
pressed as a constant mixing ratio, has 
been determined by including the C2H2 
opacity in the synthetic spectrum calcula- 
tion. The best fit corresponds to a mixing 
ratio of 10-6, with an uncertainty of half 
an order of magnitude in either direction; 
the uncertainty is due to the use of a ran- 
dom band model in the opacity estimate 
and to the inability to fit the spectrum si- 
multaneously in both Q and R branches 
of the v5 band. This abundance is essen- 
tially consistent with Strobel's photo- 
chemical models (18), but lower than 
Ridgway's (4) earlier estimate of 8 x 
10-5. Rigorous analysis awaits a more 
complete compilation of line positions 
and strengths in this band and com- 
parison with detailed laboratory results. 
While Ridgway (4) also identified the v5 
fundamental band of C2H6 near 820 
cm-1, we do not expect to be able to dis- 
criminate such an emission feature from 
our internal noise at a resolution of 4 
cm-. 
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tem of the Siamese cat. 

In the Siamese cat, optic fibers origi- 
nating from about the first 20? of the tem- 
poral retina, just beyond the vertical mid- 
line, cross over to the contralateral side 
of the brain rather than remaining un- 
crossed as do most temporal fibers in the 
ordinary cat (1). As the result, sub- 
sequent stages in the visual pathways are 
confronted with an abnormally large con- 
tralateral input which the nervous sys- 
tem apparently deals with in one of sever- 
al alternative ways (2). Because this con- 
genital abnormality may disrupt the 
neuroanatomical substrate for normal vi- 
sion, we and others have been interested 
in exploring behaviorally the possible vi- 
sual consequences of this abnormality 
(3). During our work we unexpectedly 
discovered that Siamese cats suffer gross 
deficits in contrast sensitivity, a behav- 
ioral result which may reflect the exis- 
tence of additional anamolies in the visu- 
al system of this albino mammal. 

In our experiments, contrast thresh- 
1 OCTOBER 1976 

tem of the Siamese cat. 

In the Siamese cat, optic fibers origi- 
nating from about the first 20? of the tem- 
poral retina, just beyond the vertical mid- 
line, cross over to the contralateral side 
of the brain rather than remaining un- 
crossed as do most temporal fibers in the 
ordinary cat (1). As the result, sub- 
sequent stages in the visual pathways are 
confronted with an abnormally large con- 
tralateral input which the nervous sys- 
tem apparently deals with in one of sever- 
al alternative ways (2). Because this con- 
genital abnormality may disrupt the 
neuroanatomical substrate for normal vi- 
sion, we and others have been interested 
in exploring behaviorally the possible vi- 
sual consequences of this abnormality 
(3). During our work we unexpectedly 
discovered that Siamese cats suffer gross 
deficits in contrast sensitivity, a behav- 
ioral result which may reflect the exis- 
tence of additional anamolies in the visu- 
al system of this albino mammal. 

In our experiments, contrast thresh- 
1 OCTOBER 1976 

References and Notes 

1. F. C. Gillett, F. J. Low, W. A. Stein, Astrophys. 
J. 157, 925 (1969). 

2. F. C. Gillett, unpublished results. 
3. D. K. Aitken and B. Jones, Nature (London) 

240, 230 (1972). 
4. S. T. Ridgway, Astrophys. J. 187, L41 (1974). 
5. M. Combes, T. Encrenaz, L. Vapillon, Y. Zeau, 

Astron. Astrophys. 34, 33 (1974). 
6. J. R. Houck, J. B. Pollack, D. Schaack, R. A. 

Reed, A. Summers, Science 189, 720 (1975). 
7. A. P. Ingersoll, G. Minch, G. Neugebauer, G. 

