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Abstract The relationship between beaked whales and
certain anthropogenic sounds remains poorly understood
and of great interest. Although Cuvier’s beaked whales
(Ziphius cavirostris) are widely distributed, little is known
of their behavior and population structure throughout much
of their range. We conducted a series of five combined
visual-acoustic marine mammal surveys from 2006 to 2008
in the southern San Nicolas Basin, a site of frequent naval
activity off the southern California coast, west of San
Clemente Island. The study area was defined by a
1,800 km? array of 88 bottom-mounted hydrophones at
depths up to 1,850 m. The array was used to vector visual
observers toward vocalizing marine mammal species.
Thirty-seven groups of Cuvier’s beaked whales were
encountered during the study period. The overall encounter
rate was one group for every 21.0 h of survey effort, and
was as high as one group per 10.2 h of effort during the
October 2007 survey. Whales were encountered in the
deepest portion of the study area, at a mean bottom depth
of 1,580 m (SD 138). The average group size was 3.8
individuals (SD 2.4), which was higher than has been
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reported from other studies of this species. Twenty-four
groups were observed over multiple surfacings (med-
ian = 4 surfacings, range 2-15). The mean encounter
duration of extended sightings was 104 min (SD 98, range
12-466 min) and the mean distance moved over the course
of sightings was 1.66 km (SD 1.56, range 0.08-6.65 km).
Temporal surfacing patterns during extended encounters
were similar to dive behavior described from Cuvier’s
beaked whales carrying time-depth recording tags. Sev-
enty-eight photographic identifications were made of 58
unique individuals, for an overall resighting rate of 0.26.
Whales were sighted on up to 4 days, with duration from
first to last sighting spanning 2—79 days. For those whales
sighted on subsequent days, the mean distance between
subsequent sightings was 8.6 km (SD 7.9). Individuals
resighted over 2-3 days were usually in association with
previous group members. Approximately one-third of
groups contained more than one adult male, and many of
the repeated associations involved adult males. These
observations suggest the basin west of San Clemente Island
may be an important region for Cuvier’s beaked whales,
and also one which affords an unusual opportunity to
collect detailed data on this species. Given its status as an
active military range, it can also provide the ability to
monitor the behavior of individuals in the presence of naval
sonar, a critical step in the management of this and other
beaked whale populations worldwide.

Introduction
The beaked whales (family Ziphiidae) are among the most
poorly understood cetaceans. Interest in these species has

increased considerably in recent years, as a number of
beaked whale mortalities worldwide have been associated
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with high-intensity underwater sounds, such as certain
types of naval sonar and seismic survey instruments
(Simmonds and Lopez-Jurado 1991; Frantzis 1998; Bal-
comb and Claridge 2001; Jepson et al. 2003; Evans and
Miller 2004; Fernandez et al. 2005; Cox et al. 2006).
Although Cuvier’s beaked whales (Ziphius cavirostris)
appear to be the most widely distributed ziphiids, with
records from all but high polar waters, encounter rates are
low throughout much of their range (Heyning 1989;
Barlow et al. 2006; MacLeod and Mitchell 2006). Cuvier’s
beaked whales are typically sighted far from shore in water
greater than 1,000 m deep, regularly conduct long dives
with short intervening surfacing bouts, have a relatively
inconspicuous surfacing profile, and may avoid boats—all
characteristics that make them difficult to detect visually in
anything less than ideal sighting conditions (e.g., Barlow
1999; Baird et al. 2006; Ferguson et al. 2006; Tyack et al.
2006; McSweeney et al. 2007). Consequently, there have
been few long-term studies of Cuvier’s beaked whale
populations, and those undertaken have required many
years of opportunistic or directed effort to accumulate
substantial numbers of sightings. Although several recent
studies have provided new insights into habitat preferences
and group composition (Moulins et al. 2007), site fidelity
and associative patterns (McSweeney et al. 2007), dive
profiles (Baird et al. 2006), vocal behavior (Frantzis et al.
2002; Johnson et al. 2004; Zimmer et al. 2008), and
movement patterns (Schorr et al. 2007), many basic aspects
of their life history have not yet been adequately described,
so any additional observations of these species are relevant.
Here, we summarize sighting characteristics including
group size and composition, distribution and habitat pref-
erence, and surfacing and movement patterns of Cuvier’s
beaked whales encountered in the southern San Nicolas
Basin off the west side of San Clemente Island, during a
series of five surveys from August 2006 to October 2008.
As this is an area of frequent naval activity in southern
California, we discuss the implications of these data in
light of current knowledge of the species from other
regions and their relevance to future management goals,
both locally and abroad.

