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Auto-Shaping in Rats to the Presentation

of Another Rat Predicting Food

Abstract. Rats direct social rather than eating behavior toward a stimulus rat that
predicts the imminent delivery of food. This result suggests that a predictive stimulus
does not become a substitute for a reward, but its characteristics elicit and support a par-
ticular subset of the responses commonly related to that reward.

Brown and Jenkins (/) discovered that
pigeons exposed to repeated pairings of a
lighted key with food began to peck the
lighted key. They termed this phenomenon
auto-shaping because the pigeons pecked
even though food delivery was always inde-
pendent of their behavior. Hearst and Jen-
kins (2) summarized subsequent studies
showing that auto-shaping is a robust phe-
nomenon which occurs with rewards other
than food and in species other than pi-
geons.

The parallels between auto-shaping and
classical conditioning led many investiga-
tors to analyze examples of auto-shaping
from the viewpoint of stimulus sub-
stitution, an explanation proposed by Pav-
lov for classical conditioning of the sali-
vary reflex in dogs (2-4). According to the
stimulus substitution hypothesis, the sub-
ject responds to the predictive stimulus
(CS) as if it were a substitute or surrogate
for the reward (US). Support for the stim-
ulus substitution explanation of auto-shap-
ing was provided by experiments showing
that the topography of behavior directed
toward the predictive stimulus closely re-
sembles that of behavior elicited by the re-
ward. For example, male pigeons direct
brief, hard pecks at a key which signals
food, soft “sipping” pecks at a key which
signals water, and court a key which pre-
dicts access to a receptive female pigeon (2,
4). Rats bite and lick a bar which predicts
food (3).

However, in other experiments behavior
elicited by the predictive stimulus did not
resemble behavior elicited by the reward
(2-5). Most recently, Wasserman (5) found
that baby chicks in a refrigerated chamber
approached, pecked, and “snuggled” at a
lighted key which predicted the onset of
heat, although the chicks’ behavior in the
presence of heat consisted of immobility
and wing extension. Hogan (6) accounted
for the chicks’ behavior by noting thatina
cool environment chicks approach, peck,
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and “snuggle”” at a mother hen, thereby in-
ducing her to brood them.

Hogan’s explanation suggests a system-
atic exception to the stimulus substitution
hypothesis. Behavior elicited by a predic-
tive stimulus will resemble behavior elic-
ited by the reward only to the extent that
the predictive stimulus is compatible with
and supports such behavior. If the predict-
ive stimulus elicits and supports other be-
havior commonly related to the reward,
conditioning will occur, but the behavior
elicited by the predictive stimulus will dif-
fer from that occurring in response to the
reward. From this viewpoint, Wasser-
man’s results contradicted the stimulus
substitution hypothesis, because the key
light, set in a wall, most adequately sup-
ported those aspects of thermoregulatory
behavior in chicks commonly directed
toward the mother hen.

Table 1. Median number of trials on which sub-
jects showed different social contact behaviors
over the last 5 days of acquisition (days 7 to 11).
The maximum score on any day was 30. Only
subjects in groups CS* and CS® are included be-
cause, with the exception of one animal, the me-
dian scores of subjects in the CS' and CSY
groups were zero for all behaviors.

Social contact behaviors

Subject _ Ano-
! Paw Groom CJ:;I gcn}tal
sniff
Group: CS*
1 25 18 21 0
2 23 20 3 4
3 26 21 10 1
4 19 16 4 0
5 20 14 6 5
Mean 22.6 17.8 8.8 2.0
Group: CS*
1 0 0 0 0
2 4 0 0 0
3 0 0 0 0
4 14 8 1 2
5 6 2 0 0
Mean 4.8 2.0 0.2 04

In the present experiment we examined
another case in which the predictive stimu-
lus and the reward supported different, al-
though potentially related, behaviors. We
employed a live rat fastened to a platform
as a predictive stimulus for food. If the
stimulus substitution hypothesis is correct,
subject rats should treat the predictive rat
as food, gnawing or biting it. However, so-
cial behavior elicited and supported by the
predictive rat is also potentially related to
feeding in the rat. Rats feed together, fol-
low each other to food, and, both as pups
and adults, learn feeding locations by ap-
proaching other rats (7). On this basis, the
subjects would be expected to incorporate
the predictive rat into a social feeding pat-
tern, increasing their frequency of ap-
proach and social contact.

