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ABSTRACT

COMPARING NATURAL TRAVEL WITH ARTIFICIAL TRAVEL REQUIREMENTS
IN THE STUDY OF FORAGING IN THE LABORATORY

by

Carlos F. Aparicio
University of New Hampshire, May, 1992

Is moving from place to place equivalent to pressing a
lever or pecking a key? This dissertation addressed this
guestion by comparing natural travel (moving from place to
place) with artificial travel requirements (to press on a
lever). In two experiments foraging was modeled with operant
behavior. Rats "searched" for food by pressing on the left
lever. The patch provided a maximum of 1, 2, or 8 pellets.
When the patch provided 1 pellet, rats captured the first
prey with a .10 probability. The probability dropped to zero
after one pellet. When the patch provided 2 or 8 pellets
rats captured the first prey with a 1.0 probability. Each
prey delivered on the left lever caused this probability to
decrease to 0 in steps of .5 or .125 simulating patch
depletion. Lever-press on the right lever reset the
probability on the left lever to .10 or 1.0. To model
artificial travel different reset-probabilities were
scheduled on the right lever. The experimental situation was
modified to model natural travel. Rats had to run 520 cm to
travel back and forth between left and right levers.
Experiments 1 and 2 revealed that as the number of available

v



prey in the patch increased the giving-up time increased.
Experiment 1 showed that natural travel produced longer
residence and giving-up times than the artificial travel
conditions. Experiment 2 revealed that by pressing on
retractable levers, rats made shorter residence and giving-
up times than by pressing on standard levers. Sometimes, but
not in systematic way, natural travel produced longer
residence and giving-up times than by responding to the
reset-probabilities. The natural travel with obstacles
produced the longest residence and giving-up times. The
natural travel with obstacles had more of an effect on
residence and giving-up times that any other travel
requirement. The residence and giving-up times obtained in
Experiments 1 and 2 are in accordance with predictions
derived from McNair’s (1982) model. As the travel
requirement increased the residence and giving-up time
increased. This is predicted because the average rate of

capture decreased as travel time increased.
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INTRODUCTION

The study of foraging behavior by ecologists and
biologists has led to the development of optimal foraging
theory. The basic assumption of optimal foraging theory is
that animals behave to maximize their fitness. To succeed
in reproduction, foragers need to maximize net energy gain
over the cost of foraging. If so, optimal foraging
maximizes fitness. Many researchers have evaluated the
assumption that animals behave to maximize their fitness by
testing models of optimal foraging with experiments. Their
main goal has been to develop an optimal foraging model able
to characterize real foraging situations, the environmental
aspects to be maximized, and the constraints imposed on the
animal (Shettleworth, 1988).

Optimal foraging theory maintains that evolutionary
events and conditions have shaped the behavior of species
over generations. However, to be effective, evolutionary
events and conditions must operate through proximate
causation (Mellgren, 1982). Proximal causes are
environmental events and conditions that operate in the
immediate environment to affect foraging behavior and
patterns of optimal behavior (Mellgren, Misasi, & Brown,
1984).

Biologists have studied evolutionary events and

conditions, and psychologists have studied the proximate
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causes of behavior. Nevertheless, evolutionary biologists
and psychologists have the same purposes: to study and
understand behavior.

In the last thirteen years, the analysis of foraging
behavior by ecologists and biologists has joined the study
of schedules of reinforcement by psychologists. 1In the
study of foraging behavior, ecologists and biologists have
generated experiments similar to studies of reinforcement
schedules (e.g., Houston & McNamara 1985; Kacelnik & Krebs
1985; Lea 1979; Redhead & Tyler 1988). In the study of
choice, psychologists have designed experiments similar to
studies of foraging (e.g., Baum 1982a, 1982b, 1987; Fantino,
1987; Fantino & Abarca 1985; Hanson & Green 198%a, 1989Db).

Instrumental behavior is viewed as foraging, and
foraging is studied as instrumental behavior. Both
activities involve locomotion, and both are modified by
their consequences (Baum, 1982b). Operant simulations of
foraging have become common (Baum, 1982a, 1982b; Pietrewicz
and Kamil, 1981). For example, operant techniques have been
used (Collier & Rovee-Collier, 1981) to test MacArthur and
Pianka’s (1966) model of prey selection. Moreover, it has
been suggested that the methods utilized in the laboratory
by operant psychologists represent a suitable way to test
optimal models of foraging (Kamil & Yoerg, 1982; Pulliam,
1981; Schoener, 1987).

By using optimal models of foraging, researchers try



to predict how an animal (forager) searching for food will
behave in a situation where its behavior depletes a small
area (patch). That is, researchers try both to take account
of the depletion of food by the forager within the patch,
and to identify the variables that determine the animals’
decision of when to move to a new patch (Redhead & Tyler,
1988). Among the variables to be considered in such a
decision, the quality of a patch and the travel cost to
other patches are the most important factors.

Optimal models of foraging have suggested that animals
adopt rules to decide when to move to a new patch.
Accordingly, foragers may leave the patch: 1) when a
specific rate of prey capture is reached, 2) a fixed time
after the most recent capture (the giving-up time rule), 3)
after a fixed time, or 4) after they have captured a fixed
number of prey.

