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Between 1976 and 1996 food consumption and suck-
ling in Killer whales Orcinus orca maintained at
Marineland Antibes, France, were studied. The food
intake of the whales was still increasing at 20 years
of age, when they were consuming c. 19 000 kg of
fish per year. Wild Killer whales will expend more
energy foraging than captive animals and probably
eat more than 19 000 kg/year. A seasonal pattern of
food consumption was observed in all the whales,
although this may have been caused by seasonal
changes in the feeding schedule. Data on the number
of suckling bouts per 24 hours in the first 5-10 days
after birth of 1.1 calves are presented, together with
the body measurements of a 13 year-old 3.
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whale, lactation, odontocete, reproduction, suckling

Although the Killer whale Orcinus orca is
the third most widely kept odontocete, or
toothed whale, in the world after the
Bottlenose dolphin Tursiops truncatus
and the Beluga or White whale Delphinap-
terus leucas, few studies have been carried
out on the food requirements of the
species (Scheffer & Slipp, 1948; Nishiwaki
& Handa, 1958; Norris & Prescott, 1961;
Burgess, 1968; Griffin & Goldsberry,
1968; Hewlett & Newman, 1968; Rice,
1968; Caldwell & Caldwell, 1969; Mar-
tinez & Klinghammer, 1969; Sergeant,
1969; Yukhov et al., 1975; Castello, 1977;
Heyning, 1988; Kastelein & Vaughan,
1989; Hoyt, 1990; Kriete, 1995; Kastelein
et al., 2000). Information on food con-
sumption, body measurements and
changes in mass of toothed whales could

be useful for veterinary and husbandry
purposes to permit staff to compare the
data from their animals with other refer-
ence material. Data on food consumption
are also needed for the management of
odontocetes in the wild to evaluate the
relationship between a species and its prey
populations, and for the management of
fish stocks to create a carrying capacity
for a certain number of toothed whales in
a particular geographical area. This paper
describes food consumption and suckling
in Killer whales at Marineland Antibes,
France, between 1976 and 1996.

STUDY ANIMALS

The study animals were 4.4 Killer whales
and included 3.3 individuals which origin-
ated from the waters around Iceland and
1.1 calves born at Marineland Antibes
(Table 1). The older an animal was on
arrival, the more difficult it was to esti-
mate age. Age 1 is the first calendar year
after birth. The standard body length,
measured as a straight line between the tip
of the rostrum and the notch in the tail-
fluke, and body mass were recorded for
4006 at 13 years of age and 9002 at
4 years of age.

STUDY AREA

Between 1976 and 1986 the Killer whales
were maintained in an outdoor pool
system comprising a square main pool

* Present address: Julianalaan 46, 3843 CC Harderwijk, The Netherlands.
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ID CODE SEX ESTIMATED ORIGIN DATE OF ARRIVAL
YEAR OR DATE AT MARINELAND ANTIBES
OF BIRTH

OoMAO001 &) 1967 Iceland 29 October 1976

OoMA002 g 1974 Iceland 30 November 1978

OoMA003 ¢ 1975 (1973-1978)* Iceland 6 March 1983

OoMA004 3 1976 (1975-1980)* Iceland 6 March 1983

OoMAO00S Q 1982 Iceland 12 January 1990

OoMA006 3 1982 Iceland 12 January 1990

OoMA007 Q@ 25 February 1993 Antibes}

OoMAO008 3 13 February 1996 Antibes§

* Range of estimated birth year.
I Calf of 3 004 and ¢ 005.
§ Calf of 3004 and 2 003.

Table 1. The eight Killer whales Orcinus orca maintained at Marineland Antibes and included in the study of

food consumption and suckling.

measuring 25 mx 15 m x 3-5m deep and
an adjacent medical pool measuring
IS mx8mx35m deep. One to three
Bottlenose dolphins were kept in the same
pool. Between 1986 and 1996 the Killer
whales were maintained as a single-species
group in a larger outdoor pool system
comprising an oval main pool, measuring
TOmx30mx2-5-10m deep with a
volume of 8000 m?, and two circular side
pools, each measuring 20 m diameter and
4-5 m deep.