The presence of Cuvier’s beaked whales in southern
California was first described from stranded specimens in
the mid-1950s (Mitchell 1968). Barlow and Forney (2007)
broadly estimated the population of Cuvier’s beaked
whales off the US West Coast at 4,342 individuals
(CV = 0.58) with an overall density of 3.82 individuals per
1,000 km* during ship-based line-transect surveys con-
ducted from 1991 to 2005. Several studies have identified
‘hotspots’ or ‘key areas’ for beaked whales worldwide
(Barlow et al. 2006; MacLeod and Mitchell 2006); how-
ever, no specific areas of unusual density have been pre-
viously reported off California. Site fidelity of individuals
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Fig. 1 Map of the Southern California Bight including San Clemente
Island and location of SOAR hydrophone array (perimeter outlined in
white) in the southern San Nicolas Basin. (Created using Google
Earth and GPS Visualizer (Schneider 2003), topographical data
courtesy 2009 Digital Globe, US geological survey, County of San
Bernardino, SIO, NOAA, US Navy, NGA, and GEBCO)

over periods of months to years has been demonstrated in
the Ligurian Sea and parts of Hawai’i through long-term
photo-identification studies (Ballardini et al. 2005;
McSweeney et al. 2007), but nothing is known regarding
the population structure or site fidelity of Cuvier’s beaked
whales off California. The United States military’s
Southern California Offshore Complex (SOCAL) encom-
passes numerous naval training areas off the coast from
Santa Barbara, California, USA to Baja California,
Mexico.! Given the apparent sensitivity of Cuvier’s beaked
whales to certain types of sonar, detailed knowledge of
their presence and habitat use in southern California could
contribute to the management of beaked whale populations
in areas of frequent naval activity.

The United States Navy’s Southern California Anti-
Submarine Warfare Range (SOAR), which extends west
into the San Nicolas Basin from San Clemente Island, is a
focal training area within SOCAL (Fig. 1). SOAR consist
of an array of 88 bottom-mounted hydrophones that are
used for real-time, three-dimensional tracking of undersea
vehicles'. These hydrophones monitor frequencies from 8
to 40 kHz and are also useful in the detection of marine
mammal species that vocalize within this bandwidth, such
as Cuvier’s beaked whales (Frantzis et al. 2002; Johnson
et al. 2004; Zimmer et al. 2005). The SOAR array monitors
an area approximately 1,800 km? within the southern part
of the San Nicolas Basin between San Clemente Island to
the east and Tanner Bank to the west. The hydrophones are
spaced throughout the basin 2—-6 km apart at depths rang-
ing from 758 to 1,858 m, habitat suitable for Cuvier’s
beaked whales in other parts of the world, although the

! http://www.globalsecurity.org/military/facility/socal.htm.
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extent to which the species utilized the area was not
known. Individual strandings have been historically
reported on San Clemente Island and nearby Santa Catalina
and San Nicolas Islands (Mitchell 1968), but no confirmed
mass strandings of beaked whales have been reported in
any part of southern California.

Materials and methods

We began a cooperative visual-acoustic study of marine
mammals at SOAR in August 2006. Acoustic observers
remotely monitored the hydrophone array on shore using
the Marine Mammal Monitoring on Navy Ranges (M3R)
passive acoustic real-time tools (Moretti et al. 2006). The
M3R system was initially developed for detection and
localization of marine mammals at the Atlantic Undersea
Test and Evaluation Center (AUTEC) in the Bahamas,
where it has been successfully used to localize groups of
Blainville’s beaked whales (Mesoplodon densirostris)
(Moretti et al. 2006), and more recently to track movement
patterns, estimate vocal rates, and even derive density
estimates for the species within the array (DiMarzio et al.
2008; Ward et al. 2008; Marques et al. 2009). The initial
goal of these surveys was to adapt the existing M3R system
for use at SOAR, which presented technical challenges due
to differences in the design and layout of the array and the
much higher diversity and abundance of vocal species in
the region. Based on the remote monitoring, trained surface
observers were vectored to areas where vocalizing species
were detected so that animals could be accurately identified
and localized. Although boats might be directed toward any
vocalizing species detected within the array, priority was
given to vocalizations in the appropriate frequency range
for beaked whales. When marine mammals were visually
detected (with or without acoustic direction), the estimated
group size, group envelope (approximate area encom-
passing the group in m?), and behavioral state were
recorded, and photos were taken both for species verifica-
tion and photo-identification of individual group members.