To support the rule of rate of prey capture, optimal
models of foraging assume that the environment provides food
in a smooth continuous flow (MacArthur & Pianka, 1966;
Charnov 1976). According to such a theory, foragers
estimate the quality of the patch at any given moment by
using the instantaneous rate of intake within a patch. As
the patch is depleted the rate of intake decreases. When
the rate of intake falls below that of the environment as a
whole, it becomes necessary for foragers to leave the patch

(Charnov, 1976).



Based on this assumption, optimal models of foraging
predict an optimal residence time in a patch. This
prediction has been supported qualitatively by observing
foraging behavior in the field and by simulating foraging in
the laboratory (e.g., Pyke 1984; Schoener 1987; Stephen &
Krebs 1986). However, it has not been supported
quantitatively (e.g., Fantino & Abarca 1985; Lea 1979), and
the paradigm that optimal models of foraging follow to
predict optimal residence time has been criticized (Gray,
1987).

McNair (1982) analyzed the assumption that the
environment provides food in a smooth continuous flow. He
argued that animals obtain discrete portions of food at
irregular intervals. Under these circumstances the
instantaneous rate of intake does not provide an accurate
estimation of the quality of the patch. It would produce
errors in estimations (Redhead & Tyler, 1988). To do an
accurate estimation, one would need to make the
instantaneous rate equivalent to the distribution of the
patch yield over a specific residence time. McNair (1982)
doubts that animals can adopt such a complicated strategy
while foraging.

A viable strategy for animals while foraging is to
check the length of time since the last prey capture, and
decide to leave the patch when this time reaches a critical

value, the giving-up time rule (Krebs, Ryan, & Charnov



1974). This rule has been supported by studies in which
birds visited artificial patches, and their giving-up times
fitted the predictions made by optimal foraging models
(e.g., Ydenberg, 1984). However, some other experiments
inspired by optimal foraging models, have found
inconsistencies between observed and predicted giving-up
times (Lea & Dow, 1984).

Rules based on a fixed time or a fixed number of prey
captured, have been contemplated by optimal models of
foraging as alternative strategies. Krebs and Cowie (1979)
reported results suggesting that to leave the patch,
foragers adopt the fixed time rule. However, Redhead and
Tyler (1988) showed evidence indicating that animals use the
rule of the immediate rate of reinforcement to leave the
patch. Thus, under specific circumstances animals may adopt
particular rules to leave the patch, the best strategy
depends on food distribution within and between patches
(Iwasa, Higashi, & Yamamura, 1981; McNair 1982).

The other major factor that determines the decision of
when to leave the patch is the travel requirement to reach
the next patch. For example, Mellgren, Misasi, and Brown
(1984) allowed rats to forage for food by climbing nail
ladders to boxes containing food mixed with sand. They
varied the amount of food in the patch and the distance
(travel) to other patches. When the travel was constant and

food varied in density, rats showed optimal usage of the



patches. As the distance between patches increased the
utilization of each patch increased. However, when the
amount of food was constant or the distance between patches
was short, rats did not behave in accordance with optimal
models of foraging. Rats tend to underutilize high-density
patches and overutilize low-density ones (Mellgren, Misasi,
and Brown, 1984).

Optimal models of foraging predict that the utilization
of the patch would increase if the travel time to other
patches increase (Krebs, 1978). This prediction has been
corroborated in the field (Anderson 1978; Zimmerman 1981),
in the laboratory with no operant techniques (Cowie 1977;
Hartling & Plowright 1979), and in several experiments in
which all elements of the patch were simulated with operant
techniques (Cuthill, Kacelnik, & Krebs, 1987; Fantino &
Abarca, 1985; Hanson, 1987; Hanson & Green 1989; Killeen,
Smith, & Hanson 1981; Lea 1979).

As predicted by optimal models, operant simulations
that incorporate two sources of food (patches) have shown
that travel requirements between patches affect foraging
behavior. The residence time in one of the patches
increases a function of the travel requirement to the
alternative patch (e.g., Abarca & Fantino 1982; Fantino &
Abarca 1985; Hanson 1987; Hanson & Green 1989a, 1989b;
Killeen, Smith & Hanson 1981; Lea 1979). However, in

operant simulations of foraging, travel has been modeled by



requiring rats to press a lever or pigeons to peck a key.
Thus, foragers "travel" by responding on a schedule for a
given time and waiting in the same spot. When there is no
locomotion involved in travel, animals save energy and it
may produce data that optimal models of foraging do not fit
(Cowie 1977; Kacelnik & Cuthill 1987). As noted by Mellgren
(1982), travel in an open area may have other costs for
foragers.

In addition, the operant laboratory has produced data
indicating that different responses produce different
results. For example, pigeons learn quicker to peck a key
for food than to press a treadle (McSweeney, 1978).