The pools were filled with sea water
from the Mediterranean. Marineland
Antibes is located at 7°3'E and
43°30'N and the average monthly air
temperature ranged between 8°C in Jan-
uary and 23°C in July and August. The
average monthly water temperature
ranged between 9°C in February and 24°C
in August.

DIET

The whales were fed four or five times per
day from December to June and six or
seven times per day during the evening-
show season, between July and
November. The diet comprised c. 50%
Herring Clupea harengus and 50% Mack-
erel Scomber scombrus, based on mass.
The fish were frozen and stored for a
maximum of 4 months. After defrosting,

Sea-tabs® or Aquavits® vitamins were
added to the fish. The whales were offered
as much fish as they could eat at the last
feed of the day; feeding was stopped when
the whales started to play with the fish
instead of swallowing immediately.
Females which were known to be preg-
nant, and their pool mates, were offered
fish ad libitum at every feed.

Records were kept of the amount and
type of food consumed at each feed and
the daily food intake data formed the
basis of the present study. Only data col-
lected for complete calendar years were
included.

SUCKLING

On 25 February 1993, after a gestation
period of 15 months, 2 005 gave birth to
calf ¢ 007. The calf had a standard body
length of 2-1 m. Between 25 February and
7 March ¢ 005 and the calf were observed
24 hours a day and the duration of all
suckling bouts was recorded.

On 13 February 1996 ¢ 003 gave birth
to calf 3 008. Between 13 and 18 Feb-
ruary © 003 and the calf were observed
24 hours a day and the duration of all
suckling bouts was recorded.
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Fig. 1. The annual food consumption of Killer whale
Orcinus orca 3 001. Age 1 is the first calendar year
after birth: 1. a year when J 001 was ill for several
months.
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STATISTICAL ANALYSIS

The statistical analysis was carried out
using MINITAB release 10 for Windows
with a significance level of 5% (Ryan
et al., 1985).

ANNUAL FOOD CONSUMPTION
All ages are estimates except for animals
born at Marineland Antibes.

Males Between 10 and 14 years of age
the annual food consumption of 3 001
was ¢ 13 500 kg, except at ¢.12 years old
when food intake decreased, probably as
a result of illness and sexual activity with
newly introduced ¢ 002 (Fig. 1).

The annual food intake of 3 004 grad-
ually increased from 7000 kg at 8 years of
age to ¢ 17000 kg at 14 years of age,
when it appeared to stabilize (Fig. 2). In
1993, however, 92003 and 9 005 were
pregnant, and 3 004 (17 years old) and
3 006 (11 years old) both ate more than
usual. This increase in food intake in the
33 was probably the result of fish being
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Fig. 2. The annual food consumption of Killer whale .J 004: 1. high level of food intake coincided with pregnancy
in © 003 and ¢ 005, and suckling of ¢ 007. Years 1984 and 1990 are indicated to allow comparison of the data
for all animals in the present study.
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Fig. 3. The annual food consumption of Killer whale
3 006: 1. high level of food intake coincided with preg-
nancy of ¢ 003 and ¢ 005.

offered ad libitum at every feed to preg-
nant 22 and their pool mates.

The annual food intake of & 006 was
¢. 12 500 kg between 8 and 10 years of age

24000 7 Female 002
20000 -
16000 -

12000 -

(Fig. 3). At 11 and 12 years of age 18 000
and 17000 kg of fish were consumed
annually, respectively. In November 1995
3006 was transferred to Sea Paradise,
Japan.

Females Between 5 and 9 years of age
the annual food intake of ¢ 002 increased
gradually from 3600 kg to 14 000 kg and
then fell to ¢. 12 000 kg (Fig. 4).

The annual food intake of ¢ 003 was
¢. 10 500 kg at 9 and 10 years of age and
then increased to ¢ 14 500 kg (Fig. 5).
Female 003 was pregnant for the first time
at 15 years of age and annual food con-
sumption rose to 18 000 kg. On 3 March
1991 a full-term stillborn calf was
delivered. At 17 years of age ¢ 003 was
pregnant again and annual food con-
sumption was 22 000 kg. On 5 June 1993
another full-term stillborn calf was
delivered. The last pregnancy for this @
during the present study was at 20 years
of age when ¢ 003 consumed 20 500 kg of
fish annually. On 13 February 1996 calf
3008 was delivered alive and ¢ 003
increased her daily food consumption
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Fig. 4. The annual food consumption of Killer whale ¢ 002,
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Fig. 5. The annual food consumption of Killer whale ¢ 003: 1. years in which ¢ 003 was ill for several months; 2.
year when ¢ 003 was pregnant (arrow indicates 3 March the following year when a full-term calf was stillborn);
3. year when ¢ 003 was pregnant (arrow indicates 5 June the following year when a full-term calf was stillborn);
4. year when 3 003 was pregnant (3 008 was live-born on 13 February 1996). Years 1984 and 1990 are indicated
to allow comparison of the data for all animals in the present study.