To test these hypotheses we compared
the behavior of an experimental group with
that of three control groups. Each group
consisted of five male Wistar albino rats,
90 days of age. During acquisition each rat
received 30 10-second presentations of the
predictive stimulus (CS) on a variable time
schedule with a mean interstimulus inter-
val of 60 seconds (VT 60 seconds). The
stimulus platform, driven by a synchro-
nous motor and cam assembly, was
presented sideways through a flap door ad-
jacent to the wall containing the food tray.
For the experimental group (CS* group)
each presentation of the predictive rat was
followed by one 45-mg food pellet. The
CS* (social) group received the same pat-
tern of presentation of the stimulus rat, but
no food was ever delivered. Since rats are
highly social (8), this group served as a
baseline of social reactivity to the stimulus
rat. The CS™ (random) group was present-
ed with the stimulus rat and food randomly
on two independent variable-time 60-sec-
ond programs. The purpose of this group
was to determine the importance of the
pairings of the stimulus rat and food (9).
The CSY (wood) group was subject to the
same procedures as the CS* group, except
that the predictive stimulus was a rat-sized
block of wood fastened to the platform.
The purpose of this group was to separate
the social and predictive effects of the stim-
ulus rat. Rats in the CS* group might ap-
proach the stimulus rat because of its pre-
dictive quality and then engage in social
contact because of their proximity to the
stimulus rat.

All rats were housed alone during the
experiment. After adaptation to a 23-hour
feeding schedule, each rat received 22 days
of training: 3 days of pretraining, 11 days
of acquisition, and 8 days of extinction. On
the first day of pretraining we exposed
each subject to the experimental chamber
for 30 minutes; on the next day we trained
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them to approach and eat rapidly from the
food tray when food was delivered. On the
third day of pretraining, each subject re-
ceived 30 10-second presentations of the
stimulus rat. No food was delivered on this
day. After the 11 acquisition sessions, all
subjects received eight extinction sessions
during which the predictive stimulus was
presented as in acquisition, but no food
was delivered.

The behavior of the subjects in the pres-
ence of the predictive stimulus was record-
ed by an observer using a coding scheme
modified from Peterson (/0) and Grant
and Mackintosh (8). On each presentation
of the predictive stimulus the observer
noted several behaviors, including: Orient,
Approach, Sniff, Bite, and Social Contact
(paw, groom, crawl-over, and anogenital
sniff) (/7). A reliability check of this cod-
ing scheme with a naive observer produced
an average interobserver reliability of .99.

The four panels of Fig. 1 show the medi-
an percentage of trials on which each
group of five animals performed behaviors
in the different categories. The group data
adequately reflect the scores of the individ-
ual subjects. Figure 1A shows that the CS*
animals successively increased the fre-
quency of Orient, Approach, Sniff, and So-
cial Contact during the 11-day acquisition
period, and successively decreased the fre-
quency of these behaviors during ex-
tinction. The incidence of Bite was zero
over all trials.

The CS*® animals also engaged in consid-
erable behavior directed toward the stimu-
lus rat, but their performance stabilized at
a lower level than that of the CS* animals
(see Fig. IB). Over the last 5 days of acqui-
sition the median scores of the animals in
each group showed no overlap in Social
Contact, Approach, and Sniff, and only a
single common score in the case of Orient.
During extinction, the scores of the ani-
mals in the CS* and CS* groups over-
lapped considerably.

The CS+ animals showed greater diver-
sity of social contact than did the CS*® ani-
mals. Table | shows the median individual
scores over the last five acquisition trials
for paw, groom, crawl-over, and anogeni-
tal sniff. All five CS* animals showed paw,
groom, and crawl-over behaviors, and
three showed anogenital sniff. Of the five
CS® animals, three showed paw, two
showed groom, and only one showed
crawl-over and anogenital sniff. Video
tapes of a randomly selected animal in
each group showed additional social pos-
tures for the CS*animal, such as side-
ways and head-over postures (8).

In comparison to both the CS* and CS*®
groups, the CS™ groups showed a marked
inhibition of approach behavior during ac-
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quisition (see Fig. 1C). With one exception,
the animals oriented on less than 10 per-
cent of the trials and all animals remained
by the food tray during the presentation of
the stimulus rat. No animal ever engaged
in Social Contact. During extinction all be-
haviors except Social Contact appeared to
recover and increase toward overlap with
the scores of the CS® group.

