
with barbed streamer tags, without prior immobilization,
to provide behavioral comparison between drugged and
undrugged animals. Some of the drugged animals were
dyed with a large identifying number on the back so
that they could easily be identified in the water. Standard
measurements, a blood sample, and a toenail were taken
from most immobilized specimens. Four animals (two
males and two females) were drug-related fatalities, and
skulls, reproductive tracts, and stomachs were collected
for further analysis.

Leopard seals were frequently seen patroling areas
inhabited by penguins, but only two kills and three
unsuccessful attempts were observed. Fecal analysis sug-
gested that the primary food source of most of these
leopard seals was krill. The early arrival of UNS Mirfak
(February 6) resulted in the premature termination of
the project before Adélie fledglings entered the water.
Predation may have increased when young birds left the
rookeries, but the actuality remains an unknown.

This work was supported by National Science Foun-
dation grant GV-24327.
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Sympathetic control of nonshivering
thermogenesis in south polar skua chicks

DAVID E. MURRISH and CHARLES L. GUARD

Department of Biology
Case JVesten Reserve University

Chicks of the south polar skua Catharacta skna mc-
cormicki acquire the ability to maintain a constant body
temperature within several days after hatching (Speller-
berg, 1969). The maintenance of homeothermy by neo-
nate mammals is well established, but it is only poorly
understood in newly hatched precocial birds. Young
mammals are able to produce heat without shivering
(Brück and Wunnenberg, 1965). As they mature, the
nonshivering thermogenesis is replaced gradually by
shivering thermogenesis. The nonshivering heat pro-
duction is dependent upon endogenous catecholamines,
especially norepinephrine. Young domestic chicks dem-
onstrate a nonshivering thermogenic response to cold
that is apparently under the control of beta-activating
catecholamines (Wekstein and Zolman, 1968).

To determine if newly hatched skuas exhibit a similar

sympathetic neural response to cold stress, the effects of
several adrenergic blocking agents on the maintenance of
body temperatures were studied.

Birds were removed from the nest on 1, 3, and 5 days
after hatching. Mean body weights were 64.6, 75.8,
91.1 grams, respectively. If there was a pair of chicks in
the nest, only one was taken. All chicks were returned
to the nest within 6 hours, and no chick was used twice.
All but two birds completely recovered and appeared to
be healthy several days after their return to the nest.

Body temperatures were recorded from a telether-
mometer connected to a thermistor probe inserted 2.5.
centimeters in the cloaca. Birds were put in paper boxes
and then placed in a 30° C. incubator until the body
temperature stabilized. Finally, the chicks were injected
and 30 minutes later placed in a refrigerator regulated
at 10 :1: 1.0 0 C.

Birds of the three ages were injected, I.P., with either
(a) 0.9 percent saline solution, (b) 10 milligrams per
kilogram body weight propranolol, a beta-adrenergic
blocker; (c) 5 milligrams per kilogram phenoxybenza-
mine, an alpha-adrenergic blocker or (d) a combination
of propranolol and 2 milligrams per kilogram isoproter-
enol, a beta-activating amine.

Skua chicks can regulate their body temperature within
rather narrow limits (36.9 ± 0.5° C., SD) from their
first day without apparent shivering in an air temperature
of 10°C. (fig. 1).

Propranol, a beta-adrenergic blocker, hinders the abil-
ity of day-1 chicks to thermoregulate and their body

PropranoIoNI51l
.-.- .__.--1l

U
o 36\	£a	 Day 1, Saline (N=4)
Ld

Day32	 3,
F- Propranolo!

(N=5)

Lli 28	Day
dead Chick\

>1	 (N=2)
LIJ 24- Day 1,
>-	 QNoPro0

(N=5)
20 SOUTHpOLAR	N

cTJ SKUA CHICKS
26

0	30	60	90	120 150 180
TIME, MIN,

Figure 1. Effect of 10 milligrams per kilogram propranolol on the
body temperature of skua chicks, exposed to 100 centigrade, 1,
2, and 5 days after hatching. Saline injected controls for days
3 and 5 chicks are not shown; their body temperatures were
indistinguishable from 5-day chicks injected with propranolol.