Nevertheless, there are data suggesting that pecking a
key has qualitatively similar effects to moving from place
to place. Baum (1982a) exposed pigeons to a choice between
two patches that provided food in concurrent variable-
interval schedules, and he varied the travel between
patches. As the travel increased the residence time in the
favored patch increased and the visits to the other patch
decreased. With the minimal distance between patches, Baum
found that residence times in the preferred patch decreased,
and the number of visits to the other patch increased
(Baum, 1982a). These results resemble those obtained by
Pliskoff and Fetterman (1981) for key-peck "travel".

Although in choice situations the effects of moving

from place to place appear to resemble those of comparable
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instrumental responses (Baum, 1988), nobody has compared an
operant response with a natural travel requirement within
the same experimental situation.

The operant chamber has been modified to model natural
travel in the laboratory (e.g., Baum 1982a; Krebs, Kacelnik,
& Taylor 1978; Ydenberg 1984). However, the operant chamber
has not been adapted to compare a natural travel requirement
with operant behaviors such a pressing on a lever or pecking
a key. Thus the following question remains unanswered: Is
moving from place to place equivalent to pressing a lever or
pecking a key? In two experiments, this dissertation
addressed this question by comparing natural travel (moving
from place to place) with artificial travel requirements

(pressing on a lever).



EXPERIMENT 1

Natural travel was compared with artificial travel
requirements. By pressing on the left lever rats depleted
the patch in 1, 2, or 8 pellets. Under artificial travel
conditions, the patch was reset by pressing on the right
lever. Different reset-probabilities were scheduled. Under
the natural travel condition, the patch was reset by passing
around the central partition and pressing once on the right
lever.

METHOD

Subjects

Four Long-Evans male, experimentally naive rats (A-104,
A-230, A-101, and A-123) between 90 and 110 days old at the
beginning of the experiment served. Animals were housed in
individual cages with water permanently available, and
maintained at 80% of their free-feeding weights (+ 8 q).
Apparatus

The experimental chamber was a rectangular box 147 cm
long, and 51 cm wide (see Figure 1). The box was divided
all along by wire mesh except at the extreme end. Three 9 v
DC lights were mounted on each side of the box: at 23 cm, 51
cm, and 117 cm from the front wall. Two response levers
were mounted on the front wall, 3 cm from the floor and 33
cm apart. A pellet dispenser delivered pellets in a hopper

on the left of the same wall, 3 cm from the floor, 7.5 cm
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from the left lever. The experiment was controlled by using
a microprocessor (BCC-52). The data were collected and
analyzed by using a Zenith PC computer.

Procedure

To run artificial travel conditions, direct passage
from one lever to the other was permitted. Passage beyond
17 cm from the front wall (see Figure 1) was blocked with
wire mesh. To run the natural travel condition, direct
passage from the left to the right lever was blocked with
wire mesh (see Figure 2). Changing from one side of the box
to the other required passing around the central partition
at 130 cm from the front wall. The total distance from left
to right and back to left lever was 520 cm.

The left lever (patch) provided 1, 2, or 8 pellets
(prey). When the patch provided 1 prey, the probability (p)
of obtaining the prey by pressing on the left lever was .10.
This probability dropped to zero after one pellet was
obtained. When the patch provided 2 or 8 prey, p on the
left initially was equal to 1.0. Pressing on the left lever
caused p to decrease to zero in steps of .5 or .125,
simulating patch depletion.

Pressing on the right lever reset p on the left to .10
or 1.0. Artificial travel was produced by five reset-
probabilities (1.0, .25, .10, .05, and .025) scheduled on
the right lever. The first response on the left lever

turned off the lights on the left side and turned on the
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lights on the right side. Presses on the right lever that
satisfied the schedule reset p on the left, turned off the
lights on the right, and turned on the lights on the left,
signaling reset of the patch.

Sessions ended when one of three conditions was met:

1) there were 90 visits to the levers, 45 to the left and 45
to the right lever, 2) subjects stopped pressing on both
levers for more than 300 seconds, or 3) when subjects
obtained within a session a maximum of 190 pellets.

Tables 1 to 3 show the different conditions, grouped by
the number of prey available on the left side. The order in
which they were studied and the number of sessions per
condition appear in the last two columns of Tables 1 to 3.

A minimum of ten sessions per condition were conducted.
However, the number of sessions was increased when the
natural condition or low reset-probabilities showed
variability in the data.

Travel time was the predictor variable. It was
recorded from the last press on the left lever until the
first press on the left following reset on the right lever.

There were three criterion variables: residence time,
giving-up time, and capture accuracy. Residence time was
recorded for each visit from the first press on the left
lever to the last press on the left lever. Giving-up time
was recorded from the last pellet obtained in the patch to

the last press on the left lever. Capture accuracy
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represents the percent of prey obtained per visit in the
patch out of the available number.

Results

For each session of each condition, the arithmetic
means of travel time, residence time, giving-up time, and
capture accuracy were calculated.

An exploratory data analysis (EDA) was conducted. All
sessions were included in the analysis. The arithmetic
means of the giving-up and travel times were represented in
clusters. Some examples are shown in Appendix A.

