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FAILURE OF METHAMPHETAMINE WITHDRAWAL TO PRODUCE
BEHAVIORAL DISRUPTIONS IN PIGEONS
William F. Potter, M.A.
Western Michigan University, 1993
Methamphetamine, a widely used recreational drug, is not known to produce
physiological dependence. Few studies to date have examined whether behavioral
dependence occurs upon sudden withdrawal from methamphetamine. In this study,
pigeons (n=4) were trained to respond under a multiple FR 25 IRT > 6-s schedule of
reinforcement, allowing for examination of drug effects upon a relatively high rate of
responding (FR) and a relatively low rate of responding (IRT > t). Acute adminstrations of methamphetamine showed rate-dependent effects at low doses, while higher
doses decreased responding under both schedules. Tolerance was demonstrated for all
subjects except one at the highest dose level. Abrupt cessation of chronically
administered methamphetamine did not disrupt responding maintained by either
schedule. No evidence of behavioral dependence was demonstrated.
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CHAPTER I
INTRODUCTION
Behavioral Dependence
The sudden withdrawal of a variety of chronically administered drugs has been
shown to produce stereotypical physiological disruptions in humans and nonhumans
alike (Goudie & Demellweek, 1986; O'Brien, Ehrman & Temes, 1986). This
phenomenon is called physical dependence (Iversen & Iversen, 1981; Julien, 1992).
Depending on the drug involved, stereotypical disruptions might include hallucinations,
convulsions, sleep disorders, chills, fevers, vomiting and even death (Iversen &
Iversen, 1981; Julien, 1992). Some authors have noted that such disruptions may
interfere with ongoing behavior (e.g. Schuster, 1968). For example, a monkey given
chronic administration of morphine, then abruptly taken off such a regimen may show a
decreased rate or total suppression of lever pressing maintained by food. It is not clear
if this disruption in behavior is a direct result of morphine withdrawal, or an indirect
effect of the physiological disruptions caused by the withdrawal.
Psychostimulants, such as amphetamine, methamphetamine and cocaine do not
produce visible physiological disruptions upon cessation of chronic administration (T.
Thompson, 1977). Humans, however, have often reported certain subjective effects,
such as fatigue, sleepiness and depression upon withdrawal from these substances
(Angrist & Sudliovsky, 1978). These subjective effects were labeled "behavioral
dependence" by Schuster (1968).

According to Schuster (1968) "behavioral

dependence [is] a condition revealed when drug administration is terminated and
measurable behavioral disruptions occur" (p. 285).
1
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Investigators, using nonhumans, have attempted to demonstrate behavioral
dependence by looking at the effects of chronically administered drug on operant be
haviors. Behavioral dependence is typically investigated with nonhumans by measur
ing the effects of abrupt withdrawal of a chronically administered drug on well trained
operant behavior (see Tables 1 & 2 for the variety of operants and schedules used).
The chronic drug regimen is begun once the subject demonstrates reliable and stable
responding. After a period of time (see Tables 1 & 2 for drug administration regimens
and durations) drug administration is terminated and the trained behavior is allowed to
continue. Behavioral dependence is demonstrated if disruptions in responding are ob
served. Generally these are reductions in response rates, although researchers have
investigated dependent variables such as accuracy (Branch & Dealing, 1982), amount
of food consumed (Carroll & Lac, 1987), and response acquisition (D. Thompson,
1977).
Table 1 summarizes studies which have demonstrated behavioral dependence.
Some general observations arise from these studies: (a) the disruptions in behavior are
generally not accompanied by observable physiological disruptions; (b) the behavioral
disruptions tend to last longer than observable physiological symptoms, when the latter
occur; and (c) behavioral disruptions are more sensitive than traditional measures of the
withdrawal effects of drugs. Behavioral disruptions may be observed with drug doses
which do not produce observable physiological disruptions. The same drug at a higher
dose may produce physical dependence. For example, in Table 1, several of the drugs
used have been shown to produce physical dependence (PCP, ketamine, and
morphine). The doses used, however, were generally lower than those required to
produce physical dependence (Beardsley & Balster, 1987; Carroll & Carmona, 1991;
Carroll, Hagen, Asencio, & Brauer, 1989; Carroll & Lac, 1987; Slifer, Balster, &
Woolverton, 1984; Wessinger, 1987).
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Table 1
Studies Which Have Demonstrated Behavioral Dependence
Subjects