The time, latitude, and longitude were recorded at the
initial position of all marine mammal sightings. When
beaked whales were encountered an attempt was made to
maintain contact with the group as long as possible to
document dive intervals and movements. During extended
beaked whale sightings, the exact time and position of the
terminal dive of each surfacing bout was recorded.

Five surveys ranging in length from 5 to 10 days were
conducted from 2006 to 2008 (Table 1). All surveys
involved the use of one or two rigid-hull inflatable boats
(5.3-59 m in length), and later surveys included the
38.1 m R/V Robert Gordon Sproul as an additional sight-
ing platform (Scripps Institution of Oceanography). In
August 2006 and April 2007 boats were launched daily
from Wilson Cove on the northeastern corner of San Cle-
mente Island and then transited approximately 22 km to
reach the northeastern boundary of the study area. Transit
time, prevailing winds, and occasional range restrictions
constrained much of the survey to the northeastern part of
the array during these field efforts. Subsequent surveys
(October 2007, August and October 2008) were based from
the Sproul, which launched the smaller boats daily,
allowing them to remain in or near the study area
throughout the survey, and to focus effort on the southern
and western portions of the array that had not been ade-
quately covered in previous surveys due to logistics and
weather (Fig. 2). There were two or three experienced
visual observers on effort aboard the Sproul during daylight
hours, thus providing a third, much higher observation
platform (7 m above waterline) from which sighting data
were collected. Due to observer height, sightings from the
Sproul were often at a distance from the ship. In these
cases, sighting position was calculated from the ship’s
position and heading, angle to the sighting, and reticle
reading from 7 x 50 binoculars. The time and position of
all weather changes were recorded by each platform while
on effort. During “excellent” and “good” sighting condi-
tions (defined as Beaufort sea state less than four with no
significant impairment in visibility due to atmospheric
conditions or swell height), survey vessels worked

Table 1 Survey effort and sightings of Cuvier’s beaked whales west of San Clemente Island, 2006-2008

Survey dates Vessels Vessel Total % Total hours in  Z.c. Sighting rate ~ Average
days survey excellent or good sightings (hrs/sighting)  group size
hours  conditions

14-20 August 2006 5.3 m RHIB, 5.9 m RHIB 13 1234 0.59 1 123.4 2.0

13-22 April 2007 5.3 m RHIB, 5.9 m RHIB 12 88.5 0.47 0

22-26 October 2007 Two 5.3 m RHIBS, 38.1 m R/V Sproul 15 1434  0.70 14 10.2 4.4

2-10 August 2008 Two 5.3 m RHIBS, 38.1 m R/V Sproul 22 228.5 0.56 13 17.6 4.0

17-27 October 2008 5.3 m RHIB, 38.1 m R/V Sproul 20 192 0.46 9 21.3 2.6

Conditions were considered “Excellent” or “Good” at a Beaufort sea state less than four, with no significant impairment in visibility due to

atmospheric conditions, precipitation, or swell height
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Fig. 2 Survey effort (white lines) and Cuvier’s beaked whale
sightings (black squares) on the SOAR hydrophone array 2006—
2008. a Represents surveys in August 2006 and April 2007.
b Represents surveys in October 2007, August 2008, and October

separately to localize as many different groups as possible;
as conditions declined vessels coordinated search patterns
around single localizations.

All effort, sighting, and photo-identification data were
entered into an Access sighting database (Microsoft, Red-
mond, WA, USA). Sproul sighting positions and straight-
line distances between all positions were calculated using
the Bearing, NewPosLat, NewPosLong, and Posdist
spherical geometry functions in Excel (Microsoft, Red-
mond, WA, USA) (Laake 2001). The depth and slope at all
initial beaked whale sighting positions were extracted by
overlaying point location data on an 85 m resolution
bathymetric raster surface in ArcGIS Version 9.2 (ESRI,
Redlands, California, USA). Depth (in meters) and slope
values (in degrees) were transferred to point locations
using the ‘intersect point tool’ in Hawth’s analysis tools
(Beyer 2004). The depths at all hydrophone positions were
also extracted for comparison against sighting position
depths.

