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Foraging involves the expenditure of both time and effort in the acquisition of food; animals typically
modify their meal patterns so as to reduce these expenditures or costs. The contribution of time, as
compared with effort, to the overall cost perceived by an animal is not known. We investigated the
effect of foraging time as a cost independent of effort by measuring the meal patterns of rats living
in a laboratory foraging simulation in which they earned all their daily intake. They pressed a bar
once to initiate an interval (procurement interval) leading to the presentation of a large cup of food
from which they could eat a meal of any size. As the length of the interval increased from 1 s to 46
hr, meal frequency decreased regularly. Meal size increased in a compensatory fashion, and total
daily intake was conserved through an interval of 23 hr. The changes in meal frequency occurred
because of changes in the rat's latency to bar press after each meal. The functions relating meal
frequency and size to the procurement interval were of the same shape as those seen when cost is
the completion of a bar-press requirement, which entails the expenditure of both effort and time.
When the bar-press requirement was increased to 10, meal frequency was reduced, but time and
effort did not appear to simply add together in the rat's perception of cost. These data reveal that
time is perceived to be a cost by rats foraging in this laboratory environment. These results suggest
that the time parameters of foraging are different from those of consumption.
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A central problem for any theory of opti-
mal foraging is the specification of the "cur-
rency." Currency is the dimension of forag-
ing cost (e.g., time or energy) to which the
animal attends. Moreover, it is the metric
used to compare alternative foraging strate-
gies. According to classic foraging theory, for-
aging decisions should maximize profitability,
defined as the net energy gained per unit
time. This definition suggests at least two pos-
sible currencies: effort and time (Schoener,
1971, 1987). Classic models (Emlen, 1966;
MacArthur & Pianka, 1966; Schoener, 1971)
assumed that time spent foraging was pri-
mary; therefore, foraging time should be
minimized by an optimally foraging animal.

Collier (1983) and his colleagues (Collier,
Hirsch, & Kanarek, 1977; Collier & Johnson,
1990; Collier & Rovee-Collier, 1981) have
shown that as the number of bar presses or
wheel turns required to procure unrestricted
access to food increases, meal frequency de-
creases, and meal duration and meal size in-
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crease in a compensatory fashion, conserving
daily intake. The reduction in meal frequency
has been interpreted to be a tactic that re-
duces foraging cost, because the procure-
ment cost is paid less often. There are at least
three possible cost currencies that may be re-
sponsible for these observed changes in meal
patterns: (a) effort (i.e., the physical work ex-
pended in completing individual responses of
a ratio requirement or the cumulative physi-
cal work expended across the ratio require-
ment), (b) numerosity (i.e., the number of
responses), and (c) time. The rate at which
rats bar press (i.e., approximately 30 bar
presses per minute) or run in a wheel (i.e.,
approximately 15 turns per minute) during
procurement is unaffected by the size of the
response requirement; thus, time, effort, and
numerosity have been confounded in these
studies (Collier, Kaufman, Kanarek, & Fagen,
1978).
The present study investigated time alone

as a foraging cost. We manipulated procure-
ment time independently of numerosity and
effort by withdrawing the bar following a sin-
gle response and imposing a delay between
the instrumental response and access to a cup
of food. At the end of the meal the cup was
withdrawn and the bar was reinserted. If time
is a currency of foraging cost, then as the pro-
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curement time increases, meal frequency
should decrease and meal size should in-
crease to maintain daily intake.