S. Orton, in Jupiter, T. Gehrels, Ed. (Univ. of 
Arizona Press, Tucson, 1976), p. 197. 

8. J. L. Linsky, Astrophys. J. 216 (Suppl. 1), 1 
(1973). 

9. F. J. Low and W. W. Mendell, NASA Spec. 
Publ. SP330 24, 1(1973). 

10. S. J. Keihm and M. G. Langseth, Jr., inProceed- 
ings of the Fourth Lunar Science Conference, 
W. A. Gose, Ed. (Pergamon, New York, 1974), 
vol. 3, p. 2503. 

11. F. P. Schloerb and D. O. Muhleman, personal 
communication. 

12. G. S. Orton and H. H. Aumann, in preparation. 
13. R. A. Reed, personal communication. 
14. G. S. Orton, Icarus 26, 125 (1975). 
15. - and A. P. Ingersoll, in Jupiter, T. Geh- 

rels, Ed. (Univ. of Arizona Press, Tucson, 1976), 
p. 206. 

16. G. S. Orton, Icarus 26, 142 (1975). 
17. F. W. Taylor, J. Atmos. Sci. 30, 677 (1973). 
18. D. F. Strobel, Rev. Geophys. Space Phys. 13, 

372 (1975). 
19. We acknowledge helpful discussions with A. 

Ingersoll and the cooperation extended by the 
staff of the Airborne Science Office at NASA 
Ames and the C141 crew. This report presents 
results of research carried out at the Jet Propul- sion Laboratory, California Institute of Tech- 
nology, under NASA contract NAS 7-100. One 
of us (G.S.O.) is supported by a NASA-NRC 
Resident Research Associateship. 

5 April 1976; revised 6 July 1976 

References and Notes 

1. F. C. Gillett, F. J. Low, W. A. Stein, Astrophys. 
J. 157, 925 (1969). 

2. F. C. Gillett, unpublished results. 
3. D. K. Aitken and B. Jones, Nature (London) 

240, 230 (1972). 
4. S. T. Ridgway, Astrophys. J. 187, L41 (1974). 
5. M. Combes, T. Encrenaz, L. Vapillon, Y. Zeau, 

Astron. Astrophys. 34, 33 (1974). 
6. J. R. Houck, J. B. Pollack, D. Schaack, R. A. 

Reed, A. Summers, Science 189, 720 (1975). 
7. A. P. Ingersoll, G. Minch, G. Neugebauer, G. 

S. Orton, in Jupiter, T. Gehrels, Ed. (Univ. of 
Arizona Press, Tucson, 1976), p. 197. 

8. J. L. Linsky, Astrophys. J. 216 (Suppl. 1), 1 
(1973). 

9. F. J. Low and W. W. Mendell, NASA Spec. 
Publ. SP330 24, 1(1973). 

10. S. J. Keihm and M. G. Langseth, Jr., inProceed- 
ings of the Fourth Lunar Science Conference, 
W. A. Gose, Ed. (Pergamon, New York, 1974), 
vol. 3, p. 2503. 

11. F. P. Schloerb and D. O. Muhleman, personal 
communication. 

12. G. S. Orton and H. H. Aumann, in preparation. 
13. R. A. Reed, personal communication. 
14. G. S. Orton, Icarus 26, 125 (1975). 
15. - and A. P. Ingersoll, in Jupiter, T. Geh- 

rels, Ed. (Univ. of Arizona Press, Tucson, 1976), 
p. 206. 

16. G. S. Orton, Icarus 26, 142 (1975). 
17. F. W. Taylor, J. Atmos. Sci. 30, 677 (1973). 
18. D. F. Strobel, Rev. Geophys. Space Phys. 13, 

372 (1975). 
19. We acknowledge helpful discussions with A. 

Ingersoll and the cooperation extended by the 
staff of the Airborne Science Office at NASA 
Ames and the C141 crew. This report presents 
results of research carried out at the Jet Propul- sion Laboratory, California Institute of Tech- 
nology, under NASA contract NAS 7-100. One 
of us (G.S.O.) is supported by a NASA-NRC 
Resident Research Associateship. 