All photos of adequate quality from each Cuvier’s
beaked whale sighting were sorted to individual, and the
best photo of the left and right sides of each whale in a
sighting were rated for quality and individual distinctive-
ness following criteria employed by McSweeney et al.
(2007). All best-of-sighting identification photographs
were compared between sightings to identify resightings of
individuals over time. The single best left and right side
photographs of each whale from all sightings were used to
create a catalog of unique individuals identified during the
study period. This catalog was then filtered by image
quality, individual distinctiveness, and side of the body
photographed to ascertain a conservative minimum esti-
mate of the number of unique whales identified.

Whales were assigned to a probable sex and age class
using all available photos of the head and body of each
individual across sightings. Adult male Cuvier’s beaked
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GEBCO)

whales can be identified by extensive linear scarring on the
body believed to result from interactions with other males,
and by the presence of two small, erupted teeth visible at
the tip of the rostrum (Heyning 1989). The distinction
between other sex and age classes can be more subtle and
may vary between regions (McSweeney et al. 2007;
Moulins et al. 2007; M. Rossi, personnel communication
2009). We found that in the field, with the exception of
small calves, variation in relative body size was often not
obvious, but that size differences were more discernable in
photographs of closely associated individuals. We also
found that pigmentation patterns, and in some cases scar-
ring, were obscured by a layer of dark brown diatoms
covering the entire body except the very tip of the rostrum.
In Hawai’i, adult females can be distinguished from larger
sub-adults of either sex, which may otherwise appear
similar, by the accumulation of white oval scars (resulting
from cookie-cutter shark bites) on the body (McSweeney
et al. 2007). We assessed the minimum number of oval
scars on each side of all photographed whales to determine
if this characteristic could also be used for assigning
whales to age classes in this study, and found that many
whales had no visible oval scars one side of the body
(including adults confirmed by other characteristics), and
that these scars were far less extensive on those whales
which did bear them (mean = 1.8 oval scars per side,
range 1-11) than has been described in Hawai’i (>200
scars per side on confirmed adults, McSweeney et al.
2007). It was thus determined that this feature cannot be
used to differentiate adult females from larger sub-adults in
our study area, so adult females were identified by the
following criteria: large body size (confirmed by photo-
graphs of the whale with other group members in close
proximity), the presence of light pigmentation on the ros-
trum, lack of erupted teeth, and, if present, the close
association of a much smaller animal presumed to be a calf.
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Large, lightly scarred whales with no clear photographs of
the rostrum were considered adults of unknown sex.
Whales with minimal linear scarring that were small rela-
tive other group members in photos, but not closely asso-
ciated with an adult female, were considered sub-adults of
unknown sex. Minimally scarred whales whose body size
could not be assessed and who lacked clear shots of the
head were classified as unknown sex and age class. An
analysis of group composition was conducted using groups
in which all individuals were identified and assigned a sex
and age class.

Results

Thirty-seven groups of Cuvier’s beaked whales were
sighted during the study (Table 1), with all but one sighting
occurring in October 2007 or later. The overall sighting
rate for Cuvier’s beaked whales during the study was one
sighting for every 21.0 h of effort. The highest sighting rate
was observed during the October 2007 survey (one sighting
for every 10.2 h of survey effort in all conditions, one
sighting per 7.2 h of effort in excellent or good survey
conditions). The estimated number of whales per sighting
ranged from 1 to 10, and 14 groups contained five or more
individuals, although two of these large groups consisted of
multiple sub-groups of 2-3 whales that were surfacing
asynchronously within 1 km of each other. As sub-groups
in these small aggregations sometimes surfaced within the
average distance moved by groups between surfacings,
they could not be easily tracked individually in the field.
Subsequently they were treated as a single sighting in the
data, with best overall group size estimated from detailed
surfacing location, dive interval, and photo-identification
data. The mean group size was 3.8 individuals (SD 2.4,
median = 3). Although the mean group sizes varied from
4.4 during the October 2007 survey to 4.0 in August 2008
and 2.6 in October 2008, these differences were not
significant  (Single-factor ANOVA, F[2,33] = 1.78,
P = 0.18).