The CS¥ group showed an increase in
Orient equivalent to that of the CS* group,
but little increase in Approach or Sniff,
and no Social Contact score (see Fig. 1D).
These results appear to reflect a low level
of conditioning to the block of wood. The
relative absence of Approach in this group
shows that Approach to the predictive rat
in the CS* group was not based on its pre-
dictive value alone. Conditioned Approach

evidently depends on the social as well as
predictive aspects of the stimulus rat.
Several animals in the CSY group
moved toward the predictive stimulus but
appeared cautious, crouching slightly and
sniffing from a distance of several inches (1
inch = 2.54 cm). The stimulus attributes
of the platform and wood block may not
have provided adequate support for ap-
proach and contact behaviors within the
feeding system of the rat. The block and
platform provided no social cues and were
probably too large to elicit behavior re-
lated to food objects. In a natural setting,
this stimulus combination would be more
likely to elicit caution and avoidance.
These results show that rats can be con-
ditioned (auto-shaped) to approach and
contact a live rat, although not a block of
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wood, which predicts the delivery of food.
The form of contact with the predictive
stimulus cannot be predicted from the
stimulus substitution hypothesis (/2), but
appears to depend upon the nature of both
the predictive stimulus and the reward. As
an alternative to stimulus substitution, we
offer the hypothesis that auto-shaped be-
havior reflects the conditioning of a system
of species-typical behaviors commonly re-
lated to the reward. The form of behavior
in the presence of the predictive stimulus
will depend on which behaviors in the con-
ditioned system are elicited and supported
by the predictive stimulus (13).

The present approach may have implica-
tions for the interpretation of traditional
classical conditioning phenomena as well
(2). Lorenz (14) suggested a related hy-
pothesis to explain Liddell’s unpublished
observations on salivary conditioning in
dogs. While working in Pavlov’s laborato-
ry, Liddell unharnessed a dog from the
conditioning apparatus and allowed it to
approach the predictive stimulus. On the
basis of Liddell’s description, Lorenz iden-
tified the dog’s behavior toward the pre-
dictive stimulus as food begging in the
genus Canis. Lorenz used this illustration
to suggest that an entire behavior system
was conditioned by the procedures of clas-
sical conditioning, not just an isolated re-
flex. Our results support this viewpoint.

WiLLIAM TIMBERLAKE
DoucGLAs L. GRANT
Department of Psychology,
Indiana University, Bloomington 47401
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Effects of Long-Term Corn Consumption on Brain

Serotonin and the Response to Electric Shock

Abstract. Rats fed tryptophan-poor corn diets have reduced levels of brain serotonin
and show increased responsiveness to electric shock. This diet-induced hyperalgesia can
be reversed by feeding the animals diets with adequate amounts of tryptophan, or by sys-

temic injections of the amino acid.

Protein-calorie  malnutrition  experi-
enced early in life may cause long-term
deficits in learning and other behavioral
capacities of humans and animals. The
general behavioral sequels to extreme kwa-
shiorkor or marasmus are well docu-
mented; however, the specific alterations in
brain function that underlie behavioral
changes induced by malnutrition are
poorly understood. Our report is one of the
first to describe an animal model that re-
lates these behavioral changes induced by
malnutrition to the effects of the diet on a
brain neurotransmitter.

The concentration of the putative brain
neurotransmitter, serotonin, appears to be

related directly to the brain and plasma
concentrations of the amino acid precursor
tryptophan (/). Mammals cannot synthe-
size tryptophan; hence, all of the amino
acid must be derived from dietary protein.
The quality of dietary protein ingested is
important for the maintenance of normal
blood tryptophan levels, and ultimately for
normal concentrations of brain tryptophan
and brain serotonin. For example, plasma
and brain tryptophan, and brain serotonin,
are greatly diminished in animals fed a diet
in which corn, a poor source of tryptophan,
is the only protein (2, 3).

Changes in brain serotonin after various
surgical or pharmacological manipulations

Table 1. Effects of long-term corn consumption and tryptophan injection on brain tryptophan and 5-
hydroxyindole levels. Rats were placed on corn (tryptophan deficient) or 18 percent casein control
diets for 42 days beginning at weaning. Then, different groups of rats were fasted for 18 hours, in-
jected intraperitoneally with the H,O vehicle or one dose of L-tryptophan, and killed | hour later. All
values are means - the standard error (N = 4t0 7).

Vehicle L-Tryptophan at:
Diet
Free access Fasted 62.5 mg/kg 125 mg/kg 250 mg/kg
Brain tryptophan ( ug/g)

Casein 38 +0.2 5.1 + 1.1 274 +£2.6 478 +74 102.1 +9.9
Corn 1.8 +0.1% 55 +£0.7 575 +£09t  81.1 £ 122+ 1642 + 8.5+
Brain serotonin ( ug/g)

Casein 0.32 4. .01 0.32 + .01 0.44 + .02 0.50 + .03 0.50 + .02
Corn 0.25 + .02* 031 + .02 0.50 + .02 0.53 +.03 0.52 + .01
Brain 5-hydroxyindoleacetic acid ( ug/g)

Casein 0.27 + .01 0.31 + .01 0.55 +.03 0.53 + .04 0.66 + .02
Corn 0.23 +.02 0.43 + .02* 0.79 + .05+ 0.81 + .05t 0.88 + .03%

*P < .05. +P < .01 compared to the appropriate casein-fed group.
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