To summarize the data, I utilized an alternative
measure of central tendency, "the bisquare-weighted mean"
(BWM). The BWM technique was designed by Mosteller & Tukey
(1977) to assign less weight to observations that depart
from the middle of the distribution. The BWM technique was
adapted (Killeen, 1989) to run in Basic machine language and
utilized to calculate BWMs and median absolute deviations
(MADs) for travel, residence, and giving-up times. Tables
B19 to B21 (Appendix B) summarize the BWM values. For each
condition, the variability in travel, residence and giving-
up times was estimated. The MAD was added to or subtracted
from the BWM values, to represent with two values the range
of variability in these measurements. The BWM plus its MAD
was called the BWM' value. The BWM minus its MAD was called
the BWM~ value. In tables B19 to B21 (Appendix B) the BWMs

appear in the center columns. The numbers to the right and
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left are BWM' and BWM™ values.
The BWM, BWM' and BWM- values were utilized to determine
areas in the plot in which travel, residence, and giving-up
times overlapped. The idea was to see if travel times
caused by the different reset-probabilities overlapped with
travel times produced by the natural requirement.

If natural travel and low reset-probabilities produced
travel times of similar duration, then residence and
giving-up times produced by low reset-probabilities should
have values that overlapped values produced by the natural
condition.

The BWM, BWM', and BWM~ values for travel, residence,
and giving-up times were used to construct Figures A21 to
A29 (Appendix A). Travel, residence, and giving-up times
produced by low reset-probabilities overlapped travel,
residence and giving-up times caused by natural travel.
However, there were some instances of no overlap between
values produced by natural travel and values produced by
artificial travel requirements.

Tables 1 to 3 (center columns) show BWMs for travel,
residence and giving-up times. Figure 3 in the left-hand
columns of graphs, shows the BWMs for travel time (Y-axis)
plotted against the reset-probabilities (logarithmic X~
axis). Different symbols indicate the different subjects.
Figure 3 shows that the reset-probabilities on the right

lever produced systematic changes in travel times. As
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expected, as the reset-probability increased artificial
travel time decreased. The function relating artificial
travel time to reset-probability, was steeper when the patch
was depleted in 2 pellets than when the patch was depleted
in 1 or 8 pellets (see panel B, Figure 3).

Residence and giving-up times produced by artificial
travel requirements were transformed to logarithmic numbers,
and then the arithmetic means of these values were obtained
for the conditions depleted in 1-, 2-, and 8-prey.

Residence and giving-up times produced by natural travel
were also transformed to logarithmic numbers, and the
arithmetic mean of these values was obtained for each prey
condition. 1In Figure 4, the arithmetic means obtained for
residence and giving-up times (Y-axis) are plotted against
the number of available pellets in the patch (X-axis). The
filled squares indicate the residence times produced by
artificial travel requirements. The empty squares represent
residence times produced by the natural travel condition.
The filled triangles symbolize the giving-up times produced
by the artificial travel conditions. The asterisks
represent the giving-up times produced by the natural travel
condition. The bottom panel of Figure 4 shows the data
averaged across subjects.

Figure 4 shows that on averace natural travel produced
longer residence and giving-up times than those produced by

the reset-probabilities (see group mean in bottom panel of



15
Figure 12). Generally, as the number of available pellets
in the patch increased, residence and giving-up times
increased. With exception of the giving-up times for one
subject (see asterisks in right-hand top panel for A-104),
when the number of pellets in the patch switched from 1 to
2, the residence and giving-up times decreased in the
natural travel condition. However, the giving-up times
produced by artificial travel conditions increased with the
same manipulation (see triangles across panels). When the
patch was depleted in 8 prey, the longest residence and
giving-up times were observed. Although Figure 4 show
larger residence and giving-up time for natural travel,
these means are misleading. The effect may be caused by an
artifact of the arithmetic mean. The artificial travel
requirements caused the residence and giving-up times to
vary in duration.

In Figures 5 to 8 (left-hand panels), the residence and
giving-up times (logarithmic Y-axes) are plotted against the
travel times (logarithmic X-axis). Each figure shows
results for one rat. All conditions are included in the
left-hand graphs. The natural travel values are enclosed in
boxes. Figures 5 to 8, left-hand columns of graphs, show
that with exception of subject A-101 natural travel produced
longer residence and giving-up times than artificial travel
requirements. For A-101 when the patch was depleted in 1 or

2 pellets (top and middle panels, Figure 5), natural travel
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produced residence and giving-up times similar to those
produced by low reset-probabilities. However, when the
patch was depleted in 8 pellets, A-101 in the natural travel
produced longer residence and giving-up times than by
responding to the reset-probabilities (bottom panel, Figure
5 left-hand).

Generally, low reset probabilities were associated with
long residence and giving-up times, and high reset-
probabilities with short residence and giving-up times.
Usually, natural travel was associated with long residence
and giving-up times.