Drag

Dose
Duration

Regimen

Rhesus Monkeys

Morphine

7 mg/kg
Min 30 days

4 sessions daily
(6 hours each)

Hooded Rais

d-Amphetamine

2.5, 5,10 mg/kg
5 days each
3,10,30 mg/kg
3 days each
25,100 mg/kg
3 days each
.25 ml/kg
20 days
0.05 mg/kg
10 days
0.05 mg/kg
10 days
0.2 mg/kg
min of 10 days
3.0 - 7.5 mg/kg
7-10 days
0.5 mg/kg/hour
10 days

3 daily

Chlorpromazine
Iproniazid
Squirrel Monkeys

THC

Rhesus Monkeys

PCP

Rhesus Monkeys

THC

Wistar Rats

Cocaine

Sprague Dawley
Rais
Sprague-Dawley
Rais

PCP
PCP
Ketamine

Rhesus Monkeys

Cocaine

2.5 mg/kg/hour
11-12 days
32 mg/kg day
65-79 days

Behavioral
Procedure

Tol
erance

FR 35; Shock
Avoidence; FI 2'
FR 25 Chain
FR 1

NR

Thompson & Schuster,
1963

No

Simpson & Annau,
1977

1 daily

Yes

1 daily

No

Reference

1 daily

Chain (2 & 5 key)

Yes

Continuous

FR 100

No

Continuous

FR 100 & FR150

No

Continuous

NR

4 daily

FR 1
flicks/food eaten)
FR 30

Branch, Dearing & Lee,
1980
Slifer, Balster &
Woolverton, 1984
Beardsley, Balster &
Harris. 1985
Canroll & Lac, 1987

No

Wessinger, 1987

Continuous

FR 30

Yes

Beardsley & Balster,
1987

FR 50 or FR 100

Yes

Woolverton & Kleven,
1988

Continuous
Continuous
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Table 1-Continued
Subjects
Rhesus Monkeys

Drug

Dose
Duration

Regimen

Behavioral
Procedure

PCP

8.8-33.4 mgAcg
daily
min 10 days

Continuous
19.S hours daily

FR 8

Caffeine

4- 8 mg/pellet
19.2- 362 mg/kg
daily
min 20 davs
J25 mg/ml
min 20 days

3 times daily
(1 hour sessions)

FR 64 & FR 80

Continuous
19.5 hours daily

FR 64, 128,256,
512.1024

Tol
erance

Reference
Carroll, Hagen, Asencio
& Brauer, 1989

NR

Rhesus Monkeys
i

PCP

NR

Caroll & Carmona,
1991
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Table 2
Studies Which Have Not Demonstrated Behavioral Dependence
Subjects

Drug

Rhesus Monkey

d-methylamphetamine

Pigeons

Cocaine

Pigeons

Cocaine

Squirrel Monkey

Cocaine

Pigeons

Cocaine

Pigeons

Cocaine

Dose
Duration

Regimen

2 mg/kg/day
120 - 240 davs
3 - 1 0 mg/kg
30-50 days

8 times daily

5.6 mg/kg
196-215 davs
.56 to 1.7 mg/kg
65-132 davs
5.6 mg/kg
71-101 days

1 daily

10. mg/kg
30 days @ 10
30 @.3 to 3.0

1 daily

1 daily

1 daily
1 daily

Behavioral
Procedure

Tol
erance

DRL40"
SIDRL40"
Repealed
Acquisition
& Performance
DMTS
(5 delays)
Chain
(2-5 R's)
FR5
FR25
FR125
FCN
FCN-SD

