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Ecological and social determinants of group
size In transient killer whales

Robin W. Baird and Lawrence M. Dill
Behavioural Ecology Research Group, Department of Biological Sciences, Simon Fraser University,
Burnaby, British Columbia V5A 156, Canada

Most analyses of the relationship between group size and food intake of social carnivores have shown a discrepancy between
the group size that maximizes energy intake and that which is most frequently observed. Around southern Vancouver Island,
British Columbia, killer whales of the soalled transient form forage in small groups, and appear to prey exclusively on marine
mammals. Between 1986 and 1993, in approximately 434 h of observations on transient killer whales, we observed 138 attacks
on five species of marine mammals. Harbor seals were most frequently attacked (130 occasions), and the observed average
energy intake rate was more than sufficient for the whale’s energetic needs. Energy intake varied with group size, with groups
of three having the highest energy intake rate per individual. While groups of three were most frequently encountered, the
group size experienced by an average individual in the population (i.e, typical group size) is larger than three. However,
comparisons between observed and expected group sizes should utilize only groups engaged in the behavior of interest. The
typical size of groups consisting only of adult and subadult whales that were engaged primarily in foraging activities confirms
that these individuals are found in groups that are consistent with the maximization of energy intake hypothesis. Larger groups
may form for (1) the occasional hunting of prey other than harbor seals, for which the optimal foraging group size is probably
larger than three; and (2) the protection of calves and other social functions. Key words: dispersal, foraging, group hunting,

harbor seals, killer whales, optimal group size, social structure. [Behav Ecol 7:408—416 (1996)]

roup hunting behavior has been recorded in numerous

taxa (e.g., Bednarz, 1988; Estes and Goddard, 1967,
Hector, 1986; Kruuk, 1972; Packer and Ruttan, 1988; Pitcher
et al, 1982). Schaller’s (1972) seminal weatise has received
the lion’s share of attention, with numerous authors reex-
amining his data focusing on the energetic benefits of forag-
ing in groups (Caraco and Wolf, 1975; Clark, 1987; Giraldeau
and Gillis, 1988; Packer, 1986; Rodman, 1981). Caraco and
Wolf (1975) noted that observed group sizes for lions
matched the optimum for energy intake for small prey, but
were larger than the optimum for large prey, and suggested
that the lions may have been balancing energy intake with
other determinants of fitness, such as preventing scavenging
by other carnivores. Clark (1987) suggested that the group
sizes of lions hunting large prey maximized survival, rather
than energy intake, by reducing the variance in food intake.
A further reanalysis by Giraldeau and Gillis (1988) indicated
that the maximization of energy intake hypothesis might ac-
count for observed group sizes, but suggested that existing
data precluded acceptance of either the energy maximizing
or the survival maximizing hypotheses. These latter authors
noted that the original presentation of Schaller’s (1972) data
did not take into account the variability associated with sexual
dimorphism of body size, hunting efficiency, or genetic relat-
edness of hunting individuals. Despite the widespread interest
in using Schaller’s (1972) data to examine the question of an
optimal foraging group size, numerous other problems exist
with the presentaton of the data which make them unac-
ceptable for examining such a question (Packer et al., 1990).
A subsequent field study by Packer et al. (1990) examined
group size-specific foraging efficiency in lions, and concluded
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that factors such as territorial defense and defense of cubs
from infanticidal males are largely responsible for the ob-
served group sizes.

Regardless, group hunting can have energetic benefits. An
increase in foraging success could result from the synergistic
effect of several individuals hunting together, either by in-
creasing prey encounter and capture rates, or by decreasing
the costs involved in the capture of large or difficult-to-handle
prey. As with lions, most analyses of the relationship between
group size and food intake for social carnivores have shown
a discrepancy between the group size that is optimal for max-
imizing energy intake rate and that which most frequently
occurs. Group sizes of social hunters are often larger than the
predicted optima, possibly due to the benefits of increased
vigilance and protection against predators and scavengers, im-
proved use of information in the presence of scarce, patchily
distributed resources, or the cooperative defense of territories
or young (Clark and Mangel, 1986; Smith and Warburton,
1992).

