
lected for studies of the activity of two main enzymes
in gamma-aminobutyric acid metabolism: glutamic
acid decarboxilase and gamma-aminobutyric acid
transaminase.

In these fishes the occurence of a glycoprotein in
blood, reducing the freezing point of biological fluids,
poses some questions regarding its possible influence
on the central nervous system and the blood-brain
barrier. Blood samples were taken from these fishes
to determine the presence of such protein.

The assistance and collaboration of personnel at
Palmer Station and of the crew aboard R/V Hero
is greatly appreciated.

Blood flow in the giant petrel

CHARLES L. GUARD and DAVID E. MURRISH
Department of Biology

Case Western Reserve University
Cleveland, Ohio 44106

The uninsulated feet and legs of birds commonly
are exposed to extremes of cold in polar regions.
Blood circulation through these extremities must
balance the demands of (a) tissue nutrition, (b) pre-
vention of tissue freezing, and (c) core body tempera-
ture regulation. The dense vascularization character-
istic of bird feet appears to provide blood flow capac-
ity i i excess of nutritional needs. Composed mostly of
bone and connective tissue, the non-feathered extremi-
ties iave low metabolic oxygen requirements and thus
havi little local heat production. Heat from the body
core must be supplied via blood circulation to main-
tain i tissue temperatures above ambient temperature.
During periods of intense activity the naked extremi-
ties serve to dissipate heat. Feet and legs are the
major avenue of heat loss in gulls, their importance
increasing with ambient temperature (Steen and
Steen, 1965).

The giant petrel (Macronectes giganteus) presents
an ideal and interesting model for study of the con-
trol mechanisms of peripheral circulation. Unlike the
gull, the giant petrel has a dual system of venous
return from the web and lower leg. One set of veins
returns to the body core as an anastomosing plexus
surrounding the single supplying artery. Another,
larger venous drainage, although spatially separate,
returns in parallel with the countercurrent veins. The
primary arterio-venous connections for the counter-
current veins are via capillaries. Conversely, non-
nuritive anastomoses connect the small arteries and
the other, more peripheral, venous return. The plantar

surface of ducks' feet also contain plentiful arterio-
venous anastomoses (Schumacher, 1916).

Fifteen giant petrels, each weighing from 3.4 to
5.4 kilograms, were captured in the vicinity of Arthur
Harbor, Anvers Island, during the 1973-1974 austral
summer. Birds were anaesthetized intravenously with
nembutal sodium for the implanting of electro-
magnetic blood flow probes, blood pressure and in-
fusion cannulae, and 45-gage copper-constantan
thermocouples. Blood flow was measured in the dorsal
pedal artery at the feather line and at points more
proximal along the femoral artery. Blood pressure
was recorded from the cartoid artery, from an artery
along a toe in the web, from the peripheral vein just
below the tibio-metatarsal joint, from the peripheral
vein in the web, and from the countercurrent vein
along the lower tibia. Thermocouples were placed in
contact with the walls of the arteries and veins at
various points in the feet and legs.

Light anaesthesia was maintained with valium and
nembutal sodium during the course of the experiment.
Vascular responses to immersion of the feet in ice-
water and to heat stress were recorded. The effects

-	

BODY TEMPERATURE
0 39

I— 38

40	 TIBIAL ARTERY

0 20

10	 WEB

200J—

1 BO
1 70L
BO—

I 6Q/' EBEB VEIN

20
CL	F-.	—

VEIN

	

--.-	.
OL

	

E 40-0	DOR^SAL "PEDAL ARTERY
LC
co 

20—

	

Oh	 L_J
o15304::::0105

TIME, SEC.
Normal response of the giant petrel to immersion of both feet in
0°C. icewater. The arrow indicates the time of immersion. The
symbols on the ordinate axis from top to bottom represent tem-
perature, arterial pressure, venous pressure, and blood flow.

