10.

11.

Stellingen

Het beheer van gezonde zeezoogdierenpopulaties impliceert dat de voedsel-
behoefte van deze populaties in aanmerking moet worden genomen bij het
vaststellen van vangstquota voor de visserij.

(Dit Proefschrift)

Hoewel de waargenomen voedselopnames van zeezoogdieren in dolfinaria
waarschijnlijk lager liggen dan die van in het wild levende soortgenoten,
zijn deze gegevens als schattingen van het voedselverbruik van wilde soort-
genoten betrouwbaarder dan die welke via de huidige indirecte technieken
zijn verkregen.

(Dit Proefschrift)

Dagelijks eten is voor een bruinvis van groter belang dan voor een orka.
(Dit Proefschrift)

De relatief hoge voedselopname van orka’s is voor een groot deel veroor-
zaakt door hun langdurige groeiperiode.
(Dit Proefschrift)

Het relatief kleine effect van de dracht op het jaarlijkse voedselverbruik van
vrouwelijke zeezoogdieren hangt samen met hun aquatische levenswijze.
(Dit Proefschrift)

Geslachtelijk dimorfisme hangt samen met het haremsysteem en is daarom
opvallend bij de meeste vinpotigen en zeldzaam bij tandwalvissen.
(Dit Proefschrift)

Om voedselopname als graadmeter voor het welzijn van gehouden
zeezoogdieren te kunnen hanteren is kennis van de baselineniveaus van
individuen noodzakelijk.

(Dit Proefschrift)

De wetenschappelijke waarde van voedselopnamegegevens van zeezoog-
dieren hangt af van de frequentie waarmee lichaamsgewichten worden
gemeten in diezelfde periode.

{Dit Proefschrift)

De grote variatie in speenleeftijd bij tuimelaars wijst er op dat alle drie de
factoren, moeder, kind en omgeving, een grote rol spelen.
(Dit Proefschrifi)

Voor het foerageergedrag van grijze zeehonden geldt: jong zelf geleerd, oud
gedaan.
(Dit Proefschrift)

"Postnatale-depressies” zitten bij grijze zeehondmoeders meer in de huid
dan in het hoofd.
(Dit Proefschrift)




12,

13.

14,

15.

16.

17.

18.

19.

20.

21.

23.

Het verantwoordelijk stellen van landen voor delen van de oceanen, en
vervolgens het oprichten van een aquatische UN, zal het beheer van deze
wateren verbeteren,

De bijvangst van dolfijnen in de visserij kan alleen worden opgelost door
vissers op een positieve manier te betrekken bij de aanpak van het
probleem.

Fortune favors the well-prepared.

Om educatieve- en onderzoeksredenen is het houden van dolfijnen, mits
onder goede omstandigheden, volstrekt aanvaardbaar.

Het opvoeden van kinderen is gelijk aan het trainen van dieren.

De basistechnieken zijn: consequent zijn, slecht gedrag negeren en goed
gedrag belonen. Deze principes van training zouden moeten worden
bijgebracht aan aanstaande ouders.

De meest duurzame manier van filebestrijding is geboortebeperking.

Niet een bereikt doel, maar de manier waarop dit doel wordt bereikt,
bepaalt de kwaliteit van het leven.

Managers die het begrip "human resources” gebruiken gaan voorbij aan het
feit, dat personeelsieden als individuen benaderd willen worden en zo het
best functioneren.

Functionele anatomie is net zo spannend als detectivewerk.

Het tolereren van criminaliteit door de overheid bevordert burgerlijke
ongehoorzaamheid.

In psychofysisch onderzoek is het trainen van het dier de grootste
geestelijke uitdaging van het project. Dit aspect wordt in de rapportage
vaak schromelijk onderbelicht.

Het welzijn van dieren in de houderij zou sterk verbeteren, als de
verzorgers zouden beseffen, dat geen twee dieren gelijk zijn, en dus dat
ieder dier specifieke behoeften kan hebben.

Ronald Aart Kastelein
Food consumption and growth of marine mammals
Wageningen, 12 Juni 1998,
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Introduction

Marine mammals have been maintained in
zoos and oceanaria only recently compared
to many other animal species. Most of the
technology for keeping marine mammals
was only developed after the second world
war, as they require high water and food
quality. The food type and intake of many
individuals has been documented for veter-
inary and immediate husbandry purposes,
but such data has rarely been published in
international journals or books. Publication
of this data is important as it could help
improve the veterinary care and husbandry
of marine mammals in other zoos. In addi-
tion, some species are infrequently kept in
captivity and existing knowledge on food
consumption, not published in the open lit-
erature, can get lost.

All over the world fish stocks are over- ex-
ploited, affecting not only the availability of
fish for human consumption, but also the
food availability of top predators such as
marine mammals and birds (Beddington et
al., 1985}. Food quantity and quality influen-
ce health and reproduction. To ensure suffi-
cient long-term fish availability for humans
and marine mammals, catch quota should
be established for fish stocks. Human catch
may be measured at the fishing ports, but
the food requirements of marine mammals
can only be estimated from models. Food
records of captive marine mammals may im-
prove the accuracy of these models.

