Temperature Independence of an Arbitrary Temporal Discrimination in the Goldfish
Author(s): Paul Rozin
Source: Science, New Series, Vol. 149, No. 3683 (Jul. 30, 1965), pp. 561-563
Published by: American Association for the Advancement of Science
Stable URL: http://www.jstor.org/stable/1716265 .
Accessed: 26/02/2011 14:18
Your use of the JSTOR archive indicates your acceptance of JSTOR's Terms and Conditions of Use, available at .
http://www.jstor.org/page/info/about/policies/terms.jsp. JSTOR's Terms and Conditions of Use provides, in part, that unless
you have obtained prior permission, you may not download an entire issue of a journal or multiple copies of articles, and you
may use content in the JSTOR archive only for your personal, non-commercial use.
Please contact the publisher regarding any further use of this work. Publisher contact information may be obtained at .
http://www.jstor.org/action/showPublisher?publisherCode=aaas. .
Each copy of any part of a JSTOR transmission must contain the same copyright notice that appears on the screen or printed
page of such transmission.
JSTOR is a not-for-profit service that helps scholars, researchers, and students discover, use, and build upon a wide range of
content in a trusted digital archive. We use information technology and tools to increase productivity and facilitate new forms
of scholarship. For more information about JSTOR, please contact support@jstor.org.

American Association for the Advancement of Science is collaborating with JSTOR to digitize, preserve and
extend access to Science.

http://www.jstor.org

than intermittent stimulation. This suggests that the continuous stimulation
used in our experiment did not significantly impair learning because it
was less conducive to the development
of competing
("superstitious") responses which might tend to interfere
with the acquisition and performance
of the "correct" response (9). (ii) In
our study the stimulation was relevant
to the testing situation in that it induced the animals to consume the
food in the goal box. In the other
studies the stimulation was not shown
to have any such relevance. (iii) There
is some evidence that highly motivated
rats can overcome the disruptive effects of positively reinforcing brain
stimulation (10), and that rats receiving
lateral hypothalamic stimulation are
more highly motivated to obtain food
than are rats which have been deprived of food for up to 7 days (11).
Although in the present experiment
satiated animals received the minimum
current intensity which would reliably
induce eating, it is possible that, even
at this threshold level, lateral hypothalamic stimulation produces a degree
of hunger which is sufficiently high to
overcome any deleterious effects of
positively reinforcing brain stimulation on the learning of instrumental
responses to obtain food.

7. The final 20 criterion trials were excluded in
computing the learning scores reported here.
8. L. Stein, J. Comp. Physiol. Psychol. 55, 405
(1962).
9. It is interesting that investigators concerned
with the effects of frontal lobe stimulation
on the delayed alternation performance of
monkeys have reported that severe deficits
are produced only by intermittent, but not
by continuous, stimulation [see L. Weiskrantz, L. J. Mihailovic, C. G. Gross, Brain
85, 487 (1962) and J. S. Stamm, J. Neurophysiol. 24, 414 (1961)]. In these studies the
stimulation was presumably not reinforcing
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Temperature Independence of an Arbitrary Temporal
Discrimination in the Goldfish
Abstract. Goldfish were taught to press a lever for food reinforcement and were
placed on a 1-minute fixed-interval schedule. They developed the characteristic
temporal discrimination (scalloping) seen in rats and pigeons. There was no change
in their relative response rate through the 1-minute interval when ambient temperature was decreased by 10?C. This 10?C temperature drop, which approximately halves the metabolic rate, approximately halved the absolute response rate.
These results indicate that a temporal discrimination can be established in the
goldfish, and suggest that discriminations of short intervals in fish are not dependent on a mechanism tied directly to metabolic rate.