Regression lines were fitted to all residence and
giving-up times produced by artificial requirements. The
following linear eguation was utilized:

Y(x)= al + a2 * x (1)
Coefficients: al= (Sy * Sxx - Sx * Syx) / (N * Sxx - Sx?)

a2= (N * Syx - Sx * Sy) / (N * Sxx - Sx?)
Where Sx= Ixi, Sxx= Zxi?, Sy= Zyi, and Syx= Zyi * xi. The
BWM values of travel time were transformed to logarithmic
numbers and entered in the equation as the values of the
independent variable. The BWM values of residence or
giving-up times were transformed to logarithmic numbers and
entered in the equation as the values of the dependent
variable. Values produced by the natural travel requirement
did not enter the equation. Tables A34 to A39 summarize

values and calculations (Appendix A).
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Tables 7 to 12 show the regression outputs when the
patch was depleted in 1 pellet (Tables 7 and 10), 2 pellets
(Tables 8 and 11), or 8 pellets (Tables 9 and 12). The
left-hand panels show regressions for the residence time,
and the right-hand panels regressions for the giving-up
time.

When the patch was depleted in 1 or 2 pellets, the
linear equation accounted for the variability in residence
and giving-up times (r> between .76 and .95, mean=.85).
There were two exceptions, subject A-104 (r2 between .05 and
.48, mean=.23), and subject A-123 (r® between .26 and .90,
mean=.68). When the patch was depleted in 8 pellets, the
linear equation poorly accounted for the variability in
residence and giving-up times (r’ between .04 and .54,
mean=.27).

Figures 5 to 8 show in the right-hand panels the
regression lines for residence and giving-up times. The
logarithmic values of residence and giving-up times (Y-axes)
are plotted against those of travel times (X-axis). The
filled squares indicate residence times, and filled
triangles giving-up times. The coefficients al (Y-
intercept), and a2 (slope) are included near each regression
line. The coefficient al is the Y-intercept of the
regression line and gives an indication of overall level of
residence and giving-up times, as long as the slope is not

too steep. Results from the natural travel condition are
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not included (compare left-hand columns of graphs with
right-hand columns).

In general, the right-hand panels in Figures 5 to 8
show that there were not systematic deviations in residence
and giving-up times from the regression lines. With
exception of subjects A-101 and A-123 (middle panels of
Figures 5 and 7), as the number of available prey in the
patch increased the residence and giving-up times increased
(compare values of al across panels). When the patch was
depleted in 2 pellets, the residence and giving-up times of
A-123 decreased (compare al in top panel with al in middle
panel of Figure 7). However, when the patch was depleted in
8 pellets, the residence and giving-up times of A-123
increased (compare al in bottom panel with al in middle and
top panels of Figure 7). The residence times of A-101
decreased when he depleted the patch in 2 pellets, but not
the giving-up times (compare values of al in top and middle
panels of Figure 5). Nevertheless, when A-101 depleted the
patch in 8 prey, the residence and giving-up times were
greater than when he depleted the patch in 2 or 1 prey
(compare al value in bottom panel of Figure 5 with values of
al in middle and top panels).

With the exception of A-101 in the 8-prey condition
(a2= -.13), and A-104 in the 2-prey condition (a2= -.07),
the slopes for residence and giving-up times were all

positive (compare values of a2 across conditions in Figures
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5-8). With the exception of subject A-123 (Figure 7), as
the number of available prey in the patch increased the
slopes of residence and giving-up times decreased (mean=.41
for the depleted-in~1, mean=.20 for the depleted-in-2, and
mean=.06 for the depleted-in-8 conditions). However, when
A-104 depleted the patch in 8 prey, the slopes of residence
and giving-up times were steeper than when he depleted the
patch in 2 prey (compare values of a2 in Figure 6 middle and
bottom panels). For A-123 the slope of residence and
giving-up times increased as the number of available prey in
the patch increased. When A-123 depleted the patch in 2
prey, the slopes of residence and giving-up times were
steeper than when he depleted the patch in 8 prey (compare
values of a2 middle panel of Figure 7 with values of a2 in
top and bottom panels).

The artificial travel times usually produced systematic
changes in giving-up time. The right-hand panels in Figures
5 to 8 show that there were only a few exceptions. Short
giving-up times were associated with high reset-
probabilities. Long giving-up times were associated with
low reset-probabilities. However, the reset-probabilities
generally caused less change in residence times across
conditions (compare values of a2 for residence with values
of a2 for giving-up times, right-hand panels in Figures 5 to
8), but see some exceptions (compare X coefficients of

residence times with X coefficients of giving-up times) in
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Tables 7 to 12.

When the patch was depleted in 8 prey, the longest
residence and giving-up times were observed. Rats
responding to the reset-probabilities produced less
variation in giving-up times (see values of a2 in Figures 5
to 8), except for subject A-123 (right-hand bottom panel of
Figure 7).

The BWM values of travel, residence, and giving-up
times produced by the natural requirement were transformed
to logarithmic numbers. Then, the slopes and intercepts
from the regression lines were used to calculate estimates
of the residence and giving-up times. Equations 2 and 3
were utilized

Est GUT

al + (a2 * log TT [NT]) (2)

Est RT

al + (a2 * log TT [NT]) (3)
where al was the constant and a2 the slope. GUT the giving-
up time, RT the residence time, and TT [NT] the travel time
for the natural travel requirement.

