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ABSTRACT
The distribution
and behavior of mature (12.3-16.3
m) male sperm whales
macrocephalus) were studied on the Galapagos
Islands breeding
ground from April to June 1995. In contrast to previous research seasons
when males were observed only in close spatial and temporal proximity to
mixed schools of females and immature animals, in 1995 males were sighted
in loose aggregations,
separated by hours to days from our vessel’s encounters
with mixed schools. Only one of ten identified males was observed in spatial
proximity to a mixed school.
Aggregations
consisted of two to four (minimum estimates) mature males
travelling within a range of a few kilometers and were characterized by consistency of heading among individuals. Aggregations
moved over time. During encounters,
one to three males were observed at the surface at the same
time, with interindividual
distances of less than 1,000 m. Synchrony of heading was apparent between spatial associates, and its extent appeared to be
related to interindividual
distance. Clustering (two or more individuals within
100 m) was observed on only two occasions. No agonistic behaviors were
seen.
Functions of mature male aggregation
on a breeding ground remain unclear. Possible explanations
for our observations are local prey abundance, or
some form of sociality mediated over spatial scales of hundreds to thousands
of meters.
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The behavior and social associations
of mature males remain among the
least well-understood
aspects of sperm whale biology. Males disperse from their
natal groups at about age 5-6 (Best 1979, Richard 1995) and form ‘bachelor
schools’. Larger males tend to be found in increasingly
smaller groups and are
distributed
at higher latitudes (Best 1979). The largest males tend to be solitary and can be found in polar waters (Clarke 1956). In their late twenties,
sexually mature males migrate back to warmer waters to breed (Best 1979).
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There is little information
on the seasonality, duration,
or intervals between
these migrations.
highly social groupings
of female sperm
In contrast to the permanent,
whales and their dependent
offspring (Caldwell et ul. 1966, Whitehead
et al.
199I), relationships
between mature and maturing
males, both on the breeding grounds and at higher latitudes, seem much less strong and durab1.e. No
repeat associations between identified males over more than a few hours have
been found previously on either the Galapagos breeding grounds (Whitehead
1993) or among feeding males off Nova Scotia (Whitehead
et ul. 1992). In
both studies males were rarely seen clustered together. Caldwell et al. (1966)
reported loose associations among young adult males off California, but such
behavior has not previously been reported in a known breeding area.
On the breeding grounds mature males rove between mixed schools, spending only short periods of time with each (Whitehead
1993). Although
more
than one male at a time may be seen with a mixed school (Best 1979), there
has been no evidence of consistent coalitions between males off the Galapagos.
Indeed, evidence suggests that they avoid each other when around mixed
schools, perhaps by listening for the distinctive
‘slow clicks’ that mature males
characteristically
make on the breeding grounds (Whitehead
1993). Watkins
et al. (1993) have suggested that breeding males may form dominance
hierarchies.
Although
previous research and observations
suggest little in the way of
affiliative relationships
between mature and maturing
males, mass strandings
of the two together have been recorded (e.g., Rice 1989). This suggests some
form of social organization
among males which has yet to be detected by boatbased studies focusing on spatial scales of tens of meters.
In studies off the Galapagos between 1985 and 1993, males were rarely
sighted apart from mixed schools of females and immature animals, but during
1995 loose aggregations
of males were observed both within a few hours of
sightings
of mixed schools and separated from mixed school sightings
by
several days. The identities,
associations,
and aggregative
behaviors of these
males were studied using photoidentification
techniques and detailed real-time
recording of surface movements.