A great deal is known about natural
behavioral and physiological rhythms
in the animal kingdom. These rhythms
usually have a period of about 24 hours
(circadian rhythms) and seem to reflect
the operation of an endogenous clock,
influenced by environmental factors.
Much less is known about learned temJOSEPH MENDELSON
poral discriminations involving short
STEPHANL. CHOROVER and arbitrary time intervals, although a
Psychology Department,
few mammals and birds have been
Massachusetts Institute of Technology,
taught to perform particular responses
Cambridge 02139
at certain short intervals (1, 2). One
purpose of the experiment described
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herein was to determine whether similar
1. 0. A. Smith, Jr., Anat. Rec. 124, 363 (1956).
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Gonzalez, Eskin, and Bitterman (4)
4. Positively reinforcing brain stimulation delivered to septal or hypothalamic loci at the
failed to establish temporal discriminaonset of an auditory stimulus severely imtions in the African mouth breeder,
pairs the learning of a discriminative response to the stimulus [L. Stein and E. Hearst,
Tilapia macrocephala.
Amer. Psychol. 13, 408 (1958)]. Positively
Should a temporal discrimination be
reinforcing lateral hypothalamic stimulation
has been reported to disrupt performance on
demonstrated
in the goldfish, it could
a food-rewarded, discrimination-reversal maze
problem [M. E. Olds and J. Olds, J. Comp.
then be tested for temperature dependPhysiol. Psychol. 54, 838 (1961)]. The disence to determine whether the "timing
ruptive effect is apparently not restricted to
situations in which positive reinforcers are
mechanism" is tied to metabolic rate.
used to motivate learning; similar effects are
A number of circadian rhythms are
reported in a study of shock-avoidance
learning by R. M. Cooper and J. H. Bauer,
not dependent on temperature (5). HowCan. J. Psychol. 17, 338 (1963).
5. Histological examination revealed that the
ever, it has been suggested that variaelectrode tips were located in the lateral
tions in the diurnal environment may
hypothalamic "feeding area" as defined by
Coons (2).
play some role in this independence
6. On rare occasions three of the animals left
(6). A discrimination involving arbitrary
the goal area before 10 seconds elapsed. When
this occurred, the animal was allowed to reshort intervals is almost certainly not
turn to the choice point, where it was picked
correlated with significant environup and held for the remainder of the 10second period.
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10. R. M. Cooper and J. H. Bauer (4) report
that positively reinforcing brain stimulation
does not interfere with a rat's learning to
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11. P. J. Morgane, Am. J. Physiol. 201, 838
(1961).
12. Supported in part by NIH grant MH-07923
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vides a possible means of analyzing a
timing mechanism.
Three goldfish, Carassius auratus,
were employed in the first part of
this study. They were kept in small
aquariums at a constant temperature
of 30? ? 0.1?C and were trained to
press a lever (7). Each time the lever
was pressed, one white worm (Enchytraeus albidus) was released into the tank
by an automatic dispenser (8). The
fish were trained for 30 to 40 minutes
each day in their home tanks. After
a few days, they were required to
press the lever three times in order to
receive each worm, and then training
on a temporal discrimination was begun.
The same conditions prevailed for the
rest of the experiment. The fish were
trained on a 1-minute fixed-interval
(FI-1) schedule. After the fish had received a worm for pressing the lever, a
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Fig. 1. Cumulative record of one session
from a well-trained fish (G 20) on a 1minute fixed-interval schedule (FI-1).
Downward "blips" indicate delivery of reinforcement. Scale, lower right.
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When the discrimination was stabilized, studies of temperature dependence
were begun. Two days of performance
at 30?C were followed by two at 20?C,
and then two at 30?C. These temperature changes were effected within 3
hours following the end of the last
session at either temperature. This 6-

day experimental series was repeated

5 times for each of the three fish.
Each
20
20-.
6-day series was separated from
1 20
the next by at least 2 days of regular
sessions at 30?C.
O
t- 4
The three fish responded 1.86, 1.87,
6
6
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0
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and 2.27 times as frequently at 30?C
Successive10-secondperiods
as they did at 200C, so that their
30C and 20C.r
Fig. 2. Distribution of responses in 1-minute interval for each fish at 3)0?C and 20?C. response rate approximately doubled
The number of responses in the first 10-second period at each tempeirature was arbi7.f^
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The analysis of this data depends
Successive 20-second periods
on two assumptions: (i) the changes
in relative response rate described here
Fig. 3. Distribution of responses in 1- or 2-minute intervals for two fislh on FI-1, VI-1,
and FI-2 schedules at 25?C. Each curve represents data from four ses,sions. The curve
represent a true temporal discriminan
for VI-1 represents the distribution of responses in the 1-minute intervals of the VI-1
tion, and (ii)the temperature invariance
schedule. The number of responses in the first 20-second period on each schedule was
of relative response rate is not due
arbitrarily set at 10, and the other values were adjusted proportiorlately.
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to rapid relearning of a '"new" interval
at the new temperature. To test these
assumptions, a further experiment was
performed on two other goldfish; the
same basic situation was used as before
and the temperature was kept at 25?C.
The fish were trained on a 1-minute
fixed-interval (FI-1) schedule (36 days),
then a 2-minute fixed-interval (FI-2)
schedule (36 days), and finally a 1minute variable-interval (VI-1) schedule
(21 days). In the variable-interval
schedule, reinforcements within each
session were separated by varying time
intervals ranging from 3 minutes to a
few seconds, averaging 1 minute. Performances during the last 4 days on
each schedule were compared, with only
the 1-minute intervals on the variableinterval schedule being used. The plot
of relative response rate shown in Fig.
3 indicates that there is a slower acceleration in response rate under a longer
fixed-interval
schedule.
(2-minute)
Furthermore, on the VI-1 schedule,
where reinforcements follow one another more or less randomly in time, there
is no increase in relative response rate
over the 1-minute interval. Response
patterns on the initial days of FI-2
resembled those for the FI-I schedule,
suggesting that in the first experiment
the fish could not rapidly relearn a
discrimination based on a "new" interval.
This research shows that although
absolute response rate is dependent on
temperature, relative response rate is
not. It appears then that the patterning
of responses in a temporal discrimination is independent of temperature. The
results suggest that the 1-minute temporal discrimination shown by these
fish is not dependent on a mechanism
directly tied to metabolic rate.
PAUL

