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With the development of new technologies such as satellite
transmitters (Davis & Miller 1992), data-loggers (Wilson et al.
1993) and radio-telemetry (Heath & Randall 1989), the cap-
ture of live specimens prior to the attachment of such equip-
ment plays a very important role. It has been shown that the
attachment of any device may have a deleterious effect on the
normal behaviour of wild birds (Wilson & Culik 1992), but this
may be at least partially due to the capture techniques em-
ployed.

The most widely used techniques for catching birds (such as
mist nets, cannon nets, cages, traps or catching by hand) have
shown to be viable, but unfortunately have a strong stress
component which is further exacerbated by human presence
and manipulation. For example, Culik & Wilson (1991) estab-
lished that the cardiac frequencies in nesting Adélie Penguins
Pygoscelis adeliae increased due to human approach alone.

Recently, we started ecophysiological studies on the Humboldt
Penguin Spheniscus humboldti at sea. For that purpose we
employ data-loggers that are able to record information on
swimming speed, foraging range and dive depth. Before using
these instruments we carried out an experiment with four adult
Humboldt Penguins to which dummy instruments were
attached in order to assess: 1) responses of the penguins to
Ketamine hydrochloride; 2) the best dose of Ketamine hydro-
chloride for Humboldt Penguins; and 3) responses of the pen-
guins to capture, manipulation, and attachment of the dummy
instruments. Following this, we began our study with authen-
tic instruments. In all cases we registered the dose of the
anaesthetic and the symptoms associated with it. In this con-
tribution we report the methods used to inject the anaesthetic
and the responses of the penguins.

We built a simple injection-device made of a 1.1-m-long alu-
minium holder painted black with a rectangular cross section
(1×1 cm) and one of its sides open. We inserted a syringe (1 ml
with needle 16-mm long × 0.05-mm external diameter) at one
end of this holder. In order to hold the syringe and its needle,
we made a transverse cut in order to obtain a 2.5-mm channel
in the walls of the holder 8 cm from the end. At the end of the
holder we attached a rigid plastic cylinder (1-cm length),
through which we introduced the needle. To press the piston
of the syringe we used a rod (0.75-cm diameter) with the same
length of the aluminium holder, that was slid inside the holder
(Fig. 1).

We tested the system and doses of tranquilizer on breeding
adult Humboldt Penguins at Pan de Azúcar Island (26°09'S),
northern Chile, between 12–14 December 1993 and 25 Janu-
ary 1994 with dummies and real instruments. Between 10 and
26 November 1995 we fitted authentic instruments (Table 2).
We used doses of 2–7.5 mg/kg BM (penguin body mass) of

Ketamine hydrochloride (100 mg/ml) (Ketavet, Parke-Davis
GmbH, Berlin-Germany). Prior to injection of the anaesthetic,
the system was assembled out of view of the penguins. We
loaded the syringe with the requisite dose and inserted it into
the aluminium holder. The operator then approached the nest
slowly. When he was in front of the adults, c. 1 m away, he
slid the system along the ground until it reached the nest, while
at the same time distracting the attention of the adult, with a
hand moving in the opposite direction. Once the holder with
the needle was close to the penguin’s chest, the operator pushed
the holder firmly, introducing the needle into the pectoralis
muscle. After needle penetration, the rod was pressed gently
until the full dose was evacuated from the syringe. In order to
avoid infection and disease transmission we used disposable
syringes and needles.

The data-logger dummies were made of the same material as
the authentic loggers, with the same hydrodynamic and mass
characteristics. For more detailed information see Culik et al.
(1994). Authentic devices and dummies were attached to the
backs of penguins using methods described by Wilson &
Wilson (1989a).

We obtained the best results with doses of 5 mg/kg BM (n=22,
which includes cases where equipped penguins were injected
a second time to recover the devices or dummies). With this
dose, the animals did not fall asleep and the fleeing response
was reduced. In all cases in which we used doses equal to
5 mg/kg BM, a sedative effect was observed after 5–10 min,
with total recovery after 40–45 min. With doses greater than
5 mg/kg BM, the penguins salivated, showed muscular rigid-
ity and had some difficulty maintaining body position, and
recovery time took 50–60 min. With doses of 7.5 mg/kg BM
total recovery was achieved after 60–70 min. With doses less
than 5 mg/kg BM, the birds reacted very strongly to our
manipulation and attachment of the dummy-instruments to
their back (Table 1). In a preliminary study, two birds were in-
jected with 1.5 mg/kg BM Ketavet. After attachment of the
dummy instrument, the birds were returned to the nest site.
However, they subsequently abandoned the nest and the
dummy instruments could not be recovered.