Basic information such as food consumption
of marine mammals might be expected to
have been published years ago, but this is
not the case. Staff at most oceanaria, howev-
er, keep detailed records of diet and con-
sumption of individual marine mammals,
and the pool water parameters. These rec-
ords may cover decades, but never have
been made available outside the park. Such
detailed, long-term records of individual
food consumption may not have been pub-

lished even for domestic animals or humans.
Through strong international contacts, the
Harderwijk Marine Mammal Park in The
Netherlands had access to the records of 6
parks in 6 countries and has thus been able
to publish the food consumption and
growth records of 4 odontocete species (Kas-
telein and Vaughan, 1989: chapter 2.1; Kaste-
lein and Wiepkema, 1990: chapter 3.5; Kaste-
lein et al., 1990 a: chapter 2.17; 1993 a and b:
chapters 2.12 and 2.11; 1994 a: chapter 2.4;
1997 a, b, ¢ and d: chapters 2.13, 2.15, 2.14
and 2.16) and 5 pinniped species (Fisher et
al., 1992: chapter 5.3; Kastelein and Wiep-
kema, 1988: chapter 3.4; Kastelein et al., 1990
b, ¢ and d: chapters 4.1, 4.4 and 3.2; 1991 a
and b: chapters 3.1 and 3.6; 1994 b: chapter
3.7; and 1995 a, b and c: chapters 3.8, 4.2 and
3.11). Since 1994, it has been possible to ana-
lyze the records of an additional 5 odontocete
species (bottlenose dolphins and Commer-
son's dolphins were studied twice, the killer
whale 3 times) and 3 pinniped species (the
walrus was studied twice) housed in 6 parks
in 6 countries, within a relatively short period.

This thesis describes the food consumption
and growth of 9 odontocete and 8 pinniped
species, differing greatly in weight. As most
parks keep only a few marine mammal spe-
cies, oceanaria around the world were asked
to cooperate with the research department at
the Harderwijk Marine Mammal Park by
making food and body weight records avail-
able. Most of the food consumption data and
body weight measurements included here
were not recorded for analysis and publi-
cation, but were used for short-term hus-
bandry and veterinary decisions. As time
and man-power is limited in most parks,
body measurements were taken infrequent-
ly. However, all the available data was in-
cluded. “"When at sea, you must row with the
pars you've got’, which is a Dutch nautical
version of the English proverb "to cut one’s
coat to fit the cloth’.
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As would be expected in a study comprising
information from so many different sources,
the sample sizes and value of the chapters
vary greatly. Information on food consump-
tion of different numbers of animals over
various periods of time are compared with
different numbers of body measurements in
each chapter. The value of each study should
be evaluated on basis of the likelihood of
similar information on the same species
being published in the near future. In the
chapter on California sea lions, for instance,
data from a large number of individuals is
included, but similar information is prob-
ably available elsewhere, as this species is
commonly kept in captivity. In contrast, the
food consumption of only one individual
dusky dolphin is described, but this species
has only been kept once before, and is un-
likely to be kept in an oceanarium in the near
future. The value of the reported informa-
tion increases if one considers that data can
be lost in fires, natural catastrophes or
through the closing of a park. The latter was
the case at Windsor Safari Park, UK, the
records of which were analyzed at the last
minute and are presented here. Statistical
analysis is hampered by the fact that animals
arrived at a park at different ages, and were
kept there for different periods before trans-
port to another park or death. Therefore the
sample sizes of each age group vary greatly
in the chapters.

In some cases, food consumption of an odon-
tocete species is described in 2 chapters to
give full credit to the parks where the animals
were kept, although some repetition occurs in
the discussion sections of those chapters. The
methods sections of some papers are similar,
as different species were kept at the same
facility. For this reason, readers of the whole
thesis are asked to skip the repetitions, as
each chapter stands alone for the convenience
of readers interested in individual species.

The studies are presented in order of de-
creasing body weight of the study species. In
the 2 overview chapters (6 and 7), food con-
sumption differences between species, be-
tween conspecific individuals and monthly
fluctuations during the year are compiled
and discussed for odontocetes and pinni-
peds. The aim is to better understand the
causes of these differences and fluctuations.
In the final chapter, the general differences
in life histories between the 2 orders are
discussed to allow food intake differences to
be better understood, and the value of food
records of marine mammals in oceanaria for
animal husbandry and wildlife manage-
ment is discussed.
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Food consumption, body measurements and weight changes of a female
Killer whale (Orcinus orca)

R. A. Kastelein and N. Vaughan

Harderwijk Marine Mammal Pork, Strandbouievard-oost I, 3841 AB, Harderwijk, Holland

Summary

The Harderwijk Marine Mammal Park housed a
female Killer whale for 11 vears, after which she was
sent to Sea World Orlando on a breeding loan basis.
This report is on the food consumption, body
measurements and weight changes of this animal
during her first 11 years.

Introduction

The food consumption, body measurements and
weight changes of marine mammal species could be
of importance to many interest groups. Marine
marnmal parks which consider keeping a marine
marnmal species might want to calculate the costs
involved in feeding the animals. Facilities that
already keep the species might want to compare their
food and weight data to a reference for veterinary
purposes. Body measurements and weights can be
used in the making of transport equipment or for
strength calculations for animal husbandry equip-
ment such as dolphin lifts (Kastelein & Dokter,
1988}). Also for the management of a species in the
wild, food consumption data from anitmals in human
care can be used as one of the main parameters in
evaluating the impact of the species on the fisheries.
The data also permits the management of the prey to
createfallow for a carrying capacity for a certain
number of marine mammals in a particular geo-
graphical area.