Ji4'—August 1974	 101



of the autonomic blocking and mimicking agents on
these responses also were evaluated. The drugs used
were propranolol (beta-adrenergic blocking agent),
isoproterenol (beta-adrenergic mimetic), phenoxy-
benzamine (alpha-adrenergic blocking agent), pheny-
lephrine (alpha-adrenergic mimetic), atropine (post-
ganglionic parasympathetic blocking agent), and
methacholine (postganglionic parasympathomimetic).

The normal response of the giant petrel to immer-
sion of its feet in icewater is an initial flush of warm
blood that may triple the preimmersion value (figure).
In a typical experiment, dorsal pedal artery blood
flow increased from 26 to 74 milliliters per minute.
Associated with this is a small increase in mean
systemic arterial blood pressure that usually persists
above preimmersion values after blood flow has
begun to decrease. Countercurrent vein pressure rises
slightly during the initial flush but peripheral vein
pressure increases greatly. In some preparations, the
central web vein pressure differed from web arterial
pressure by as little as 5 millimeters of mercury. Later,
during the early minutes of 0°C. icewater immersion,
the countercurrent vein pressures usually increase and
arterial blood temperatures along the tibia decrease.
In the experiment illustrated, tibial artery tempera-
ture was 26°C. after 5 minutes of immersion in ice-
water. Core body temperature usually decreases
initially then reaches a stable value after several
minutes of immersion.

Experiments in which the body temperature was
raised caused a vasodilation of the arterio-venous
anastomoses in an effort to dissipate heat. The web,
usually approximating ambient temperature, rises to
body temperature and the bird exposes maximal skin
surface for radiative heat loss. The vascular response
of the hyperthermic bird to immersion of the feet
in icewater is a maintained vasodilation of the arterio-
venous anastomoses and a massive, rapid ensuing heat
loss. This initial rapid rate of heat loss decreases as
body temperature returns to preheating values. One
bird (3.4 kilograms in weight) cooled from a core
temperature of 39.2° to 37.0°C. in 5 minutes and
then dropped only to 36.7°C. during the following 10
minutes of immersion.

Animals under beta-blockade showed very little
vasodilation of the arterio-venous anastomoses. The
initial flush upon immersion in icewater was reduced
or absent and the usual drop in body temperature
that accompanies 15 minutes of immersion also was
diminished or reversed. In one experiment, on a
4.5-kilogram bird, body temperature dropped by
3.15°C. during a control immersion period of 15
minutes. After injecting a beta-blocker, the hyper-
thermic bird cooled only 0.55°C. during a second
immersion. In the same experiment leg blood flow was

reduced from a pre-blockade value of 25 to 10 milli-
liters per minute and only reached a peak of 18
instead of the 74 milliliters per minute previously
stated. Isoproterenol, a beta-mimetic, infused at a
rate of 0.1 j.g per kilogram per minute, caused a
dilation of the arterio-venous anastomoses but not as
profound as that caused by either general body heat-
ing or by icewater immersion. Transient lowering of
systemic arterial blood pressure occurred simultane-
ously with an increase in peripheral vein pressure.

Alpha-blockaded animals had reduced systemic
arterial blood pressure and slightly increased leg
blood flow in air at 18°C. Upon immersion, a cold
flush occurred in the arterio-venous anastomoss, as
usual, but the countercurrent veins were acting to
cool arterial blood from the outset. This reduced
body heat loss, although blood flow through the
peripheral vein system was high. Alpha-adrenergic
mimetics caused constriction of the vascular pathways
leading to the countercurrent veins. During icewater
immersion, heat loss was accentuated due to lboth
increased systemic arterial pressure and to inhibited
countercurrent cooling of arterial blood.

Drugs acting on the postganglionic parasympathetic
nervous system have no specific effects on leg blood
flow. Neither atropine nor methacholine had any
specific effects on the arterio-venous anastomoses that
were distinguishable from systemic cardiovascular
effects. Methacholine produced slight vasodilation of
the countercurrent system.

