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than a faecal sample in determining an animal’s exposure
to infection. In addition, the test could be performed on sera
submitted to diagnostic facilities for other purposes, such as
brucellosis or Aujeszky’s disease serology.
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Immobilisation of free-ranging Galapagos sea lions
(Zalophus californianus wollebaeki)
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Nine free-ranging Galapagos sea lions were immobilised for
marking, using a combination of ketamine (3 to 5 mg per kg)
and xylazine (0-5 to 1-0 mg per kg). The degree of effect
depended largely on the animals’ behavioural and physiological
state before immobilisation (after parturition, high arousal,
subject to aggression, etc.) All nine animals survived. Over-
heating in the immobilised state may quickly result in heart
and circulatory failures.

IMMOBILISATION of pinnipeds by means of drugs administered
intramuscularly presents difficulties (Geraci 1973, Geraci
and Sweeney 1978, Eulenberger and Puschmann 1976,
Gauckler 1976). On dry land, these animals are unable to
regulate their body temperature by physiological means, even
in a moderately warm environment, because of their thick
blubber layer (Whittow and others 1971). Overheating may
lead to heart and circulatory collapse. Experience with the
immobilisation of nine Galdpagos sea lions (Zalophus
californianus wollebaeki) in the wild is reported, with com-
ments on their thermoregulatory behaviour.

Materials and methods

For tagging, five immature and four adult healthy Gala-
pagos sea lions were drugged with a combination of ketamine
and xylazine. In four cases hyaluronidase (150 iu) was added
to the mixture to accelerate resorption.

The drugs were injected using the Telinject blowpipe
system as described by Wiesner (1975). The projectile syringes
were blown at the animals through a 1 m blowpipe from
distances between 0-5 and 4 metres. A syringe holds a maxi-
mum of 2 ml, which is injected with a 1-2 x 38 mm special
needle.

The drugs were injected intramuscularly into the thigh,
where the blubber layer is comparatively thin, and penetration
into the muscle easiest. Records were kept of the animals’
behaviour from injection to recovery. Some were observed
occasionally for several days subsequently. Only animals well
inland were injected, to avoid the risk that they might re-enter
the sea and drown. As the animals easily overheat, they were
immobilised only during the cool early morning or late
evening, and kept wet.

Weight estimates were not very accurate. Average-sized
adult females were assumed to weigh about 80 kg; the
measured weights of a few immatures were about 25 kg.
According to their size and physical state, other animals were
estimated between these extremes. The degrees of immobilisa-
tion obtained were categorised into six classes (Table 1),
similar to those defined by Briggs and others (1975).

Results and discussion

Every syringe penetrated the tough hide, but the extreme
tips of some of the needles were bent slightly. Only one
syringe, shot obliquely, did not penetrate deeply enough to
inject the drugs.

Table 1 shows the results of nine immobilisations of
Galdpagos sea lions with a combination of ketamine and
xylazine. Some animals hardly reacted to the syringe’s
impact, bit at it, stood up, walked a few steps, looked round,
and sat or lay down again. Because of their general inactivity,
it was difficult to determine when the drugs took effect, and
this time is given in the table only to the nearest five minutes.
Often the first sign of an effect was somewhat laboured
breathing, while the animal still tried to keep its head up,
scanning the surroundings. Immobilised animals sat still or
lay down after five to 10 minutes.

TABLE 1: Results of immobilisation experiments with Galapagos sea lions
Number Age Sex Estimated Ketamine  Xylazine Kinetin Time (min) Recovery Degree State before
weight (kg) dosage dosage (150 iu) before first after of injection
(mg/kg) (mg/kg) effects (min) effect®
1 1y 3 30 4-3 05 — <5 75 1 Sleeping
2 1y Q 25 32 05 — 5 60 3 Sucking
3 3y Q 30 4-0 05 —_ 5 30 3 Resting
4 2-3y 3 30 5-0 10 + 5 40 3 Interacting with
5 3-4y I 40 425 075 + <5 60 2 each other
6 adult ? 80 20 03 — 10 25 1 After
7 adult Q 80 25 085 - 10 ca 120 1-2 giving
1-5¢ 0-25 —_ — — birth
8 adult 3 70 18 03 + — —_ 0 Walking
9 adult 3 70 2-8 0-35 + 5 70 2 Resting