5 April 1976; revised 6 July 1976 

olds were determined behaviorally with 
a conditioned suppression technique, the 
details of which are described elsewhere 
(4, 5). Cats were trained to lick a tube in 
order to obtain a small quantity of pu- 
reed beef, which was delivered on the av- 
erage of once every ten licks. While lick- 
ing, the cat faced an oscilloscope screen 
located 75 cm from its eyes. Convention- 
al techniques (6) were used to generate 
on the screen either an uncontoured field 
of uniform luminance or vertical grating 
patterns of sinusoidal luminance profile; 
spatial frequency and contrast could be 
varied independently, and the grating 
and uncontoured display interchanged in- 
stantaneously, without altering the aver- 
age luminance, which was 60 cd/m2. The 
oscilloscope display and a restraining 
box which housed the cat were enclosed 
in a light-tight chamber; the cat was 
unobtrusively observed on a television 
monitor. During preliminary training, 
while the cat learned to lick, the os- 
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cilloscope display always was uncon- 
toured. Once a stable lick rate was 
achieved, conditioned suppression trials 
were introduced. On these trials the un- 
contoured display was replaced for 15 
seconds by a 0.5 cycle-per-degree grat- 
ing of 0.45 contrast. The grating was 
turned off and on at the rate of 1.5 hertz, 
and at the end of the 15-second period a 
brief, unavoidable shock was delivered 
through the grid floor of the restraining 
box. Trials were initiated only when the 
cat was licking and appeared to be look- 
ing at the display. Once the cat was re- 
liably suppressing to presentation of this 
high-contrast grating, we systematically 
varied contrast to find the value which 
produced a 50 percent reduction in lick 
rate, the conventional definition of 
threshold with this technique (4). Con- 
trast thresholds were measured in this 
way over a range of spatial frequencies. 

The results are shown in Fig. 1, with 
the open symbols plotting sensitivity (re- 
ciprocal of contrast threshold) of a typi- 
cal ordinary cat and the filled symbols 
plotting sensitivity for two Siamese cats. 
Notice that at peak sensitivity (approxi- 
mately 0.5 cycle per degree) the ordinary 
cat can detect a contrast of less than 1 
percent, and that there is a reduction in 
sensitivity above and below this peak, 
with the high-frequency cutoff falling 
near 6 cycles per degree. This pattern of 
results is quite representative of ordi- 
nary cats: in our laboratory a total of six 
normal, adult cats have been tested for 
contrast sensitivity, and the same gener- 
al curve is always found (cutoff fre- 
quency ranges from 4.7 to 6.5 cycles per 
degree). Using different techniques, oth- 
ers have reported much the same result 
(7). The contrast sensitivity functions for 
both Siamese cats, however, display sev- 
eral notable departures from the normal 
function: overall sensitivity is depressed 
by more than /2 log-unit at most points, 
the high-frequency cutoff is lower by at 
least a factor of 2, and there is little, if 
any, falloff in sensitivity at low spatial 
frequencies. 

Like most Siamese cats, both the ani- 
mals we tested displayed a noticeable 
convergent squint, which raises the pos- 
sibility that the overall reduction in their 
contrast sensitivity could arise either 
from improper accommodation at a point 
nearer than the visual display or from 
some form of interocular suppression in 
response to diplopia. To test the first pos- 
sibility, we reduced the viewing distance 
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contrast sensitivity could arise either 
from improper accommodation at a point 
nearer than the visual display or from 
some form of interocular suppression in 
response to diplopia. To test the first pos- 
sibility, we reduced the viewing distance 
to 45 cm, by moving the oscilloscope to- 
ward the animal, and remeasured the con- 
trast thresholds on one of the Siamese 
cats. This maneuver only served to pro- 
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Abnormal Visual Resolution in the Siamese Cat 

