
that the Northern Arizona pattern 
exists. Second, the fluctuations of the 
tension zone depend upon a change in 
the distribution and quantity of rain- 
fall as transmitted through soil mois- 
ture. Upward penetration of the West 
Texas type and downward migration of 
the Central California type produce the 
alternation of conditions yielding the 
Northern Arizona pattern. 

The last major intrusion upward of 
the West Texas type and pattern ended 
in 1904-1905. It was realized in 1946 
that the tension zone had been domi- 
nated for 40 years by the Central Cali- 
fornia pattern and that this period was 
one of the longest, if not the longest, 
during the last few centuries. A long- 
range program was begun: 12 perma- 
nent stations were established in the 
vicinity of Flagstaff and, except for 
1948, increment cores were taken an- 
nually from some 70 to 90 trees. We 
hoped to observe actual migration of 
the tension zone. Later study proved 
that our collections span such a period 
of migration. 

A major change in pattern apparently 
began in 1947-1948 among the trees 
in the heart of the tension zone. During 
the past year a thorough study of all 
cores has emphasized the intensity of 
the upward intrusion of the West Texas 
type. Figure 1 shows the alternation of 
growth patterns: West Texas, 1899- 
1904; Central California, 1905-1946; 
and West Texas, 1947-1956. In ad- 
dition to variability the figure shows 
lenticularity, which is characteristic of 
the growth layers for 1899, 1900, 1902, 
1904, 1947, 1951, and 1956. 

The upward intrusion since 1947 of 
the West Texas pattern, caused by a 
shifting rainfall regime, appears to be 
a major migration and, in conjunction 
with glacier advances (1), may reveal 
evidence of a widespread climatic fluc- 
tuation. 

Future collections will reveal whether 
the intrusion has ended or will continue 
over a span of years approaching the 
length and intensity of intrusions re- 
corded during recent centuries (4). 
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Interocular Transfer of Pattern 
Discrimination without Prior 
Binocular Experience 

Abstract. Interocular transfer of a 
learned, differential pattern discrimination, 
as measured by an avoidance response, 
occurs in the goldfish. Since the stimuli, 
both during training and testing, were al- 
ways presented in the lateral or caudal 
visual field, the parts of a retina involved 
could not have participated in prior, binoc- 
ular experience. 

There is as yet no sure answer to 
the perplexing problem of how the cen- 
tral nervous system is capable of re- 
sponding appropriately to the relative 
configuration of a stimulus without re- 
gard to variations in its detailed, sen- 
sory characteristics. Interest in this 
problem continues to prompt numerous 
studies of interocular transfer in a wide 
range of species, including mammals, 
fish, and invertebrates (for example, 
see 1 and 2). The relevance of inter- 
ocular transfer for this problem area 
lies in the fact that when an organism 
learns a visual problem exclusively with 
one eye and then performs it, de novo, 
with the sole guidance of the other eye, 
the nervous system is clearly demon- 
strating its ability to respond correctly 
to a given stimulus even though the 
specific afferent characteristics of the 
related sensory input have been dramat- 
ically altered (namely, during the trans- 
fer test, the sensory input is arriving 
centrally by way of a different afferent 
pathway). 
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plain this phenomenon and related 
problems (3), suggested that early, bi- 
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sponsible for developing such binocular 
equivalence in the related neural cen- 
ters. 

The present study affords a test of 
Hebb's suggestion, since training and 
test stimuli can be presented to the fish 
in such a way that only monocular ret- 
ina is involved in either eye. 

The behavioral apparatus consisted 
of a clear plastic starting box and goal 
box of identical construction, suspended 
from two rails in a test aquarium. 
Suitable electric connections allow 
shock to be introduced into the water 
inside either box. When the positive 
stimulus is presented monocularly, the 
fish has 10 seconds to swim forward 
from the starting box to the goal box, 
thus avoiding shock. When the neutral 
stimulus is presented, the fish must 
learn to remain stationary in the start- 
ing box, or else shock is administered 
in the anterior goal box. After the fish 
moves to the goal box, either correctly 
or incorrectly, the starting box is lifted 
from the water and the goal box (with 
the fish inside) is slid back into the start- 
ing position. The original starting box is 
then placed in front of the fish where 
it then becomes the goal box for the 
next trial. The fish were trained through 
one eye to a criterion of nine out of 
ten correct trials and then immedi- 
ately tested for the differential response 
through the opposite "naive" eye. Fur- 
ther details of the training and testing, 
as well as an illustration of the appara- 
tus used, in a series of experiments that 
involved the same procedure have al- 
ready been reported (2). Also included 
in this previous report is a description 
of a control procedure demonstrating 
that there are no reflections within the 
test aquarium that permit the contra- 
lateral eye to view the stimuli. 