In this study we examined the group hunting behavior of
transient killer whales (Orcinus orca) around southern Van-
couver Island, Britdsh Columbia. Research undertaken since
the early 1970s has demonstrated the existence of two discrete
forms of killer whales in that area, one that specializes on
marine mammal prey (termed transient), and one that spe-
cializes on fish prey (termed resident) (Bigg et al.,, 1987). Our
study has focused on the grouping patterns and group size-
specific individual energy intake rates of transient killer whales
to determine whether the observed frequency of occurrence
of different size groups can be explained by the energy max-
imizing hypothesis. We also discuss our results in the context
of other potential functions of grouping in this population.

STUDY ANIMAL

Intensive research has been undertaken on killer whales in
British Columbia and in Washington State since the early
1970s. All individuals can be identified based on distinctive
acquired and congenital characteristics of the dorsal fin and
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saddle patch (Bigg et al., 1987). Early research identified the
existence of the two forms of killer whale, originally termed
transients and residents based on their site fidelity. Recent in-
vestigation has demonstrated that such names are not partic-
ularly descriptive of the movement patterns of the two forms.
The resident form appears to be subdivided into two popula-
tions with partially overlapping ranges, one found generally
from central and northern British Columbia to southeast Alas-
ka (northern residents; Bigg et al., 1987; Dahlheim and Waite,
1992), and the other found in southern British Columbia and
in Washington State (southern residents; Bigg et al., 1987).
Individuals of the transient form are found throughout the
ranges of both communities of resident whales. No form of
territoriality, as may exist for resident communities, has been
noted for transient individuals or groups. These resident and
transient forms should not be confused with the territorial and
nomadic or floater individuals seen in other social animals;
the evidence suggests that the two forms are genetically iso-
lated and may be incipient species (Baird et al., 1992). Such
evidence includes differences in behavior, ecology, external
morphology (Bain, 1989; Baird and Stacey, 1988; Bigg et al,,
1987), and mitochondrial DNA (Hoelzel and Dover, 1991; Ste-
vens et al., 1989).

For residents, a matrilineal group comprising from one to
four generations of individuals associates with one or more
other matrilineal groups for long periods (i.e., greater than
20 years; Bigg et al., 1990). These long-term groupings have
been termed ‘‘pods,” and are defined as groups of individuals
that are observed together at least 50% of the time, over a
long period (Bigg et al., 1990). A transient pod appears to
comprise a single matrilineal group with one to two genera-
tions (Baird RW, unpublished data). Transient pod size
changes only through birth, death, or emigration; to date, no
cases of long-term immigration of individuals into a pod have
been recorded (individuals that emigrate from transient pods
seem to form their own pod; Baird, 1994). Short-term asso-
ciations between individuals from different pods occur for
both residents and transients. )

Transients in British Columbia have been recorded feeding
on four of the five species of pinnipeds found there and five
species of cetaceans (Jefferson et al., 1991). Foraging for ma-
rine mammals occurs in a wide variety of habitats, from har-
bor seal (Phoca vitulina) haulout sites and other nearshore
areas to open water. Killer whale behavior during foraging is
extremely variable (Baird and Dill, 1995). Foraging behavior
around seal haul-outs and nearshore areas is characterized by
close following of the contours of the shoreline or circling of
rocks that seals typically frequent. Spacing between individual
whales and synchronization of surfacings in such situations (as
well as during foraging in open water) are extremely variable,
however. Prey can be captured while the individuals in a
group are separated by less than one whale body length, or
when separated by up to a kilometer or more. In both situa-
tions, individuals converge on the prey item once captured.
Further information on transient killer whale foraging behav-
ior can be found in Baird and Dill (1995).

METHODS
Study area and observational methods

Data were collected over an area of approximately 3000 km?
centered around the southern tip of Vancouver Island, British
Columbia, Canada, including the western San Juan Islands,
Washington, USA.

We located whales through sightings reported by other re-
searchers, whale watching charter operations, fishermen,
lighthouse keepers, and the public, and by traversing the
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study area by boat. Observations were made by one to four
observers from one or two of several small vessels (to 8 m in
length). Killer whales were encountered on an occasional ba-
sis year-round from 1986 through 1993. Approximately 434 h
of behavioral observations were obtained in 100 encounters.
Onset and termination of sampling sessions was ad lib (after
Alumann, 1974); termination of sessions was usually when sub-
ject animals were lost or when forced by lighting, sea condi-
tions, or fuel consideratdons. Behavioral data were voice re-
corded continuously throughout encounters using a micro-
cassette recorder.