After sedation of the penguin, we removed it from its nest, and
installed the dummy or the data-logger. The animal was
relaxed, which allowed us to work quickly and safely. The time
needed for the entire manipulation varied between 10 and 15
minutes. The animals were kept in the shade for the complete
time they were off their nests. After installation of the units,
the animals were put back onto their nests. There, they did not
attempt to escape or leave their chicks, and we did not observed
aggressive behaviour directed to us. None of the animals was
observed to vomit. All the penguins stayed for 1–2 days on the
nest after being fitted with devices, and subsequently returned
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to the nest after 12–24 hours at sea (Table 2). This behaviour
is typical of Humboldt Penguins (Wilson & Wilson 1990).

According to our results, Ketavet acted as an effective tranquil-
izer, and with the exception of the one nest that was abandoned,
the birds behaved normally subsequent to their handling. It
remains to be proven whether birds calmed by Ketavet and
equipped with external devices display a reduced stress re-
sponse to handling and have a better breeding outcome than
non-tranquilized birds used in similar investigations, but this
seems likely. The dose considered optimal for Humboldt Pen-
guin (5 mg/kg BM) coincides with the results obtained by
Wilson & Wilson (1989b) on the African or Jackass Penguin
S. demersus and other seabirds.

The determination of a dose that does not produce anaesthe-
sia is important because if the adults are unconscious their
chicks might be defenceless to predators and to environmen-
tal factors, such as high temperatures and high radiation. This
is especially critical when the chicks are still unable to
thermoregulate. During this phase, the chicks depend com-
pletely on the parents’ protection (Montevecchi & Vaughan
1989). However, this is specially relevant to surface-nesting
more than to burrow-nesting species. Another reason why
anaesthesia should be avoided is that small chicks could be
suffocated by the adult. In addition, unconscious birds may
suffer from vomiting and increased body temperature (Hector
1984). In agreement with Wilson & Wilson (1989b), we rec-
ommend research to test study animals by initially administer-
ing small doses of sedative and then gradually increasing the
dose. In the event that Ketavet proves unacceptable, other

sedatives, such as alphaxalone and aldaphalone,
have been shown to allow excellent recovery
(Hector 1984).

The use of the methodology described here has
advantages over other capture methods. These
advantages and their modification according to
species would be useful in the capture of birds
for morphometric studies, studies of moult,
banding and for the installation of telemetric
systems. Furthermore, the technique described
seems to have particular application for burrow-
nesting seabirds, which may not be easily acces-
sible without potentially breaking eggs or dis-
turbing chicks. Intramuscular injection of the
sedative does not seem to affect the birds’ behav-
iour, although more studies are necessary to
determine the effects of sedatives on physiologi-

cal parameters. Although a third of the injected penguins left
their nests for a period of some hours, in only one case was the
nest abandoned (Table 2). Subsequent visits to the study area
showed that chicks from all the other manipulated nests
fledged. The major advantages of the system described here
are low cost and ease of assembly and handling of the system.
The total cost of the system is not more than US$ 5 and only
2–3 hours are necessary to build it.

Wilson & Wilson (1989b) proposed a more complex and
expensive system with an electric motor and a remote control.
These units allow a sedative to be injected by an observer up
to 500 m away from the nest, reducing disturbance even
further. This has been shown ideal for birds that are very sen-
sitive to human presence and depart before workers can
approach close enough to operate our system. However, the
remote control system must be previously placed close to the
nest and it is necessary to wait until the bird is in the right
position to be injected. This system would be difficult to
implement on Humboldt Penguins because normally their nests
are excavated in the ground or are in cavities between large
rocks. These conditions are, however, ideal for the use of our
system because the topography reduces the possibility that the
parents will escape when someone approaches the nest to inject
the sedative. In our method the operator does not need to be
near the nest more than once. After injecting the sedative the
investigator can wait, at an appropriate distance, for the appear-
ance of symptoms.

