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Abstract. Using a reinforcement schedule that arranges ran-
dom sequences of reinforcements over two response keys,
low and high probabilities of repetition of non-reinforced
responses were generated in two groups of pigeons (n=3
per group) by varying the probability of reinforcement for
responding on the key to which reinforcement was assigned.
Unlike rats, the pigeons did not show a tendency to repeat
just-reinforced responses, but showed a strong position
bias, that was reduced by additional feeding and extinction,
but not by any of the drug treatments. Apomorphine in-
creased response repetition, irrespective of the control prob-
ability of repetition; d-amphetamine increased low proba-
bilities of repetition, but decreased high probabilities.
Chlordiazepoxide and scopolamine selectively decreased
high probabilities of repetition; phencyclidine and pento-
barbital selectively increased low probabilities of repetition.
Morphine, haloperidol, chlorpromazine, additional feeding,
and extinction did not affect repetition of non-reinforced
responses. Extinction increased perseveration, whereas drug
effects on perseveration were not observed. Drug-induced
changes of patterning of responses as exemplified herein
by drug-induced alterations of repetitiveness may be rele-
vant to the interpretation of drug effects upon performance
brought about by other behavioral processes such as dis-
crimination.
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Response repetition and response switching in a situation
of equivalent response alternatives have been shown to pro-
vide sensitive and important behavioral measures of effects
of d-amphetamine. These behavioral measures are sensitive
to the effects of d-amphetamine in that repetition and
switching were affected by doses that did not alter the over-
all rate of responding (e.g., Robbins and Watson 1981).
Effects on response repetition and switching are important
because they may underlie the rate-dependent effects of d-
amphetamine (Robbins 1981), they may underlie the appar-
ent improvement by d-amphetamine of certain discrimina-
tion performances (i.e., tracking of a visual stimulus; Even-
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den and Robbins 1985), and they may underlie the disrup-
tive effects of d-amphetamine on other performances (i.e.,
discrete trial two-choice discrimination; Koek and Slangen
1983, 1984). Further, these effects of d-amphetamine on
repetition and switching may have implications for the un-
derstanding of certain aspects of pathological conditions
(1.e., Parkinsonism, psychosis; Robbins and Sahakian
1983).

Using a schedule devised by Morgan (1974) that ar-
ranges random sequences of reinforcements over two levers,
Robbins and Watson (1981) showed that the effects of d-
amphetamine on the probability that a particular response
is repeated were dependent on the control value of this
probability in rats. Low probabilities of repetition were in-
creased by d-amphetamine; however, at higher control
values d-amphetamine decreased response repetition (i.e.,
increased switching between different responses). Further,
the baseline-dependent effects of d~amphetamine appear to
be pharmacologically selective, as evidenced by the finding
that apomorphine increases response repetition irrespective
of the baseline probability of repetition (Robbins 1981) and
by the finding that neither chlordiazepoxide nor alpha-flu-
penthixol affected response repetition, even at response
rate-suppressing doses.

The first aim of the present experiment was to study
whether d-amphetamine and apomorphine produce the
same effects on response repetition in pigeons as in rats
and to explore further the pharmacological selectivity of
these effects. An adaptation of the reinforcement schedule
devised by Morgan (1974) was used. Drug effects on three
different types of repetition were studied: 1) repetition of
non-reinforced responses; 2) repetition of responses during
the availability of reinforcement (perseveration); and 3) rep-
etition of reinforced responses (win-stay behavior).

To provide behavioral comparisons with the drug treat-
ments, Evenden and Robbins (1983) studied the effects of
additional feeding and of extinction on response repetition.
Additional feeding decreased repetition of non-reinforced
responses and did not affect perseveration or repetition of
reinforced responses; extinction did not affect repetition
of non-reinforced responses, increased perseveration, and
decreased repetition of reinforced responses. These effects
of satiation and extinction were studied in rats at a high
baseline probability of repetition. It was the second aim
of the present study to characterize the effects of satiation
and extinction on response repetition in pigeons, using dif-
ferent baseline probabilities of response repetition.
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Materials and methods

Subjects. Six experimentally naive White Carncaux pigeons
(Palmetto, Sumter, SC) were housed individually with water
and grit freely available and were maintained at 80% of
their free-feeding weight by providing mixed grain in the
home cage after each experimental session.