Yes

Reference

Yes

Fischman & Schuster,
1977
Thompson, 1977

Yes

Branch & Dearing 1981

Yes

Branch & Sizemore,
1988
Hoffman, Branch &
Sizemore 1987

Yes
Yes
No
Yes

Clark & Poling,
1990

It is interesting to note some of the general differences between studies which
have demonstrated behavioral dependence and those that have not (Table 2). Perhaps
the most striking difference is the dosing regimen. All but one study in Table 2 used a
single daily injection of cocaine, while only two studies in Table 1 used a once-daily
regimen. The drugs used in those studies (Branch, Dearing & Lee, 1980; Simpson &
Annau, 1977) are all known to have half lives of 12 to 75 hours (Iversen & Iversen,
1981; Julien, 1992), longer than those of cocaine and d-methamphetamine (Julien,
1992), which were used in the Table 2 studies. Duration of drug administration does
not seem to be as closely tied to the demonstration of behavioral dependence as does the
dosing regimen. In fact, the duration of administration for studies listed in Table 2 are
in general much longer than for studies listed in Table 1. The two studies which
demonstrated behavioral dependence using cocaine administered the drug chronically
for a range of 10 to 79 days, while the same drug was given for 30 to 215 days in
studies that failed to demonstrate the phenomenon (Table 2).
Closely related to the dosing regimen are the drugs and dosages used. All
studies except one in Table 2 used cocaine. While cocaine has been shown to produce
behavioral dependence in two studies listed in Table 1 (Carroll & Lac, 1987;
Woolverton & Kleven, 1988), both incorporated a continuous dosing regimen. Thus,
the total amount of drug administered daily was much greater than that administered in
the studies cited in Table 2.
Studies which have demonstrated behavioral dependence have done so with
monkeys and rats only. To date, it appears that studies using pigeons have yet to
demonstrate behavioral dependence. Four of the six studies in Table 2 used pigeons as
subjects. It is possible that a species difference exists, a point raised by Clark & Poling
(1990).
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The behaviors under study also differ between the two tables. In Table 1, the
most frequently used schedule is a fixed-ratio (FR) schedule, with the primary depen
dent measure being response rate. In Table 2, the schedules in effect might be consid
ered more complex: only one study (Hoffman, Branch & Sizemore, 1987) used a FR
and that was arranged under a three-component multiple schedule. It is quite possible
that some behaviors are more sensitive than others to abrupt termination of a chronically
administered drug.
Finally, the demonstration of tolerance also differed between studies which
demonstrated behavioral dependence and those which did not. Each study in Table 2
demonstrated tolerance to the initially disruptive effects of the experimental drug. In
Table 1, development of tolerance and demonstrations of behavioral dependence appear
unrelated. This is somewhat puzzling as the development of tolerance has been closely
associated with demonstrations of physical dependence (Goudie & Demellweek, 1986;
Katz & Valentino, 1986).
One possible explanation for those studies which have demonstrated tolerance,
but not behavioral dependence, might lie in the fact that in each of those studies the re
sponse of interest was well trained prior to drug administration. This also means that
stimulus control in a nondrug condition is well established. Initial disruptions in re
sponding might be due to the drug functioning as a novel stimulus (versus causing
physiological disruptions which interfere with the response being emitted). Novel
conditions have been shown to disrupt responding (Ferster & Skinner, 1957).
Tolerance could be construed as simply learning a new discrimination, that is learning
to emit the response under different stimulus conditions. Abrupt withdrawal of drug
might not cause behavioral disruptions as the subject has already acquired a good dis
crimination under nondrug conditions. Schuster & Balster (1977) noted "It would ap
pear... that stimulus change is at least in part responsible for the observed effects of
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amphetamines. Tolerance development could therefore represent the gradual devel
opment of stimulus control by the drugs over the behavior being reinforced" (p. 132).
This is somewhat verified by Thompson and Schuster's (1964) study in which
rhesus monkeys were first made physically dependent on morphine, then trained on a
variety of responses. Drug withdrawal caused disruptions in behaviors maintained by
food, shock and morphine. Substitutions of saline, a more similar stimulus condition
than total absence of injections, caused an increase in responding, leading the authors to
conclude: "The degree to which the physically dependent animal effectively deals with
its environment is controlled, not only by the drug but also by the stimulus conditions
associated with the prior self-administration of the drug" (p. 94). Further research is
needed to clarify this issue.
Purpose of the Present Study
Methamphetamine is a popular psychostimulant often used for recreational
purposes (Angrist & Sudilovsky, 1978; Julien, 1992) and commonly called "crank". It
is a neurotoxin at some doses in nonhumans (De Vito & Wagner, 1989; Pontieri,
Crane, Sedden, Kleven & Porrino, 1990) and has effects similar to d-amphetamine
(Julien, 1992). It has also been shown to function as a discriminative stimulus (Iversen
& Iversen, 1981).