The logarithmic residuals of residence and giving-up

times were calculated by using equations 4 and 5

log res GUT log GUT[NT] - Est GUT (4)

log res RT log RT [NT] - Est RT (%)

Tables B25 to B28 summarize these calculations (Appendix B).
The logarithmic residuals of residence and giving-up

time calculated for natural travel, were divided by the

standard errors of residence and giving-up time estimated
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for artificial travel requirements. In Figure 9, these
calculations are plotted (Y-axes) against the number of
available pellets per visit (X-axis). The Y-axis shows the
number of standard error units that residence and giving-up
time deviated from estimates based on the regression
analysis. The larger these values the less natural travel
produced residence and giving-up time durations that were
equivalent to those produced by artificial travel
requirements. In general, Figure 9 shows that when the
patch was depleted in 2 pellets, residence time deviated
more standard error units from estimates (mean= 7.14) than
when the patch was depleted in 1 (mean= 5.59) or 8 pellets
(mean= 2.50). However, giving-up time deviated more
standard error units from estimates when the patch was
depleted in 1 pellet (mean= 4.67) than when it was depleted
in 2 (mean= 3.62) or in 8 pellets (mean= 3.44). Table C34

summarizes results of Figure 9 (see Appendix C).



EXPERIMENT 2

In Experiment 1 pressing on the right lever produced
residence times that changed less than giving-up time
durations. Travel time on the right lever produced
systematic changes in giving-up times. Short durations were
associated with high reset-probabilities and long durations
with low reset- probabilities. However, residence times did
not change in systematic way as a function of artificial
travel. Sometimes the .10 reset-probability produced longer
residence times than the .05 or .025 reset-probabilities.

In Experiment 1, variations in residence time may have
been produced by deficiencies in stimulus control. At the
beginning of a session, the first response on the left lever
turned off lights on the left side and turned on lights on
the right side. After that, presses on the right lever
reset the probability on the left, turned off lights on the
right, and turned on lights on the left, signaling reset in
the patch. By switching from left to right and back to left
without resetting the patch, sometimes animals produced
longer travel times that actually included some unmeasured
residence time.

Experiment 2 was designed to improve stimulus control.
The idea was to provide better discrimination between
residence and travel. To gain control over residence and
travel times, the standard response levers were replaced

with retractable levers. If a subject responding on the
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left switched to the right lever and pressed on it, the left
lever was retracted and not extended again until responding
on the right lever reset the patch to its original
condition. This prevented responding in the patch until
reset.

The patch was depleted in 1, 2, or 8 pellets. Only low
reset-probabilities were studied and compared with natural
travel requirements.

Method
Subjects

Five Long-Evans male, experimentally naive rats (C-1,
C-2, C-3, C-4, and C-5) between 90 and 110 days old at the
beginning of the experiment served. Animals were housed in
individual cages with water permanently available, and
maintained at 80% of their free-feeding weights (%8 g).
Apparatus

The apparatus was the same as in Experiment 1, except
that the two standard response-levers were replaced with
retractable response-levers.

Procedure

The procedure was similar to that in Experiment 1. The
idea was to repeat conditions in which low reset-
probabilities were scheduled on the right lever. However,
when the patch was depleted in 8 pellets, a natural travel
condition with obstacles was included. Three hurdles

(obstacles), 25 cm wide and 12 cm high, were constructed
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with wire mesh. Two hurdles were placed, one on each side
of the box, at 50 cm from the front wall. The other hurdle
was placed at 130 cm from the front wall. Tables 4 to 6
show the different conditions, grouped by the number of
available prey on the left side. The order in which they
were studied and the number of sessions per condition appear
in the last two columns of Tables 4 to 6. A minimum of ten
sessions per condition were conducted. However, the number
of sessions was increased when the natural condition or low
reset-probabilities showed variability in the data.
Predictor and criterion variables were the same as in
Experiment 1.

Results

The same techniques were utilized to analyze the data.
The analysis followed the same strategy as in Experiment 1.
All sessions from each condition were included in the
analysis. Some examples of cluster analysis are shown in
Appendix A.

Tables 4 to 6 (center columns) show BWMs for travel,
residence, and giving-up times. Figure 3 in the right-hand
columns of graphs, shows BWMs for travel time (Y-axis)
plotted against the reset-probabilities (logarithmic X-
axis). Different symbols indicate the different subjects.
Except for C-3 in the two pellets condition, the
reset-probability of .025 produced longer travel times than

any other probability. Functions relating reset-
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probabilities to travel times varied less than in Experiment
1. Travel time varied less with reset-probability but
generally travel time decreased as the reset-probability
increased.

Residence and giving-up times produced by artificial
conditions were transformed to logarithmic numbers, and then
the arithmetic means of these values were obtained for the
conditions depleted in 1-, 2-, and 8-prey. Residence and
giving-up times produced by natural travel were also
transformed to logarithmic numbers, and the arithmetic mean
of these values were obtained for each prey condition. 1In
Figure 10, the arithmetic means obtained for residence and
giving-up times (Y-axis) are plotted against the number of
available prey in the patch (X-axis). The filled squares
indicate the residence times produced by artificial travel
requirements. The empty squares represent residence times
produced by the natural travel condition. The filled
triangles symbolize the giving-up times produced by the
artificial travel conditions. The asterisks represent the
giving-up times produced by the natural travel condition.
The X’s represent residence and giving-up times produced by
natural travel with obstacles. The right-hand bottom panel
of Figure 10 shows the data averaged across subjects.