from c. 55 to 80 kg/day. Four months
after giving birth her food intake had
returned to the pre-birth level.

The annual food intake of ¢ 005 at
810 years of age was ¢ 12000kg
(Fig. 6). This ¢ became pregnant for the
first time at 9 years of age and 15 months
later, at 11 years of age, delivered a live
calf (2007) and her food consumption
increased to ¢ 18 000 kg/year. In early
1993 ¢ 005 was consuming 55 kg/day but,
after delivering the calf on 25 February,
she did not eat much for 3 weeks. In April
her food intake increased to 65 kg/day
and then to ¢ 80 kg/day in May. Four
months after giving birth her food intake
decreased to c¢. 50 kg/day, approximately
10 kg above pre-birth levels.

At 6 months of age ¢ 007 began to eat
fish regularly and annual solid food intake
increased from 575 kg in the first year to
4700 kg in the second year of age (Fig. 7).
Calf @ 007 suckled, at least occasionally,
until ¢. 2 years of age.

The annual food consumption data for
the seven study animals which consumed
solid food are shown in Fig. 8. Food con-
sumption in Q. orca, both 33 and 9%,
increased until 20 years of age; older
animals were not available for this study.

SEASONAL FLUCTUATION IN FOOD
CONSUMPTION

To determine whether seasonal fluctua-
tions in food intake occurred, the average
daily food intake was calculated for each
month and, for each year, the average
monthly food intakes were ranked from
one to 12. The average rank per month
was calculated for each animal, only
including years in which no extreme
growth, pregnancy, lactation or illness
occurred.

Most of the whales consumed less than
the annual average between February and
June, and more than average between July
and January (Fig. 9). The average sea-
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Fig. 6. The annual food consumption of Killer whale ¢ 005: 1. years when ¢ 005 was pregnant; 2. ¢ 007 was live-
born on 25 February (arrow) and was suckled during the rest of the year; 3. years in which the calf was still

suckling occasionally.

sonal air and water temperatures at the
study area are shown in Fig. 10.
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Fig. 7. The annual food consumption of Killer whale
calf ¢ 007: 1. year in which the calf was still suckling
in addition to eating fish.

SUCKLING

On 25 February 1993 at 2200 hours ¢ 007
was born and began to suckle 12 hours
later (Plates 1 and 2). The number of
suckling bouts per day and their mean
duration for the first 10 days after birth
are shown in Table 2. In April 1993, at the
age of 2 months, ? 007 began to eat fish
and from the end of August 1993 she con-
sumed some fish every day (Fig. 8).

On 13 February 1996 at 1719 hours
4008 was born and began to suckle
3 hours later. The number of suckling
bouts per.day and their mean duration for
the first 5 days after birth are shown in
Table 2. A Student’s r-test showed no
significant differences between the number
of suckling bouts for the two calves
(t=0-39; df=5; P=0-71). On 2 April
1996, at the age of 6 weeks, calf 3 008
began to eat fish and by mid-September
was consuming fish every day. By Feb-
ruary 1997 3 008 was eating larger quan-
tities of fish and no longer appeared to
rely on his mother for food.
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Fig. 8. The annual food consumption for all the study animals eating fish. Low annual food intakes as a result
of illness are not included: * pregnant and/or lactating.

BODY MEASUREMENTS
The standard body length and mass of
Killer whales in the literature, and & 006
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and @ 002 in the present study are shown
in Table 3 and are plotted in Fig. 11. The
relationship of standard body length to
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Fig. 9. The average monthly rank in food intake for six Killer whales. A high rank number indicates a high food
intake: n=number of years of data.
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Fig. 10. The average monthly air and water temperatures in the study area at Marineland Antibes: n = 10 years.

body mass can be expressed as
W=246-92e00063L =200 where [ is stan-
dard body length (cm) and W is body
mass (kg).