The Harderwijk Park housed a female Killer whale
for 11 years. This paper describes the food consump-
tion of the animal during that period and evaluates
the use of a formula based on body measurements, in
estimating the weight.

Materials and Methods

Study animal

The study is about a female Killer whale (Oreinus
orca, code: QOoZHO001) which was caught on 28
October 1976 in the waters around Iceland. The ani-
mal is thought to have been born in October 1978,

She arrived at the park on 13 November 1976 and
participated in performances from then on.

In spring 1986 she became pseudo-pregnant for
the first time. This changed her behaviour dramati-
cally for some weeks. Because this pseudo-pregnancy
returned in spring 1987 it was decided to send her toa
facility with a male Killer whale. On 17 November
1988 she was transported to Sea World Orlando,
USA, on a breeding loan basis. She is now amongst
conspecifics, and is pregnant at the moment of
writing. Birth is expected in July 1989,

Study area

During her stay at the Harderwijk Park the animal
was kept in a main pool of 30m () x 15m (w) x4m
{d) and in an adjacent holding pool 10 (1) x 10 (w)
%4 (d). In these pools she was in company of 1.8
Bottlenose dolphins {Tursiops truncatus) of which
the male was dominant over her. During the vear the
temperature of the salt water varied between 15 and
22°C.

Food

The animal was fed 3-5 times per day on a diet of
33% Herring (Clupea harengus), 36% Mackerel
(Scomber scombrus), 6% Whiting (Merlangus mer-
langus), 12% Sprat (Spraitus spratius) and 11%
Squid (filex spp.). Her food intake was strongly
influenced by the training technique used in that
period when food was the only reward used. Pres-
ently new training techniques are used at the
Harderwijk Park in which food is only one of the
many types of rewards used.

Weight calculation
The weight was calculated by the following formula
based on body measurements:
L*xG
44000
in which L is the total body length (cm), G is the

maximum gitth between pectoral fins and dorsal
fin {(cm) and W the calculated weight (kg). The body
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Figure L. The annual food consumption of the female Killer
whale.

Table 1. The body measurements and calculated weight esti-
mates of the female Killer whale. The * indicates a real
weight measurement

Body Girthcaudalof Estimated
Age length pectoral find weight
Date (y1) {cm) (cmy} (kg)
13-11-197%6 1 270 196 305
25-03-1977 1 298 2035 414
01-05-1977 1 300 209 428
23-06-1877 1 320 21 491
01-08-1877 | 321 219 313
26-11-1977 2 330 245 553
21-11-1978 3 400 246 895
13-02-1979 3 400 259 942
06-11-1979 3 410 254 970
29-10-1980 5 450 254 1170
19-12-1983 8 473 — —
05-09-1986 10 510 310 [832
15-05-1987 I1  S18 317 1933
17-11-1987 12 ° — — 1900*

measurements were taken when the animal was
hauled out on land.

Results
Food consumption
The annual food consumption of the female Killer
whale increased over the years (Fig. 1). The food
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Figure 2. The body weight changes of the female Killer
whale during her stay at the Harderwijk Park.

consumption records of her second year could not be
retrieved. In 1983, when she was 7 years old, she ate
less every month than the monthly average of 1982,
No illness was detected so this reduced food intake
remains unexplained.

Body measurements and weight estimation

The animal was measured 13 times and the weight
estimates could be calculated for 12 of those
measurements {Table 1). The animal was also
weighed once.

The body weight increased steadily over the years
(Fig. 2). The animal grew relatively faster between
her first and third year than between her fourth and
eleventh year.

More details of the animal were measured on 5
September 1986 (Fig. 3). This data was needed to
construct a transport hammock. The relative pos-
ition of the pectoral fins and genital slit could be used
in designing hammocks for different sized Killer
whales.

Food consumption relative to body weight
Although few data points exist it was possible to cal-
culate a regression line for the correlation between
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Figure 3. The measurements {cm} of several body parts of the female Killer whale, and their relative position.
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Figure 4. The relation between the calculated body weight and annual food consumption of the female Killer

whale. r =correlation coefficient.

the calculated body weight and the annual food con-
sumption (Fig. 4). There is a close corrclation
between these two parameters {r=0.98).

Discussion and conclusions

Wedo not suggest that the annual food consumption
of this animal was equal to that of other females of

the same age, but the food consumption per kg body
weight might well reflect that of conspecifics in the
wild, because this animal was in good physical con-
dition during the 11 years that she was at the
Harderwijk Park.