METHOD
Subjects and Apparatus

Six male 8-week-old Sprague-Dawley rats
were individually housed in double-sized
stainless steel cages (41 cm by 23 cm by 19
cm) located in a temperature-controlled
room (22 °C) with lights on from 8:00 a.m.
to 8:00 p.m. daily. The rats lived in these cag-
es continuously, except for a daily mainte-
nance period of approximately 60 min start-
ing at 9:15 a.m. during which they were
weighed, food and water were replenished,
and the apparatus was cleaned and tested.
Each cage was equipped with a running

wheel, a 100-ml drinking tube, and a feeder
tunnel giving access to a food cup filled each
day with 160 g of Purina® ground rat chow.
A cam-operated arm moved the food cup up
to and away from the mouth of the feeder
tunnel. Each feeder tunnel was fitted with an
opaque Plexiglas door that covered the
mouth of the tunnel when the cup was moved
away from the mouth, preventing the animal
from reaching the food. A retractable T-
shaped bar (BCS, Inc.) was located next to
the feeder tunnel. A response required 0.35
N applied through a throw of 15 mm. A mi-
croswitch monitored wheel turns, and a pho-
tocell monitored the presence of the rat in
the feeder tunnel.

Procedure
The rats were trained to eat from the food

cup for 3 days, during which the food cup was
alternately raised and lowered for 30-min in-
tervals. Baseline feeding patterns were then
recorded with the food cup continuously
raised for 10 days, giving the rat free access
to food. The bar was absent during this train-
ing phase. The bar was then installed, and
access to the food was contingent on comple-
tion of one bar press. Immediately following
the bar press, the bar was withdrawn, and the
procurement interval began. The length of
the interval was the procurement cost. At the
end of the interval, the food cup was raised
and the rat could eat a meal of any size. A
meal was defined as at least one feeder tunnel
entry while the cup was raised; a meal ended

when the rat remained out of the feeder tun-
nel for 10 consecutive minutes. At that time,
the food cup was lowered and the bar was
extended. This meal-ending criterion was es-
tablished according to log survivorship func-
tions of interfeeding intervals (Collier, John-
son, CyBulski, & McHale, 1990). To begin
another meal, the rat again needed to com-
plete the bar-press requirement and wait for
the procurement interval to elapse. If the rat
procured access to the food cup but did not
enter the tunnel, the cup was lowered after
10 min.
There were two experimental phases. In

Phase 1, the bar-press requirement was one
throughout. The procurement interval began
at 0 s, was increased to 5 s, and then was dou-
bled progressively up to 163,840 s (about 46
hr), for a total of 17 procurement intervals.
For ease of data presentation, the interval
lengths will be referred to in minutes or
hours that approximate their actual length.
The intervals were first presented in ascend-
ing order; then every fourth interval (0 min,
0.33 min, 3 min, 21 min, 3 hr, 23 hr, and 46
hr) was presented again in ascending order.
These intervals correspond to the time rats
have actually spent completing ratio require-
ments ranging from 1 to 10,240 in previous
studies in our laboratory. For example, rats
take approximately 3 min to complete a ratio
of 80, 20 min to complete a ratio of 640, and
6 hr to complete a ratio of 10,240. These sev-
en intervals were then presented in a random
order. Each rat was exposed to a different
random order. In Phase 2, the bar-press re-
quirement was increased from 1 to 10 to al-
low measurement of the bar-press rate, and
four intervals (0 min, 3 min, 21 min, and 23
hr) were presented in a random order. Each
interval was in effect for 7 days or until there
had been no obvious trend in any behavioral
measure and no loss of body weight for at
least 6 days. If a rat's weight dropped below
80% of its previously stable weight on any
schedule, the rat's data were not included in
the analysis for that schedule and it was not
exposed to longer schedules.

Data Analysis
The 1st day of any schedule was not used

in the analysis. Once body weight and daily
food intake were stable, the next 6 days of
exposure to a schedule were analyzed. Some
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days were excluded due to occasional equip-
ment failures. We recorded daily food intake
and meal frequency and calculated average
meal size. For each meal we recorded "meal
time" (the total time that the food cup was
raised, excluding the 10-min meal-ending cri-
terion period) and "eating time" (the cu-
mulative time that the rat was in the feeder
tunnel while the cup was raised). The average
consumption rate (in grams per minute) was
calculated as daily intake divided by daily eat-
ing time. The intermeal interval was divided
into two parts: the bar-press latency (the time
from the withdrawal of the food cup at the
end of a meal until the rat pressed the bar
for the next meal) and the procurement in-
terval (the time from the bar press until the
cup came up). Although the food cup was
lowered and out of the rat's reach during in-
termeal intervals, the rat could still enter the
feeder tunnel at any time. These feeder tun-
nel entries outside of meals were recorded as
"tunnel activity." The distributions of wheel
running and tunnel activity were analyzed
with respect to the bar press and arrival of
the food cup.