Like other psychostimulants, it is not thought to produce

physiological dependence (T. Thompson, 1977). It appears that only one study
(Fischman & Schuster, 1977) has examined the behavioral dependence potential of
methamphetamine. In that study the drug was administered to rhesus monkeys
functioning under an interresponse-time-greater-than 40-s (IRT > t) and a self-initiated
IRT > 40-s schedule (i.e. the subject initiated each trial). The IRT > t contingency
specifies that a particular response will be reinforced if a specific amount of time has
passed since the last response occurred or since the schedule onset (Ferster & Skinner,
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1957). Responses which occur before the specified interresponse interval has elapsed
reset the interval timer. IRT > t schedules usually generate low rates of responding
(Ferster & Skinner, 1957). Amphetamines generally increase low control rates of
responding, while decreasing high control rates of responding. These variable drug
effects have become known as "rate-dependent" (Dews & Wenger, 1977).
As in the Fischman and Schuster (1977) assay, the present study used an IRT >
t schedule. A multiple schedule was used with an FR component, however, allowing
for the examination of the effects of methamphetamine on a schedule which produces
low rates of responding and one that generates relatively high rates of responding. An
FR schedule requires that a specific number of responses must occur to the appropriate
operandi before food is presented. This schedule generates a relatively high rate of
responding (Ferster & Skinner, 1957). The purpose of this study was to investigate
whether behavioral dependence would be demonstrated with methamphetamine in
pigeons, and whether such dependence is a function of both high and low rates of
responding.
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CHAPTER n
METHODS
Subjects
Four experimentaUy-naive, female White Cameaux female pigeons, maintained
at approximately 80% of their free-feeding weights, served as subjects. Each subject
was housed individually and given unlimited access to grit and water in a constantly
illuminated room.
Apparatus
Four Lehigh Valley Electronics operant conditioning chambers, measuring 32
cm long, 36 cm high and 35 cm wide, were used. In each chamber three response keys
2.5 cm in diameter were located 23 cm from the bottom of the front wall, approximately
5.5 cm apart. Only the left and right keys were used in this experiment. A force of
approximately 0.2 g was required for key operation. An aperture horizontally centered
on the front wall 7.5 cm above the floor allowed access to a hopper filled with mixed
grain when the hopper was raised. When raised, the hopper was illuminated by a 7-W
white bulb. A 7-W white bulb located 33 cm above the chamber floor provided
ambient illumination during the experimental sessions. A Grasson-Stadler white noise
generator supplied masking noise.
Data collection and scheduling of experimental events were accomplished
through the use of a Digital Equipment Corporation PDP8/E® minicomputer.
Interfacing and software (SUPERSKED®) were provided by State Systems Inc.
(Kalamazoo, MI).
10
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Behavioral Procedure
Initially, a forward-pairing autoshaping procedure (Brown & Jenkins, 1968)
was used to induce keypecking. Once keypecking was reliably occurring, the subjects
were exposed to a multiple FR IRT > t schedule, in which the right key was always
illuminated in red when the FR schedule was in effect, and the left key was always
illuminated in green when the IRT > t schedule was in effect. A two-key procedure
was used to increase the distinctiveness of the two schedules. The value of the FR
schedule was gradually increased from FR 1 to FR 25; under the FR 25,25 responses