Apparatus. Experiments were conducted in ventilated,
sound-attenuated chambers measuring 36 x 28 x 33 cm.
Three translucent response keys, 2.4 cm in diameter, were
located on the inside of one wall, 25 cm from the chamber
floor. The keys were 5 cm from each other and could be
transilluminated by red 7 W lights located behind the wall.
Mixed grain was made available for reinforcement by
means of a hopper, below the center response key and 10 cm
above the floor of the chamber. During reinforcement a
white light illuminated the hopper.

A PDP-8e computer (Digital Equipment Corporation,
Maynard, MA) and cumulative response recorders (Ralph
Gerbrands Co., Inc., Arlington, MA), located in an adja-
cent room, were used for programming, data collection and
recording.

Procedure. Six pigeons were trained to respond in an oper-
ant chamber, 7 days/week. After 10 min, during which the
chamber was dark and responses had no programmed con-
sequences, the left and the right key were illuminated red.
One of the two keys was selected at random (P=0.5) to
provide 3-s access to grain after a key peck. Pecking the
“unselected” key had no programmed consequences. Both
keys remained illuminated during food presentation. After
food had been presented the computer program selected
at random (P=0.5) which key would provide reinforcement
next. The session ended after 60 reinforcements or after
1 h, whichever occurred first.

After 7 days of exposure to this schedule, three pigeons
were assigned at random to a schedule in which the proba-
bility of reinforcement for responding on the “selected”
key was reduced from 1.0 to 0.3 (group H); the schedule
remained the same for the other three pigeons (group L).

After 30 sessions the performance had stabilized, both
in group L and in group H. From here on, every session
was preceded by an IM injection (inj. vol. 1 ml/kg) of either
saline (S) or drug (D) according to the following, weekly
repeating, sequence: S—- D -5 -D - S - D — 8. Data
obtained during the first saline session of each sequence
were used to calculate control values. Apomorphine
(0.056-1.0 mg/kg), amphetamine (0.56-5.6 mg/kg), phen-
cyclidine (PCP; 0.18-1.8 mg/kg), morphine (1-10 mg/kg),
chlordiazepoxide (1.8-18 mg/kg), scopolamine (0.01-
0.056 mg/kg), haloperidol (0.32-3.2 mg/kg), pentobarbital
(1.8-18 mg/kg) and chlorpromazine (5.6-56 mg/kg) were
tested, in that order and with doses of each drug counterba-
lanced across pigeons.

Thereafter, effects of prefeeding (access to a quantity
of mixed grain equivalent to 10% of the free-feeding body
weight, during 30 min immediately preceding the start of
the session) and extinction (mixed grain absent from the
hopper with all other conditions unchanged) on schedule
performance were tested, in that order. Additional feeding
was conducted until a significant reduction of the overall
rate of responding was observed and further testing did
not produce an additional decrement of the response rate

(i.e. three consecutive sessions in group L, and five sessions
in group H).

Extinction tests were conducted during ten consecutive
sessions. Thereafter, training was continued for 2 weeks.
Finally, for each drug, the highest dose that did not com-
pletely suppress responding and the dose that did complete-
ly suppress responding in one or more pigeons per group
were retested.

