that regular survey effort over many years provides
exceptional insight into locating regions important for beaked whales near the
Antarctic Peninsula. The findings summarized here illustrate the need for continuous
long-term monitoring to achieve a basal understanding in habitat selection by an
inconspicuous top predator, the southern bottlenose whale.
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