
to elucidate the factors affecting population num-
bers and distribution patterns. In recent years we
have concentrated our efforts on understanding
the reproductive patterns of individually marked
adult females. An adult Weddell seal is physiologi-
cally capable of producing pups up to 5 years in a
row. Yet, in any one year the probability of her
pupping is between 0.6 and 0.7. Therefore, re-
search efforts in the 1975-1976 field season con-
centrated on (1) continuation of extensive tag
resighting to estimate the number of seals in various
age-sex classes, (2) collection of vaginal smears at
3-day intervals from female Weddell seals with and
without pups to examine possible differences in the
onset of estrous, (3) use of radio telemetry to de-
termine how many days after giving birth an adult
female with a pup will allow a territorial male to
approach her, and (4) establishment of an artificial
colony on the unbroken sea ice to compare growth
rate of pups and adult females at unusually high
densities with control females and pups at Hutton
Cliffs.

This year's abnormal ice conditions required al-
terations in the procedure followed in past years.
Under normal ice conditions, seals would be tagged
and the western side of Ross Island would be cen-
sused once a week via trackmaster. This year such
activities were not possible. Therefore, to main-
tain the continuity of individual seal records over
the past 8 years, we made four helicopter flights
north of the Erebus Glacier Tongue and weekly
censuses via trackmaster south of the tongue. In
this way we feel we accounted for a majority of
the pup production, and we observed an adequate
sample of previously tagged adults to maintain the
continuity of our tagging data.

To understand the decrease in annual produc-
tivity in this population, we wanted to determine
which adults were coming into estrous and which
were breeding. To make this determination we col-
lected vaginal smears from over 200 adult females.
The scheme involved taking smears from 10 fe-
males with pups and 10 females without pups at 3-
day intervals from parturition through 40 days
postpartum. With these smears we hope to dif-
ferentiate seals that have come into heat from those
that have not. Moreover, the smears may help dis-
cern the influence pupping has on the probability
of coming into estrous. As an independent check
on the time of breeding, we used radio tags that
emitted a specific radio signal whenever a radio-
tagged male approached a radio-tagged female.
The data collected from these radio-monitored
encounters suggest that breeding among parous
females occurs from 15 November to 10 December.

For the artificial colony studies, we put eight
females and their pups in a 60- by 15-meter en-
closure on unbroken sea ice. Only two holes were

drilled through the ice to allow access to the water.
At 1-week intervals, we weighed and measured
these animals and a control group at Hutton Cliffs.
We hope this experiment will suggest relationships
among pup rearing, nutritional status, and the den-
sity of the pupping colony. Preliminary analysis
suggests that there was no obvious difference in the
amount of scarring or the pattern of weight loss at
the experimental colony compared to the control
at Hutton Cliffs. During next season's censusing,
we hope to ascertain the effect of this year's ex-
perimentally induced high population density on
next year's reproductive success.

This research was performed under National
Science Foundation grant Opp 73-09316.
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During the austral summer, most penguins leave
the antarctic ocean waters and return to the rooker-
ies on land. At higher latitudes along the Antarctic
Peninsula, clear, sunny days with little wind are
common during the summer. When this happens,
nesting birds and their chicks are exposed to in-
tense solar radiation. This, coupled with their ex-
cellent body insulation, results in a rise of body
temperature and a subsequent 10- to 20-fold in-
crease in respiratory ventilation. An increase of this
order could result in excessive loss of carbon
dioxide from the blood, resulting in severe respira-
tory alkalosis as observed in other birds (Calder
and Schmidt-Nielsen, 1966, 1968) unless some
mechanism exists to regulate respiration during
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this period (Bouverot et at., 1974; Marder et at.,
1974).

The purpose of this project was to quantitatively
look at respiratory alkalosis in penguins and the
accompanying acid-base changes in blood. The
study was carried out at Palmer Station from De-
cember 1975 to March 1976.

