
properties differentiate the physical chem- 
ical characteristics of DST from SDS. The 
CMC of SDS was 4 mM under the condi- 
tions of these experiments, whereas the 
CMC of DST was 21 mM, and cholesterol 
was more efficiently solubilized by the 
longer DST molecule. The bulky hydrated 
head group should stabilize the DST mi- 
celle, and reduce the hydrophobic chain in- 
teractions, thus opening the palisade layer 
of the micelle for interactions with the 
bulky, nonpolar parts of sterols. For the 
same reason, the strong, bulky, polar head 
group may render the molecules so soluble 
in water that they are poor oil-water emul- 
sifiers. The rigidity of the steroidal hydro- 
phobic parts of simple bile salt micelles 
reduces their efficiency for cholesterol 
solubilization. However, once lecithin is in- 
corporated into the micelles, the acquired 
liquid hydrocarbon core increases choles- 
terol solubility significantly (Fig. 3). 

Whatever the precise explanation for 
those differences, the results establish that 
the crustacean detergent is not an efficient 
emulsifier but exhibits a marked capacity 
to solubilize cholesterol and lecithin as 
mixed micelles. While further studies will 
have to be performed to see the effect of 
free fatty acid and other constituents of the 
postcibal intestinal milieu on solubiliza- 
tion, our results support our hypothesis 
that these detergents promote the in- 
testinal absorption of ingested sterol. The 
high capacity of crustacean detergent for 
cholesterol solubilization ensures the 
maintenance of cholesterol in solution in 
the exocrine secretion of hepatopancreas 
even at low concentrations of lecithin, and 
promotes the efficient solubilization of 
dietary sterols prior to absorption. The re- 
sults also suggest that DST may serve as a 
model for detergent replacement in bile 
salt deficiency syndromes in humans. 
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their presence was suspected in two species 
of seals (Callorhinus ursinus and Phoca 
vitulina) by Tarasoff and Fisher (2). 

Skin samples of a 2-day-old female pup 
and an adult female Weddell seal were 
taken from the dorsal midline between the 
scapulae, and from the dorsal aspect of the 

SCIENCE, VOL. 189 

their presence was suspected in two species 
of seals (Callorhinus ursinus and Phoca 
vitulina) by Tarasoff and Fisher (2). 

Skin samples of a 2-day-old female pup 
and an adult female Weddell seal were 
taken from the dorsal midline between the 
scapulae, and from the dorsal aspect of the 

SCIENCE, VOL. 189 

Arteriovenous Anastomoses in the Skin of the 

Weddell Seal, Leptonychotes weddelli 

Abstract. Arteriovenous anastomoses of epithelioid type were demonstrated in Wed- 
dell seal skin. The majority occurred just beneath the epidermis and among the hair fol- 
licles. There was no significant variation in density of these anastomoses between body 
and flipper skin. These observations suggest that arteriovenous anastomoses are impor- 
tant in thermoregulation in the Weddell seal, particularly as heat dissipating structures 
when the animal is out of the water, and that the entire body surface is involved rather 
than specific regions such as the flippers. 
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carpal region in the foreflipper, and fixed 
in 10 percent neutral buffered formalin. 
Serial sections (6 ,m) were stained with 
hematoxylin and eosin and examined to 
determine the size, structure, and distribu- 
tion of AVA's. In the determination of the 
density of AVA's, each anastomosis was 
identified from its arterial origin through 
its epithelioid segment to its venous termi- 
nation, and its location was entered on a 
diagram of the skin sample to insure that it 
was counted only once. 

Arteriovenous anastomoses in the body 
and flipper skin of the Weddell seals re- 
sembled the simple type of AVA's de- 
scribed in the skin of other mammals (1). 
In the seal the anastomoses were C-shaped 
or slightly coiled vessels in which the char- 
acteristic segments, artery, epithelioid seg- 
ment, and vein could be recognized (Fig. 
1). 

Anastomoses occurred throughout the 
dermis and hypodermis, the majority (65 
percent) occurring superficially beneath 
the epidermis and among the hair follicles. 