Measurement and data analysis. The following behavioral
measures were used: 1) probability of repetition of non-
reinforced responses (calculated by dividing the number of
repetitions of responses on the key unselected for food de-
livery by the sum of repetitions of, and switches between
left and right key responses); 2) perseveration (total number
of responses on both keys made during presentation of the
food hopper, divided by the total time, in s, during which
the hopper was presented); 3) probability of repetition of
reinforced responses (calculated by dividing the number of
occasions on which the just-reinforced response was re-
peated immediately after the end of the reinforcement peri-
od by the total number of reinforcements minus 1); 4) post-
reinforcement key bias [calculated by dividing the absolute
difference between the number of left key responses and
right key responses that were made immediately after rein-
forcement by the total number of reinforcements minus
one; this ratio can attain values between zero (no bias)
and 1 (complete bias)]; 5) overall rate of responding (total
number of responses on both keys divided by session dura-
tion in s). Effects of drugs on these measures were analyzed
by means of one-factor repeated measures analysis of vari-
ance (Keppel 1973). For each drug, the data obtained dur-
ing the 2 control days intervening between tests of different
doses were averaged to give a mean control value. When
the results of the analysis of variance showed that the drug
effect was statistically significant, Dunnett’s ¢-test was used
to compare the mean at each dose with the control value.
Drugs were tested up to doses that affected the overall rate
of responding; data obtained at dose levels at which one
or more pigeons made less than 20 responses were not in-
cluded in the analyses.

Drugs. The compounds used were apomorphine hydrochlo-
ride (Sigma Chemical Co., St. Louis, MO), d-amphetamine
sulfate (Sigma Chemical Co.), PCP (Warner-Lambert/
Parke Davis and Co., Ann Arbor, MI), pentobarbital sodi-
um (Gaines Chemical Works, New York, NY), chlordia-
zepoxide hydrochloride (Hoffman-La Roche, NJ), scopol-
amine hydrobromide (Sigma Chemical Co.), morphine sul-
fate (Mallinckrodt Inc., St. Louis, MO), chlorpromazine
hydrochloride (Smith, Kline and French, Philadelphia, PA)
and haloperidol (Janssen Pharmaceutica, Beerse, Belgium).
PCP and haloperidol were dissolved in sterile water to
which a small amount of lactic acid was added. All other
drugs were dissolved in sterile water. Doses of drugs are
expressed in the forms described above.

Results

Control performance. The mean probability of repetition
of non-reinforced responses (+1 SEM), averaged across
saline control sessions, was 0.2440.06 in group L and was
significantly higher in group H (0.79+0.06; Student’s t=
6.36, df=4, P<0.01). Thus, animals in group L were more
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Fig. 1. Effects of drugs on the probability of repetition of non-
reinforced responses and on overall rate of responding in pigeons under
a reinforcement schedule in which the probability of reinforcement for
responding on the “selected” key was cither 1.0, generating a low
control probability of repetition (circles; n=3), or 0.3, generating a high
control probability of response repetition (squares; n=13). See text for
further details of the reinforcement schedule. Open symbols represent
data obtained during retests of selected doses after all drugs had been
tested once. Asterisks indicate significant (P <0.05) differences from
control. Ordinates : probability of repetition of non-reinforced
responses, and overall rate of responding, measured as responses/s.
Abscissae: dose (IM) in mg/kg
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Fig. 2. Drug effects on the probability of
repetition of non-reinforced responses (ordinate)
in pigeons, showing a high or a low control
probability of response repetition (n=3 per
group). Symbols as in Fig. 1. Abscissae: dose
(IM) in mg/kg
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likely to switch to the other key after a non-reinforced re-
sponse than animals in group H. Perseverative responding
(i.e., rate of responding on the keys during the presentation
of the food hopper) was not significantly different between
the experimental groups (P>0.10); the mean value aver-
aged across groups was 0.05+0.03 responses/s. The proba-
bility of repetition of reinforced responses did not differ
significantly between group L and group H (P>0.05); the
mean value of this probability was 0.50 +0.01 under control
conditions, indicating that the pigeons did not show win-
stay behavior. However, the behavior shown immediately
after reinforcement was not random: all pigeons showed
a strong bias to respond on a particular key after the rein-
forcement had been presented. The overall mean value of
post-reinforcement key bias was 0.8340.05. The overall
rate of responding was significantly higher in group H than
in group L (1.2540.11 and 0.39+0.01 responses/s, respec-
tively; Student’s r=8.21, df=4, P<0.01).