In Phase 2, the local bar-press rate was cal-
culated as total number of bar presses sepa-
rated by 30 s or less divided by the sum of
the interresponse intervals between those bar
presses. The occurrence of wheel running
and tunnel activity during the interval be-
tween the first and tenth bar presses and dur-
ing an equivalent interval preceding the first
bar press was compared.
The effect of procurement interval length

was evaluated using one-way analysis of vari-
ance (ANOVA) for repeated measures with aL
= .05 and post hoc Newman-Keuls tests. Each
phase was analyzed separately. In Phase 1,
some intervals were presented more than
once. For these intervals, the data first were
analyzed separately for each exposure. Be-
cause there were no statistically significant
differences between exposures (i.e., no
change in performance), the values shown
here are means over all exposures. Data were
also analyzed separately for the light and dark
phases of the diurnal cycle, but, because the
effects were the same in both phases, the val-
ues presented are means over the entire 23-
hr period. For clarity of presentation, the fig-
ures show only data from the seven selected
intervals that were presented more than

once. Rat 5 fell below the weight-loss criterion
and did not complete the 23-hr and 46-hr
conditions.

RESULTS
For all rats, daily number of meals (Figure

1) was a linear, decreasing function of the log
procurement interval, Phase 1: F(4, 20) =
9.04, p < .05; Phase 2: F(2, 10) = 30.5, p <
.05. However, in Phase 2, when the bar-press
requirement was 10, the rats took an average
of only 5.5 meals at a procurement interval
of zero, in contrast to the mean of 9.5 meals
per day they took in Phase 1, and the rate of
decrease in meal frequency across the pro-
curement intervals was slower in Phase 2.
Meal length (Figure 2) increased as a func-

tion of increasing procurement interval,
Phase 1: F(4, 20) = 31.9, p < .05; Phase 2:
F(2, 10) = 8.05, p < .05. Throughout the 23-
hr procurement interval, the increase in meal
duration compensated for the decrease in
meal frequency, and daily meal time was con-
stant.

Similarly, the amount of food consumed
per meal (Figure 3) increased as the pro-
curement interval increased up to 23 hr,
Phase 1: F(4, 20) = 36.1, p < .05; Phase 2:
F(2, 10) = 18.8, p < .05. At this point, the
rats were eating an average of about 23 g per
meal, and meals lasted approximately 53 min.
Meals were no larger at the 46-hr interval.
The consumption rate remained constant
over the shorter procurement intervals but
started to decrease at the 6-hr interval, Phase
1: F(7, 32) = 17.4, p < .05; Phase 2: F(3, 14)
= 30.26, p < .05 (Figure 4).

Daily food intake (Figure 5) was conserved
throughout the 23-hr procurement interval
during Phase 1, and the rats showed normal
growth. However, at the 46-hr procurement
interval, daily meal time was reduced by 35%
and daily intake was reduced by 60% to an
average of 10 g per day. Body weight also fell
at the 46-hr procurement interval to about
90% of the previously stable weight. This new
weight level was stable throughout the 46-hr
condition. In Phase 2, daily intake was con-
served until the 23-hr interval, when it was
maintained at 15 g.
The intermeal interval (Figure 6) length-