Figure 10 shows that with some exceptions (see C-1 and C-5),
as the number of available prey in the patch increased

residence and giving-up times increased. Except for C-3
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(the mean of residence times produced by artificial travel
requirements), when the patch was depleted in 1 prey, the
means of residence and giving-up time produced by natural
travel were greater than the means of residence and giving-
up time produced by artificial requirements (compare empty
squares and asterisks with filled squares and triangles).
When the patch was depleted in 2 or 8 prey, (except for C-1,
giving-up times) the means of residence and giving-up time
produced by natural travel were similar to the means of
residence and giving-up time produced by artificial
requirements. With the exception of one subject (C-1), the
longest residence and giving-up times were produced by
natural travel with obstacles (compare X’s with other
symbols).

Figures 11 to 15 show residence and giving-up times
plotted against travel times in logarithmic coordinates.
All conditions are included in the left-hand graphs. Each
figure shows results for one rat. Natural travel results
are enclosed in boxes. Figures 11 to 15, in the left-hand
columns of graphs, show that except for one outlier each in
the data of C-1, C-2, C-4, and C-5 in the depleted-in-one
condition, natural travel produced residence and giving-up
times of similar duration to those produced by low
reset-probabilities (see Figures 11, 12, 14, and 15 top
panels). Usually, natural travel with obstacles produced

the longest residence and giving-up times (see subjects C-2,
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C-3, and C-5 in Figures 12, 13 and 15).

Generally, low reset-probabilities were associated with
long residence and giving-up times, and high reset-
probabilities with short residence and giving-up times, but
for some conditions the times did not appear to vary
systematically.

Regression lines were fitted to residence and giving-up
times produced by artificial travel requirements. The BWM
values of travel time were transformed to logarithmic
numbers and entered the equation as the values of the
independent variable. The BWM values of residence and
giving-up times were transformed to logarithmic numbers and
entered the equation as the values of the dependent
variable. Values produced by natural travel did not enter
the equation. Tables A40 to A45 (Appendix A) summafize
values and calculations.

Tables 13 to 18 summarize the regression results. When
the patch was depleted in 1 pellet (Table 13), the linear
equation accounted for the variability in residence times
(r* between .64 and .99, mean=.77). With a few exceptions
(C~-4, Tables 15 and 18), when the patch was depleted in 2 or
8 pellets the linear equation poorly accounted for the
variability in residence and giving-up times (r? between .01
and .96, mean=.41; Tables 14, 16, and 17).

Regression lines for residence and giving-up times are

shown in right-hand columns of Figures 11 to 15. The
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logarithmic values of residence and giving-up times (Y-axes)
are plotted against those of travel times (X-axis). The
filled squares indicate residence times, and filled
triangles giving-up times. The coefficients al (Y-
intercept), and a2 (slope) are included near each regression
line. Results from the natural travel condition are not
included (compare left columns of graphs with right
columns).

In general Figures 11 to 15 show that there were not
systematic deviations in residence and giving-up times from
the regression lines. As the number of available prey in
the patch increased the residence and giving-up times
increased (compare values of al across panels in Figures 11
to 15). The increment in giving-up times was less
consistent, but al was always greatest for the 8-prey patch.
However, from the 1l-prey patch to the 2-prey patch, al for
giving-up times did not change for C-4, and decreased for C-
1, ¢c-2, and C-3 (compare values of al, middle panels in
Figures 11 to 15).

With exception of C-5 in the 8-prey patch (a2= -.02),
the slopes for residence times were all positive (compare
values of a2 across panels in Figures 11 to 15). As the
number of available prey in the patch increased, the slopes
for residence time decreased (mean=1.08 for the 1l-prey,
mean=.51 for the 2-prey, and mean=.09 for the 8-prey

conditions).
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Most slopes for giving-up times were positive, there
were 5 exceptions out of 15 slopes (compare values of a2 in
Figures 11 to 15). For the 2-prey condition, the slopes for
giving-up times were greater (mean=.74) than for the 1l-prey
(mean=.15) or for the 8-prey conditions (mean=.02).
However, in the 8-prey condition, for C-1, C-3, and C-5 the
slopes for giving-up time were negative or close to zero
(see a2 in Figures 11, 13, and 15 right-hand top panel).
However, the slope of giving-up times was highest in the 2-
prey condition for C-3 and C-4. For C-2, as the number of
available prey in the patch increased, the slopes for
giving-up times increased (see values of a2 in Figure 12).