The use of a stress-minimizing system for the capture of wild
animals is an important issue. Capture and manipulation can

Fig. 1.  A Cross section of the aluminium holder. B Sketch of the system used
to anaesthetize penguins: pl = plastic cylinder; sy = syringe: ct = transverse
cut; pt = piston of syringe; rd = rod.

TABLE 1

SYMPTOMS ASSOCIATED WITH DIFFERENT DOSES OF KETAMINE HYDROCHLORIDE IN BREEDING
HUMBOLDT PENGUINS SPHENISCUS HUMBOLDTI

Doses tested n Symptoms Recovery time
(mg/kg BM) (minutes)

2–3 4 No sedative effects were observed. Birds remained tense and alert and engaged –
actively in nest defence.

4 4 First symptoms of sedation appeared after 3–4 min. Birds appeared to have 30–40
some difficulty maintaining head position.

5 22 As above, but birds remained in relaxed state. No signs of aggression. 40–45
7.5 3 Salivation, muscular rigidity. Birds appeared to have some difficulty maintaining 50–60

body position. One bird became unconscious.
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induce high levels of stress, which can be increased when birds
are nesting, because the parents put extra effort into defend-
ing eggs or chicks (Wilson et al. 1991). Several studies of wild
birds where loggers were used (Grémillet & Plös 1994) or
where birds have been manipulated to study growth rates
(Guerra et al. 1988) or ontogeny of thermoregulation (Monte-
vecchi & Vaughan 1989) have required that birds be captured
on the nest. Unfortunately, such studies do not give any infor-
mation on the negative effects produced by the capture,
manipulation and disturbance in the breeding colony. If the
parents do not abandon the colony at the moment of distur-
bance, they might do so later. There is also a possibility that
the adults will not return to the same nest site the following
year. Although these factors may not significantly affect
survivorship and juvenile recruitment in a population without
conservation problems, they may have a significant impact on
population size in an endangered species, such as the Hum-
boldt Penguin (CONAF 1988, Guerra et al. 1986).
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TABLE 2

THE TYPE OF DEVICES ATTACHED TO PENGUINS, THE DATE OF ATTACHMENT, THE DATE OF
RECOVERY, THE DURATION OF THE FIRST FORAGING TRIP AFTER THE INJECTION AND THE

EFFECTS OF MANIPULATION ON BREEDING SUCCESS OF BREEDING HUMBOLDT PENGUIN
SPHENISCUS HUMBOLDTI AT PAN DE AZUCAR ISLAND, NORTHERN CHILE

Device Date of Date of Duration of Effect on
attachment recovery foraging trip (h) breeding success

Dummy 1 12 Dec 1993 14 Dec 1994 10 N.A.
Dummy 2 12 Dec 1993 14 Dec 1994 10 N.A.
Dummy 3 12 Dec 1993 N.R. ? T.A.; C.S.
Dummy 4 12 Dec 1993 N.R. ? T.A.; C.S.
DKLOG 100 25 Jan 1994 N.R. ? T.A.; C.S.
MK6 N. 5 10 Nov 1994 13 Nov 1994 8.15 N.A.
MK6 N. 2 10 Nov 1994 14 Dec 1994 8 N.A.
MK6 N. 3 10 Nov 1994 13 Nov 1994 8.15 N.A.
MK6 N. 4 19 Nov 1994 22 Nov 1994 13.9 N.A.
MK6 N. 1 19 Nov 1994 N.R. ? A.; C.N.S.
MK6 N. 6 19 Nov 1994 26 Nov 1994 12.8 N.A.
MK6 N. 3 22 Nov 1994 N.R. ? T.A.; C.S.
MK6 N. 2 22 Nov 1994 26 Nov 1994 14 N.A.
VHF N. 1 10 Nov 1994 N.I. 10.5 N.A.
VHF N. 2 10 Nov 1994 N.I. 10.5 N.A.
VHF N. 3 19 Nov 1994 N.I. 8 N.A.
VHF N. 4 22 Nov 1994 N.I. 6 N.A.
PTT N. 1 10 Nov 1994 N.I. 10.5 N.A.
PTT N. 2 10 Nov 1994 N.I. 9 N.A.