On 14 March 1995, when & 006 was
13 years old and had a mass of 2900 kg,
some of his body measurements were
recorded (Table 4).

FOOD CONSUMPTION AS A PERCENTAGE
OF BODY MASS

The average daily food consumption, cal-
culated as a percentage of body mass, is
shown in Table 3 and the data are plotted
in Fig. 12. The relationship between body
mass and average daily food consump-
tion, calculated as a percentage of body
mass, can be expressed as
F=7-8325-0005% where W is body mass
(kg) and Fis average daily food consump-
tion (wet mass) as a percentage of body
mass.

DISCUSSION AND CONCLUSIONS

Annual  food consumption Food con-
sumption in Killer whales in the present
study continued to increase to the age of
20 years. In the wild, Killer whales reach

physical maturity at 20-25 years of age
(Christensen, 1984). The average annual
food consumption of the whales in the
present study was similar to that of a non-
pregnant, non-lactating ¢ Killer whale
between 5 and 11 years of age at Harder-
wijk Marine Mammal Park (Kastelein &
Vaughan, 1989) and to that of a non-preg-
nant, non-lactating ¢ Killer whale kept
both at Windsor Safari Park and Sea
World (Kastelein et al, 2000). The small
difference in food intake between the
sexes, despite the difference in body mass
after 10 years of age, is probably a result
of the higher level of activity of $%, which
interacted with the calves more than 3J.
The average food consumption of Killer
whales at Vancouver Aquarium and
Marine World Africa, Vallgjo, CA, USA,
was higher than in the present study for
animals of similar mass and gender
(Kriete, 1995). This may have been the
result of a higher calorific content of the
diet and/or a higher water temperature in
the present study.

Seasonal fluctuation in food consump-
tion The seasonal fluctuation in food
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intake reported here does not seem
to be related to the water temperature (see
Figs 9 and 10) and may be related to sea-
sonal changes in the feeding schedule.
Between July and November additional
shows take place in the evening, allowing
the whales to eat over a longer period of
the day and resulting in a higher daily
food intake than in periods without eve-
ning shows. No regular seasonal pattern
in food intake was observed in two Killer
whales at other facilities (Kastelein &
Vaughan, 1989; Kastelein er al., 2000).

Influence of gestation and lactation When
¢ 005 was pregnant at 9-10 years of age,

THE DEVELOPING 20O WORLD

her food intake remained within the
normal range and only increased after
giving birth. This phenomenon was also
observed by Kriete (1995) in O. orca at
two oceanaria in North America. The
length of gestation can range between 15
and 18 months (Duffield eral, 1995).
Asper et al. (1988) described a pregnant ¢
Killer whale with an estimated mass of
2200 kg which ate 64-68 kg fish per day
during the first few months of gestation
but increased to 77 kg/day at 13 months.
Towards the end of month 14 and
throughout month 15, her food consump-
tion varied between 64 and 82 kg/day,
stabilizing at 82 kg/day for the rest of the

Plate 1. Killer whale Orcinus orca 7 005 and her calf ¥ 007 a few days after birth. Jacques Foudra:.
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Plate 2. Killer whale ¢ 005 and her calf ¢ 007 on the left, and ¢ 003 on the right. Jacques Foudraz.

pregnancy. In the week before giving birth 80 kg/day. Four months later food intake
¢ 005 consumed c. 91 kg/day but reduced  had returned to the pre-birth level. The
her food intake 1 day before the birth. food consumption of the Killer whale

After giving birth in 1996, ¢ 003’s daily ~ described by Asper et al. (1988) increased
food consumption increased from ¢. 55to  to 110-118 kg/day after giving birth and

2007 3008
DAYS NO. MEAN TOTAL NO. MEAN TOTAL
AFTER SUCKLING BOUT DAILY SUCKLING BOUT DAILY
BIRTH BOUTS DURATION  SUCKLING BOUTS DURATION  SUCKLING
(per day) (seconds) TIME (per day) (seconds) TIME
(minutes) (minutes)
0 0 0 0 10 84+88 14
1 38 183+303 116 55 2824230 252
2 28 663+313 287 33 4734344 260
3 34 403+218 215 27 469+ 200 211
4 35 364+ 164 188 26 4434314 192
5 34 400+ 180 194 20 486+ 347 162
6 36 316+ 151 187
7 24 3204172 122
8 21 341 +141 113
9 26 389+173 149
10 34 2834131 146