Drug effects on repetition of non-reinforced responses and
response rate. Apomorphine increased the probability of
repetition of non-reinforced responses (Fig. 1), both in
group L [F(5,10)=4.42, P<0.05] and in group H [F(5,10)=
5.81, P<0.01]. The response-rate reducing effects of apo-
morphine approached statistical significance in group L
[F(5,10)=3.02, P=0.06], but not in group H [F(5,10)=
1.18, P>0.2]. Note that apomorphine increased response
repetition at doses that did not significantly affect the over-
all rate of responding (0.18 and 0.32 mg/kg). Note further
that the results of the replication of 0.56 mg/kg apomor-
phine were similar to the results obtained during the first
test.

During the first determination, d-amphetamine did not
significantly affect the probability of repetition of non-rein-
forced responses [Fig. 1, closed symbols; group L: F(3,6)=
1.23, P>0.2; group H: F(3,6)=1.37, P>0.2]. After the
administration of 3.2 mg/kg d-amphetamine, two pigeons
in group L and one pigeon in group H failed to respond.
However, during the second test (open symbols) all pigeons
obtained the 60 available reinforcers after the administra-
tion of 3.2 mg/kg d-amphetamine and all pigeons of group
L, but not of group H, continued to respond at 5.6 mg/kg
d-amphetamine. During the second test, d-amphetamine de-
creased the probability of repetition of non-reinforced re-

sponses in group H [F(4,8)=5.73, P<0.02] and increased
this probability in group L [F(5,10)=4.27, P<0.03]. d-Am-
phetamine did not affect the rate of responding during the
first test at the doses shown in Fig. 1 [F(3,6)<1.70, P>0.2];
during the second test, the rate-reducing effects of d-am-
phetamine approached statistical significance in group H
[F(4,8)=3.41, P<0.07], but not in group L [F(4,8)<1.0].

Chlordiazepoxide and scolopamine decreased high
probabilities of repetition of non-reinforced responses
[F(4,8)=5.70, P<0.02, F(3,6)=4.48, P<0.06, respective-
ly], without significantly affecting low probabilities (P>
0.20). Effects on repetition were observed at doses that re-
duced the rate of responding in group H [chlordiazepoxide:
F(4,8)=10.01, P<0.01; scopolamine: F(3,6)=8.75, P<
0.02). In group L, neither drug affected the rate of respond-
ing at doses shown in Fig. 1 (P>0.10). At least one pigeon
in each experimental group did not respond after adminis-
tration of 18 mg/kg chlordiazepoxide and of 0.056 mg/kg
scopolamine, both during the first and the second test of
this dose.

In contrast with the effects of chlordiazepoxide and of
scopolamine, both PCP and pentobarbital increased re-
sponse repetition in group L [£(5,10)=18.03, P<0.001,
F(4,8)=6.99, P<0.01, respectively] and did not affect re-
sponse repetition in group H (P>0.20). Phencyclidine re-
duced the rate of responding in both groups [F(5,10)>7.2,
P<0.005]. PCP (1 mg/kg) reduced the response rate in
group H, but not in group L. Thus, in group L, 1 mg/kg
PCP was found to increase response repetition without af-
fecting the rate of responding. A dose of 1.8 mg/kg PCP
reduced the response rate in both experimental groups.
These effects of PCP on low probabilities of response repeti-
tion have been reported previously by Koek et al. (19864, c)
and are included here for comparison with group H. The
effects of pentobarbital on response rate were not statisti-
cally significant (P> 0.20). Therefore, the effects of pento-
barbital on repetition of non-reinforced responses occurred
at doses that did not affect the rate of responding. At a
dose of 18 mg/kg, pentobarbital suppressed responding in
all pigeons, during both tests.