In both the pup and the adult there was 
no significant variation in density of 
AVA's between body and foreflipper skin 
(Table 1). In the pup the AVA's were 
smaller, but of a higher density, than in the 
adult. Assuming that the total number of 
AVA's in the skin is established at birth, 
these differences may indicate merely a 

Table 1. Density of arteriovenous anastomoses 
(AVA's) in Weddell seal skin. 

AVA's 
Ani- Re- Skin area ____A 
mal gion (cm2) (N) (Nc 

Pup Body 0.049 69 1408 
Pup Flipper 0.119 153 1286 

Adult Body 0.098 93 949 
Adult Flipper 0.080 78 975 

relationship between density of AVA's and 
total skin area. 

The structure, distribution, and density 
of AVA's in the skin of the seal differ from 
those in a terrestrial mammal, the sheep. 
In the sheep, the majority of AVA's occur 
at the dermal-hypodermal junction, and 
the greatest complexity and density of 
AVA's is found in forelimb skin (3), which 
has been shown to have a thermoregula- 
tory function (4). In contrast, our study has 
shown that in the Weddell seal there is 
no difference in structure, distribution, and 
density of AVA's in body and flipper skin. 
All the AVA's are relatively simple in 
structure, the majority are in a superficial 
position just beneath the epidermis and 
among the hair follicles, and their density 
is many times greater than that in the 
sheep. 

Weddell seals inhabit Antarctic coastal 

waters associated with sea ice, where the 
water temperature varies little from its 
freezing temperature of -1.7?C (5). Heat 
stress in the aquatic environment is ex- 
pected to be virtually nonexistent, while 
heat conservation is of major concern. 
Seals are well adapted to conserve body 
heat, having a heavy blubber layer which is 
a most effective insulator (6) and a vascu- 
lar pattern in the flippers that suggests a 
heat-conserving mechanism (2). It is un- 
likely that AVA's are involved in heat con- 
servation, as suggested by Tarasoff and 
Fisher (2), because they are too superficial 
to be effective in this way. It has been dem- 
onstrated that general peripheral vaso- 
constriction in the extremities conserves 
body heat (7). However, on the rocks or ice 
where these seals haul out there is a wide 
variation in ambient temperature, and heat 
stress can occur on occasions (8). 

The high density of the AVA's in Wed- 
dell seal skin and their position superficial 
to the blubber suggest that they are impor- 
tant in dissipation of heat, particularly 
when the animal is out of the water. Dila- 
tion of AVA's accompanied by heat loss 
has been described in the ear of the rabbit 
(9). A similar relationship of AVA's to 
heat loss in the leg of the sheep has been 
suggested (3). In the seal, if the large num- 
bers of AVA's present were to open there 
would be a considerable increase in blood 

Fig. 1. (a) Dermal AVA in 2-day-old Weddell seal pup. A, artery of origin; EP, epithelioid segment; V, collecting vein. (b) Arrows show AVA's in flipper 
skin of a Weddell seal. Sections were stained with hematoxylin and eosin. 
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circulation through the skin, allowing heat 
loss. In this respect, our findings suggest 
that dissipation of body heat may occur 
from the entire skin surface or from local 
regions of it, rather than from specific pe- 
ripheral areas such as the flippers. 
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vision. 

If an organism can discriminate a col- 
ored light from a "white" light, solely on 
the basis of their difference in wavelength 
composition, then the organism is said to 
have color vision (1). In this report we 
present evidence that 2-month-old human 
infants can make such a discrimination. 

It has been demonstrated several times 
that infants can discriminate between ob- 
jects or lights having different wavelength 
compositions (2). The difficulty lies in 
proving that the discriminations are being 
made on the basis of wavelength (or chro- 
matic) differences rather than just on the 
basis of infant luminance (or brightness) 
differences. 

Infants' spectral sensitivity curves-the 
relative sensitivity to different wavelengths 
of light-are known to be quite similar to 
those of human adults, especially in the 
middle- and long-wave regions of the spec- 
trum (3). Hence a heterochromatic bright- 
ness match made by a color-normal adult 
provides a good first approximation to the 
brightness match for an infant, but does 
not guarantee the complete elimination of 
brightness differences. 