&tETHODS

The following definitions are used throughout
this paper:
Male: A distinctively
large (> 12 m) sperm whale. Female sperm whales off
the Galapagos
rarely reach 11 m (Waters and Whitehead
1990). Mixed
school: A cohesive group of medium-sized
sperm whales (< 11 m in length)
consisting of females and immature animals. Spatial association: Two or more
individuals
within an estimated distance of 1,000 m of each other. Cluster:
Several whales swimming
at approximately
the same speed and in the same
direction,
within 100 m of each other (Whitehead
and Arnbom
1987). Aggregation: A set of whales present at the same time in an area approximately
3-5 km across.
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Minimum
numbers in any aggregation
were estimated from the maximum
value for any of the following criteria: (1) Number of males seen at the surface
at any one time. (2) Number of different individuals
identified photographically within a l-h period. (3) N umber of fluke-ups observed within a 30-min
period. Since dive cycle times of sperm whales are generally greater than 40
min (Papastavrou
et al. 1989), any two or more fluke-ups within this time
period can be attributed
to different individuals.
No breaching,
which can
involve fluke-ups at intervals of a few minutes, occurred. (4) Number of individuals known or believed to be male heard on the directional
hydrophone
at any one time. When small numbers of individuals
are present, the exact
number can be estimated
from the patterning
of clicks. Off the Galapagos,
female and immature
sperm whales are never alone or in small groups of two
to three (Whitehead
and Weilgart 1991), therefore individuals
heard clicking
alone or in pairs could justifiably be considered male.
Location and tracking-Field
studies were carried out off the Galapagos Islands (2”S-l”N,
89”-93”W)
from 6 April to 4 June 1995, from the 12-m
auxiliary sailing vessel Balaena, with a crew of five to six.
Sperm whales were located acoustically,
using a trailing Benthos AQ 21B
hydrophone
(range -5-7
km) and then tracked using a specially designed
directional hydrophone (Dev-Tee Inc., Pasadena, California) (range -3-5
km).
In cases where the characteristic
clicks of sperm whales were heard in more
than one direction,
the individual(s)
judged to be nearest or due to surface
soonest was approached.
Individual identifiation-Whales
at the surface were approached from behind to a distance of 20-100 m, and a photograph
was taken of the tail flukes
as they were raised at the start of a dive (fluke-up). The distinctive
markings
on the trailing edge of the flukes can be used to identify individuals
(Arnbom
1987). Fluke photograph
analysis followed the methods devised by Arnbom
(1987) with refinements
by Dufault and Whitehead
(1993).
Measurement-Body
length can be converted to an age estimate (e.g., Rice
1989) and thus gives an indication
of the maturity
of an individual.
Male
body length was estimated
visually whenever possible. (During part of the
field season no sufficiently experienced observer was aboard and thus no estimations were made.) Measurement
photographs
were taken from a known
height above the sea surface, and total length estimated using the methods of
Gordon (1990) and Waters and Whitehead
(1990). Estimates of length from
different photographs
of the same whale were averaged.
Behavior and location recording-During
encounters
with whales, the estimated distance and compass bearing from the boat, plus heading (in degrees),
speed, and behavioral observations
were recorded for a focal whale or cluster
(generally the one first seen, or closest to the boat) and for all other clusters
within 1,000 m of it. These data were recorded every minute, using a Toshiba
2000 Sxe laptop computer and a specially written QuickBasic program. Following the first few encounters,
exact timings of distinct behaviors (e.g., sidefluking) and fluke-ups
were recorded. Recording
sessions were terminated
when the last individual
fluked, or when no whales were observed at the
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Figure 1. Map of the Galapagos
sightings of male sperm whales.
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surface for 2-3 min (i.e., an animal dived without fluking-up,
and a resurfacing
could not reliably be assigned to that individual).
Defemtion rate-whenever
possible, the presence or absence of feces as a
whale fluked-up was recorded. These data are used to provide an indication
of feeding success (for detailed methodology
and justification
see Smith and
1993).
Whitehead

RESULTS

Sighting.s and identifications-Males
were sighted on 53 occasions, on 10
different days (Fig. 1). From the 32 high quality (Q 1 3, Arnbom
1987)
identification
photographs
taken, 10 males were identified and given identification numbers #536-#545.
Number of identifications
per individual,
plus
number of days sighted and number of days between first and last identification, are given in Table 1. None of these individuals
had been previously
identified off the Galapagos (1985, 1987, 1988, 1989, 1991, 1993), off mainland Ecuador (1985, 1991, 1993), or during a survey of the South I?acific

(1992-1993).
Lengths-Good
quality measurement
photographs
were obtained for only
two males, #538 and #540. No. 538 was measured to be 12.33 m (n = 4)
long, indicating
an age in the early twenties (estimated
from growth curves

CHRISTAL AND WHITEHEAD:

Table 1.

Male
#536
#537
#538
#539
#540
#541
#542
#543
#544
#545
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Sightings data for identified males.