Subjects were visible during periods that generally lasted 1
to 2 min; intervals between surfacing periods typically ranged
from 2 to 8 min. During surfacing periods individual whales
usually surfaced three to six times. Since group size was typi-
cally small, and visible behaviors were usually interspersed
with periods when whales were not visible, all visible behaviors
of all individuals could be recorded simultaneously. A primary
assumption of this sampling regime is that the activities visible
at the surface are unbiased samples of below-water activities.
We discuss the validity of this assumption later. Data recorded
included date, time, locadon [either estimated in relation to
known landmarks, triangulated using a handheld compass, or
by a long-range navigation device (LORAN)], general behav-
ioral state (foraging, feeding, traveling, resting, socializing),
individual whales present, distance between individuals, and
prey handling time (defined as the period from when prey
was first seen in close association with a whale until no further
remains of prey could be seen).

Group composition and measures of grouping tendencies

Individual whales present in each encounter were identified
visually and by using photographs, using the catalogs of Bigg
et al. (1987) and Ellis (1987), and unpublished catalogs main-
tained at the Center for Whale Research (Friday Harbor,
Washington), the Marine Mammal Research Group (Victoria,
British Columbia), and the Pacific Biological Station (Nanai-
mo, British Columbia). For the purposes of this study a
“group” was defined as all whales acting in a coordinated
manner during the ohservation period and which were within
visual range of the observers. All members of a killer whale
group, regardless of age, were included in counts of group
membership. No information is available to estimate precisely
the age at which a calf becomes a fully functional member of
a foraging group, but calves estimated to be younger than 1
year of age were present in only a small proportion of en-
counters (11%). Group size and composition changed both
within and between encounters.

A “pod” was defined as the largest group of individuals that
were observed together during at least 50% of the time those
individuals were encountered, over a period of years (after
Bigg et al., 1990). Pod composition was determined both from
this study and from unpublished sighting records provided by
the aforementioned organizations. Some pods were seen on
only a few occasions and insufficient supplementary infor-
mation was available to determine pod size accurately. These
groups (n = 6) were not included in calculations of pod size.
Pods remained stable within each encounter, but could
change between encounters via births, deaths, or emigration.
The shortest interval between encounters when a change in
pod size was recorded was 7 months. Each group, as defined
above, comprised members from one or more pods. During
an encounter with the whales one or more individuals from
a pod occasionally separated and acted independently from
other pod members. Such individuals temporarily spent time
either alone or with members of a different pod. Thus, within
a particular encounter, individuals from one pod could be



7

410

considered members of separate groups, as defined above. Ac-
cordingly, for any particular observation period, the group
size could be smaller than the pod size, unless pod size was
one. Such temporary separation of pod members was usually
of short duration and individuals remained within a few ki-
lometers of other pod members; the longest such period of
separation of pod members recorded in this study was 112
min.

Overall measures of grouping tendencies were calculated
both for groups and pods. Measures used to describe group-
ing tendencies include the modal (most frequently observed),
mean, and “typical” sizes. As noted by Jarman (1974), mean
group size may not accurately represent what individuals ex-
perience; because larger groups contain more individuals they
must be proportionately weighted in any calculation of the
group size experienced by the average individual. Jarman
(1974) termed this the “typical” group size. It is calculated as

IS
G = t=1

25

=1
where x, is the number of individuals in each of n groups.
Typical group size was calculated using all observations of all
groups. Thus, particular individuals and groups may have
been counted more than once in determining typical group
size. As the duration of observation periods varied, to avoid
biasing the typical group size each observation period was
weighted by its duration. This was achieved by multiplying x;
by the duration of the observation period in both the nu-
merator and the denominator. In calculating typical pod size,
each pod enters the equation only once, regardless of the
number of times that pod may have been seen during the
study. For pods whose size changed during the study (n = 5),
the sizes of the pods when last encountered were used in cal-
culations of mean and typical pod size.

Gender was noted for most individuals, as previously deter-
mined by Bigg et al. (1987) or based on external morphology
for adult males or pigmentation in the genital area for sub-
adults. Gender could not be determined for some juveniles
and for some adult female-size animals that had not previously
been recorded in this study or elsewhere. Size (and thus ap-
proximate age of juveniles) was estimated by comparing the
size relative to known adult whales using photographs and/
or visual observations.