ened as the procurement interval increased,
Phase 1: F(4, 20) = 31.6, p < .05; Phase 2:
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Fig. 1. Meals per day as a function of the procurement interval (shown on an approximate log scale) for each
rat when the bar-press requirement was 1 (Phase 1) and 10 (Phase 2). The "base" condition represents data recorded
when food was continuously available. Error bars are the standard error of the mean. The designation "1 s" on the
x axis actually represents the 0-s procurement delay.
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Fig. 2. Meal length as a function of the procurement interval (shown on an approximate log scale) for each rat
when the bar-press requirement was 1 (Phase 1) and 10 (Phase 2). Features of the x axis are as in Figure 1.
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Fig. 3. The amount of food consumed per meal as a function of the procurement interval (shown on an ap-
proximate log scale) for each rat. Features of the x axis are as in Figure 1.
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Fig. 5. Daily intake as a function of the procurement interval (shown on an approximate log scale) for each rat
when the bar-press requirement was 1 (Phase 1) and 10 (Phase 2). Features of the x axis are as in Figure 1.
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Fig. 6. The intermeal interval plotted as a function of the procurement interval (shown on an approximate log
scale) for each rat. Features of the x axis are as in Figure 1.
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F(2, 10) = 6.11, p < .05. If the rats had main-
tained a constant bar-press latency, the inter-
meal interval would have increased anyway as
the procurement interval increased. Howev-
er, the rats did not maintain a constant laten-
cy (Figure 7). In Phase 1, the group-mean la-
tency increased regularly from approximately
2 hr to 6 hr as the procurement interval in-
creased to 85 min, but then the latency de-
creased as the procurement interval contin-
ued to increase, Phase 1: F(6, 28) = 16.92, p
< .05. At the 46-hr procurement interval, the
bar-press latency averaged about 1.5 hr. In
Phase 2, 4 of 6 rats showed latency functions
similar to those in Phase 1. However, vari-
ability of Rats 3 and 4 across and within in-
tervals resulted in a lack of statistical signifi-
cance in Phase 2, F(3, 14) = 1.859, ns.
Through a procurement interval of 3 hr in

Phase 1, approximately 5% of procurement
bar presses resulted in a feeder presentation
when the rat did not enter the tunnel. The
variability among rats in this behavior ranged
from 0% to 50% of all feeder presentations
at the shortest intervals. Beginning with the
6-hr procurement interval in Phase 1 and
over all intervals in Phase 2, 100% of feeder
presentations resulted in meals.
There was no statistically significant change

in total daily wheel running or tunnel activity
at any procurement interval. There were sig-
nificant increases in wheel running, F(4, 20)
= 71.59, p < .05, and tunnel activity, F(4, 20)
= 228.38, p < .05, immediately preceding the
bar press from the 0-s through the 3-hr pro-
curement intervals. In Phase 2, a significantly
higher percentage of wheel running, F(1, 5)
= 38.96, p < .05, and tunnel activity, F(1, 5)
= 13.03, p < .05, occurred prior to the 10th
bar press than prior to the first bar press at
all intervals.

DISCUSSION
The present study evaluated time as a pos-

sible currency of the cost of gaining access to
food. The rats responded in the same way to
explicit manipulations of time as they do to
manipulations of number of bar presses (Col-
lier & Johnson, 1990) or wheel-running re-
quirements (Kanarek & Collier, 1979): As the
procurement interval increased, meal fre-
quency decreased and meal duration and size
increased in a compensatory fashion, such

that daily food intake was constant. The
change in meal frequency occurred before it
was forced by the length of the procurement
interval. The form of the meal-frequency
function was the same as when cost is a bar-
press ratio requirement: log linear. The re-
duction in meal frequency resulted in time
savings. Compared to maintaining a constant
meal frequency across all procurement inter-
vals, our rats spent less daily time procuring
access to food. These data indicate that time
is a currency of foraging cost.

