< .9). Figure 2 gives information con-
cerning the number of attacks and the
mean latencies for attacks by snakes
that attacked both extracts at least
once. If the attack frequency data alone
are considered more closely, no dif-
ferences are noted, except that overall
the fish-fed group was slightly less re-
sponsive (for total number of attacks,
x2=0.03; df.=1; .8 <P<.9). More
effective extracts generally lead to more
attacks and shorter latencies (as well
as higher tongue-flick frequencies) (9),
and this finding is repeated here. Earth-
worms were more effective than fish
throughout (maternal diet worms: all
subjects, P < .002, binomial test, two-
tailed; attackers only, P < .002; ma-
ternal diet fish: all subjects, P < .02;
attackers only, P < .001).

This experiment shows that maternal
chemical-feeding experience has no sig-
nificant effect on the chemical prefer-
ences of young snakes if this experience
is given as long as 9 weeks before par-
turition. Feeding of the mother was
controlled from about the gastrulation
stage of embryonic development (10),
which would seem to encompass any
conceivable prenatal critical period.
While the lifelong feeding experience
of the mother may be involved, it
would seem more profitable to focus
study on the genetic-developmental
processes involved. In addition, an ex-
planation based on maternal feeding
must deal with possible differences be-
tween adult and neonatal diets.

The combined results of this and the
postnatal experiments show that the
process of being born seems to radically
change the ability of the animal to
make use of chemical experience, al-
though the very nature of the differ-
ences between the pre- and postnatal
environments make experimental equiv-
alence impossible. Indeed, whether the
newborn snake can even perceive chem-
icals from its mother’s diet is unknown,
yet remains so far the only possible
normal path for a nongenetic shaping
of the differences seen at birth in chem-
ical-cue preference. In oviparous spe-
cies which evidence similar selective
perception upon hatching, it would ap-
pear that even this channel of informa-
tion would have severe limitations (11).
Prenatal processes are certainly impor-
tant, but clearly they cannot be con-
sidered the source of all the specific
perceptual information possessed by
neonates.

GORDON M. BURGHARDT
Department of Psychology, University
of Tennessee, Knoxville 37916
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Classical Conditioning of a Complex Skeletal Response

Abstract. The pigeon’s so-called “arbitrary” response of pecking an illuminated
disk can be established and maintained by procedures resembling those of
classical conditioning. This phenomenon was shown to be independent of the spe-
cific signaling relationships between illumination of the pecking disk and presenta-
tion of food; it will appear as long as the key is differentially associated with food.
When a nondifferential condition is introduced, pecking “extinguishes” even if
it has previously been established and even when the new condition involves as
much reinforcement as the old one. Reinstating differential conditions reestab-
lishes pecking. The initial conditions determine the speed and apparently the
asymptote of pecking rates in the differential condition; initial exposure to a
nondifferential procedure retards subsequent acquisition, possibly quite perma-
nently. These findings are discussed in the context of mechanisms of adaptive
learning, not involving reward and punishment, which lead to selection of
effective behaviors on a nonarbitrary basis.

Brown and Jenkins (/) recently re-
ported that hungry pigeons would spon-
taneously begin pecking a disk mounted
on the wall of an experimental chamber
if illumination of the disk signaled the
forthcoming presentation of grain. The
procedure closely resembled Pavlovian
delay conditioning, and its effectiveness
with pecking—a complex skeletal act
directed outward at the environment—
potentially represents a significant ex-
tension of the domain of classical con-
ditioning. The delay conditioning pro-
cedure exerts such powerful control that
birds frequently peck the disk even
when conditions are changed so that
pecking the disk prevents -the oppor-
tunity to eat (2). Under these artificial
laboratory conditions, such behavior ap-
pears maladaptive and is difficult to
encompass in a biological approach to
learning based on the reward value of
external events.

In the experiments reported here, we
explored the limits of applicability of
the classical conditioning paradigm by
using a procedure that avoids the spe-
cific “pairing” relationship between re-

sponse key and food, which was char-
acteristic of the earlier procedures.
Pairing the response key with food ac-
cording to the Pavlovian delay para-
digm involves the precise signaling of
the time of presentation of the uncon-
ditioned stimulus (for example, food).
By circumventing this intimate signal-
ing relationship, we hoped to determine
whether the remarkable stimulus con-
trol over the act of pecking was attrib-
utable to a peculiarity of the Pavlovian
procedures used earlier or whether it
represents a more general manifestation
of associative learning through classical
conditioning.