Prey captures and energy intake calculations

In 57% of the cases prey species was determined by direct
visual observations of prey, either in whales’ mouths or at the
surface amongst a group of whales, combined with observa-
tions of blood, blubber, or meat in the water. The remaining
prey captures (43%) were detected without direct observa-
tions of intact prey and were based on observations of prey
parts in whales’ mouths or in the water. For these latter cases
prey species was determined using a combination of location
(52% were at harbor seal colonies), observations of potental
prey in the area prior to capture, prey handling ime, behav-
ior, and quantity of blood or blubber observed in the water.
Sharing of prey between individuals in a group, although
difficult to observe since most prey handling occurred be-
neath the surface, was confirmed on many occasions. Guinet
(1992) noted observatons of killer whales in the Indian
Ocean consuming prey away from their group, but no indi-
viduals obviously attempting to consume prey away from the
rest of a group were observed in our study. For purposes of
calculating energy intake rates, we assumed that each prey was
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shared proportionately (according to relative energetic
needs) among all individuals in a feeding group. In lions,
feeding groups are often larger than the groups involved in
hunting (Packer, 1986), but in our study killer whale hunting
and feeding group sizes were not different.

More than one prey was captured during some observation
periods. Since prey handling can last up to several hours, dis-
tinguishing between consecutive prey captures can be prob-
lematic. The capture of a second or subsequent prey item was
recorded when an intact prey was observed in a whale’s
mouth or at the surface after a prey item had been partially
eaten or dismembered. In some cases, after a prey capture, it
was clear that no whale in a group was carrying prey in its
mouth. When whales were subsequently seen with prey, this
was considered another prey capture if the whale’s direction
and speed of tavel would have prevented retrieval of a
dropped carcass. Behavioral information, such as sudden
changes in speed or direction of travel, or distance between
individuals, was also used to aid in discrimination of separate
prey captures.

Intact prey could usually (79%) be categorized as adult, ju-
venile, or pup/calf. Average weights and caloric values of dif-
ferent size prey were estimated from published values
(Deutsch et al., 1990; Leatherwood and Reeves, 1983; Olesiuk,
1993; Olesiuk and Bigg, 1988). Within a species, body com-
position varies regionally, seasonally, and with age, sex, and
reproductive condition (Bowen et al.,, 1992; Pitcher, 1986; St.
Aubin et al., 1978). Because body composition has not been
examined in our study area for any of the prey species, and
we were generally unable to assess factors such as sex, repro-
ductive condition, or age accurately, we assumed that all prey
consisted of 30% blubber, 60% proteinaceous tissue, and 10%
indigestible matter. These estimates are intermediate for body
composition values of harbor seals reported from southeast
Alaska and several locales in the North Atantic (Bowen et al.,
1992; Markussen et al., 1992; Pitcher, 1986; St Aubin et al.,
1978).

Killer whale groups of equal size but composed of individ-
uals of different age/sex categories differ in their total ener-
getic needs. To standardize energetic values for groups of dif-
ferent age/sex composition, we calculated energy intake rates
relative to an adult female-size animal. Individuals were clas-
sified into four categories: adult males, adult females/sub-
adult males, juveniles, and calves. Energetic needs relative to
an adult female-size animal, based on food consumption of
captive killer whales at the Vancouver Public Aquarium and
at Sealand of the Pacific, Victoria (unpublished data), were
chosen to be 1.4 for adult males, 1.0 for adult females/sub-
adult males, 0.5 for juveniles, and 1.0 for calves less than 1
year of age. The latter value was due to an observation of a
doubling of food intake for lactating adult female killer whales
in captivity (Vancouver Public Aquarium, unpublished data).
We discuss the resiliency of our conclusions to changes in
these values later.

We used an estimate of 4000 kg for adult female-size killer
whales (Kriete, 1995). To calculate average energy intake rates
for different size groups and for the population as a whole,
we thus assumed adult males weighed 5600 kg, juveniles
weighed 2000 kg, and calves less than 1 year of age weighed
the same as an adult female, based on relative food intake
(above).

Each block of time during which group size and composi-
tion remained constant was considered a single observation
period. The energy intake rate (kcal/kg/day) for each period
was calculated using the caloric content of the prey captured
(taking into account their number, species, and estimated
size), the combined energy requirements of the whales in the
group, and the duration of the observation period. Energy