Foraging costs are paid during the location
and procurement of food resources. There
are also costs associated with the actual con-
sumption of food, and support for time as a
possible currency of cost can also be found
in studies of food consumption. Skinner
(1938) suggested that discriminative control
of fixed-ratio (FR) performance for food
could arise from the number of responses
(i.e., the numerosity) or the time taken to
complete those responses. This dissociation
has been examined using simple reinforce-
ment schedules. Using FR and fixed-interval
(FI) schedules, Neuringer and Schneider
(1968) found that response latencies were lin-
early correlated with interreinforcement time
and were not correlated with interreinforce-
ment responses. They and others (Killeen,
1969; Zeiler, 1977) have proposed that re-
sponding may be controlled by interrein-
forcement time rather than by the number of
responses emitted.
The discriminative properties of schedules

have also been examined using conditional
discrimination tasks. Lydersen and Crossman
(1974) found that accuracy of side-key choice
was disrupted as the duration of a blackout
between responses was increased, suggesting
that time rather than number of responses
controlled responding. However, in these
studies, operanda were not removed during
blackouts. Thus, subjects were able to re-
spond during the blackouts, even though re-
sponse frequency was lower than nonblack-
out responding. Other research (Wilkie,
Webster, & Leader, 1979) has indicated that
number of responses is a more important cost
dimension for both time-based and number-
based discriminations. Rilling (1967) trained
pigeons to discriminate between Fl and FR
schedules. He found that number of re-
sponses was a better predictor of choice than
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duration of response runs for both types of
schedules. More recently, Fetterman (1993)
first trained subjects on a number-based dis-
crimination and then transferred them to an
equivalent time-based discrimination. He
concluded that choices were based on both
duration and number of responses emitted.
Bauiman (1991) measured food intake in

rats that pressed a bar for pellets on either
FR or Fl schedules. The interpellet interval
in each FT schedule was equivalent to the av-
erage time between the first bar press and the
delivery of a food pellet in each FR schedule.
He found that as the bar-press requirement
or the equivalent interpellet interval in-
creased, daily intake decreased by the same
amount. Because the rats made more bar
presses per pellet during FR schedules than
during Fl schedules but experienced the
same interpellet interval, these data suggest
that the reduiction in intake that accompanies
larger FR requirements is due to increased
time taken to complete the responses (Ban-
man, 1991). Zeiler (1993) has proposed that
sensitivity to time or effort may depend upon
ecological and motivational factors such as
limited resource availability and deprivation
level.

Finally, the importance of time as a curren-
cy of consumption cost is suggested by rats'
choices among available sources of food. We
have found the relative rate of eating (grams
per minute) or drinking (milliliters per min-
ute) within a patch to be an excellent predic-
tor of relative patch exploitation when more
than one patch is available. The relative time-
based cost was a better predictor than the re-
sponse-based cost of relative choice, bout size,
and daily intake at each patch (Collier, John-
son, Borin, & Mathis, 1994; Johnson & Col-
lier, 1987, 1989, 1991).
Although these data provide support for

time as a currency, they are based on consum-
matory behavior, which has a different func-
tion than foraging behavior. Studies of con-
sumption and foraging differ in part due to
the time frame of analysis (Collier &Johnson,
1990). In the classic consumption paradigm,
costs are imposed between the ingestion of
individual portions (e.g., 45-mg pellets) of
food, delaying each "bite" by seconds or min-
utes. Animals respond to increasing delays be-
tween bites by responding faster, counteract-
ing the decrease in the rate of calorie flow

within the short time frame of a meal (Col-
lier,Johnson, Hill, & Kaufman, 1986; Hursh,
1980; Johnson & Collier, 1987, 1989, 1991).
In a foraging paradigm, costs are imposed be-
tween initiating procurement and initiating
ingestion, causing delays of minutes, hours,
or days. In this case, animals do not respond
to increasing delays by responding faster; in-
stead, response rate is constant under a wide
variety of conditions (Collier & Johnson,
1990). They reduce meal frequency, counter-
acting the increase in foraging time over the
long time frame of an entire day. The time
spent procuring access to a meal and the time
spent consuming each piece of food within a
meal are different variables, and each has
unique behavioral effects.
Even though our experiment was not spe-