on the right key produced a 3 s delivery of mixed grain. The IRT > t schedule was
gradually increased from IRT > 1-s to IRT > 6-s. Under the IRT > 6-s schedule, the
first response on the left key after 6-s had elapsed was followed by 3-s access to mixed
grain. Responses on the left key prior to the passing of the 6-s interval reset the
interval. Responses on inactive keys had no programmed consequences. Each
schedule was presented 3 times during a session, with each presentation lasting 4
minutes. At the beginning of each session the initial schedule was randomly deter
mined; subsequently the schedules alternated. Sessions were conducted seven days a
week at approximately the same time each day.
Pharmacological Procedure
When no visible trend in the rate of responding under each schedule was evi
dent for five consecutive sessions, acute administrations of dl-methamphetamine
(methamphetamine) (Sigma, St. Louis) in doses of 0.1, 0.17, 0.3 and 0.56 mg/kg
were given intramuscularly at an injection volume of 1 ml/kg. The methamphetamine
was dissolved in 0.9% isotonic saline solution and administered according to a
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BBCDBBCD design, where B represents baseline (no injection sessions), C saline
injection sessions, and D drug sessions. Doses were administered in an irregular order
which was different for each subject, and each subject received either two or three
injections of each dose. A third administration was given if marked rate differences
were noted between the first two administrations. Subjects 2 and 3 received three
administrations of 0.17 mg/kg and subjects 3 and 4 received three administrations of
0.1 mg/kg. All injections were given 15 minutes prior to experimental sessions.
Once the acute regimen was complete, chronic dosing began. Initially, each
subject received one baseline session followed by rive consecutive saline sessions.
Chronic dosing then began with each subject receiving 10 consecutive sessions at each
dose, starting with 0.1 mg/kg and ascending in order to 0.56 mg/kg. Upon completion
of 10 consecutive sessions at the 0.56 mg/kg dose level, saline injections were
substituted for the next 10 sessions. Methamphetamine was then readministered for
five consecutive sessions at 0.56 mg/kg. Finally, rive consecutive sessions of saline
injections followed. Injection conditions were identical during the acute and chronic
regimens.
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CHAPTER m
RESULTS
Acute Administration
Figure 1 shows response rates under the FR schedule during acute and chronic
drug administration. During acute exposure, response rates generally decreased as
drug dose increased. Subject 3 demonstrated a slight increase when 0.3 mg/kg was
administered, but administration of 0.56 mg/kg once again decreased responding.
Figure 2 shows response rates during the IRT > 6-s schedule during acute and
chronic drug administration. During acute drug administration, subject l's response
rates decreased as dose increased, except for the 0.3 mg/kg dose level. Subjects 2, 3
and 4 showed increased rates of responding at the 0.1 mg/kg dose. Subject 2 also
showed an increased response rate at the 0.17 mg/kg dose, but responding at the 0.3
and 0.56 mg/kg doses decreased. Subject 3 showed a decreased response rate at the
0.17 and 0.56 mg/kg doses, but responded near to control rates of responding at the
0.3 mg/kg dose. Subject 4 showed slight decreases across the 0.17, 0.3 and 0.56
mg/kg doses. In general, methamphetamine increased or had little effect on response
rates at the lower dose levels (0.1 and 0.17 mg/kg) and decreased responding on the
IRT > 6-s schedule for all subjects at the 0.56 mg/kg dose.
Chronic Administration
Tolerance to the rate suppressing effects of methamphetamine during FR re
sponding was demonstrated for subjects 1,2 and 3 at the 0.56 mg/kg dose level during