The two stimuli (Fig. 1) were at- 
tached to the end of separate, thin, 
transparent rods so that they could be 
presented to the fish by being gently 
bobbed in front of one or the other eye. 
Whether the stimuli were being pre- 
sented to the one eye during training or 
the contralateral eye during the test for 
transfer, the patterns were always pre- 
sented either in the lateral or caudo- 
lateral part of the monocular visual 
field. (It should be mentioned that the 
goldfish is not capable of making suffi- 
ciently large eye movements to enable 
binocular retina to be directed lateral- 
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Fig. 1. Two stimuli used in avoidance 
training and test for interocular transfer. 
The square stimulus was 1.5 in. high. 
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Fig. 2. Avoidance response latencies of 
five fish during criterion trials for "trained" 
eye (shown for positive stimulus only) and 
during test of the contralateral "naive" 
eye for interocular transfer. Solid circles, 
responses to positive stimulus; open cir- 
cles, responses to neutral stimulus. With 
a 10-second limit on each trial, points 
above the dashed line represent the ab- 
sence of a response. 
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in binocular vision. In order to pre- 
clude the possibility of a brightness dis- 
crimination, the two stimuli were con- 
structed so that both contained the 
same amounts of black and white. 
Three of the five fish were trained with 
the triangular pattern as positive; the 

square stimulus was positive for the re- 
maining two. Previous experience with 

pattern discrimination in fish suggests 
that the small, black dots and half-dots 
contributed the important differential 
characteristic to the stimuli. 

The results are shown in Fig. 2. 

Quite clearly, interocular transfer of a 

pattern discrimination is immediately 
present when the naive eye is tested. 

Considering all five fish together, there 
were 25 positive trials and 25 neutral 
trials. In these 50 trials, there were only 
four occasions when a fish responded 
incorrectly, always by responding inap- 
propriately to the neutral stimulus. 

As far as this simple vertebrate ani- 
mal is concerned, the results clearly 
demonstrate that prior binocular exper- 
ience is not a necessary prerequisite for 
successful interocular transfer. How- 
ever, Hebb's concern was with the pro- 
posed importance of past perceptual 
experience for the development of neo- 
cortical neural circuits (that is, cell as- 
semblies). The fish has no neocortex. 
It could still be, for animals with neo- 
cortex, that prior perceptual experience 
does indeed play either a crucial or an- 
cillary role in shaping adult perceptual 
abilities. There are a number of quite 
convincing experiments (4) to suggest 
that this is the case. On the other hand, 
an alternative interpretation of the re- 
sults of these experiments is possible 
(2). 

There are already numerous etholog- 
ical studies showing that the vertebrate 
nervous system is innately capable of 
responding appropriately to the rela- 
tive configuration of a stimulus. Fur- 
ther, recent electrophysiological findings 
also indicate that the adult nervous sys- 
tem, as far peripheral as the retina, is 
able to respond differentially to the con- 
figurational aspects of a stimulus (5). 
The present results demonstrate that 
this innate characteristic of the nervous 

system is also at work when an organ- 
ism has learned a new response to a 
new stimulus (6). 
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Radar Observation of Venus 

Abstract. Radar observations of Venus 
during the last close approach have re- 
sulted in a value of solar parallax of 
8.79460 seconds of arc, corresponding to 
a value for the astronomical unit of 
149,596,000 km. This is in satisfactory 
agreement with the determinations made, 
during the same close approach of 
Venus, at the Millstone Hill Radar Ob- 
servatory and at Jodrell Bank, which 
are 149,597,700 km and 149,601,000 km, 
respectively. The size of the astronomical 
unit heretofore generally accepted as most 
authoritative is based upon a 1950 de- 
termination by Rabe, and is 149,532,200 
km. 

The R.C.A. BMEWS pulsed tracking 
radar system at Moorestown, New 
Jersey, was employed during the last 
close approach of Venus in an attempt 
to measure the size of the astronomical 
unit. The radar is provided with an 
antenna 84 feet in diameter; other pa- 
rameters of the system cannot be stated 
here because of security classification. 

Transmission periods alternated with 
reception periods, the transmission 
period in each case being several sec- 
onds less than the expected signal travel 
time to Venus and return, and the re- 
ception period being several seconds 
greater. The target was expected to in- 
troduce random depolarization of the 
signal, so reception was accomplished 
separately for both vertical and hori- 
zontal polarization, the separate wave 
forms being added after square law 
detection. 

The processing of the received wave 
form was accomplished by analog 
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