Abstract. When tested behaviorally, Siamese cats display marked differences in 
contrast sensitivity compared to ordinary cats. Overall sensitivity is depressed, the 
high-frequency cutoff point is lower, and there is less falloff in sensitivity at low spa- 
tialfrequencies. Opticalfactors may contribute to these differences, or they may be 
attributable to the well-established anatomical abnormalities within the visual sys- 
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duce a further reduction in contrast sensi- 
tivity, on the order of 0.2 log-unit. We 
conclude, therefore, that misaccommo- 
dation is not the primary cause of the de- 
pression in Siamese cats' contrast sensi- 
tivity. To test the second possibility, we 
remeasured at the 75-cm viewing dis- 
tance contrast thresholds for 0.5 cycle 
per degree while allowing the animal to 
use only one eye at a time; the nontested 
eye was occluded with an opaque con- 
tact lens. Restricting the Siamese cat to 
monocular vision produced no change in 
contrast sensitivity, thus ruling out inter- 
ocular suppression as the cause. 

In considering possible structural and 
physiological factors that might account 
for this reduction in visual resolving pow- 
er in Siamese cats, several plausible ex- 
planations come to mind. The deficit 
could be purely optical in origin, such 
that the contrast in the image on the reti- 
na of the Siamese cat is attenuated. To 
get a rough idea of the optical quality of 
the Siamese cat eye, we carefully in- 

spected the fundus ophthalmoscopically 
through the dilated pupil of a relaxed, 
awake animal. We were able to visualize 
the fine capillaries as clearly as in the eye 
of an ordinary cat, indicating that the 

dioptrics of the Siamese cat eye can pro- 
duce a clearly focused image on the reti- 
na (8). At the same time, however, we 
did observe an unusually large amount of 
light scatter within the Siamese eye, 
which is undoubtedly related to the re- 
duced pigmentation characteristic of this 
albino mammal. Because stray light pro- 
duces an appreciable illuminance plateau 
throughout the extent of an in-focus im- 

age (9), it is quite plausible that contrast 
in the image of a grating pattern would 
be diluted, thus reducing to some extent 
the contrast sensitivity of the Siamese. 

As another possibility, it is conceiv- 
able that there exists within the eye of 
the Siamese cat a deficiency in one class 
of receptors (for example, cones), or that 
the receptors are abnormally distributed 

throughout the retina. While this might 
account for the reduction in the high-fre- 
quency cutoff point, it is not obvious 
how this would relate to the overall de- 

pression in contrast sensitivity or to the 
virtual absence of a low-frequency falloff 
in sensitivity. 
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Fig. 1. Contrast sensitivity (reciprocal of 
threshold contrast) as the function of spatial 
frequency. Open symbols (D) show the re- 
sults from an ordinary cat, and the filled sym- 
bols (V, 0) give the results for two Siamese 
cats. Each point represents the contrast value 
which produced a 50 percent reduction in 
response rate at that spatial frequency. The 
individual curves were fitted by eye. Lumi- 
nance, 60 cd/m2; viewing distance, 75 cm; 
field size, 10? x 8?. 

Finally, the abnormal contrast sensitiv- 
ity exhibited by the Siamese cat could be 
related to the aberrant visual projections 
characteristic of this animal. Others have 
predicted deficits in the visual capacities 
of the Siamese cat, based on the unusual 
retinotopic organization in Siamese 
striate cortex and superior colliculus (2). 
However, because very little is known 
about the receptive field properties (for 
example, spatial selectivity) of individual 
neurons in the visual nervous system of 
Siamese cats, at present we can only 
speculate as to the details of the possible 
neural correlates of the animal's poor vi- 
sual resolution (10). 

From our behavioral data we are un- 
able to distinguish between these various 
hypotheses, and there is no reason to be- 
lieve they are mutually exclusive. It re- 
mains for future work to determine the 
extent to which optical and neural fac- 
tors contribute to the abnormal contrast 
sensitivity of the Siamese cat. This, in 
turn, could furnish some clues con- 
cerning the etiology of amblyopia in hu- 
man albinos. 
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