Number of
identifications

Number of days
identified

Days between first
and last sighting

3
1
3
1
2
2
1
1
1
2

3
1
13
:
12
1
1
1
2

in Rice 1989). No. 540 was measured to be 16.27 m (n = 2) long, a size
which indicates that the animal was physically mature and probably at least
30 yr old (Rice 1989). Both males would have attained sexual maturity
at
these lengths/ages.
Visual estimates for these two individuals
were 13.6 m and
15 m, respectively. All visual estimates of lengths for three of the other identified individuals
were in the range 13-15 m, indicating
that these too were
mature animals.
Aggregations-On
several occasions a number of males were found in close
temporal or spatial proximity
to each other, or were heard within the -3-S
km range of the directional
hydrophone.
The minimum
number of males
present in these aggregations
was estimated using the criteria specified in the
Methods section. Figure 2 presents a section of this data visually. Aggregations
moved during days (Fig. 2) and were sighted in different positions on different
days (Fig. 1). On three occasions when contact with males was lost, we returned to the site of the most recent aggregation.
However, we did not usually
find males there, indicating
that aggregation
positions were not static.
Temporal and spatial associations were examined in order to identify any
consistent
relationships
between individuals
(Table 2). No clear pattern of
association between individuals
was apparent. No pair of males was identified
within 10 min of each other on more than one occasion; however, males #538
and #541 were identified 46 min apart on 25 April and 11 min apart on 6
May, 11 d later. The only other pair which was identified within two hours
on more than one day (#536 and #538) was identified on consecutive
days.
On seven occasions (between 23 April and 16 May), two or more males were
sighted within 1,000 m of each other (i.e., in spatial association). No pair of
identified
males was recorded as spatially associated on more than one day.
Clustering
was observed on only two occasions, both during the same onehour period. Both occasions involved males #536 and #537, plus in one case
a third, unidentified
animal.
Pairs of males within 1,000 m of each other displayed heading synchrony.
During the 30 min in which the headings of two males within 1,000 m of
each other were recorded, a difference in heading of greater than 90” was
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Figure 2. Track of the research vessel while following an aggregation
of males on
25 April. The estimated
minimum
number of males present during each hour is
indicated.

Table 2. Temporal and spatial association of identified
association was observed on two different days.

Male

Males
identified
within 10
min

#536
#537
#538
#539
#540
#541
#542
#543
#544
#545

#537
#536
#539
#538
#544
#543
-

Males identified

within

males. (2) indicates

2 h

#537, #538(2),#541, #536
#536
#536(2),#539, #540, #541(2)
#538,#540,#541
#538,#539
#536, #538(2),#539
G4
#543
-

tha.t this

Males identified
in spatial
association
(-Cl,000 m)
#537(2)
#536(2)
#539,#541
#538
#538
-
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Figure 3. Difference in heading (in degrees) for each pair of males observed within
1,000 m of each other, for each minute when the heading of both could be determined.

recorded only once (Fig. 3). Figure 4 shows the pattern of direction of heading
at fluke-up for all fluke-ups by males on each day when two or more males
were identified.
Interactions with mixed schools-Closest
temporal proximity to encounters (by
our vessel) with mixed schools differed greatly among the 10 identified males.
Five individuals
were sighted at closest intervals of one to five days from a
mixed school sighting. Four of the remaining
males were sighted within three
hours of mixed schools but were not seen in spatial proximity to them. Despite
the fact that various mixed schools were followed for a total of 19 d between
27 April and 4 June and were sighted on five of the 10 days that males were
observed, there were only two short periods when a male was sighted with a
mixed school. These occasions involved the same identified male, #545, and
the same mixed school, on two consecutive days (31 May, 1 June). These were
the only times that male #545 was sighted; he had not been identified in any
of the earlier aggregations
of males.
Vocalizations-During

the

76 h of acoustic

tracking

when

the

vocalizing

animal(s) were known or believed to be male(s), ‘slow’ clicks, with interclick
intervals of approximately
4-9 set (Weilgart
and Whitehead
1988), were
heard on only three occasions. Slow clicks were heard during the night of 25
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Figure 4. Direction of heading at fluke-up (in degrees)
by males on days when two or more males were identified.
males represented on each day is shown.

