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of central nervous system centers. One center monitors
thermal stimuli from the brood patch. This center reg-
ulates blood flow to the patch by variation in the degree
of alpha constrictor tone. This control, however, can be
modified when another center adjusts cutaneous flow to
aid in maintaining optimal core body temperatures. For
example, when the body temperature of the brooding
adult is above normal and a cold egg is introduced into
the patch, both systems cooperate to greatly increase
blood flow.

In a hypothermic bird, the center monitoring core
temperature takes priority over that for the brood patch,
and there is a sharp reduction in blood flow to the patch
containing a cold egg. This occurs despite the fact that
the egg temperature may already be low enough to be
harmful for the embryo.

The authors were in the field in January and February
1979. This work has been supported by National Science
Foundation grant DPP 77-21861.
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Figure 2. Effect of phenoxybenzamlne on relative blood flow
In the brood patch of an adult giant petrel. Zero time = flow
under control conditions. Alpha blocker infusion initiated at

1½ minutes.

Pharmacological studies gave preliminary evidence fa-
voring the existence of a sympathetic regulatory mech-
anism of blood flow based on active alpha constrictor
control. This control is similar to that found in the skin
of the human forearm (Roddie, Shepherd, and Whelan,
1957). Injection of phenoxybenzamine caused an im-
mediate increase in blood flow to the patch, indicating
release of alpha constrictor tone (figure 2). Twelve min-
utes after the alpha antagonist was administered, as the
alpha receptors became progressively blocked, brood
patch flow increased almost 300 percent over control
levels.

Our work with the giant petrel suggests the existence
of a control of brood patch flow based on a hierarchy
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Vascular anatomy of the brood
patch of the giant petrel

PAUL C. TIRRELL and DAVID E. MURRISH
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Proper development of avian embryos requires that
they be maintained at a relatively constant, warm tem-

perature. In the Antarctic, the thermal gradient between
the egg and the environment is often very large. The
heat to maintain this gradient must come almost exclu-
sively from the adult, and it is provided by the bird's
brood patch, an area of skin on the abdomen between
the xiphisternum and the pelvic girdle. Prolactin and
estrogen act synergistically to cause defeathering, edema,
and increased vascularity of the patch, all of which are
conditions that aid in the transfer of heat by conduction
to the egg and young (Bailey, 1952).

During the 1979 austral summer, we studied the vas-
cular anatomy of the brood patch of the giant petrel,
Macronectes giganteus, at Palmer Station. The birds were
captured on nearby islands. Only adults without eggs or
with non-viable eggs were used for anatomical purposes;
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these were injected with an overdose of pentobarbital
sodium given intravenously. The vessels of the brood
patch were injected with a silicone rubber compound
through a cannula inserted into the carotid artery. The
injections were performed under physiological pres-
sures.

The brood patch of the giant petrel is roughly egg
shaped, being 6.3.t 0.9 centimeters wide and 11.5 ± 2.4
centimeters long (N = 7). It covers an area of 65.2 ±
20.6 square centimeters, which is equivalent to about 35
percent of the surface area of the bird's egg. The outer
layer of the brood patch consists of cornified epidermis
containing numerous feather follicles (figure 1). Inter-
nal to this is a well-vascularized area interspersed with
bands of smooth muscle. The next layer is an extensive
region of adipose tissue. The interior of the patch is
bounded by two layers of smooth muscle oriented trans-
versely to each other, a layer of abdominal skeletal mus-
cle, and the parietal peritoneum.

The brood patch receives blood from four major ar-
teries. The anterior end of the patch is supplied by the
right and left external thoracic arteries. The external
thoracic arteries arise from the pectorals distal to the
bifurcation of the brachial arteries. They approach the
brood patch laterally and dorsal to the rib cage, and
proceed ventrocaudally along the ribs until they enter
the patch. Six smaller arteries arise from each of these
vessels and branch medially on the surface of the brood
patch.

The two arteries supplying the pelvic region of the
brood patch (the prepubic arteries) branch off from the
iliac arteries; they are lateral, dorsal, and craniad to the
pubic tip and run ventrocaudally along the pubis. As the
arteries approach the skin, branches are given off to the
superficial and deep muscles of the body wall. Where

Figure 1. Skin of the brood patch of the giant petrel (x 27.20).
(A = cornifield layer; B = feather follicle; C = smooth mus-

cle; D = adipose layer; E = vascular area.)
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Figure 2. Brood patch arteriovenous anastomosis in the
giant	petrel	(x 432).	(A = artery;	V = vein;

AVA = arteriovenous anastomosis.)

the arteries are just dorsal to the brood patch, they turn
and proceed directly to the surface. The vessels then
branch once, giving rise to a pair of smaller arteries that
branch over the lower surface of the patch.

The microvasculature of the giant petrel brood patch
is characterized by numerous arteriovenous (AV) anas-
tomoses (figure 2). There are 13.9± 1.4 AV anastomoses
per square centimeter of patch. They are-very convo-
luted and range in outer diameter from 50 to 70 mi-
crometers and in length from 200 to 450 micrometers.
With large diameters and low resistance, these vessels
connecting small arteries and veins allow a large volume
of blood to flow through the patch. This large flow car-
ries a substantial amount of heat from the core of the
adult to the skin, where it is used to warm the egg and
the newly hatched young. Arteriovenous anastomoses
for heat dissipation have also been described in the feet
of the giant petrel (Murrish and Guard, 1977).

The external thoracic veins collect blood from a num-
ber of smaller vessels that drain the anterior three-quar-
ters of the patch. They parallel the external thoracic
arteries and empty directly into the pectoral veins. The
veins from the pelvic region of the brood patch proceed
dorsocranially down the ventral ridge of the pubis and
join the iliacs at the level of the femoral veins.

The authors were in the field in January and February
1979. This work has been supported by National Science.
Foundation)i1 giant DPP 77-21861.
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