* 0=no visible effect; 1==incapable of locomotion but able to resist handling; 2—capable of movements of head and hindquarters; 3=incapable of any

movement; 4=flaccid; 5=sleeping totally relaxed
1t Second dosage given 40 min after first injection
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FIG 1: Thermoregulatory response of adult and immature Galapa-
gos sea lions to substrate temperature. Points represent the per-
centage of wet animals averaged over a two-degree range. The
cross gives the value for 43°C (N=30). The number of observed
animals varies between 93 and 394 animals per point with a mean
of 258

The maximum degree of immobilisation reached in each
animal did not appear to be strictly dose-related. One reason
may be that the weight estimates were only rough ones. In
addition, the spots hit by the syringes were of course not
exactly uniform, and in some cases some of the drugs may
have been lost in the blubber.

Another factor strongly affecting the success of the im-
mobilisation was the activity and/or excitation of the animals
before the injection. The one-year-old male (1) was sound
asleep when injected. He actually slept for about 20 minutes
while immobilised and was unable to move for about an
hour, with a dosage of 4-3 mg per kg ketamine and 05 mg
per kg xylazine. Males 4 and 5 had been moving slowly and
occasionally interacting with one another when injected,
with about the same dosage as male 1, but these showgd *
lesser degree of immobilisation (Table 1). Male 8 was injected
with only 1-8 mg per kg ketamine and 0-3 mg per kg xylazine.
a dosage obviously too low to immobilise a sea lion; jt
showed no signs of immobilisation. Generally, a dosage of
3 to 4 mg per kg ketamine and 0-5 to 1-0 mg per kg xylazine
permitted safe handling. However female 7 was injected
twice, receiving a total dosage of 4-0 mg per kg ketamine
and 1-1 mg per kg xylazine, and it could still resist handling.
at least by a single person. It had given birth about eight to
10 hours before, and the physiological stress of birth may
have made it more drug-resistant.

A similar finding was made in the Miinchner Tierpark
Hellabrunn when one of us (H.W.) tried to immobilise a
very excited South American sea lion (Otaria byronia)
directly after parturition. The animal was estimated to weigh
50 kg. It showed no effect after the injection of 3-6 mg per kg
ketamine and 0-18 mg per kg xylazine. This dosage was
repeated after 20 minutes, again with no results.

As mentioned by Geraci (1973) and Briggs and others
(1975), animals immobilised with ketamine alone showed
moderate to strong tremors. For that reason ketamine should
not be used in pinnipeds suffering from any form of respiratory
disease, or on animals with a history of hypersensitivity to
cyclohexanones (Geraci 1973, Eulenberger and Puschmann
1976, Geraci and Sweeney 1978). In this series, even the
animal receiving about 5 mg per kg ketamine and 1 mg
per kg xylazine showed no tremors, only the typical muscle
relaxation caused by the xylazine. But all animals experienced
slight breathing problems, breathing far more deeply than
usual and sometimes snorting forcibly, as surfacing animals
do after a dive. This is also a well-known side effect of
xylazine. Salivation was apparently somewhat increased.
This should be prevented by the use of atropine in the next
trials. But even animal 1, which was sleeping deeply, kept
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breathing quite regularly, although occasionally gurgling a
little.

Later on, animals 1, 2, 3, 6 and 7 were seen several times,
and showed no after-effects of the immobilisation.