Cuvier’s beaked whales were sighted only in the western
part of the study area, which corresponded to the deepest
part of the basin within the SOAR array (Fig. 2b). All
sightings occurred within an area roughly 700 km?, and the
mean pair-wise distance between all groups sighted during
the study was 12.2 km (SD = 5.9, n = 666 combinations).
The mean daily pair-wise distance between unique groups
was 8.6 km for those days in which three or more unique
groups were sighted (n = 6 days). Bottom depth at initial
sighting positions ranged from 1,045 to 1,741 m
(mean = 1,580 m, SD = 138, n = 37), and sightings
occurred in water significantly deeper than the mean bot-
tom depth of array hydrophones of 1,376 m (SD = 240 m)

(Two Sample #-Test of depth at sighting positions vs. depth
at hydrophone positions, P < 0.01). The median slope at
initial sighting positions was one degree (range = 0-17).
Because most sightings occurred over nearly flat bathym-
etry, aspect was highly variable and not considered further.

Twenty-six groups were observed over multiple sur-
facing series, with all but one extended encounter in
excellent or good sighting conditions when animals could
be relocated after dives with a reasonable level of confi-
dence by both the RHIBs and the Sproul. The total sighting
duration for 26 groups observed on more than one sur-
facing bout ranged from 12 to 466 min (median = 68,
mean = 129, SD = 112), although whales were visible at
the surface only a small portion of that time. Two of the 26
extended sightings consisted of several loosely associated
subgroups which surfaced asynchronously within a limited
area. Given the difficulty of reliably tracking specific sub-
groups across dives, these two sightings were excluded
from detailed analyses of surfacing bouts and associated
intervals. The number of surfacing bouts observed during a
sighting ranged from 1 to 15, and for the 24 groups reliably
observed at the surface more than once, the modal number
of bouts observed was 4 (mean = 5.1, SD = 3.5). The
mean straight-line distance between subsequent surfacing
bouts was 0.80 km (range 0.09-2.23, SD = 0.50, n = 85)
and the mean straight-line distance between the first and
last observed surfacing bout was 1.66 km (range 0.08—
6.65, SD 1.56, n = 24), resulting in a mean minimum rate
of straight-line movement of 1.38 km/h (SD 0.90) over the
course of a sighting.

The duration between the terminal dives of subsequent
surfacing bouts (referred to as “surfacing interval” or SI)
was calculated as an estimate of total dive duration, since
the exact time and location of the initial surfacings in a
bout could not always be recorded when groups surfaced at
a distance from the vessel, and time at the surface was
generally short (approximately 2 min) relative to time at
depth. SI ranged from 9 to 85 min with a median SI of
24 min (n = 85 SI from 24 groups totaling an estimated 83
whales). SI of 20-30 min were the most frequently
observed (57% of all SI) and the overall ratio of short SI
(<50 min) to long SI (>50 min) was 5.3 to 1, although
groups were more likely to be lost during long SI so these
may be underrepresented in the sample. Most long SI were
preceded by four to six short SI, with the exception to this
being groups which had a long SI shortly following their
initial sighting.

A total of 2,495 identification photographs were taken
during 24 of the 37 Cuvier’s beaked whale sightings. Of the
estimated 109 whales sighted and approached for photo-
identification, 78 (72%) had sufficient quality photographs
to be compared between sightings. Reconciliation of pho-
tographs of these 78 whales resulted in 58 different
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individuals, for an overall resighting rate of 0.26 during
the study using photos of all qualities and distinctiveness.
A conservative minimum catalog of 43 individuals was
restricted to only those whales with high-quality photos of
both the left and right sides (n = 22), high-quality right
sides only (n = 18), and high-quality left sides only, but
with a distinctive dorsal fin shape or notches in the back
that could reliably be identified from the right side as well
(n = 3). Of the 58 individuals in the unrestricted catalog,
41 were adults (71%), 3 were sub-adults (5%), 5 were
calves (9%), and 9 (15%) were unknown age. Of the 41
adults, 19 were female (46%), 16 were male (39%), and
6 (15%) were of unknown sex.