cifically designed to investigate delay of rein-
forcement, one of the most interesting as-
pects of the present data is that the bar-press
response was maintained at long procure-
ment intervals, that is, long intervals between
response and reinforcement. Traditional the-
ories of reinforcement (Hull, 1943; Skinner,
1938) predict that the performance of a re-
inforced instrumental response should decay
as the interval between response and rein-
forcement increases. To provide an addition-
al measure of performance, we increased the
bar-press requirement to 10 in Phase 2. The
fact that the bar-press rate did not decrease
as procurement interval increased indicates
that even at the longest intervals there was no
decrement in instrumental performance.
Our data thus raise a number of questions: Is
there a contingent relationship? If so, is there
some bridging mechanism or mechanisms
between response and reinforcement? If not,
does this represent a different class of contin-
gency that is not constrained by the usual
time parameters?

First, was responding maintained by a con-
tingent relation between the bar-press re-
sponse and access to food? An alternative ex-
planation is that operant-level bar pressing
was maintained throughout, perhaps as a
manifestation of general activity, and resulted
in adventitious meals. Several arguments can
be advanced against this hypothesis. Nonrein-
forced spontaneous responding first peaks
and then decays over time (Premack & Col-
lier, 1962). This was clearly not the case in
the present study. Further, if bar pressing
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were a spontaneous operant, one would ex-
pect the bar-press latencies and meal sizes to
be highly variable and uncorrelated to the
length of the procurement interval. This was
also not the case: Both latency and meal size
were systematically and significantly related to
the length of the procurement interval.
Moreover, recall that the procurement inter-
vals were sometimes presented in a random
order, and the rats' bar pressing increased at
shorter intervals and decreased at longer in-
tervals. Operant-level responding typically
only decreases over time (Premack & Collier,
1962).

It might be argued that decay of operant-
level responding was prevented because the
bar was withdrawn following the bar press.
However, this explanation seems unlikely giv-
en the linear decrease in meal frequency, the
consistency of the local bar-press rate in
Phase 2 over all procurement intervals, and,
most importantly, the pattern of change in
the bar-press latency. The rats did not press
the bar as soon as it appeared at the end of
the meal. If they had done so, they would
have earned as many as 75 meals a day at the
shortest procurement intervals. The bar-press
latency increased up to procurement inter-
vals of 1.5 hr; thus, lengthening of the inter-
meal interval was due almost entirely to the
rat's waiting longer to press the bar after a
meal. This trend toward lengthening the bar-
press latency did not continue at procure-
ment intervals longer than 1.5 hr, even
though meal frequency continued to de-
crease. Rather, the bar-press latency de-
creased as the cost increased. If this decrease
in latency had not occurred, the intermeal
interval would have gotten longer faster than
it did, and meal frequency would have de-
creased faster than it did. For example, at the
46-hr procurement interval, the decrease in
the bar-press latency enabled the rat to eat
once every 2 days, compared to once every 3
days had the decrease not occurred. Thus, it
was the rat's behavior, not the imposed cost,
that was responsible for the observed meal
frequencies. The bitonic changes in the laten-
cy to respond suggest that the rats were ac-
tively controlling the length of the intermeal
interval and, thus, their meal frequency.
Can the apparent sustained contingency

between the bar press and food presentation
at long procurement intervals be explained

in terms of an extension of some classical
learning phenomena, or do the usual param-
eters of delay of reinforcement not hold in
this paradigm? Although we believe the latter
to be the case, we will consider several more
traditional potential accounts.

It has been argued that performance is a
function of the size of the reinforcement, and
that increasing the magnitude of reward
maintains performance over increased delays
between the instrumental response and the
reinforcer (Collier & Myers, 1961; Mackin-
tosh, 1974, 1983; Spence, 1956), although
not over intervals as long as those reported
here (Wolfe, 1934). If meals can be construed
as reinforcers, responding may be main-
tained at longer intervals because meals are
larger at those intervals. However, meal size
decreased at the 46-hr interval, and there was
no decrement in responding. It should also
be noted that in Phase 2, there was no incre-
ment in response rate when meals increased
in size. These findings suggest that there is
no effect of delay on performance when the
rat controls meal size (Collier & Rovee-Col-
lier, 1981).
One could also argue that the presence of