The new procedure that we used was
a variant of one introduced by Rescorla
(3). Throughout the course of these ex-

periments, a pecking disk was illumi-

nated for 8.6-second periods, which
were distributed randomly throughout
each experimental session with a mean
interstimulus interval of 30 seconds. In
the presence of the illuminated disk,
4-second periods of access to a grain
hopper were provided on a random
basis; the probability of initiating such
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a period of access was .03 at the start
of each second of key illumination. We
compared pecking to the key under two
conditions: a ‘“differential condition,”
where the probability of access to grain
when the disk was not illuminated was
zero; and a “nondifferential” procedure,
where the probability of grain presen-
tation was the same in the presence and
the absence of illumination of the disk.
At no point in the experiment did the
disk signal the actual time of presenta-
tion of reinforcement; it merely accom-
panied a condition where 4-second
access to grain was provided on the
average of once every 33 seconds.
Naive adult male Silver King pigeons
maintained at 80 percent of their free
feeding weight were tested in a standard
pigeon chamber measuring 28 by 28 by
26 cm. One wall of the chamber housed
a standard pecking disk, which could be
transilluminated with white light. The
disk was 19 cm above the floor of the
compartment, and the grain hopper was
centered 11 cm below the pecking disk.
At the beginning of the first session,
birds were trained to approach rapidly
and to eat from the hopper whenever
it was presented; they were then imme-
diately exposed to the experimental pro-
cedure. A daily session comprised 50
trials of disk illumination, distributed
geometrically with a range of 10 to 120
seconds between trials. In the presence
of the key, an average of 13 reinforce-

ments were typically presented during
50 daily trials. Grain presentation was
always independent of the pigeons’ be-
havior and could be initiated immedi-
ately at the onset of a trial or at the
start of any other 1-second interval dur-
ing the trial. Pecking had absolutely no
effect on the experimental procedure.

Figure 1 traces the course of devel-
opment of pecking for each of four
birds studied under the differential pro-
cedure. Despite marked differences in
rate of acquisition, all birds learned to
peck the disk at rates substantially
above one per second. Because illumi-
nation of the disk accompanied a
change in the frequency of reinforce-
ment but did not signal particular oc-
currences of reinforcement, it is clear
that disk illumination need have no pre-
cise relationship to specific instances of
food presentation. This property of the
Pavlovian delay procedure, as such, is
not necessary for the development of
pecking.

To explore whether the pecking en-
gendered by this procedure was depen-
dent primarily on occasions of feeding
in the presence of the disk or whether
the differential association was a neces-
sary aspect of the procedure, we began
presenting grain in the absence of the
illuminated disk at the same frequency
as we had previously been presenting
it in the presence of the illuminated
disk, in sessions that immediately fol-
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Fig. 1 (left). Individual acquisition curves indicate rate of responding within each session from the outset of the experiment.

lowed those illustrated in Fig. 1. Thus,
we changed conditions only during the
“intertrial interval” and not during the
“trial interval” itself. Results from this
nondifferential condition are shown in
Fig. 2. Levels of responding to the disk
during its periods of illumination fell
rapidly to zero. Although a modest “re-
covery” of rate was observed in one
bird over a 4-day period, and in an-
other for a single day, these elevated
levels of performance were not sus-
tained. Two other birds showed no
tendency to resume responding during
the 14-day period. In addition, no bird
developed sustained pecking during the
interval between trials, when grain was
presented but the disk was dark. It is
apparent, then, that the presentation of
grain in the presence of the illuminated
disk is not a sufficient condition to
engender pecking: the disk must at
least accompany a change in the fre-
quency of grain presentations. Figure 2
also shows that, when the differential
condition was reinstated, pecking quick-
ly regained its previous levels. These
findings are similar to those of Rescorla,
who used a classically conditioned fear
response in dogs and rats (4).

The failure of the nondifferential
condition to sustain pecking indicates
that adventitious reward of pecking
probably does not play a major role in
this phenomenon. The rapid decline of
pecking during periods of key illumi-
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2 (right). Individual rates per session in sessions that immediately followed the sessions of Fig. 1. The rate declined under the
nondifferential condition and recovered after reinstatement of the original procedure.
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nation took place even though there was
no change in response-reinforcer corre-
lations (spurious or otherwise) in the
presence of the illuminated disk. If
adventitious reward were effective dur-
ing the differential condition, surely it
would continue to be effective in sus-
taining a high rate of pecking in the
nondifferential condition as well.

As a further check on the importance
of the differential association of disk
illumination with feeding, we studied
five new birds on the nondifferential
condition. After 14 days of nondif-
ferential exposure to grain presentation,
a total of ten pecks had been recorded
for all five birds together. All of these
occurred during the intertrial interval
when the key was not illuminated. Ap-
parently, the decline in responding seen
in the first experiment was not an arti-
fact of changing the procedures, nor
was it related to prior exposure to a
difference in reinforcement density. Ac-
quisition, as well as maintenance of
pecking, is dependent on a differential
association of key and reinforcer.