A. = Birds abandoned nest. N.A. = Birds did not abandon nest. T.A. = Birds temporarily absent. C.S. = Chicks or eggs survived. C.N.S. =
Chicks or eggs did not survive. N.R. = Devices not recovered. N.I. = No attempt made to recover unit. MK6 = Time-depth recorder from
Wildlife Telemetry, USA. VHF = Very high frequency transmitter from Telonics, USA. PTT = Satellite transmitter from Telonics, USA.
DKLOG100 = Time-depth recorder from Driesen & Kern, Germany.

Mrs Samia de Arruda Sarkis for her enthusiastic collaboration
during field work and to Mrs Astrid Lavados (ALUXA S.A.),
who helped so much and provided aluminium without restric-
tion. We thank Rory Wilson for revision and comments on the
manuscript and Chris Brown, Lloyd Davis and an anonymous
referee for their corrections and suggestions to the manuscript.

REFERENCES

CONAF. 1988. Red List of Chilean terrestrial vertebrates. Pro-
ceedings of the Symposium ‘Conservation Status of Chil-
ean Terrestrial Vertebrate Fauna’. Santiago: Impresiones
Comerciales, CONAF, Chile.

CULIK, B. & WILSON, R. 1991. Penguins crowded out?
Nature 351: 340.

CULIK, B.M., BANNASCH, R. & WILSON, R.P. 1994.
External devices on penguins: how important is shape?
Mar. Biol. 118: 353–357.

DAVIS, L.S. & MILLER, G. 1992. Satellite tracking of Adélie
Penguins. Polar Biol. 12: 503–506.

GUERRA, C.G., FITZPATRICK, L.C. & AGUILAR, R.E.
1988. Growth rates in Gray Gulls Larus modestus: influence
of desert nesting and foraging distance. Auk 105: 779–783.

GUERRA, C.G., LUNA, G.S. & AGUILAR, R.E. 1986.
Problemas y sugerencias sobre el manejo de las poblaciones
de aves guaneras en la Segunda Región. In: CIPMA (Eds).
Segundo Encuentro Científico sobre el Medio Ambiente
Chileno. CIPMA Tomo II.



Short communications50 Marine Ornithology 24

GRÉMILLET, D.J.H. & PLÖS, A.L. 1994. The use of stom-
ach temperature records for the calculation of daily food
intake in cormorants. J. exp. Biol. 189: 105–115.

HEATH, R.G.M. & RANDALL, R.M. 1989. Foraging ranges
and movements of Jackass Penguins (Spheniscus demersus)
established through radio telemetry. J. Zool., Lond. 217:
367–379.

HECTOR, J.A.L. 1984. Techniques for the serial collection of
blood samples and inspection of gonads in free-living
albatrosses. Br. Antarct. Surv. Bull. 63: 127–133.

MONTEVECCHI, W.A. & VAUGHAN, R.B. 1989. The on-
togeny of thermal independence in nestling gannets. Ornis
Scandinavica 20: 161–168.

WILSON, R.P. & WILSON, M.-P. 1989a. Tape: a package

attachment technique for penguins. Wildl. Soc. Bull. 17: 77–79.
WILSON, R.P. & WILSON, M.-P. 1989b. A minimal-stress

bird-capture technique. J. Wild. Manage. 53: 77–80.
WILSON, R.P. & WILSON, M.-P. 1990. Foraging ecology of

breeding Spheniscus penguins. In: Davis, L.S. & Darby, J.T.
(Eds). Penguin biology. San Diego: Academic Press. pp.
181–206.

WILSON, R.P., CULIK, B., DANFELD, R. & ADELUNG, D.
1991. People in Antarctic – how much do Adélie Penguins
Pygoscelis adeliae care? Polar Biol. 11: 363–370.

WILSON, R.P., CULIK, B.M., BANNASCH, R. & DRIESEN,
H.H. 1993. Monitoring penguins at sea using data loggers.
Biotelemetry 12: 205–214.