the bar may have been a Pavlovian negative
conditional stimulus indicating that food was
not available, and the absence of the bar from
the cage was a Pavlovian positive conditional
stimulus indicating that food was available
(Hearst & Franklin, 1977; Zener, 1937). Thus,
the rat may have pressed the bar to enter a
context in which food was available or to
leave a context in which food was not avail-
able. In this case, the delay between the bar
press and the food is inconsequential, be-
cause there are Pavlovian relationships be-
tween the different contexts and food that su-
persede any instrumental relationship
between the bar press and the food. Even an-
imals that have just eaten have been reported
to show differential responding to condi-
tioned stimuli that signal either the absence
or presence of food (Davey & Cleland, 1984;
Rudenko, 1984; Weingarten & Martin, 1989;
Wise & Raptis, 1985). If our rats were merely
changing contexts, one would expect them to
have pressed the bar as soon as the bar was
extended into the cage, but they did not.
Moreover, if the rats were only changing con-
text, they should have made more tunnel en-
tries during the procurement interval than
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during the intermeal interval. This did not
occur until procurement intervals of 6 hr and
more when the rats spent 50% or more of the
day in the procurement interval.
The contiguity between bar withdrawal and

food presentation at the short procurement
intervals may have turned the bar withdrawal
into a conditioned reinforcer, thus confer-
ring associative strength to the bar. Again, the
delay between the bar press and food would
be inconsequential, because the bar with-
drawal itself is reinforcing and predicts food
presentation (Cohen, Calisto, & Lentz, 1979).
However, if the bar withdrawal were a condi-
tioned reinforcer, one might expect bar
presses to result in a feeder presentation
when the rat did not enter the tunnel. This
behavior was seen in only 5% of procurement
bar presses and disappeared in procurement
intervals longer than 3 hr. Also, as the inter-
val between the bar withdrawal and food pre-
sentation increased, one might expect the ac-
quired reinforcing and predictive properties
of bar withdrawal to extinguish because it was
no longer contiguously paired with food
(Bersh, 1951).

Alternatively, bar withdrawal may not have
acquired reinforcing properties of its own but
rather may have been a marking stimulus for
the bar press. This would have enabled the
rats to distinguish the operant response (i.e.,
the bar press) from the other responses (i.e.,
wheel running and tunnel entries) made dur-
ing the interval (Lieberman, McIntosh, &
Thomas, 1979). The marking hypothesis has
yet to be systematically evaluated over the in-
tervals presented here; thus, the potential ef-
fectiveness of marking as a bridge over these
longer intervals is not known. However, the
continued importance of bar withdrawal is
suggested by the fact that in Phase 2 both
wheel running and tunnel activity were con-
centrated in the period prior to the 10th bar
press, which was immediately followed by
withdrawal of the bar, rather than prior to the
first bar press.

Foraging differs from consumption in that
foraging involves the discovery of resources
that are discontinuously present, whereas
consumption involves the ingestion of im-
mediately available food. Consumption is
maintained by continuous ingestion (i.e., re-
inforcement), whereas foraging is maintained
by occasional encounters that may be widely

separated in time, location, effort, and prob-
ability. These differences in function might
lead one to expect that the time parameters
for establishing contingencies may be very
different for the two categories of behavior
(Collier, 1983; Collier & Rovee-Collier, 1983;
Zeiler, 1991, 1992). Another example of a
learning paradigm that differs in function is
conditioned taste aversion. Here contingency
is established over long interstimulus inter-
vals (e.g., 3, 6, 12, and 24 hr) (Revusky &
Garcia, 1970; Smith & Roll, 1970). We pro-
pose that responding in foraging is not a sim-
ple case of classical operant learning. The be-
havior involved in discovering and procuring
access to food and the mechanisms respon-
sible for the regulation of daily intake may be
fundamentally different from the behavior
and mechanisms responsible for consump-
tion that have been examined in more com-
mon operant settings.
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