The effects of morphine, haloperidol and chlorproma-
zine on repetition of non-reinforced responses (Fig. 2) were
not statistically significant (P> 0.20). At the doses shown,
significant drug effects on rate of responding were not ob-
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Fig. 3. Effects of additional feeding and of extinction on
perseveration, key bias and response rate in pigeons that showed
a high or a low control probability of response repetition (=3
per group). Ordinates: perseveration (key peck responses during
the presentation of the food hopper), key bias (bias to respond
on a particular key immediately after the end of the hopper
presentation), and response rate (measured as responses/s).
Abscissae: daily sessions, before (PRE), during (numbered
consecutively), and immediately after (POST) additional feeding
(left panels) and extinction (right panels). Data obtained during
extinction sessions 5-9 are not shown. Symbols as in Fig. 1

served (P>0.10; data not shown). Morphine (10 mg/kg)
suppressed responding in both experimental groups, during
both tests; 32 mg/kg chlorpromazine suppressed respond-
ing in group L, and 56 mg/kg chlorpromazine suppressed
responding in group H.

Drug effects on perseveration and key bias. None of the
drugs significantly affected perseveration (P> 0.10). Post-
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reinforcement key bias was attenuated by apomorphine in
group H only [data not shown; F(5,10)=4.21, P<0.05].
A dose of 0.18 mg/kg apomorphine reduced key bias from
0.83+0.05 to 0.64+0.10 (P<0.05); however, the effects
of higher doses of apomorphine on key bias were not stat-
istically significant. PCP reduced post-reinforcement key
bias in group H [F(5,10)=6.94, P <0.005], but not in group
L; 1.8 mg/kg PCP reduced bias to 0.38+0.17 (£<0.05).
Finally, morphine (5.6 mg/kg) reduced key bias to 0.6+0.1
(P <0.05), in group L only. All other drug treatments did
not significantly affect post-reinforcement key bias, either
in group L or in group H (P> 0.20). Significant reductions
of post-reinforcement key bias were not accompanied by
significant changes in the probability of repeating just-rein-
forced responses (P> 0.20).

Effects of additional feeding and of extinction. Perseveration
was not affected by additional feeding (P>0.2), but was
increased by extinction [Fig. 3; group L: F(6,12)=4.71, P<
0.01; group H: F(6,12)=2.41, P<0.1]. Additional feeding
decreased the bias to respond on a particular key immedi-
ately after reinforcement in group H [group H: F(6,12)=
6.84, P<0.01; group L: F(3,6)=2.78, P>0.10]; extinction
decreased key bias in both groups [group L: F(6,12)=31.14,
P <0.001; group H: F(6,12)=15.65, P<0.001]. Neither ad-
ditional feeding nor extinction produced significant changes
in the probability of repeating just-reinforced responses.
Both additional feeding and extinction decreased the overall
rate of responding [additional feeding: group L, F(3,6)=
17.21, P<0.005, group H, F(6,12)=15.10, P<0.001; ex-
tinction: group L, £(6,12)=4.07, P<0.02, group H,
F(6,12)=3.58, P<0.03]. However, during extinction none
of the response rate values for individual sessions were sig-
nificantly different from their pre-extinction control values.
Repetition of non-reinforced responses is not shown be-
cause this measure was not significantly affected (P> 0.20).

Discussion

Apomorphine increased both low and high probabilities
of repetition of non-reinforced responses. Amphetamine in-
creased low probabilities of repetition of non-reinforced re-
sponses, but decreased high probabilities, thus showing ba-
seline-dependent effects. These drug effects in pigeons are
in agreement with the effects of d-amphetamine and of apo-
morphine on repetition of non-reinforced responses in rats
(Robbins 1980, 1981; Robbins and Watson 1980). How-
ever, it should be noted that in the present study effects
of d-amphetamine on response repetition were obtained at
doses that suppressed responding during the first occasion
that they were tested.