The countercurrent return in the giant petrel unc-
tions primarily for tissue nutrition and heat conserva-
tion while the more peripheral return functions for
heat dissipation. Total leg blood flow depends cl sely
on ambient temperatures above freezing (Job nsen
and Millard, 1973). The prevention of tissuefre zing
results in a combined, graded response of both ye ous
return systems. The countercurrent veins cool the
arterial blood to minimize heat loss while the art rio-
venous anastomoses and peripheral veins mai tam
foot and leg tissue temperature just above the freezing
point.

The arterio-venous anastomoses leading to the
peripheral return vein were shown to be under beta-
adrenergic active vasodilatory control. This system
performs a function similar to the skin vasculature
of the muskrat tail that also has active vasodilation
(Johansen, 1962). In contrast, the capillaries connect-
ing the supply artery with its countercurrent plexus
were shown to be under alpha-adrenergic vasocon -
strictive control. This is the first good evidence of
dual sympathetic innervation of a peripheral vascular
bed.

Dr. Guard was at Palmer Station from Deceriber
16, 1973, to February 27, 1974. This research was
supported by National Institutes of Health grant
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HL-14640-02 and by National Science Foundation
grant GV-35343.
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Ornithological investigations of the
antarctic tern

DAVID F. PARMELEE and STEPHEN J . MAXSON
Field Biology Program
University of Minnesota

Minneapolis, Minnesota 55455

Plans to study birds of the antarctic pack ice in
conjunction with seal studies had to be abandoned
because of mechanical difficulties aboard R/V Hero.
While awaiting Hero's departure from Ushuaia,
Argentina, we made numerous observations of birds
on Islas Bridges, in the Beagle Channel. On Novem-
ber 15, many weeks behind schedule, Hero sailed for
the outh Shetland Islands.

From November 18 to November 21, in company
with seal investigators Messrs. Roberti. Hofman and
Nathaniel R. Flesness, University of Minnesota,
we visited the following sites: Stigant Point, King
George Island; Harmony Cove, Nelson Island; Water-
boat Point, on the Danco Coast. On November 22,
Hero arrived at Palmer Station. A large breeding
colony of antarctic terns (Sterna vittata) was located
on nearby Bonaparte Point, and we decided to re-
main at Palmer to study these terns following National
Science Foundation approval of the change in plans.
Messrs. Hofman and Flesness left Palmer the next
day aboard Hero on its originally scheduled return
trip to Ushuaia.

Study of the little-known antarctic tern (figure)
went well and we were able to gather much data on the
species breeding behavior. Preliminary findings indi-
cate that although its breeding biology (clutch size, egg
laying and incubation periods, role of the sexes in care
of eggs and chicks, etc.) is generally similar to that of
the arctic tern (Sterna paradisaea) and others of the
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Antarctic tern.

genus, it differs remarkably from the others in its
adaptations to its peculiar environment. The study
ended prematurely when Hero left Palmer for a
second time on December 12. The return trip to
Ushuaia included stops at Deception Island, at False
Bay (Livingston Island), and at Harmony Cove
(Nelson Island).

What first appeared to be a disappointing season
turned out to be a highly profitable one. With respect
to terns and other charadriiform species, the breed-
ing grounds near Palmer were by far the best of many
study areas assessed. The study initiated at Palmer
holds much promise for future investigation.

This research was supoprted by National Science
Foundation grant GV-36032.

Bird sightings in Marie Byrd Land

DAVID J . RUGH
Institute of Polar Studies

The Ohio State University
Columbus, Ohio 43210

Bird sightings are not expected deep in the antarctic
interior since there is no food source on the extensive
continental ice sheet. At a camp on the Hollick-

Mr. Rugh, in the Environmental Biology Program, The
Ohio State University, is doing doctoral research in avian
adaptations to polar environments. Last season he was with
an Institute of Polar Studies glaciology team that did re-
search reported on page 167 of this issue.
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