No regular pattern was seen in the monthly food
consumption of this animal. Although the natural
light cycle could have influenced the food intake, this

11
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Table 2. The body measurements, weights and food consumption of Kilier whales found
in the literature. An * indicates a subjective weight estimate

Body Food
Age length Girth Weight consumption
No. Sex (yr) (cm) (cm) (kg) (xg/day) Source

1 F 4.5 411 — 1088 36-63 Burgess, 1968

2 F 6 450 — 1358 — Burgess, 1968

3 F — 439 322 1200% 45 Hewlett, 1968

4 M — 660 — 3600 — Griffin, 1968

5 F — 250 — 270* — Griffin, 1968

& F — 330 — T00* — Griffin, 1968

7 M — 430 — 1000* — Griffin, 1968

|3 F — 460 — 1360* — Griffin, 1968

9 M — 698 — 4554 — Griffin, 1968
10 F — 579 — 2340 — Griffin, 1968
11 M — 385 — 1031 — Griffin, 1968
12 —  neonate — — 158 — Berirschke, 1987
13 —  neonate — — 155 — Bernirschke, 1987

cycle (if there is one) was probably overruled by the
food ration offered by the trainers.

The formula for calculating the body weight esti-
mate of Killer whales used in this study proved fairly
accurate when the calculated weight on 15 May 1987
(1933 kg) was compared to the real weight measured
during transport on 17 November 1987 {1900 kg).
The animal at that time had fasted for two days prior
to transport which would have reduced her weight by
at least 50 kg.

Data on food consumption, body weight and body
measurements found in the literature are compiled in
Table 2. Unfortunately most authors give incomplete
information. Some data can be compared to data
from this study. The weight and body measurements
of animal No. 1 and No. 2 fit very well in Figure 2.
However, our animal ate an average of 29 kg/day
when she had that weight compared to the 36-63 kg/
day of No. 1 and 2. The subjective estimated weight
of No. 3 was probably an underestimation, The cal-
culated weight estimate, using the formula used in
this study, is 1410 kg.

The subjective weight estimate of animals No. 5,
No. 7 and No. 8 are close to the calculated weight of
the animal in this study at the same length. The sub-
jective estimate of No. 6 is probably toc high. The
other animalsin Table 2 are too large or too small for
comparison with our data.

We are aware that we are comparing the weight of
the food consumed irrelevant of its food quality. Fish
species have different calorimetric contents, and even
fish caught in a different region or season may vary in

composition and caloric content. The diet of the ani-
mal in this study consisted for 71 % of species with a
high calorimetric content {Herring and Mackerel).

It seems thai body measurements combined with
real weight measurements fit well with the calculated
weight estimates of this study. This supports the
accuracy of the formula. Subjective weight measure-
ments can be very inaccurate.
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Summary

This report is on the food consumption of a female killer whale between 1978 and 1995, while
she was at 3 different zoological parks. Although social factors and the calorific density of the
food may have played a role, her annual food consumption after the initial growth spurt,
appears to have been affected primarily by the water temperature in the pools in which she
was kept; she ate less when the water was warmer than when it was colder. When she was 18
years old, she ate on average 3.6% of her body weight per day. There were no obvious
seasonal patterns in her food intake. She grew in length at least until she was 19 years old.

Key words: odontocete, nutrition, energetics

Introduction

Although a number of killer whales (Orcinus
orca) are kept at oceanaria, very little de-
tailed information about their food con-
sumption quantity has been published. Kas-
telein and Vaughan (1989) describe the food
consumption of a female killer whale at the
Harderwijk Marine Mammal Park, The
Netherlands. Kriete (1995) describes the
food consumption and metabolic rates of
killer whales at Vancouver Aquarium, Can-
ada, and Marine World Africa/USA. Kaste-
lein et al. (1998) describe the food consump-
tion of 8 killer whales at Marineland Anti-
bes, France.

Information on the food consumption of
toothed whales could be useful to personnel
at zoological parks where odontocetes are

kept, who may want to compare the food
intake of their animals to a reference for
husbandry or veterinary purposes. For the
management of toothed whales in the wild,
information on food consumption is needed
to evaluate interactions between whales and
fish populations.

This report is on the food consumption of a
female killer whale which was kept at 3 dif-
ferent parks.

Materials and methods

Study animal

The female killer whale was caught in the
waters around Iceland in 1978 and was esti-
mated to have been born in 1975. From 1978
to 26 October 1991 she was housed at Wind-
sor Safari Park, London, UK. After that date
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she was transported to Sea World of Florida,
Orlando, US.A.. In April 1993 she was
moved to Sea World of Ohio, Aurora,
U.S.A.. This study is based on her food rec-
ords between 1978 and 1995.

The study animal was small for her age,
compared to most other killer whales of sim-
ilar ages (Kastelein et al., 1998).

Study area

At Windsor Safari Park, the killer whale was
kept outdoors in a main pool (26 m x 14 m;
depth: 3.5 m) and a side pool (10 m x 7.6 m;
depth: 3 m). She shared these rectangular
pools with up to 9 bottlenose dolphins (Tur-
siops truncatus). During the study animal’s
10th and 11th years a male killer whale (7
years old, 432 cm long and with a body
weight of 1200 kg) was also in the pools.
During the year the salinity varied between
2.2 and 3.4% NaCl, and the average monthly
water temperature between 15.1°C in winter
and 21.2°C in summer (when the temper-
ature dropped below 14°C, the water was
heated). In years when bottlenose dolphin
calves were present in the pools (1985 and
1986), the water temperature was allowed to
vary between 17°C in winter and 23°C in
summer. The average annual air temper-
ature was 10.7°C (the average monthly air
temperature varied between 4.3°C in Janu-
ary and 17.7°C in July). Windsor Safari Park
is at 0°39” W and 51°29" N.