Most photographed groups contained individuals of
multiple sex and age classes. At least 10 groups contained
more than one identified adult male (range 2-5 males per
group), but of nine fully identified groups of two or more
whales, none consisted of only adult males. No calves were
sighted during the first three surveys, but five different
calves were sighted in six groups during surveys in 2008.
No group contained more than one calf. The mean size of
groups containing a calf was 4.7 whales (SD = 2.6, n = 6)
versus 3.7 whales (SD = 2.7, n = 22) for those groups
with no calves present, however, this difference was not
significant (Two Sample t-test, P = 0.45).

Fifteen whales were identified on more than 1 day for a
total of 20 resightings, and in all but one case whales were
resighted in association with group members from a pre-
vious sighting. Whales were resighted on up to three sep-
arate days, with the majority of resightings within 3 days of
the initial sighting; however, one adult female was sighted
on two subsequent days in August 2008 and then sighted
again 78 days later (with different associates) on two sub-
sequent days in October 2008. In her first October sighting
this whale was 9.8 km from her previous sighting position
in August. The mean horizontal distance moved between
all individual resightings was 8.6 km (range = 1.5-24.9,
SD = 7.9, n = 7 unique movements, as duplicate move-
ments by repeatedly associated individuals were removed).

Discussion and conclusions

The overall sighting rate of Cuvier’s beaked whales in the
southern San Nicolas Basin during combined visual-
acoustic surveys (one sighting per 21.0 effort hours overall,
as high as one sighting every 10.2 h during the October
2007 survey) is high relative to many other published
studies of this species. Mean group sizes observed during
this study were also higher than have been reported from
other sources (Table 2). Although the sighting rate was
influenced by the ability to localize groups with the M3R
system, particularly during later surveys as localizations
became more reliable, groups were also encountered
independent of acoustic direction throughout the study.
Given the non-standardized, non-random nature of survey
effort, and the evolving role of acoustic localizations, it is
difficult to compare these detection rates to other studies.
However, Cuvier’s beaked whales were sighted only once
every 51 h of dedicated survey effort for beaked whales in
a long-term study in Hawai’i (McSweeney et al. 2007),
suggesting that with the M3R system and larger average
group sizes, this region may offer more frequent opportu-
nities to observe this species than many other regions have.

Several results suggest that there is, at least at times, a
high density of animals in the southern San Nicolas Basin.
Unfortunately, the only regional density measures to which
these observations can be compared are derived from
standardized, large-scale estimates from line-transect sur-
veys (Barlow and Forney 2007), which correlate poorly
with observations resulting from targeted effort during this
study. While several line-transect surveys passed through
the southern San Nicolas Basin in good sighting conditions,
an unusual abundance of Cuvier’s beaked whales was not
reported. From 23 to 26 October 2007 we identified a
minimum of 21 unique individuals within an area
approximately 420 km?. If we assume that animals iden-
tified during that 4-day period remained in the area, as the
limited movements of resighted individuals suggest is
likely, this would correspond to an average density of 50

Table 2 Mean group size of
Cuvier’s beaked whales from
other published sources in

comparison to those observed in
the Southern San Nicolas Basin
2006-2008

Region Source Mean group Range  Groups
size
Costa Rica EEZ, Central America May-Collado et al. (2005) 2.6 NR 14
Various worldwide MacLeod and D’ Amico (2006) 2.3 1-15 189
Northwestern Mediterranean Sea Moulins et al. (2007) 2.3 1-11 247
Great Abaco Island, Bahamas Claridge (2006) 2.44 1-5 18
Southern Gulf of California, Mexico Barlow et al. (1997) 2.5 1-5 21
Hawaii, Big Island McSweeney et al. (2007) 2.57 1-5 28
California Current System Barlow and Forney (2007) 2.6 NR 17
San Nicolas Basin, California This study 3.76 1-10 37
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individuals per 1,000 km? in the western portion of the
study area during the period. If we included all whales
identified within the limited area during that time, irre-
spective of photo quality (n = 28), and accounted for
individuals that were not identified in each sighting
(n = 21) and controlled for the observed recapture rate
during that time (0.28), the actual minimum number of
whales in the area was likely closer to 34, yielding a
density of 81 individuals per 1,000 km?. Even our more
conservative estimate is higher than the density estimated
for the southern Gulf of California “hotspot” for Cuvier’s
beaked whales of 38 animals per 1,000 km? (Barlow et al.
2006). This suggests that the region may represent impor-
tant habitat for Cuvier’s beaked whales. As the M3R sys-
tem is further refined, passive acoustic monitoring may
provide an alternative and more standardized means of
estimating density within this study area than visual sur-
veys can provide, as has been done for Blainville’s beaked
whales using data from the AUTEC Range (Marques et al.
2009). Additional surveys in adjacent areas, such as the
northern San Nicolas Basin and other nearby locations with
similar bathymetric profiles could help define the spatial
limits of this apparent aggregation beyond the reach of the
hydrophone array.