ROZIN

Department of Psychology,
University of Pennsylvania,
Philadelphia 19104
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behavioral patterns of activity prevailing after midpontine transection (3).
In good agreement with observations
of free-moving cats (4) the spontaneous
Abstract. The oscillation in firing firing of LGB units is strikingly afrate of units of the lateral geniculate fected by sleep and wakefulness. During
body in response to stimulation with wakefulness the spontaneous activity
sine-wave light was studied in un- is random; during sleep there are shortanesthetized cats with the brainstem lasting, high-frequency bursts of acsectioned immediately in front of the tivity (300 to 500) with long intervals
fifth nerve (pretrigeminal preparation). of silence between (100 to 600
During wakefulness, as indicated by msec).
behaviorand by electroencephalograms,
During periods of wakefulness (inthe time course of the oscillation in dicated by behavior and by the EEG's),
firing rate followed very closely the the responses of the LGB units folchange in intensity of sine-wave light. lowed the light changes very closely
During synchronized sleep there was (Fig. 1A) at the different frequencies
of stimulation (from 0.1 to 1 cy/sec).
no such relationship.
The response was quite similar to that
Hughes and Maffei (1, 2) studied the of retinal units (1, 2). The "on" cells
transfer properties of the cat's retinal were almost in phase with the stimulus,
ganglion cells in response to sine- the "off" cells 180? out of phase (see
wave light stimuli at different fre- Fig. 1, A and B), and the "on-off"
quencies and found a very close rela- cells showed a phase relation between
tion between the time courses of the stimulus and response in the region
stimulation and response. Even for between 0? and 180?. During synquite low frequencies of light (as low chronized sleep every relation between
as 0.01 cy/sec), the oscillation in firing sine-wave stimulus and response was

Geniculate Unit Responses to
Sine-Wave Photic Stimulation
during Wakefulness and Sleep

rate shown by retinal ganglion cells
was an almost perfect replica of the
sine-wavephotic stimulation.
In the experiments described here
our aim was to investigate the response
of single units of the lateral geniculate
body (LGB) to stimulation with sinewave light. We show that the behavior
of these units is strikingly different
during wakefulness and during synchronizedsleep.
We used cats in which the brainstem was sectioned immediately rostral
to the exit of the fifth nerve [midpontine
pretrigeminal preparation (3)]. Pupils
were dilated with atropine. Extracellular spikes were recorded by microelectrodes inserted in the dorsal nucleus of
the LGB. The technique (2) can be summarized as follows. The light source
was a Sylvania glow modulation tube
1130B, driven by a low-frequency oscillator (Hewlett-Packard). To average
the rate of response and reduce random
variations of cell firing, a Mnemotron
computer of average transients (model
400B), including a modulator by-pass
card, was used. The averagingtime, the
number of intervals per period, and the
number of responses averaged were
externally controlled and synchronized
with the sine-wave generator. The EEG
was continuously recorded through
screws implanted in the skull.
Cats prepared in this way exhibit
spontaneous periods of synchronized
sleep and wakefulness, the EEG and
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Fig. 1. Time course of firing rate of an
"off" LGB unit in response to stimulation
by low-frequency sine-wave oscillation of
light intensity. Frequency of sine-wave
oscillation, 0.1 cy/sec. The position of the
dots (20 per cycle) gives the average frequency of firing: each measurement was
made every 500 msec and 10 cycles were
averaged by the Mnemotron computer.
All numbers were converted to cycles per
second by dividing the spike count by the
duration of the interval. The time relation
between stimulus (B) and response (A,
C) are carefully preserved. The scales of
abscissas and ordinates are linear. Synchronization of the EEG (in C) occurred
spontaneously.
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