At Sea World of Florida the study animal
was kept in an outdoor pool system consist-
ing of a main pool (50 m diameter; depth: 12
m) and 2 small pools {(each 21 m x 19 m;
depth: 5 m). These pools are connected to a
breeding and research pool (31 m x 21 m;
depth: 5 m) via 2 examination pools (each 12
m x 6 m; depth 4 m; Asper ef al.,, 1988). She
shared these pools with up to 6 other killer
whales. The average water temperature was
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13.5°C (range 13-14°C} and the salinity was
kept at 3% NaCl. The average annual air tem-
perature was 24.0°C (the average monthly air
temperature varied between 19.4°C in Janu-
ary and 27.9°C in August). Sea World of Flor-
ida is at 81° W and 29° N.

At Sea World of Ohio the study animal was
kept in an outdoor pool system consisting of
a main pool (30 m x 15 m; depth: 5-9 m; 4000
m3) and 2 circular side pools (each: 12 m
diameter; depth: 3 m) which were also con-
nected to a hexagonal examination pool (22
m diameter; depth 4-5 m). In these pools she
was kept with 2 young female killer whales
and 3 female Pacific white-sided dolphins
(Lagenorhynchus obliguidens). During the
year the water temperature was on average
13°C (range from 12.7°C in January to 14.7°C
in August) and the salinity varied between
3.0 and 3.2% NaCl. The annual average air
temperature was 9.9°C (the average month-
ly air temperature varied between -2.8°C in
January and 23.3°C in July). Sea World of
Ohio is at 81° W and 41° N.

Food

At Windsor Safari Park, between 1978 and
October 1991, the study animal was fed 3to 7
times per day on a diet of on average 85%
herring (Clupea harengus), 9% whiting (Mer-
langius merlangus) or squid (Illex sp.), 5%
sprat (Sprattus sprattus) and 1% boiled lamb
or pig liver. The percentages are based on
weight. Vitamins (Aquavits ®) and iron tab-
lets were added to the fish, after it had been
defrosted. The animal was allowed to eat as
much as she wanted during the last meal of
the day; feeding was stopped when she lost
interest or started to play with the fish.

At Sea World of Florida, between October
1991 and April 1993, the animal was fed a
varying number of times per day. She de-
rived on average 35% of her calories from
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herring, 38% from capelin (Mallotus villosus),
20% from smelt (Osmeridae) and 7% from
mackerel (Scomber scombrus). Multi-vitamins
Mazuri® and Sea World© Marine Mammal
Vitamins) were added to the fish, after it had
been defrosted. The amount of food given
depended on the weight of the animal and
on her appetite.

At Sea World of Ohio, between April 1993
and December 1995, the animal was fed a
varying number of times per day. On aver-
age her diet consisted for 46% of herring,
28% of capelin, 15% of surf smelt, 10% of
mackerel and 1% of salmon (Salme spp.). The
percentages are based on weight. Multi- vi-
tamins (Mazuri ® and Sea World © Marine
Mammal Vitamins) were added to the fish,
after it had been defrosted. The amount of
food given depended on the estimated
weight of the animal and on her appetite.

Results

Annual food consumption

The female killer whale was estimated to be
3 years old on arrival at Windsor Safari Park.
During her 4th calendar year (1979) she con-
sumed around 7000 kg of fish (Fig. 1). Her
food intake increased to around 14000 kg
during her 8th year, after which it decreased
to around 12000 kg/year when she was 11
years old. Her low food intake during her
10th and 11th year coincided with an in-
crease in water temperature to accommeo-
date bottlenose dolphin calves in the same
pool system, and with the introduction and
later death of a killer whale pool mate. Dur-
ing her 12th year the study animal’s annual
food intake increased greatly, but tempo-
rarily, to 17000 kg. This high food intake
coincided with the return of the water tem-
perature to the level it was at before the
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Figure 1. The annual food consumption of the female killer whale when she was at Windsor Safari Park (1979-
October 1991), Sea World of Florida (October 1991- April 1993} and at Sea World of Ohio (after April 1993). Age 1
represents the first calendar year after the estimated year of birth. 1} Low food intake coinciding with relatively
warm water and the introduction of a male killer whale. 2) Low food intake coinciding with relatively warm water
and the death of the male killer whale, 3) High food intake coinciding with a reduced water temperature and
increased food given in an attempt to prevent regurgitation. 4) High food intake coinciding with the first full year at
Sea World of Flerida, where the water was much colder than at Windsor Safari Park.
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study animal’s 10th year. In her 12th year,
she was also fed more than usual in an at-
tempt to control her habit of regurgitation.
Between her 12th and 16th year her food
intake was around 14000 kg / year. After her
transport to Sea World of Florida in October
1991 her food intake increased strongly to
24000 kg/year during her 17th year. After
her 17th year, when she was moved to Sea
World of Ohio, her food intake dropped and
stabilized at around 20000 kg/year.

Seasonal fluctuation in food consumption

The study animal’s monthly food intake var-
ied very little during the year, and no sys-
tematic seasonal pattern could be detected.

