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20 days after the Adlies had begun nesting, the takeover of
nest sites by chinstraps caused Adélie egg losses. Adlies
banded in areas of interspecific competition for nest sites in
1976 showed less nest-site tenacity than Adlies in other col-
onies.

Preliminary analysis of our data indicates that of the three
pygocelids, Adélies and chinstraps have the most similar
resource requirements. These two species rarely breed in the
same rookery (Muller-Schwarze and Muller-Schwarze,
1975) and have very similar displays (Muller-Schwarze and
Muller-Schwarze, in preparation). That direct competition
for breeding habitat has been observed repeatedly is notewor-
thy in that such direct competition for critical resources is
seldom observed. Detailed analysis of our data should allow
us to judge further how similar the niches of the three
pygoscelids are, and also to hypothesize about the cause of the
direct competition between Adélies and chinstraps.

This work was supported by the National Science Foun-
dation through the Office of Polar Programs grant 7515506.
We thank the Polish Academy of Sciences, and in particular
Drs. Rakusa-Suszczewski,Jersak, and Zalewski, for generous
hospitality and assistance on many parts of our research.
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Figure 1. Schematic view of the effect of water on a terrestrial
eye and the effect of air on an aquatic eye.
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Corneal curvature and amphibious
vision in penguins
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Scientists long have been fascinated with the study of the
means by which amphibious vertebrates cope with the optical
problem of moving from air to water or vice versa. The
problem is that the cornea refracts light when it is in air but
not when it is in water. Thus an eye that is adapted for under-
water vision becomes considerably over-refractive (myopic)
in air while a,n aerial eye is under-refractive (hyperopic) in
water (figure 1).

Until recently, scientists believed penguins were visually
adapted for seeing underwater and were therefore extremely

Figure 2. The overall shape of the penguin eye as compared
with that of the typical avian eye. The reduced convexity of

the cornea Is obvious.
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myopic on land (Duke-Elder, 1958; Walls, 1942). Apparently
this conclusion was based on observations appearing in popu-
lar and semipopular reports of antarctic exploration. For ex-
ample,James Murray (1910), biologist to the Shackleton Ex-
pedition of 1907-1909, wrote that "many of the apparent
stupid acts of penguins are to be traced to their very defective
sight in air."

Optical studies of four species of penguins at zoological
parks indicate a far different situation (Sivak, 1976; Sivak and
Millodot, 1977). Refractive measurements of the eyes of
blackfoot, rockhopper, gentoo, and king penguins reveal that
the eye has little or no refractive error in air and low to
moderate hyperopia in water. Photokeratoscopic study of cor-
neal curvature shows that the hyperopia induced by move-
ment into water is minimized in penguins by an abnormally
flattened cornea.

Preliminary results from gross and microscopic study of
the Adélie penguin's (Pygoscelis adelzae) eye support this earlier
optical work. Six eyes, preserved in 10 percent formalin, were
provided by' Sea World, Inc., of San Diego. The overall shape
of the eye is a truncated oval, the truncation resulting from
the flattened appearance of the cornea. This appearance is in
marked contrast with that of the typical avian eye (Walls,
1942) in which the radius of curvature of the cornea is much
smaller than that of the whole eye (figure 2).

The crystalline lens is much more spherical than the usual
bird lens. Possible cause is the decreased refractive impor-
tance of the cornea resulting from its flattened curvature.
Histological study reveals a striated ciliary muscle, a common
characteristic of the accommodative muscle in birds. This
finding suggests that penguins are capable of augmenting the
focusing power of the eye to compensate for whatever hy-
peropia is introduced in underwater conditions.

Further research will be directed toward the anatomical
study of ocular tissue from other species as well as toward the
effect of a flattened cornea on the visual field of the penguin.

This research was supported in part by the National
Research Council of Canada. I thank the Montreal
Aquarium, the Metropolitan Toronto Zoo, the Scottish Na-
tional Zoological Park, Edinburgh, and Sea World, San
Diego, for their assistance.

Three Adêlie penguin colonies on
the Hobbs coast, and a nesting site

of the snow petrel, Marie Byrd
Land, Antarctica
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Ade'lie penguins (Pygoscelis ade'liae). Four penguin colonies,
indicated on the map of Hobbs Coast, Marie Byrd Land,
Antarctica, were visited during December 1977:

1. Cruzen Island (74'45S. 140'40'W.), a small island
about 64 kilometers from the coast, is surrounded on three
sides by permanent sea ice and is nearly covered by snow and
ice. The only exposures are two shelves facing the sea. The
lower of these shelves is about 30 meters above sea level and is
large enough for about 100 penguin nests. The second shelf is
about 100 meters above the lower shelf and is just large
enough for a helicopter.

On 13 December we observed the Cruzen Island nesting
site (figure 1). The site was free of snow. There were approx-
imately 100 active nests, rather evenly distributed; the colony
was active and healthy, but we saw no chicks. We noted two
or three skuas and a few snow petrels flying.

The open sea off Cruzen Island had many lovely, flat-
topped icebergs.

2. Worley Point (74°25S. 132°48'W.) on Shepard Island
is a rolling plain, sloping gently to the shallow bay and rising

'
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Figure 1. Cruzen Island Adélie penguin colony in its

entirety.
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