Neither apomorphine nor d-amphetamine induced sig-
nificant perseverative responding (i.e., responding on the
keys during the availability of reinforcement). In rats, both
apomorphine and amphetamine have been found to in-
crease perseveration (Robbins 1980, 1981; Evenden and
Robbins 1983). This difference between the findings in rats
and in pigeons does not appear to result from a lack of
sensitivity of the perseveration measure used in the present
study, as increased perseveration was observed during ex-
tinction, in agreement with results reported in rats (Evenden
and Robbins 1983).

In rats, the probability of repeating just-reinforced re-
sponses is significantly higher than the probability of
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switching to another response (Morgan 1974). This win-stay
behavior is reduced by d-amphetamine (Robbins and Wat-
son 1980; Evenden and Robbins 1983). In the present study
no evidence was obtained for a similar win-stay tendency
in pigeons. The behavior of pigeons immediately following
reinforcement showed evidence of a bias to respond on
a particular key, irrespective of whether a response on that
key had just produced reinforcement or not. Apomorphine
reduced this bias, but only at an intermediate dose; d-am-
phetamine did not affect key bias. The absence of consistent
drug effects on key bias cannot be ascribed to an insensiti-
vity of the measure used, as key bias was found to be re-
duced by additional feeding and during extinction.

In pigeons, effects on repetition of non-reinforced re-
sponses were not limited to apomorphine and amphet-
amine. PCP and pentobarbital increased low probabilities
of repetition, without affecting high probabilities, in doses
that did not affect the overall rate of responding. Metaphit,
a proposed PCP-receptor acylator, and 2-amino-5-phos-
phonovalerate (APS5), an excitatory amino acid antagonist
that induces PCP-like catalepsy in pigeons (Koek et al.
1986b), produced effects that were similar to the effects
of PCP and pentobarbital, i.e., they increased low probabili-
ties of response repetition, without affecting high probabili-
ties (Koek et al. 1986a, c). Conversely, chlordiazepoxide
and scopolamine decreased high probabilities of repetition
without affecting low probabilities, in doses that also re-
duced the rate of responding. These results cannot be ex-
plained in terms of a general randomization of responding
that results in a convergence of the probabilities of repeti-
tion to a value of 0.5, because the aforementioned drugs
changed one control probability of repetition, but not the
other. Further, effects on repetition in pigeons do not ap-
pear to be associated invariably with any behaviorally ac-
tive drug, because morphine, haloperidol and chlorproma-
zine were ineffective in modifying the probability of repeti-
tion of non-reinforced responses. The absence of effects
of neuroleptics on repetition of non-reinforced responses
is in dgreement with the finding in rats that alpha-flupen-
thixol did not affect response repetition (Robbins and Wat-
son 1980 ; Evenden and Robbins 1983). In rats, chlordiazep-
oxide appeared to decrease the probability of repetition,
although this effect did not reach statistical significance
(Evenden and Robbins 1983). As in the present study, this
tendency of chlordiazepoxide to decrease high probabilities
of repetition was observed only at response rate-reducing
doses.

Extinction did not affect the probability of repetition
of non-reinforced responses, in agreement with results ob-
tained in rats (Evenden and Robbins 1983). Additional
feeding increased switching (i.e., reduced repetition) in rats
(Evenden and Robbins 1983). However, in the present study
additional feeding did not affect repetition. The extinction-
induced increase of perseveration and the absence of effects
of additional feeding on perseveration are consistent with
the findings in rats (Evenden and Robbins 1983). None
of the drugs studied herein produced effects that were simi-
lar in every respect to the effects of extinction or of addi-
tional feeding. Thus, the drug effects cannot be explained
by appealing to similarities either to extinction or to satia-
tion.