Table 2. The number of suckling bouts per day, mean bout duration (+ standard deviation), and total daily
suckling time for Killer whale calves © 007 and 3 008 at Marineland Antibes. Day 0 is the day of birth.
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INSTITUTION STANDARD BODY  AVERAGE AVERAGE SOURCE

BODY MASS  DAILY FOOD DAILY FOOD

LENGTH (kg) CONSUMPTION CONSUMPTION

(cm) (kg) AS % OF BODY

MASS

33
Vancouver Aquarium 467 1040 45 4-33 Hewlett & Newman (1968)
Marineland Antibes 560 2900 47 1-6° Present study (3 006)
Seattle Aquarium 660 3600 Griffin & Goldsberry (1968)
Seattle Aquarium 430 1000 Griffin & Goldsberry (1968)
Seattle Aquarium 698 4554+ Griffin & Goldsberry (1968)
Seattle Aquarium 385 10317 Griffin & Goldsberry (1968)
Windsor Safari Park 432 1200 Kastelein et al. (2000)
Vancouver Aquarium 470 1136 50 4-4! Sergeant (1969)
Sea World San Diego 411 1088 Burgess (1968)
Sea World San Diego 450 1358 3-64 Burgess (1968)
Marineland Antibes 350 856 Present study (% 002)
Harderwijk Park 270 315 19 6-0° Kastelein & Vaughan (1989)
Harderwijk Park 520 1900 41 2-1? Kastelein & Vaughan (1989)
Sea World of Ohio 441 1530 56 36 Kastelein ez al. (2000)
Seattle Aquarium 430 1000* 54 543 Griffin & Goldsberry (1968)
Seattle Aquarium 250 270 Griffin & Goldsberry (1968)
Seattle Aquarium 290 390 Griffin & Goldsberry (1968)
Seattle Aquarium 330 700 Griffin & Goldsberry (1968)
Seattle Aquarium 460 1360 Griffin & Goldsberry (1968)
Seattle Aquarium 579 2540% Griffin & Goldsberry (1968)
Wild (California) 260 213F Heyning (1988)

* Estimated mass.
T Post mortem.

Table 3. Body length and mass measurements, and food consumption of Killer whales in the literature and in the
present study: ' Herring Clupea harengus and Ling cod Ophiodon elongatus; *35% Herring, 36% Mackerel
Scomber scombrus, 6% Whiting Merlangius merlangus, 12% Sprat Sprattus spratius and 11% Squid [llex sp;
*Salmon Oncorhynchus spp; + Mackerel and Bonita Sarda sarda; * Ling cod, Herring and Salmon; ¢ 50% Herring
and 50% Mackerel; ”-46% Herring, 28% Capelin Mallotus villosus, 15% Surf smelt Osmeridae, 10% Mackerel

and 1% Salmon Salmo salar.

remained stable until the calf was weaned
and for 6 months after weaning. Lactating
99 probably eat more than % in late preg-
nancy because suckling calves require high
energy levels, and therefore more milk, for
thermoregulation.

Suckling and transfer to solid food For
the first 10 days after birth 9 007 suckled,
on average, 32 times per day for an
average of 172 minutes/day. For the first
5days after birth 3008 suckled, on
average, 32 times per day for an average
of 215 minutes/day, excluding the day of
birth. Asper ez al. (1988) describe a ¢ calf

which suckled for 26 minutes on the day
of birth and for 55-90 minutes/day over
the next 5 days. Suckling bouts lasted for
4-26 seconds, with the mean duration of
bouts decreasing over time to 8 seconds.
The calf described by Asper et al. (1988)
first consumed fish at 3 months of age and
was eating fish regularly at 5-5 months,
although she continued to suckle until
¢. 18 months of age. Calves @ 007 and
3 008 began to cat fish at ¢. 2 months of
age and ate fish regularly by ¢. 6 months.
Calf 2007 continued to suckle, at least
occasionally, for 2 years. For wild and
captive Killer whales the consumption of
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solid food begins at an early age but
weaning takes much longer (Heyning,
1988).