Our approach toward eliminating the 
brightness cue was to use a long wave- 
length (red) light and test the infant's ca- 
pacity to discriminate it from a white light. 
We started from the adult red-white bright- 
ness match, and explored a range of rela- 
tive intensities centered around this match. 
We explored this range in small enough 
intensity steps to ensure that in at least one 
case the red and white lights would have 
to be indiscriminable in brightness for the 
infant. If the infant could discriminate 
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between red and white for all of the rela- 
tive intensities used (including, then, which- 
ever one is a brightness match), the infant 
must have color vision. 

It is extremely likely that, for red light, 
the range ?0.4 log unit around the adult's 
red-white brightness match will some- 
where contain each individual infant's red- 
white brightness match (3). Thus, we chose 
intensities about 0.4 log unit above and be- 
low the adult brightness match as the end 
points of the range, for a total range of a 
little more than 0.8 log unit. 

In order to choose the size of the in- 
tensity steps needed for detailed exam- 
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Fig. 1. (Top) Brightness discrimination func- 
tions in two 2-month-old human infants, Karen 
and Free. Zero on the abscissa represents the in- 
tensity at which a set of wide white bars 
matched a surrounding white screen. Both in- 
fants are sensitive to very small intensity differ- 
ences. (Bottom) Same as top, but the four wide 
bars were replaced by a single narrower white 
bar, and a third infant, Katrina, was used. The 
brightness discrimination function is broadened 
somewhat. The plus marks (+) indicate data 
collected during the last day's session. 
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ination of the 0.8 log unit range, we de- 
cided to leave color aside temporarily, and 
find out how sensitive the infant is to small 
brightness differences, using only white 
lights. 

In this experiment, each of two 2- 
month-old female infants (4) was held 34.5 
cm from a 0.1 log mlam white screen of a 
color temperature of about 2650?K. An ob- 
server watched the infant's face through a 
peephole in the center of the screen. On ei- 
ther side of the peephole (centered 16.5 cm, 
or 24.20, laterally) four vertical rectangular 
openings (8.4 by 1.2 cm, or 13.9? by 2.00) 
were cut in the screen. The openings 
formed four cycles of a square-wave grat- 
ing of about 0.25 cycle/deg. 

Diffusing screens were located about 10 
cm behind the openings, and could be inde- 
pendently back-illuminated. On every trial, 
the back illumination was arranged to 
make the light coming through one set of 
openings match the screen in brightness 
and hue, so that the screen looked virtually 
homogeneous (to us) on that side of the 
peephole. The light from behind the other 
set of openings could be set to a variety of 
intensities, above or below that of the 
screen, and formed (for us) a set of readily 
visible bars. The intensity of these bars, 
and the side on which they were presented, 
varied randomly across trials. 

When the intensity of the bars differs 
enough from that of the screen, an infant 
will stare fixedly in the direction of the bars 
(5), and this behavior forms the basis of 
our response measure (6). The observer, 
looking through the peephole, was not told 
the position or intensity of the bars. On 
each trial, the observer was required to 
judge the side on which the bars were lo- 
cated by observing the pattern of the in- 
fant's eye and head movements. If the ob- 
server performs better than chance at judg- 
ing the location of the bars, it follows that 
the infant can see the bars. Thus, percent 
correct on the part of the observer was our 
dependent measure and above-chance val- 
ues indicate that the infant sees the stimu- 
lus. When the intensity of the bars ap- 
proaches that of the screen, the infant's 
staring behavior becomes random and the 
observer's performance drops to chance. 

Figure 1 (top) shows the observer's per- 
cent correct in naming the position of the 
bars, as a function of the log relative lumi- 
nance of the bars. For intensity differences 
of about 25 percent (0.1 log unit) and 
above, the observer's performance was al- 
ways 90 percent or better. Of the in- 
tensities we used, only the increment of 5 
percent (0.02 log unit) above the back- 
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ground intensity was small enough that the 
infants failed to stare at the bars. Under 
the stimulus conditions of the experiment, 
then, the U-shaped dip in the discrimina- 
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Abstract. A red or white bar, embedded in a white screen, was systematically varied in 
intensity. Infants consistently located and stared at the white bar unless it closely 
matched the screen in intensity. They also stared at all intensities of the red bar, presump- 
tively including the red-white brightness match, and hence must have some form of color 
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