is shown for all fluke-ups
The minimum
number of

No mixed schools had been seen or heard during the preceding
seven
days nor were seen during the following 32 h. Slow clicks were also heard on
18 May. Shortly afterwards a mixed school was heard, and several hours later,
slow clicks and the mixed school’s clicks were heard together, on approximately the same bearing. On numerous
occasions a male or males were observed at the surface and then tracked acoustically
while diving, and ‘usual’
clicks, with interclick
intervals
of approximately
0.2-2.5
set, were heard
throughout.
Fee&g--Males
were observed to fluke-up during the great majority of
sightings
(45 out of 53, 85%), indicating
that the animals were initiating
deep dives, presumably
in order to feed. The three exact dive durations (flukeup to resurface time for the same individual,
acoustically tracked throughout
its dive) which were recorded (47 min 12 set, 50 min 55 set, 43 min 59 set)
were consistent with the behavioral pattern usually described as diving/feeding
(dive durations of approximately
40-60 min with 8-lo-min
surface intervals).
However, feeding success for males was low (one defecation observed in 24
fluke-ups checked, 4.17%). This value is significantly
lower than the 21.3%
(144 defecations out of 666 fluke-ups checked) for members of mixed schools
in the same study (x2 = 4.149, 1 df, 0.025 < x2 < 0.05).
April.
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DISCUSSION
Observations
of males independent
of mixed schools were surprising in light
of previous findings in the Galapagos. Males had rarely been sighted more
than 1,000 m or 10 min from an observation
of a cluster of females and
immatures
(Whitehead
1993). During tracking of mixed schools, one or more
males were present 16% of the time during the 1985 study and 12% of the
time during 1987 (Whitehead
and Waters 1990). By contrast, several of the
males identified in the 1995 season were seen several days from sightings of
mixed schools, and male association with a mixed school was observed for only
two short periods of time during 19 d of tracking mixed schools.
The early observations of males independent
of mixed schools (23-27 April
1995) may be explained by an apparent absence of mixed schools from the
Galapagos region during most of April. However, later observations
of males
occurred at times when mixed schools were known to be in the area. The lack
of association/interaction
at these times is puzzling.
Given the differential
geographic
distributions
of male and female sperm whales, the general perception has been that mature males enter Galapagos waters primarily in order
to breed. Observations
of males independent
of females are more frequent in
other tropical regions (Ecuador-Dufault
and Whitehead,
unpublished
data;
central
tropical
Pacific-Whitehead,
unpublished
data; Seychelles-Kahn
1991), and may perhaps be attributable
to the less-aggregated
distributions
of females in these areas when compared to the Galapagos (Kahn et al, 1993).
Aggregations
of individual
males have not been seen previously in the Galapagos region. There are various possible explanations
for this phenomenon.
Aggregation
may have been due to localized prey abundance.
Certainly the
diving patterns of the males were consistent with feeding behavior. However,
feeding success, as indicated by defecation rates, for males was the lowest ever
recorded in this region, despite the fact that it was relatively high for the
mixed schools observed during the same period (cf: Smith and Whitehead
1993). We can think of no reason to believe that mature males are less likely
to defecate at the surface than females or immature
whales.
Other feasible explanations
for the aggregation
of mature males on a breeding ground include the formation
of breeding coalitions or establishment
of
dominance hierarchies (Watkins et al. 1993). Acoustic recordings of slow clicks
indicate that males may actively avoid each other on the Galapagos breeding
ground, and there is no evidence that males enter or leave mixed schools
together (Whitehead
1993). Thus, breeding coalitions, such as those found in
bottlenose
dolphins,
Tursiops truncatus (Connor et al. 1992), do not seem to
exist among male sperm whales. The formation of dominance
hierarchies, although usually a result, rather than a cause, of aggregation,
should also be
considered. Direct observation (Caldwell et al. 1966), head scarring (Best 1979,
Kato 1984), and broken teeth (Clarke and Paliza 1988) all provide evidence
for fights between mature males. However, no behaviors which were interpretable as aggression or display were observed during the present study, al-
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though clearly it is quite possible that such behaviors did occur but were not
visible to or interpretable
by a surface observer.
The heading synchrony observed both for males seen together at the surface,
and for all male sightings on each day, indicates some degree of coordination
of movement.
Whether this coordination
relates to social cohesion within aggregations,
or simply to individual
response to factors such as prevailing current conditions,
is impossible to assess. Loose associations of young adult: males
off California have been observed to move from area to area more or less as a
unit (Caldwell et al. 1966). The resightings
of males #5 38 and #541, identified
within an hour of each other on two occasions eleven days apart, may indicate
reassociation of individuals,
or perhaps long-term
aggregation
membership.
Our observations
show that male sperm whales on the breeding grounds
are, on some occasions, found in loose aggregations
over spatial scales of hundreds to thousands of meters. These aggregations
are characterized
by consistency of heading
among individuals.
They were found both when mixed
schools were nearby and when they were not. The function of these aggregations is not clear. They could be a reaction to concentrations
of prey, with
little interaction
between individuals,
or represent a form of sociality mediated
over comparatively
large spatial scales.
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