Given the limited seasonal sampling and duration of this
study, it is not clear whether the number of animals
observed in the latter three surveys is typical. We believe
the lack of sightings in the first two surveys is at least partly
explained by bias in effort toward unfavorable habitat
(Fig. 2a), poor sighting conditions (Table 1), and lack of
accurate acoustic localizations during the preliminary
stages of M3R system development at the SOAR array. It
remains possible, however, that the abundance of Cuvier’s
beaked whales in the Southern California Bight may fluc-
tuate seasonally or annually in response to oceanographic
factors. Studies have identified sources of both seasonal
and multi-annual variation in deep-water productivity due
to periodic flushing of stagnant bottom water from basins
within the Southern California Bight, including the San
Nicolas Basin (Berelson 1991). Both the increased flow
rates at depth and the influx of oxygenated water could
produce substantial variation in prey availability for beaked
whales associated with these cycles, which would pre-
sumably affect the distribution and density of beaked
whales in the region as well. Expanded survey coverage
during additional seasons and over a period of years will be
required to better define seasonal and annual variation in
Cuvier’s beaked whale occurrence and identify any long-
term oceanographic patterns that may correlate with
changes in local abundance.

Bathymetric features such as depth and slope have been
significantly correlated with the occurrence of Cuvier’s
beaked whales in other regions where the species has been

studied (Cafiadas et al. 2002; Moulins et al. 2007), although
Ferguson et al. (2006) suggest that this species may occur
over a broader range of habitat than more localized studies
suggest. The bottom depth of sightings from all other study
areas, however, has consistently averaged over 1,000 m
(Cafiadas et al. 2002; Claridge 2006; Ferguson et al. 2006;
McSweeney et al. 2007; Moulins et al. 2007), which was
also true of sightings reported here. While the degree to
which slope has correlated with sightings from other areas
has varied, higher densities of Cuvier’s beaked whales have
been reported in areas corresponding to the lower slope of
canyons or offshore continental shelf edge in some regions
(Ferguson et al. 2006; Moulins et al. 2007). MacLeod and
Zuur (2005) correlated the occurrence of Blainville’s
beaked whales with habitat likely to accumulate prey given
predominant deep-water currents in the study area. Deep
circulation in the Southern California Bight is complex,
variable, and not well understood; however, predominant
deep water flow into basins is from the southeast, driven in
part by the California Undercurrent (Lynn and Simpson,
1990). Although this current runs at much shallower depths
(150-300 m) than Cuvier’s beaked whales appear to forage
(>1,000 m, Aguilar Soto et al. 2006; Baird et al. 2006), this
northwesterly flow could affect productivity or prey dis-
tribution where it interacts with the eastern slope of Tanner
Bank and the sill extending north from it toward San
Nicolas Island, which is near where the majority of sight-
ings occurred (Fig. 2b). Without more detailed studies of
deep water circulation within the region, particularly
coincident with beaked whale observations, it may prove
difficult to understand the effect of oceanographic factors
on their distribution.