Three penguin species were used: Adélie (Pygo-
scetis adeliae), chinstrap (P. antarctica), and gentoo
(P. papua). Only nonbreeding birds were selected,
and these were maintained in a large outdoor en-
closure with access to snow and seawater. All birds
were released within a week of capture. Catheters
filled with heparinized saline were placed in the
carotid artery and jugular vein on birds anesthe-
tized with halothane. Lidocaine HC  was used as a
local anesthetic. The recovery period was 24 to 48
hours. Blood was periodically withdrawn and pH,
PCO2 , and P02 measurements made using a radio-
meter blood microsystem (BMSZ MK2 and PHM 71
MK2). Hemoglobin concentration was measured
spectrophotometrically. Body temperatures were
monitored with a body thermistor placed inter-
muscularly. Field observations and similar labora-
tory measurements on chicks of differing age classes
were also obtained, but these are not discussed here.

During the experiments, the unrestrained animal
was placed in a temperature-controlled chamber
with catheters and thermistor leads running out-
side, allowing us to take blood samples and measure
body temperatures without disturbing the bird. An
observation port was available. After the bird had
quieted down and blood values were consistent for
2 to 3 hours, the temperature in the chamber was
gradually raised. Initial temperatures were 200 to
23°C, and were increased in 3°C increments. The
birds were maintained at each incremental tem-
perature until blood values became consistent (30
to 60 minutes). In this way an animal could be kept
at a certain elevated body temperature and ventila-
tion rate while the pH, pCO 2 , and P02 were being
monitored.

Blood parameters for resting penguins are given
in table 1. The values are comparable with other
birds (Calder and Schmidt-Nielsen, 1968), although
the carbon dioxide tensions are generally higher.
The effect of severe heat stress on the three species
of penguins is presented in table 2. Five to six repre-
sentative individual runs are shown for each spe-
cies. Below body temperatures of 40°C, all birds
were able to maintain blood pH and pCO2 within
nearly normal ranges. However, when body tem-
peratures increased to over 40°C, they experienced
hypocapnia and became alkalotic.

The three species demonstrated a high tolerance
for heat loads and differed only in the degree of
the response. The maximum change in pH and
PC Q, for gentoo penguins was almost twice that of

Table 1. Normal blood parameters for three species of
resting penguins.

Adélie (n) Chinstrap (n) Gentoo (n)

Body temperature (Tb) 38.5°C(5)	39.8°C (6)* 38.8°C (4)
Hematocrit (%)	44.4 (9)	43.0	(4)	44.3 (6)
Hemoglobin (gm.%)	16.2 (9)	17.4	(4)	16.0 (6)
pH	 7.50 (5)	7.52	(6)	7.51 (5)
Arterial pCO2 (mm Hg) 37	(5)	37	(6)	42	(5)
Arterial P02 (mm Hg) 83	(4)	82	(6)	81	(5)

*This value represents body temperatures taken on resting
birds under laboratory conditions. Body temperatures in the
field would be expected to be somewhat lower.

the Adélie and chinstrap penguins, and may reflect
their somewhat larger size and better diving ability
(Lenfant et al., 1969). Gentoo penguins were more
tolerant of higher body temperatures and were able
to maintain a higher blood pCO 2 for a longer
period. However, when a body temperature of
about 40.3° was reached, the birds began to venti-
late heavily and the pCO 2 fell heavily. We suggest
that under moderate heat loads these three pen-
guin species are able to undergo a sustained mod-
erate elevation in respiratory rate without becoming
alkalotic, and that at increased heat loads there is
little or no respiratory compensation to prevent

Table 2. Respiratory responses to severe heat stress.