13
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the chronic regimen (Figure 1). Only Subject 1 exceeded the response rates found
during saline injections, and only at the 0.S6 mg/kg dose. Subjects 2 and 3 did not
demonstrate tolerance at the 0.3 mg/kg dose level. Subject 4 did not demonstrate tol
erance under the FR schedule during initial chronic drug administration for any of the
dose levels. However, responding during readministration after drug withdrawal did
show tolerance (Figure 3).
All subjects showed tolerance to the acute effects of methamphetamine admin
istration on IRT > 6-s responding at the 0.56 mg/kg dose (Figure 2). Subject 1 also
showed tolerance across the 0.17 and 0.3 mg/kg dose. Subject 2 showed tolerance
across all dose levels (to both rate decreasing and increasing effects of the drug).
Subject 3 showed tolerance at the 0.17 mg/kg dose. Subject 4 demonstrated tolerance
to the rate-increasing effect at the 0.1 mg/kg dose level. It should be noted that the
change in response rates due to drug administration was small compared to the FR
schedule. In general, all subjects demonstrated tolerance to the drug's rate-increasing
or decreasing effects under the IRT > 6-s schedule.
Figure 3 shows the response rates for the final 30 days of chronic administra
tion during the FR schedule. Sudden withdrawal had little effect on response rates for
three of the subjects (1,2 & 3). Subject 4 demonstrated a rate increase, but responding
was very low just prior to withdrawal and probably due to extraneous variables. For
all subjects, readministration of drug after ten days of withdrawal did not produce any
significant rate changes. Withdrawal after five additional drug days did not result in
disruption of responding.
Figure 4 shows response rates during the same 30-day period for the IRT > t
schedule. Subjects 2 and 4 showed slight increases in rate upon withdrawal, however,
responding was already on an upward trend for both subjects. The increase is probably
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not due to sudden drug withdrawal. Readministration and withdrawal of drug did not
cause disruption in responding for any of the subjects.
Although tolerance at the 0.56 mg/kg dose level was clearly demonstrated for all
subjects under the IRT > 6-s schedule and for three of the subjects under the FR 25
schedule, no evidence of behavioral dependence was demonstrated for any subject.
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Note: Data points in each graph are the final 30 sessions for each subject.
Conditions, left to right are: 10 sessions of 0.S6 mg/kg
methamphetamine; 10 sessions of saline injections (withdrawal); 5
sessions of 0.56 mg/kg methamphetamine; 5 sessions of saline
injections (withdrawal).
Figure 3. The Effects of Chronic Methamphetamine Administration and Withdrawal on
Pigeons B1 - B4 Responding Under the FR 25 Component of a Multiple
Schedule.
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CHAPTER IV
DISCUSSION
The procedure described by Schuster (1968) to study behavioral dependence
has been useful in examining withdrawal effects not visible during simple observations
(Carroll & Lac, 1987; Wessinger, 1987). It has been reported that sudden withdrawal
from chronic cocaine administration causes disruptions in behavior in nonhumans
(Carroll & Lac, 1987; Woolverton & Kleven, 1988), but no directly observable
withdrawal effects (Carroll & Lac, 1987). Simpson and Annau (1977) found that
sudden withdrawal of chronically administered amphetamine significantly decreased
electrical self-stimulation of the brain by rats on an FR schedule, but was not accom
panied by visible withdrawal symptoms. Although methamphetamine is a more potent
psychostimulant than either cocaine or amphetamine (Julien, 1992; Schecter &
Glennon, 1985), the current study did not demonstrate behavioral dependence upon
chronic methamphetamine withdrawal. It is possible that methamphetamine, does not
produce behavioral disruptions upon sudden withdrawal from chronic administrations.
This is unlikely as the various amphetamine derivatives are known to have similar
effects and mechanisms of action (Julien, 1992).
Another possibility is that more frequent drug administration is required to
demonstrate behavioral disruption. Simpson and Annau's (1977) demonstration of
behavioral disruption relied on a chronic regimen involving three injections daily.
Several other studies (see Table 1) which used stimulants and demonstrated behavioral
dependence to cocaine (Carroll & Lac, 1987) and phencyclidine and caffeine (Carroll et
al., 1989), arranged a minimum of four administrations daily. A number of studies
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which have failed to demonstrate behavioral dependence to cocaine in squirrel monkeys
and pigeons, administered drug only once a day. Although methamphetamine remains
in the body longer than amphetamine, cocaine and caffeine (Morimasa et al., 1987), it
may be necessary to administer the drug more frequently than once daily to demonstrate
behavioral dependence. Fischman and Schuster (1977), using rhesus monkeys, did
administer d-methamphetamine 8 times daily but failed to demonstrate behavioral