Thermoregulatory risks accompanying immobilisation

In the California sea lion it has been demonstrated that
at an air temperature of 30°C physiological means of thermo-
regulation are insufficient to maintain body temperature at a
normal level (Whittow and others 1971, 1972). Temperatures
at which this applies may even be much lower, as the 19°
to 29°C range was not tested. Observations on free-living
California sea lions (Peterson and Bartholomew 1967, Odell
1974), Steller sea lions (Gentry 1973), and other pinnipeds
(eg, White and Odell 1971, Gentry 1973, Bartholomew and
Wilke 1956) and these observations on the Galdpagos sea
lion (Fig 1) show that even resting animals tend to sluice
themselves increasingly as radiation and substrate tem-
peratures rise. Dry pups of the Galapagos sea lion overheat
considerably within only 15 minutes when active at substrate
temperature 29°C and air temperature 23-8°C (Trillmich,
unpublished data).

In the helpless, immobilised state there is grave danger of
death from overheating, as the pinnipeds are incapable of
the thermoregulatory behaviour normally resorted to. Also
when recovering from immobilisation there was high sustained
activity, especially when trying to escape from an observer.
The animals would rear up and move with highly exaggerated
movements, falling down frequently. All this could soon
have caused overheating, if the animals had not been kept
wet by sluicing with cold sea water until their movements
became almost normal. Sluicing also wets the sand on which
they rest, increasing heat loss by conduction (Ohata and
Whittow 1974).

Although the few immobilisations of Galapagos sea lions
with ketamine plus xylazine do not yet provide conclusive
evidence that the method is safe, the described results show
it to be superior to the use of ketamine alone (Eulenberger
and Puschmann 1976, Geraci 1973). Perhaps the xylazine
dosage should be slightly increased to obtain a higher degree
of immobilisation. In further experiments the behavioural
state of the animals (activity, general arousal, parturition,
etc) should be taken into consideration, as well as the danger
of heat prostration, which may be the main cause of heart
and circulatory failure in pinnipeds after immobilisation.

Acknowledgements.—We thank J. Cilio, D. Nakashima, and
K. Trillmich for their help in the field work. The support of
the Galdpagos National Park authorities, represented on
Galdpagos by Miguel Cifuentes, and of the Charles Darwin
Research Station through its director Hendrik N. Hoeck is
gratefully acknowledged. We thank Mrs C. Kasche for
drawing the graph, and Mrs P. Rechten for correcting the
English. This is contribution 250 from the Charles Darwin
Foundation for the Galapagos.

REFERENCES

BARTHOLOMEW, G. A. & WILKE, F. (1956). Journal of Mammalogy. 37. 327.

BRIGGS, G. D., HENRICKSON, R. V. &LEBOEUP, B. J. (1975). Journal of the American
Vetermary Medical Association. 167. 546

EULENBERGER, K. & PUSCHMANN, W. (1976). Verhan.lungsbencht des XVIII Inter-
nationalen S; mposiums Erkrankungen der Zootiere. Innsbruck p279.

GAUCKLER, A. (1976). Zootierkrankheiten. Eds Klos, H. G. & Lang, E.
Verlag, Berlin-Hamburg. p118.

GENTRY, R. L. (1973). Behawour 46. 73.

GERAICG% 15712 (1973). Journal of the American Veterinary Medical Association.

Parey-

GERACI, J. R. & SWEENEY, J. (1978). Zoo and wild animal medicine. Ed Fowler, M.
W. B. Saunders Co. Philadelphia. p580

ODELL, D. K. (1974). Behavioural Biology. 10. 231.

OHAT4A7,AC 23 & WHITTOW, G. C. (1974). Comparauve and Biochemical Physiology.

PETERSON, R. S. & BARTHOLOMEW, G. A. (1967). The natural history and behaviour
of the California Sea Lion. Special Publication No 1, American Society of
Mammalogists.

WIESNER, H. (1975). Kleintierpraxis. 20. 18.

WHITE, F. N. & ODELL, D. K. (1971). Journal of Mammalogy. 52. 758.

WHITTOW, G. C., MATSUURA, D. T. & LIN, Y. C. (1972). Physiological Zoology 45. 68.

WHITTOW, G. C., OHATA, C. A. & MATSUURA, D. T. (1971). Communications in Behavi-
oral Blology 6. 87.