Penguin	Weight (kg) LWR* zTb* zpH* zpCO2*

Ad6lie-2	3.50	8-45	1.6	0.04	14
Ad6lie-5	2.04	8-63	2.0	.17	23
Ad6lie-6	3.54	13-60	1.0	.23	17
Ad6lie-7	3.15	8-36	0.8	.27	10
Adélie-8	2.86	13-44	1.2	.18	17
Chinstrap-1	2.92	6-29	0.9	.08	13
Chinstrap-2	2.75	9-30	1.2	.10	12
Chinstrap-3	3.57	10-34	0.9	.08	18
Chinstrap-4	3.89	10-60	2.0	.02	2
Chinstrap-5	3.55	9-60	1.7	.26	27
Chinstrap-6	3.04	9-45	0.8	.08	10
Gentoo-1	4.78	7-76	0.0	.32	23
Gentoo-2	4.71	6-86	1.2	.33	26
Gentoo-3	4.09	4-47	0.0	.19	24
Gentoo-4	5.22	4-46	1.4	.24	28
Gentoo-5	4.23	6-46	0.0	.25	22

*VR, ventilation rate per minute at rest and at maximum heat
stress; ATb , increase in body temperature in C°; i.pH, increase
in pH at heat stress; ApCO2 , decrease in arterial tension (mm
Hg).
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alkalosis. The animals are able to tolerate this large
shift in acid-base balance.

This research was supported by National Science
Foundation grant o pp 74-18368 and National Insti-
tutes of Health grant HL 14640.
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All three pygoscelid penguins (gentoo, Pygoscelis
papua; Adélie, P. adeliae; chinstrap, P. antarctica)
have loud, harsh calls that are used in intra- and
interspecific interactions during the breeding
season. The vocal displays of the gentoo differ from
those of both the Adélie and the chinstrap. During
loud mutual and ecstatic calling, gentoos have the
ability to vocalize on inspiration and well as expira-
tion.

In most birds, sound is produced as air moves in
a caudalcephalad direction past two thin tympani -
form membranes in the syrinx located at the
trachael-bronchial junction (Gross, 1964; Gottlieb
and Vandenbergh, 1968). The syrinx is within the
interciavicular air sacs (IcAS) and is moved by as
many as nine pairs of muscles that may originate
and insert wholly on the syrinx (as in passerines)
or, as in nonpasserines, that originate from skeletal
structures and insert on the syrinx. In most non-
passerines, vocalization is dependent upon three
factors: air movement, positive pressure in the
ICAS, and contraction of one or more pairs of
tracheal- syringeal muscles (Greenewalt, 1968;
Youngren et al., 1974; Lockner and Murrish, 1975;
Lockner and Youngren, in press).

The following descriptions are based on both
fresh and preserved dissections of 16 adult pen-
guins originally used in physiological studies. The
general structure of the trachea and the syrinx is
similar in all three species. The trachea consists
of a series of complete cartilaginous rings inter-
connected by connective tissue. Upon contraction
of the trachea, these rings form an imbricate pat-
tern when alternate rings slide over or under ad-
jacent ones. At the tracheal-syringeal junction, the
rings no longer overlap and are much less flexible.

Beginning at each bronchus, the syringeal drum
is completely divided dorso-ventrally, forming two
separate air pathways. This division continues an-
teriorly up the trachea for about one-third or two-
thirds of its length, depending on the species (table).

The syrinx, itself (syringeal drum), consists of
several complete rings extending into each bron-
chus. At the caudal margins of the drum, the rings
are incomplete medially and provide support for
the vibratory internal tympaniform membranes
(ITM). The ITM extend the entire length (-25 milli-
meters) of the primary bronchi. Medially, the two
bronchi are connected by a strong membrane
(bronch ides mus), which is attached to the esopha-
gous dorsally and the pericardium caudally. The
bronchidesmus is incomplete rostrally, leaving
about 5 millimeters of each ITM exposed to the ICAS.

Only two pairs of well-developed syringeal-
tracheal muscles are present in all three species.
Mm. Tracheolateralis originates from the urohyal
on the anterior-most part of the trachea. Each
muscle runs laterally down almost the entire length
of the trachea to insert on the anterior portion of
the syringeal drum. Mm. Sternotrachealis arises
from the coracoid process and runs obliquely an-
terior and dorsal to insert on the trachea just
caudal to the ICAS. Both muscles are innervated
by cranial nerve XII (the hypoglossal). Large
dermal muscles arising from the neck and inserting
on the hyoid are present in all three species. These
muscles are innervated by cranial nerve XI (spinal
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