Body measurements and food intake relative to
body weight

The animal was weighed only once in May
1993, at the age of 18 years. She weighed
1530 kg, had a standard bedy length of 441
cm and a girth in front of the dorsal fin of 296
cm. At this time, she consumed on average
56 kg fish per day or 3.6% of her body weight
per day. Between May 1993 and July 1994,
her standard body length increased from
441 cm to 474 cm.

Discussion and conclusions

Annual food consumption

Although social factors may have played a
role in determining food intake, water tem-
perature appears to be the main factor influ-
encing the food consumption of the study
animal. She ate less than usual when the
water temperature at Windsor Safari Park
was increased. When the water temperature
was returned to the previous lower level, her
food intake increased temporarily, maybe
because her blubber layer had become thin-
ner in the warmer water. She may have lost
more thermal energy to her environment
because of this, and/or she may have eaten
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more in order to rebuild her blubber layer.
Williams and Friedl (1990) showed that bot-
tlenose dolphins can adapt their thermal
neutral zone (the water temperature range at
which the metabolic rate is lowest) by var-
ying their blubber thickness; perhaps killer
whales can also do this.

When she arrived at Sea World of Florida,
where the water temperature was much
lower than it was at Windsor Safari Park, the
animal’s food intake first increased strongly
and then dropped after a period of adapta-
tion, but remained higher than when she
was at Windsor. As well as the change in
water temperature, she experienced a
change in diet at this age, which may also
have influenced her food consumption.

In general the annual food consumption of
the study animal was similar to that of killer
whales of similar ages kept at Harderwijk
Marine Mammal Park, The Netherlands
(Kastelein and Vaughan, 1989), Marineland
Antibes, France (Kastelein ef al., 1998), Van-
couver Aquarium, Canada, and Marine
World Africa/USA (Kriete, 1995).

The food consumption of the study animal
increased at least until she was 17 years old
(although the increase in food intake may, at
least partly, have been caused by diet and
water temperature changes). At Marineland
Antibes, the food consumption of male and
female killer whales continued to increase,
at least until the age of 20 years (Kastelein et
al., 1998). The body length of the study ani-
mal increased at least until the age of 19
years. This corresponds to killer whales in
the wild which reach physical maturity at
the age of 20-25 years (Christensen, 1984).
At the age of 18 years (at a body weight of
1530 kg), the study animal consumed a simi-
lar amount of food per day as a percentage of
her body weight as other killer whales of the
same body weight (Kastelein ef al., 1998).
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Seasonal fluctuation in food consumption

Like the animal in the present study, a fe-
male killer whale which was kept indoors at
Harderwijk Marine Mammal Park did not
have seasonal fluctuations in food intake
(Kastelein and Vaughan, 1989). This sug-
gests that the seasonal temperature changes
experienced by both animals were within
their thermal neutral zone.

Body mensurements

Kastelein and Vaughan (1989) present a for-
mula to estimate the body weight of killer
whales based on the standard body length
and the girth in front of the dorsal fin (W = L2
x G/44000; in which W = the estimated
weightin kg, L = the standard body length in
cm, and G is the maximum girth between
pectoral fins and the dorsal fin in cm). Using
this formula, the estimated weight of the 441
cm long study animal in May 1993 would
have been 1310 kg, 220 kg less than her ac-
tual weight. Bigg and Wolman (1975) give a
formula with which the body weight (W in
kg) of killer whales can be estimated based
on body length (L in ecm) (W = 0.000208
L*¥7), Using this formula, the estimated
weight of the study animal in May 1993
would have been 1357 kg, 170 kg less than
her actual weight. This suggests that either
the formulas slightly underestimate the
weight of female killer whales in this length
range, or the study animal was slightly over-
weight at the time of measurement. The lat-
ter seems to be the case, when her body
length-body weight relationship is com-
pared to that of other killer whales in the
literature (Kastelein et al., 1998).

Ecological significance

In order to predict the amount of fish killer
whales consume in the wild, information is
needed on their natural diet and activity lev-
el, and on the water temperatures they en-
counter.

Around 30 species of fish have been found in
the stomachs of wild killer whales in various
parts of the world (Hoyt, 1990). Therefore it
is impossible to say whether their diet in the
wild generally has a higher or lower calorific
value than the diet of the killer whale in the
present study. The diet of wild killer whales
probably depends on the individual, season
and geography and may vary from one year
to another, depending on fish stocks. In ad-
dition to fish, 13 odontocete, 9 baleen
whales, 14 pinniped, 1 mustelid, 9 bird, 1
turtle and 2 cephalopod species have been
found in the stomachs of killer whales
(Hoyt, 1990; Silber et al., 1990).

Killer whales have a large geographical dis-
tribution area, and individuals encounter
different temperatures. Therefore this spe-
cies probably has a large and possibly flex-
ible thermal neutral zone.

