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Killer Whales (Orcinus orca). Available on http://www.proximate-biology.ch/lgygax/phd/info.html: Feeding
and travelling bout lengths in killer whales were investigated for their dependence on group

size and group composition (proportion of calves/juveniles, proportion of males). Feeding

bouts last longer in the presence of calves/juveniles and in larger groups. Travelling bout
length is not affected by group size nor group composition. These patterns can be accounted

for either by a switch of foraging strategies, by intragroup competition or by the cost of raising

young.

To secure survival and reproduction ani-
mals have basic energetic needs. This is no
different for dolphin species. The needs dif-
fer between individuals of different sizes, e. g.
the sexes in dimorphic species such as killer
whales, Orcinus orca (Kriete, 1995), and of
different reproductive status, e. g. lactating fe-
males which need more energy than other fe-
males (Kastelein et al., 1993; Kriete, 1995).
This becomes visible in the study of energet-
ics (Kriete, 1995) and the study of feeding be-
haviour where lactating females have a differ-
ent diet composition (e. g. Bernard and Hohn,
1989; Cockcroft et al., 1993; Nishiwaki and
Handa, 1958; Robertson and Chivers, 1997;
Young and Cockeroft, 1994), feed on larger
prey (e. g. Recchia and Read, 1989; Yasui and
Gaskin, 1986) or feed for longer time periods.
(e. g. Robertson and Chivers, 1997; Yasui and
Gaskin, 1986)

It is therefore surprising, that a strongly di-
morphic species such as the killer whale forms
very stable family pods (Bigg et al., 1990, and
most likely in Northern Norway, Simila, per-

sonal communication) that only seem to split
rarely into clearly defined age—sex classes. How
can the animals of the different age—sex classes
in such a pod accommodate their own energetic
needs?

If the cooperation of all pod members for
hunting herring were not crucial, it would be
most likely that even killer whale family pods
would split into subpods according to age and
sex, in such a way that individual energy re-
quirements would be met by all members of the
pod. The aim of the current study was to de-
termine whether such intra—pod splits occur,
to specify which age-sex classes formed sub-
pods and to investigate the behaviour of the
subpods in relation to their composition.

Unfortunately, killer whales were more ra-
rely encountered than had been expected, and
could not be followed over longer time periods;
hence hardly any splits were actually observed.
Only feeding and travelling groups were ob-
served. I thus attempt to evaluate the depen-
dence of the duration of feeding and travelling
bouts on group size and on age—sex composi-
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Figure 1: Observations for each group seen as a
Markov chain. Feeding and travelling are continu-
ous; all other states are instantaneous. The contin-
uous box indicates the part which would ideally be
modelled. See text for further explanation.

tion of the group. This should give an indi-
cation of how groups of different compositions
adjust their time-allocation to these two im-
portant behavioural categories.

Methods

Observations were conducted from November
3rd to December 15th, 1997, in the area of
Tys- and Vestfjord in Northern Norway. Ob-
servers were stationed on elevated points on
land using telescopes and binoculars and in a
5 m aluminium boat with an 80 hp outboard
engine.

A group was assumed to consist of all indi-
viduals that could be clustered according to
single linkage (nearest neighbour) based on
spatial distance, with a threshold of 1 km.
But other cluster rules could also have been
used since killer whales always formed “true”
groups.

Each individual was attributed to one of
three classes: (1) adult males: disproportion-
ally high backfin, (2) calves/juveniles: small
radius while breathing and up to one third of

the length of adult males, (3) adult females and
subadult males (all others).

During these observations, the two beha-
viours travelling (directed movement for lon-
ger than one minute at constant speed) and
feeding (stationary and diving in different di-
rections with bodies heavily arched) could be
observed. The flow chart in Fig. 1 describes all
behavioural sequences that were observed.

As soon as killer whales were sighted, they
were assigned to groups as described above. As
many groups as could be continuously tracked
were chosen as focal groups. For each of these
groups, the following information was noted:
date, location, number of animals in the three
classes defined above and the sequence and du-
ration of the two behaviours, rounded to the
next full minute.

These focal groups are considered to be sta-
tistically independent for the following evalu-
ation, even though the same pod might have
been in focus several times.

Differences in bout length were investigated
by analysing the transition rates (which are
inversely proportional to the bout lengths) be-
tween the two behaviours. The size of a group,
the proportion of juvenile/calves and the pro-
portion of males in a group were taken as pos-
sible explanatory variables.

The observations can be modelled as a sim-
ple continuous time Markov chain (Fig. 1). If it
is assumed that the duration of the behavioural
states is exponential, there is no need to con-
sider what happened before the observations
began, because of the lack of memory of an
exponential distribution (e. g.
Meelis, 1994, | p. 13)

The prime interest in the present study was

Haccou and

to estimate the transition rates between trav-
elling and feeding (prr and prp, Fig. 1). This
was accomplished by considering the transi-
tions between feeding and travelling as true ob-
servations (the continuous box in Fig. 1) and
by treating the transitions to the end states
as censored data which could together be sub-
jected to a survival analysis.