In general, the drug effects on repetition of non-rein-
forced responses observed in the present study are not only
consistent with the effects on repetition in rats using Mor-

gan’s schedule, but are also consistent with effects in pi-
geons using a fixed-consecutive-number (FCN) schedule
(Laties 1972) or a modification thereof (Evenden 1986).
Laties (1972) observed that d-amphetamine and scopol-
amine, but not haloperidol, increased premature switching
(i.e., decreased repetition) in a schedule that demanded that
at least eight consecutive responses be made on one key,
before a peck on a second key would be reinforced. In
the present study, d-amphetamine and scopolamine, but not
haloperidol, reduced high probabilities of repetition, i.e.,
increased low probabilities of switching, in agreement with
results obtained by Laties (1972). Recently, in a detailed
analysis of drug effects on performance under a modified
FCN schedule, Evenden (1986) observed that d-amphet-
amine and scopolamine both increased switching, albeit in
a different fashion; d-amphetamine increased low and high
probabilities of switching, whereas scopolamine increased
only low probabilities of switching. In partial agreement
with these data, scopolamine decreased repetition (in-
creased switching) when the baseline performance was char-
acterized by a high probability of repetition (and a low
probability of switching), in the present study. However,
as was reported in rats using Morgan’s schedule, d-amphet-
amine’s effects were baseline dependent in the present study.
Taken together, the data of Laties (1972), of Evenden
(1986) and of the present study show that d-amphetamine-
induced switching has considerable generality across species
(rats, pigeons) and across procedures (Morgan’s schedule,
FCN schedule). In addition, metamphetamine was found
to increase switching in monkeys (Moerschbaecher et al.
1979). However, the effects of chlorpromazine on repetition
or switching appear to be more variable: increased switch-
ing (Laties 1972), decreased switching (Evenden 1986), and
no effect (this study) have been obtained.

Repetition of non-reinforced responses may provide a
novel behavioral measure of drug effects, in that the effects
observed herein do not appear to be correlated with drug
effects in other behavioral procedures. For example, all
drugs used in the present study, with the possible exception
of haloperidol, increase the low rates of responding engen-
dered by fixed-interval schedules (for a review, see Robbins
1981), yet produce markedly different effects on response
repetition. Thus, rate-dependent effects of drugs do not ap-
pear to be associated invariably with a particular pattern
of effects on low and high probabilities of response repeti-
tion. Further, chlordiazepoxide, PCP and pentobarbital in-
crease responding suppressed by punishment (e.g., Cook
and Davidson 1973), but did not produce similar effects
on response repetition. In addition, the increase of low
probabilities of response repetition induced by PCP, ap-
pears to be in agreement with the impairment of spatial
alternation performance caused by PCP (Glick et al. 1979).
However, scopolamine, which impairs spatial alternation
performance in much the same way as PCP (Glick et al.
1979), produced an effect on response repetition different
from PCP. Finally, apomorphine, d-amphetamine, PCP and
pentobarbital all increased low probabilities of response
repetition, whereas directly observable stereotyped behavior
in pigeons (i.e., enhanced unconditioned pecking at non-
food targets) is induced strongly by apomorphine (Cheng
and Long 1974), weakly by d-amphetamine (Cheng et al.-
1975), and does not appear to be induced by PCP or pento-
barbital (unpublished observations).

The assessment of the effects of d-amphetamine on mea-



sures of response repetition has contributed to the elucida-
tion of the behavioral mechanisms that underlie the effects
of d-amphetamine on accuracy of responding in discrimina-
tion procedures (e.g., Koek and Slangen 1983, 1984 ; Even-
den and Robbins 1985). Further, effects of d~-amphetamine
on response repetition may also underlie its effects on re-
peated acqusition (Schrot and Thomas 1982; Paule and
McMillan 1984). In the present study, it was found that
effects on repetition of responses may be observed with
drugs other than amphetamine. This finding suggests the
possibility that effects of these non-amphetamine-like drugs
on response repetition may also be relevant to our under-
standing of drug-induced changes in discrimination.
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