The amount of time wild killer whales spend
foraging probably depends on the availabil-
ity of fish, the animal’s ability to catch prey,
its age, the geographical area and the season.
When salmon (Oncorhynchus spp.) are plen-
tiful, killer whales off Alaska spend a great
deal of time investigating boats, perhaps be-
cause foraging takes up less of their time
than usual (Hall, 1986). Although the animal
in the present study was active most of the
time, she could not dive as deep as wild
conspecifics often do when they are forag-
ing. Therefore non- reproductive wild fe-
male killer whales probably consume more
than the animal in the present study (Kriete,
1995).
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Summary

The food consumption and suckling of killer whales at Marineland Antibes in France
between 1976 and 1996 is described. The food intake of the whales was still increasing when
they were 20 years old. At this age, the whales ate approximately 19000 kg of fish each year.
Wild killer whales probably eat more than this, as they spend much energy during fourag-
ing. A seasonal pattern in food consumption per month was found in all animals, but this
may have been caused by seasonal changes in the feeding schedule. The number of suckling
bouts per 24 h in the first 10 days after birth of 2 calves is presented, along with some external

body measurements of a 13-year-old male.

Key words: odontocete, energetics, reproduction, lactation

Introduction

Although the killer whale (Orcinus orca) is
the third most widely kept toothed whale in
the world after the bottlenose dolphin (Tur-
siops truncatus) and the beluga (Delphinapte-
rus leucas), only a few studies have been
done on its food requirements (Scheffer and
Slipp, 1948; Nishiwaki and Handa, 1958;
Norris and Prescott, 1961; Burgess, 1968;
Griffin and Goldsberry, 1968; Hewlett and
Newman, 1968; Rice, 1968; Caldwell and
Caldwell, 1969; Martinez and Klinghammer,
1969; Sergeant, 1969; Yukhov ef al., 1975;
Castello, 1977; Heyning, 1988; Kastelein and
Vaughan, 1989; Hoyt, 1990; Kriete, 1995;
Kastelein ef al.,, 1998). Information on the
food consumption, body measurements and
weight changes of toothed whales could be
useful to staff at zoological parks, who

might want to compare their food and
weight data to a reference for veterinary and
husbandry purposes. Food consumption da-
ta are also needed for the management of an
odontocete species in the wild, to evaluate
the relationship of the species with its prey
populations. The data could be used for the
management of fish stocks to create a carry-
ing capacity for a certain number of toothed
whales in a particular geographical area.
This paper describes the food consumption
and suckling of killer whales at Marineland
Antibes, France, between 1976 and 1996.

Materials and metheds
Study animals
The study animals were 4 male and 4 female

killer whales at Marineland, Antibes, France
(Table 1). Three males and 3 females came
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Table 1. The 8 killer whales at Marineland Antibes.

Code Gender Estimated Origin Date of

year or date armival at

of birth Marineland
OoMAQO1 M 1967 lceland 29-10-1976
OoMADO2 F 1974 N 30-11-1978
OoMADO3 F 1975 (73 - '78)* » 06-03-1983
OoMAQD4 M 1976 ('75 - '80)* " 06-03-1983
QoMAQDS F 1982 " 12-01-1990
OoMAQD6 M 1982 " 12-01-1990
OaMAQO7 F 25-02-1993 Antibes, calf of 004 x 005 -
OoMAQOB M 13-02-1996 Antibes, calf of 004 x 003 -

* range of estimated birth year

from the waters around Iceland; 1 male and
1 female calf were born at the park. The older
an animal was on arrival, the less accurate its
estimated age. Of 2 animals the standard
body length (straight line between tip of ros-
trum and notch in tailfluke) and body
weight were determined once each.

Study area

From 1976 to 1986 the killer whales were
kept in an outdoor pool system consisting of
a square main pool (15 m x 25 m; depth: 3.5
m) and an adjacent medical pool (8m x 15m;
depth: 3.5 m). In this system they were kept
with a group of up to 3 bottlenose dolphins.
From 1986 to 1996 the killer whales were
kept without other odontocetes in a larger
outdoor pocl system consisting of an oval
main pool (70 m x 30 m; depth: 2.5 to 10 m;
volume: 8000 m?), and 2 circular side pools
(each with a diameter of 20 m; depth: 4.5 m).

The pools were filled with natural sea-water
from the Mediterranean Sea. The average
monthly air temperature varied between
8°C in January and 23°C in July and August.
The average monthly water temperature
varied between 9°C in February and 24°C in
August. Marineland is at 7°3" E. and 43°3(/
N.
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Food

The animals were fed 4 to 5 times per day
(between July and November more often
due to evening shows) on a diet of on aver-
age 50% herring (Clupea harengus) and 50%
mackerel (Scomber scombrus). The percent-
ages are based on weight. Vitamins (Sea-
tabs® or Aquavits®) were added to the fish,
after it had been defrosted. Frozen fish was
stored for a maximum of 4 months. The ani-
mals were allowed to eat as much as they
wanted during each meal; they were fed un-
til they started to play with the fish instead
of swallowing it immediately. Animals
which were known to be pregnant, and their
poolmates, were allowed to eat as much as
they wanted at all meals.

Records were kept of the amount and type of
food consumed during each feed. These dai-
ly food intake data form the basis of the
present study. Only data collected in com-
plete calendar years were used.

Suckling

On 25 February 1993, after a gestation period
of 15 months, female 005 gave birth to fe-
male calf 007. The calf had a standard body
length of 2.1 m. Between 25 February 1993
and 7 March 1993 mother and calf were ob-
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served 24 hours a day and the duration of all
suckling bouts was recorded.