July-August 1973	 197



(340
0

LU
Of 36
H

32
LU
0

H

20	

-.

>- 24
0
cr

Spellerberg, I. A. 1969. Incubation temperatures and thermo-
regulation in the McCormick skua. Condor, 71: 59-67.

Wekstein, D. R., and J. F. Zolman. 1968. Sympathetic control
of honieotherrny in the young chick. American Journal of
Physiology, 214: 908-912.
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Figure 2. Effect of 2 milligrams per kilogram isoproterenol on the
body temperature of 10 milligrams per kilogram propranolol in-
jected skua chicks exposed to 10° centigrade 1 day after hatching.

temperature drops at a rate similar to that of a dead
chick. Blockage of beta-receptor sites in day-3 chicks
does not have as drastic an effect on temperature regula-
tion, and by day-5, it has no effect (fig. 1). Shivering
was visually observed in day-3 and day-5 chicks. Injection
of an alpha-blocking drug into day-1 chicks had little
effect. These data suggest that newly hatched skuas pos-
sess a nonshivering thermogenesis and that its importance
in thermoregulation decreased with age until 5 days after
hatching, when it is replaced or superseded by shivering
thermogenesis. The nonshivering thermogenesis is de-
pendent upon the release of beta-activating catechola-
mines by the sympathetic activation during cold stress.
This conclusion is supported in that injection of iso-
proterenol, a beta-sympathomimetic amine, which com-
petes with propranolol for the beta-receptor site, allows
day-1 propranolol injected chicks to enhance their ability
to produce heat at 10° C. (fig. 2). The nonshivering
thermogenic response of skua chicks to cold is similar to
that of domestic chicks, but they acquire the ability to
produce heat by shivering at a much younger age.

The authors were in the field from December 1972 to
February 1973. This work was supported by National
Institutes of Health grant HL-14640-01 and National
Science Foundation grant GV-35343.
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Temperature dependence of blood
viscosity in antarctic homeotherms

CHARLES L. GUARD and DAVID E. MURRISH

Department of Biology
Case Western Reserve University

The importance of naked extremities of polar mam-
mals and birds as avenues of excess heat loss has long
been recognized (Irving and Krog, 1955). During sub-
zero weather, peripheral tissue temperature fluctuates
from near-core temperatures during exercise to near-
freezing when the animal is inactive. The tissues of bird
legs and feet and seal flippers have a relatively low
metabolic heat production and therefore depend on heat
transferred via the blood to remain above ambient tem-
perature. Consideration of the problems of maintaining
adequate perfusion to prevent tissue freezing must in-
volve both cardiovascular adjustments and the physical
properties of blood at low temperatures. The most im-
portant physical property affecting patterns of circulation
is the viscosity of blood, which is directly related to its
temperature. Blood viscosity increases a few percent
with each decreasing degree of temperature. Viscous
properties of blood were examined over the range of
normally encountered temperatures to contribute to an
understanding of circulation in the cold.

Viscosity of plasma and whole blood was measured
in a cone-plate viscometer as a function of shear rate at
various temperatures for a number of antarctic mammals
and birds. Samples were obtained via venipuncture into
heparinized syringes. Hematocrit was determined and
the remaining sample centrifuged. After removal of the
buffy coat, cells and plasma were recombined to yield
hematocrits of 30, 40, 50, and 60 percent. Viscosity was
determined on 1.0 milliliter samples at 0 0 , 50, 20 0 and
38° C.

Mean values for hematocrit of the freshly drawn sam-
ples were: 'Weddell seals (Leptonychotes ueddelli) 63.2
percent, leopard seals (Hydrurga leptonyx) '49.2 percent,
crabeater seals (Lobodon carcinophagus) 46.5 percent,
Adélie penguins (Pygoscelis adelie) 47.8 percent, chin-
strap penguins (Pygoscelis antarctica) 47.0 percent,
gentoo penguins (Pygoscelis Papua) 52.6 percent, blue-
eyed shags (Phalacrocax atriceps) 55.9 percent, giant
petrels (Macronectzis giganteus) 44.9 percent, and south
polar skuas (Catharacta skiia mccormicki) 45.5 percent.

All blood samples exhibited typically non-Newtonian
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