dependence. Whether this failure to demonstrate behavioral dependence is due to drug
regimen or other factors is not clear.
The schedule used in this study, a multiple FR 25 IRT > 6-s, may also be
implicated in the failure to demonstrate behavioral dependence. Only one study listed in
Tables 1 and 2 used a multiple schedule. In that study (Hoffman et al., 1987) the
development of tolerance to the FR 5 and FR 25 components of the multiple schedule
was demonstrated, but no tolerance occurred to the FR 125 component. The authors
noted "it is possible that tolerance would be observed under FR 125 if it were studied in
isolation or in a context of even larger ratios" (p. 373). The phenomenon labeled
"behavioral contrast" is another clear example of the multiple-schedule context affecting
the responding of subjects (Fantino & Logan, 1979; Mazur, 1986). These findings
with multiple schedules may extend to the demonstration of behavioral dependence as
well. It is possible that behavioral dependence would have been demonstrated in this
study if either the FR or IRT > t components were arranged in isolation or some other
context. In addition, Carroll and Cormona (1991) compared FR values across a
number of behavioral dependence assays and concluded that higher value FR schedules
(e.g 100) more readily demonstrated behavioral dependence than lower value FR
schedules (e.g 30,64,80). These authors also found a direct relationship between FR
size and the magnitude of behavioral disruptions in rhesus monkeys experiencing
withdrawal from chronic administrations of phencyclidine. The FR values they used
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ranged from 64 to 1024. It is possible that if a higher value FR had been used in this
study, behavioral dependence might have been demonstrated.
As with other studies which have and have not demonstrated behavioral de
pendence, there is no clear relation in this study between the development of tolerance
and behavioral dependence. All subjects developed tolerance to the rate suppressing
effects of methamphetamine at the 0.56 mg/kg dose prior to the first withdrawal of the
dmg, except subject 4 under the FR schedule. None of the subjects demonstrated be
havioral dependence, however. This is consistent with the results obtained by
Fischman and Schuster (1977) using methamphetamine with rhesus monkeys. As
noted earlier, the tolerance demonstrated here may simply be a new discrimination
learned in the presence of a novel stimulus (methamphetamine) which initially reduces
response rates. In this study the subjects were well trained on each component of the
multiple schedule prior to drug administration. Unless drug removal caused signifi
cantly different stimulus conditions (e.g. interoceptive or altered vision) than a predrug
condition, it would not be surprising to find no disruption in performance. A planned
extension to the current study involves training experimentally naive pigeons on a
multiple FR 25 IRT 6-s schedule while under chronic administrations of
methamphetamine. Once responding is stable, abrupt termination of methamphetamine
should cause disruptions in responding if the nondrug condition is functioning as a
novel stimulus condition. A second group of subjects, well trained in the nondrug
condition, will be required to control for duration of administration.
It is interesting to note that rate dependency (Dews & Wenger, 1977) of
methamphetamine's effects was clearly demonstrated in three subjects. At lower doses
of methamphetamine (0.1 and 0.17 mg/kg), response rates under the IRT > t schedule
increased, while response rates under the FR schedule decreased at the same dose
levels. It should be noted that the variability in dmg effects under the IRT > t schedule
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obtained here is similar to that obtained by Schuster, Dockens and Woods (1966) when
d-amphetamine was acutely administered to rats under an IRT > 30-s schedule, and by
McMillan and Campbell (1970) when d-amphetamine was acutely administered to
pigeons under an IRT > 20-s schedule.
While rate dependency was demonstrated in this study, it does not appear that
rates of responding are a contributing factor in the development of behavioral depen
dence. The rates of responding engendered by the FR and IRT > t schedules were
clearly different. In addition, an analysis of the reinforcement rates during the last 10
days of chronic 0.S6 mg/kg administrations of methamphetamine reveals that the rates
of reinforcement were different across subjects and across schedules. Subjects 1 and 3
had higher rates of reinforcement on the FR schedule than on the IRT > t schedule and
subjects 2 and 4 had the reverse. Since behavioral dependence was not demonstrated
under either the FR or IRT > t schedule, it appears that neither rates of responding nor
rates of reinforcement are a contributing factor in the development of behavioral
dependence, given the conditions of this experiment.
While behavioral dependence has been demonstrated in a number of assays, it is
not a robust phenomenon, as demonstrated in this study. The variables which de
termine behavioral dependence need to be further elucidated.
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