On 13 February 1996, female 003 gave birth
to male calf 008. Between 13 February 1996
and 18 February 1996 mother and calf were
observed 24 hours a day and the duration of
all suckling bouts was recorded.

Statistical analysis

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

Results
Annual food consumption

Males

Between his 10th and 14th year, male 001's
annual food consumption was around 13500
kg, except during his 12th year when his
food intake was relatively low (Fig. 1). In
that year he was ill and indulged in sexual
activity with newly-introduced female 002.

The annual food intake of male 004 gradual-
ly increased to around 17000 kg after which
it appeared to stabilize except for during his
17th year (Fig. 2). In that year he and male
006 ate more than usual, as the amount of
food offered per feed was also increased for
the poolmates of the pregnant females (003
and 005).

The annual food intake of male 006 was
around 12500 kg between his 8th and 10th
year. During his 11th year he consumed
18000 kg and during his 12th year 17000 kg
(Fig. 3). In November 1995 he was moved to
Sea Paradise in Japan.

Females
The annual food intake of female 02 in-
creased gradually from 3600 kg to 14000 kg

between her 5th and 9th year, after which it
dropped to around 12000 kg (Fig. 4).

The annual food intake of female (03 was
around 10500 kg during her 9th and 10th
year. After her 10th year her food intake
increased to around 14500 kg (Fig. 5). She
was pregnant for the first time during her
15th year when she ate 18000 kg and deliver-
ed a full-term still-born calf during her 16th
year (3 March 1991). She was pregnant again
during her 17th year when she ate 22000 kg
and delivered another full-term still-born
calf during her 18th year (5 June 1993). Her
last pregnancy during the present study was
in her 20th year, during which she ate 20500
kg. The calf (008) was delivered alive on 13
February 1996. After she gave birth to calf
008, female 003 increased her daily food con-
sumption from around 55 kg/day to 80 kg/
day. Four months after she gave birth, her
food intake had returned to the pre-birth
level.

The annual food intake of female 005 was
around 12000 kg between her 8th and 10th
year. She became pregnant for the first time
when she was 9 years old. During her 11th
year her food consumption increased to
around 18000 kg/year (Fig. 6). In 1993 her
food intake was normal (55 kg/day)} until
she delivered female calf 007 on 25 February.
She ate the usual amount on the day of the
birth, then hardly ate for 3 weeks. After this,
her food intake increased to 65 kg/day in
April and around 80 kg/day in May. Four
months after she gave birth her food intake
dropped much.

Calf 007 began to eat fish regularly at the age
of 6 months. Her annual solid food intake
increased from 575 kg during the calendar
year in which she was born to 4700 kg dur-
ing her second year (Fig. 7). She suckled, at
least occasionally, until 1995.
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Figure 1. The annual food consumption of male killer whale 001. Age 1 is the first calendar year after birth. 1) A year
during which the animal was ill for several months.
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Figure 2, The annual food consumption of male killer whale 004. Age 1 is the first calendar vear after birth. 1) High
food intake which coincided with pregnancy of females 003 and 005. The years 1984 and 1990 are indicated to
synchronise the data of the different animals in the study.
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Figure 3. The annual food consumption of male killer whale 006. Age 1 is the first calendar year after birth. 1) High
food intake which coincided with pregnancy of females 003 and 005.

The food records of the 7 study animals
which consumed solid food are combined in
figure 8. The food consumption of both male
and female killer whales increased at least
until they were 20 years old (older animals
were not yet available for study).

Seasonal fluctuation in food consumption

To determine whether repetitive seasonal
fluctuations in food intake occurred, the av-
erage daily food intake for each month was
calculated. Per year the average monthly in-
takes were ranked from 1 to 12. For each
animal the average rank per month was cal-
culated over all available normal years (i..
years in which extreme growth, gestation,
lactation and illness took place were omit-
ted).

Most of the killer whales consumed less than
the annual average between February and
June, and more than average between July

and January (Fig. 9). The average monthly
air and water temperatures are shown in
figure 10.

Suckling

Female calf 007 was born at 2200 h on 25
February 1993 and began to suckle 12 hours
after birth (Figs. 11 and 12}. The number of
suckling bouts per day and their average
duration during the first 10 days after birth
are shown in table 2. In April 1993, at the age
of 2 months, she began to eat fish occasional-
ly. From the end of August 1993 she con-
sumed some fish every day.

Male calf 008 was born at 1719 h on 13 Febru-
ary 1996. The calf began to suckle 3 hours
after birth. The number of suckling bouts per
day and their average duration during the
first 5 days after birth are shown in table 2.
On 2 April 1996, at the age of 6 weeks, he first
began to eat some fish. By mid-September he
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Figure 4. The annual food consumption of female killer whale 002. Age 1 is the first calendar year after birth.
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Figure 5. The annual food consumption of female killer whale 003, Age 1 is the first calendar year after birth. 1) Year
in which the animal was ill for several months, 2) year in which she was pregnant. The full-term calf was borm dead
on 3 March the following year {(arrow), 3) year in which she was pregnant. The full-term calf was born dead on 5
June the following year (arrow}, 4) year in which she was pregnant. The calf was born alive on 13 February 1996.
The years 1984 and 1990 are indicated to synchronise the data of the different animals in the study.
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