Although limited, results of this study have provided
several insights into Cuvier’s beaked whale behavior and
sociality. Those groups tracked over multiple dive cycles
demonstrated a surfacing pattern that is consistent with
what has been reported from previous dive interval studies
and from Cuvier’s beaked whales carrying time-depth
recording tags in other regions (Barlow et al. 1997; Baird
et al. 2006; Tyack et al. 2006), further defining normal
surfacing behavior in this species. The social organization
of Cuvier’s beaked whales has not been well described;
however, the prevalence of groups containing multiple
males, the repeated associations between some individual
adult males over several days, and the overall group sizes
of Cuvier’s beaked whales at San Clemente are similar to
observations of northern bottlenose whales (Hyperoodon
ampullatus) in the Gully off Nova Scotia (Gowans et al.
2001). A long-term, detailed study of the social organiza-
tion of these latter beaked whales demonstrated the stron-
gest social affiliations exist within the classes of mature
and sub-adult males, with some pairs forming bonds that
may persist for years, and that females and immature
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whales have a more fluid social network without preferred
partners of any sex or age class (Gowans et al. 2001). Our
results suggest a similar social structure may exist within
Cuvier’s beaked whale populations. McSweeney et al.
(2007) also noted two males were present in 5 of 28
Cuvier’s beaked whale sightings in Hawai’i; implying that,
at a minimum, the social structure of Cuvier’s beaked
whales differs from that of Blainville’s beaked whales.
Although group sizes for the two species are similar
(MacLeod and D’ Amico 2006), multiple males are seldom
observed in groups of Blainville’s beaked whales, for
which female defense polygyny has been suggested as a
likely mating strategy (Claridge 2006).

The relationship between beaked whale mortality and
anthropogenic sound is yet to be fully explained, and
remains a critical element to managing impacts on these
species. Evans and Miller (2004), Cox et al. (2006), and
Rommel et al. (2006) all explored potential mechanisms by
which anthropogenic sound may result in strandings given
present knowledge of beaked whale behavior and physi-
ology, and noted the possibility of an ‘“acoustically
induced behavioral change” in which whales alter their
normal dive cycle in response to an acoustic signal. Zim-
mer and Tyack (2007) modeled the formation of nitrogen
gas bubbles in beaked whale tissues under various dive
cycles, and found that an extended series of dives to depths
between 22 and 72 m, a pattern not observed in free-
ranging tagged whales, could lead to bubble formation and
decompression-like sickness in beaked whales. If the pri-
mary cause of beaked whale mortality in the presence of
certain anthropogenic sounds lies in a behavioral response
rather than a direct physiological effect, then habituation to
those sounds might explain how substantial numbers of
these animals could exist in or near areas of frequent
activity, such as off the west coast of San Clemente Island.
This is particularly true if a degree of site fidelity, similar
to that which has been observed for beaked whales in
Hawai’i (McSweeney et al. 2007), exists for this popula-
tion, and hence whales might regularly be exposed to
sound throughout their lives. If naive individuals are more
likely to react adversely to sound, it might explain the
prevalence of juvenile and immature animals in previous
sound-related mass strandings (MacLeod and D’Amico
2006). Unfortunately, available data on the age class
composition of populations and growth rates in Cuvier’s
beaked whales are insufficient to rule out other sources of
these biases in prior strandings. Continued photo-identifi-
cation, and also satellite tagging, of this population will
help to define population size and residency, and can
potentially address longer term patterns of sound exposure
should sonar use data become available.

As the waters west of San Clemente Island are an area of
frequent naval activity, the potential to encounter numbers
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of Cuvier’s beaked whales there at any time is of interest,
given the sensitivity of this species to certain types of
sound in other parts of its range. It should be specifically
noted that neither visual nor acoustic marine mammal
observations were permitted on the array during most
active naval operations, so observations presented here
correspond to times with little or no use of underwater
sound sources. Controlled exposure experiments have been
identified as a critical next step to understanding, and
ultimately mitigating, the impacts of anthropogenic sound
on beaked whales (Evans and Miller 2004; Cox et al.
2006). Encounters with these whales within the SOAR
array can provide opportunities for direct observations in
the presence of, and potentially with the controlled use of,
naval sound sources such as the 53C mid-frequency active
sonar implicated in some mass strandings. A combination
of passive acoustic monitoring with the range sensors,
satellite and acoustic tagging, and surface observations
could be used to study the movements and vocal behavior
of animals before, during, and after active sonar operations
routinely conducted in the region.

A better understanding of factors such as the distri-
bution and density of animals over time, immigration and
emigration patterns, calving and growth rates, predator—
prey relationships, and responses to environmental
change is essential to the management of this and other
beaked whale populations worldwide. The relatively
accessible waters west of San Clemente Island, with the
potential for acoustic direction using the M3R system,
represents an ideal location to collect ecological,
behavioral, and acoustic data on Cuvier’s beaked whales
in both the presence and absence of naval sound sources,
and a long-term study of this population would be highly
valuable.
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