Body measurements The study animals
were rarely weighed and measured, and
were probably not fully grown at the end
of the study. Males can reach a length of
9-5m and a mass of 8000 kg while 99 are
smaller, rarely exceeding 7 m and 4000 kg
(Matkin & Leatherwood, 1986). Chris-
tensen (1984) presented data on 3 Killer
whales from the Lofoten area showing
that, on average, after ¢. 14 years of age,
33 are longer than 2. Physical maturity
is reached at 20-25 years of age.

The body measurements of a & Killer
whale calf and an adult & from South
African waters (Ross, 1984), and a ¢
Killer whale (Kastelein & Vaughan, 1989)
have been published. Bigg & Wolman
(1975) present a length (L) to body mass
(W) relationship based on data from 32
O.orca from the eastern Pacific
(W=0-000208L>577), which is almost the
same as that reported in the present study.

LENGTH (cm)

Standard body length 560

Tip lower jaw to anterior insertion 95
of flipper

Distance between insertion of 64
flippers (chest)

Flipper length 65

Flipper width 50

Dorsal fin height 88

Tail fluke span 155

Tail fluke width 60

Table 4. Body measurements of 13 year-old 3 006 as
measured on 14 March 1995. The 3 had a mass of
2900 kg at this time.

Food consumption as a percentage of body
mass The present study suggests that the
larger the Killer whale, the smaller the
average daily food consumption as a pro-
portion of body mass. Data from O. orca
with body masses ranging from 500 to
5500 kg at Vancouver Aquarium and
Marine World Africa showed a similar
relationship between body mass and food
consumption (Kriete, 1995). A decrease in
metabolic rate per kg of body mass with
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Fig. 11. The relationship between standard body length and body mass of the Killer whales in the present study
and those available in the literature. Only independent data from Table 3 are used.
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Fig. 12. The relationship between body mass and average daily food consumption as a percentage of body mass
of Killer whales in the present study and those available in the literature. Only independent data from Table 3

are used.

increasing mass is also observed in terres-
trial mammals (Kleiber, 1975).

Ecological significance The movements
of Killer whales appear to be linked to
changes in the distribution of fish stocks
(Heimlich-Boran, 1986). If we wish to
ensure that O. orca populations remain
healthy, fish-catch quotas should be deter-
mined accordingly. How well the food
consumption of the whales in the present
study reflects that of wild Killer whales is
not known. The food intake of odonto-
cetes is probably influenced by individual
variation in metabolic rate, activity level,
water temperature, and the calorific con-
tent and digestibility of the diet.

The diet of the whales in the present
study was not the same as that of wild
conspecifics. Wild Killer whales hunt in
groups and feed opportunistically on
invertebrates, fish and marine mammals
(Rice, 1968; Castello, 1977; Slijper, 1979;
Gaskin, 1982; Hall, 1986; Heyning &
Dahlheim, 1988; Thomas & Felleman,

1988; Wenzel & Sears, 1988; Hoyt, 1990;
Silber ez al, 1990; Matkin & Dahlheim,
1995; Yano & Dahlheim, 1995). The effect
of water temperature on food consump-
tion is not clear. The body mass to surface
ratio of Killer whales is higher than that
of smaller odontocetes (Brody, 1945),
therefore they lose comparatively less
energy to the environment by convection
than smaller odontocetes. In addition, the
blubber layer has good insulating prop-
erties (Kasting et al., 1989). Because Killer
whales have a wide distribution, they
probably have an adaptable thermoneu-
tral zone, like Bottlenose dolphins (Wil-
liams et al, 1992). No correlation was
found between water temperature and
food consumption in Killer whales main-
tained in water between 7 and 23°C, so
these temperatures are probably within
the thermoneutral range of the species
(Kriete, 1995). Little is known about the
activity level of wild Killer whales but it
is probably much higher than that of the
study animals which swam most of the
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time but did not make deep dives or
encounter ocean currents. Chasing and
catching live fish or mammals requires
more energy than taking defrosted fish
from a trainer (Kastelein et al, 1997).
Therefore, wild Killer whales probably
consume more than the captive animals in
the present study, a conclusion also
reached by Kriete (1995).
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