When these new birds were shifted
to the original differential procedure,
all eventually began pecking the disk.
Even after 35 days of exposure, how-
ever, the mean rate of response was
only 20 per minute, and there was no
overlap between the rates of pecking of
these birds and those of the first group,
whose mean terminal rate was 101 re-
sponses per minute. Thus, there was a
residual effect of nondifferential rein-
forcement, even after successful acqui-
sition had taken place.

These results demonstrate three im-
portant aspects of the autoshaping phe-
nomenon, all of which are consistent
with the assumption that classical con-
ditioning is a fundamental factor in the
phenomenon. First, we have shown that
a specific signaling relationship is not
important for acquisition or sustained
maintenance of behavior. Second, the
necessity for differential pairing in
maintenance, as well as acquisition, in-
dicates that informational properties of
the stimulus, rather than its mere asso-
ciation with feeding, are responsible
for the phenomenon. Third, the phe-
nomenon, although obviously suscepti-
ble to analysis by principles of classical
conditioning, offers little basis for an
account in terms of adventitious rein-
forcement.

The pecking engendered by autoshap-
ing is directed to a significant part of
the environment—that is, a part cor-
related with the opportunity to eat. The
strong and direct control over behavior
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exerted by this part of the environment
indicates the operation of a mechanism
in pigeons by which skeletal acts are
controlled without the involvement of
reward and punishment. The findings
of the Brelands (5) in a number of
nonavian species suggest that such
mechanisms are not peculiar to pigeons.
Although study of the way in which
complex activities are developed and
learned has largely excluded effects
other than those of reward and punish-
ment, it now seems necessary to include
some other factors as well, if the prin-
ciples of adaptive learning are to pro-
vide an adequate account of the devel-
opment and maintenance of effective
but often nonarbitrary behavior. It is
apparent that animals do not select be-
haviors randomly from their repertoire
in new situations. The manifestation of
associative learning that we have ex-

plored in this report may reflect a
process by which organisms tailor their
behavior nonrandomly to new environ-
ments, prior to any “shaping” effect by
rewards and punishments.
ELgAN GAaMZzZU
Davip R. WiLLIAMS
Department of Psychology,
University of Pennsylvania,
Philadelphia 19104
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Echolocation in Bats: Signal Processing of Echoes

for Target Range

Abstract. Echolocating bats Eptesicus fuscus and Phyllostomus hastatus can
discriminate between the nearer and farther of two targets. Their errors in dis-
crimination are predicted accurately by the autocorrelation functions of their
sonar cries. These bats behave as though they have an ideal sonar system which
cross correlates the transmitted cry with the returning echo to extract target-

range information.

Bats of the suborder Microchiroptera
use a type of active sonar for orienta-
tion (I). Biologists, psychologists, and
physicists have speculated often about
the kinds of information available to
the bat from echoes and about the
nature of the mechanism which proc-
esses the echoes from targets in the
bat’s environment. The possibility of
depth perception or target ranging by
echolocation has received particular
attention (2-5). The ease with which
bats detect and avoid obstacles and
detect, track, and capture airborne
targets seems to require some means
of determining the distance to tar-
gets (6).

Three specimens of the North Amer-
ican insectivorous bat, Eptesicus fuscus,
and three specimens of the neotropical,
carnivorous ‘and frugivorous. bat, Phyl-
lostomus hastatus, learned to discrimi-
nate target range in the experiment
reported here. The bats were blinded
(enucleated) several months prior to
the- experiment to eliminate the pos-

sible use of vision, since the experi-
ment could not be conducted in dark-

ness. Each bat learned to fly from a

small, elevated platform to the closer
of two other platforms (Fig. 1). A
triangular target 10.0 cm wide and
5.0 cm high was mounted at the back
of each of the two landing platforms.
The platforms were separated by an
angle of 40° when viewed from the
bat’s position on the starting platform.

The landing platforms differed from
each other in the distance from the
bat on the starting platform to the
target. The bat learned to fly to the
nearer platform in a straightforward
simultaneous discrimination procedure
with food as reward (a piece of a
mealworm offered in forceps) and
without correction of error trials. To
make training easier, each bat was
deprived of some of its normal food
intake until it reached 90 to 95 per-
cent of its weight when captured. The
closer platform alternated left to right
according to a pseudo-random sched-
ule (7).

At first the nearer target ap-
peared at a distance of 50 cm. The
farther target was 60 cm from the
bat throughout the experiment. After
the bat reached a criterion of better
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