Unfortunately, there were only very few ob-
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Table 1: Observed feeding bouts, estimated transition rates to travelling and binomial tests of occurrences

of transitions.

group size proportion of proportion of
calves/juveniles males
<5 > 5 =0 >0 <1/3 >1/3
number of bouts 9 10 12 7 8 11
total duration [min] * 126 290 143 273 288 128
number of transitions ° 5 2 6 1 3 4
rate of transitions ° 0.040 0.007 0.042 0.004 0.010 0.031
rel. transition intensity ¢ 5.75 11.45 3.00

Binomial probability °
0.030

p—value

P[Bi(7,0.70) < 2]

P[Bi(7,0.66) < 1]
0.008

P[Bi(7,0.69) < 3]
0.136

* Ty, Ty b ny, ny S = ny/Th, po

= ny/Ty ¢ max(p, po)/ min(py, po)

~ Bi(ni 4+ na, T /(T1 + T3)), k such that ny minimal

served transitions between the two behavioural
states (7 from feeding to travelling and 4 from
travelling to feeding). In such a case, it must
be expected that estimates from a survival
analysis based on asymptotic x? distributions
are not very reliable and therefore a simpler
evaluation was performed.

If an explanatory variable was categorical
with two states z; and x5 we can split our ob-
servations (either the ones on feeding or the
ones on travelling) into these two groups and
sum the total duration in state 1 and state 2,
T, and T5. We can also count the number of
transitions that occurred from state 1 and 2,
ny and n,.

Under the assumption that the durations
in a behavioural state are exponentially dis-
tributed, we then know that n; is sampled
from a Poisson distribution Po(ATy) and n
from Po(A2T3), where the \; are the state spe-
cific transition rates. The test for Ay = Ag is

equivalent to that of the null hypothesis that
ny is a sample from the binomial distribution

Bz(nl + ng, Tl/(Tl + T2>>

This analysis was performed separately for
the observations of feeding durations and trav-
elling durations. Given that very few transi-
tions were observed, the explanatory variables
(group size, proportion of calves/juveniles and
proportion of males) were dichotomised around
their median value (see Tables 1 and 2 and 3)
and only subjected to univariate tests.

The binomial probabilities that are calcu-
lated in this analysis are one—sided from asym-
metric binomial distributions. Thus, to reach
the 5 % statistical significance of a two sided-
test they should be smaller than 2.5 % follow-
ing the approach suggested by Cox and Hink-
ley (1974, p. 106; not considering that multiple
tests were run).

There was one extremely long observation of
feeding behaviour. For this reason the evalu-
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ation of the feeding bout durations was con-
ducted twice, once with the original data and
once where this extreme value was replaced by
the next higher value (45 minutes instead of
150).

The summary statistics and binomial prob-
abilities were calculated with R Version 0.63.1
(see http://www.r-project.org) on a SuSE Li-
nux 9.2 system.

Results

In total, 31 groups of a median size of 4 in-
dividuals (range: 1 to 15) were observed for
a median length of 15 minutes (range: 2 to
150). The groups consisted of a median of
one third males (range: 0 to 100 %) and 0 %
calves/juveniles (range: 0 to 25 %). 19 of the
groups could be observed while feeding and 23
while travelling.

Transition rates from feeding to travelling
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Table 2: Observed feeding bouts when the length of the outlier is reduced, estimated transition rates to
travelling and binomial tests of occurrences of transitions.

group size proportion of proportion of
calves/juveniles males
<D >5 =0 >0 <1/3 >1/3
number of bouts 9 10 12 7 8 11
total duration [min] 126 185 143 168 183 128
number of transitions 5 2 6 1 3 4
rate of transitions 0.040 0.011 0.042 0.006 0.016 0.031
rel. transition intensity 3.67 7.04 1.91

Binomial probability P[Bi(7,0.59) < 2] P[Bi(7,0.54) <1] P[Bi(7,0.59) < 3]
p—value 0.101 0.040 0.313

Table 3: Observed travelling bouts, estimated transition rates to feeding and binomial tests of occurrences
of transitions.

group size proportion of proportion of
calves/juveniles males

<4 > 4 =0 >0 <1/3 >1/3
number of bouts 10 13 18 5 12 11
total duration [min] 131 123 184 70 45 209
number of transitions 1 3 3 1 0 4
rate of transitions 0.008 0.024 0.016 0.014 0.000 0.019
rel. transition intensity 3.20 1.14 00

Binomial probability P[Bi(4,0.52) < 1] P[Bi(4,0.28) < 1] P[Bi(4,0.18) < 0]
p—value 0.289 0.694 0.458

(©2000 Lorenz Gygax



L. Gygax

groups including calves/juveniles) search
for and choose larger patches of food
(longer travelling bouts) or that groups of
different age—sex composition follow dif-
ferent strategies.

This is in contrast to observations in the
northeastern Pacific where there seems to
be a difference between the sexes; there
males seem to separate from family groups
to feed alone in small groups, possibly in-
creasing their efficiency (Hoelzel, 1993).

Calves/juveniles neither elongate travel-
ling bouts by their slower swimming speed
nor shorten them by their lower endu-
rance. Efficient “transport” of the young
members of a group might be reached if
they travel in the echelon position.

From the present data, it is difficult to
tell whether groups of different compositions
switch their optimal foraging strategy, or whe-
ther we just witnessed a more proximate result
of the costs of grouping or of raising young.

The details and causes of the patterns that
emerged in the present study can only be ad-
dressed with the aid of more detailed obser-
vations of the formation of subgroups, the in-
dividual membership of such subgroups and
their detailed foraging behaviour (including in-
formation on the patch sizes that are used and
that are available). This can only be accom-
plished by long—term focal observations of in-
dividually known whales.
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