Logarithmic residuals of residence and giving-up times
were calculated. The same equations were utilized as for
Experiment 1. Tables B29 to B33 summarize these
calculations (Appendix B). The logarithmic residuals of
residence and giving-up time calculated for the natural
condition, were divided by the standard errors of residence
and giving-up time estimated for artificial travel
requirements. 1In Figure 16, these results are plotted (Y-
axes) against the number of available pellets per visit (X-
axis). The number of standard error units that residence
and giving-up time deviated from estimates are indicated by
positive or negative values. Large values indicate
situations in which natural travel produced residence and

giving-up time durations that were not equivalent to those
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produced by artificial travel requirements. In general,
Figure 16 shows that when the patch was depleted in 1 prey,
residence and giving-up time deviated more standard error
units from estimates to positive values (means of .64 and
2.21 respectively) than when the patch was depleted in 2
prey (means of .11 and .47). When the patch was depleted in
8 prey, residence time deviated from estimates to positive
values (mean= .15) and giving-up time deviated from
estimates to negative values (mean=-.13). In the natural
travel with obstacles residence time deviated more units
from estimates to positive values (mean= 9.38) than giving-
up time (mean= 6.02). Table C35 (Appendix C) summarizes

results of Figure 16.



Discussion

On the whole, the results of this dissertation
supported the use of operant techniques in the study of
foraging behavior in the laboratory. Three issues will be
discussed: a) feasibility of the method of Experiments 1 and
2, b) their relation with the optimal foraging theory, and
c) the issue of equivalence between natural and artificial
travel conditions.

Experiments 1 and 2 revealed that as the reset-
probabilities increased artificial travel decreased (see
Figure 3). Rats made the longest artificial travels by
responding to the .025 reset-probability. Rats responding
to the 1.0 reset-probability produced the shortest
artificial travels. The different reset-probabilities
required a different variable number of presses for reset.
For example, the .10 probability required on average 10
lever-presses to reset the patch, the .05 probability
required on average 20 lever-presses to reset the patch, and
the .025 probability required on average 40 lever-presses to
reset the patch. However, the 1.0 probability required just
1 response on the right lever to reset the patch, and the
.25 probability required on average 4 lever-presses to reset
the patch. Obviously, to press on the right lever once,
rats needed less time than to press on the lever 4, 10, 20
or 40 times. Thus, because the different reset-

probabilities required a different variable number of
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presses for reset, responding on the right lever produced
artificial travels that changed as a function of the reset-
probabilities (see Figure 3). This result confirmed that
random ratio schedules of reinforcement can be used to vary
artificial travel time (Baum, 1982b; 1987), but are
artificial and natural travel equivalent?

Can rats pressing on a lever produce travel times of
equivalent duration to the travel time they need to move
from place to place? The answer to this question is yes. I
compared artificial travel times with the travel time
produced by the natural condition. I tried to determine if
by pressing on the right lever, rats made travel durations
equivalent to those they made by running in the natural
condition.

In general, when the reset-probability was .10, the
time rats used to press on the right lever an average of 10
times was similar to the time they needed to run in the
natural condition. However, rats used more time to press on
the lever an average 20 or 40 times (.05 or .025 reset-
probabilities) than to run in the natural condition. Rats
used shorter time to press on the lever 4 times or less (.25
or 1.0 reset-probabilities) than to run in the natural
condition (see Figures A3 to A7, Appendix A).

Experiment 1 showed differences in the function
relating reset-probabilities to travel times. The steepest

function was obtained when the patch was depleted in 2 prey
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(see middle left-hand panel in Figure 3). 1In addition,
responding to low reset-probabilities (.025 and .05),
produced longer artificial travel times in Experiment 1 than
in Experiment 2 (see group means in Figure A8, Appendix A).
The differences in artificial travel times produced by low
reset-probabilities suggested that in Experiment 1 the
stimulus control functioned differently from Experiment 2.
In Experiment 1, where lights were utilized to signal when
the patch was replenished, rats sometimes switched from the
left to the right lever and back to the left before they
reset the patch. When this occurred changeover caused long
artificial travel times. Rats switched prematurely between
levers when the reset-probability was low (.025 or .05). 1In
addition, when the patch provided 2 pellets, more premature
changeovers from right to left lever were observed than when
the patch provided 1 or 8 pellets. This caused the
steepness of the functions relating reset-probabilities to
artificial times (see left-hand middle panel in Figure 3).

In Experiment 2, responding on the retractable levers
to low reset-probabilities, produced shorter artificial
travel times than responding on the standard levers (compare
group means in Figure A8). Responding on the retractable
levers produced less variation in artificial travel times.
The function relating reset-probabilities to travel times
was similar across conditions (see right-hand graphs in

Figure 3). Thus, the retractable levers produced more
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uniformity and better control of travel times.
Optimal Foraging Theory

According to Charnov’s (1976) marginal-value theoren,
foragers follow optimal rules to decide when to leave a
patch. Charnov assumes that foragers will remain longer in
a patch that offers high energy intake per unit of time
(E/T) than in a patch that offers low E/T. Accordingly,
foragers estimate the quality of a patch based on an
instantaneous rate of intake. Charnov’s marginal-value
theorem says that the forager will leave a patch when the
rate of intake decreases to a point at which it falls below
the average provided by the environment, and "that this
marginal capture rate should be equalized over all patches
within a habitat" (Krebs, Ryan, & Charnov, 1976).

The marginal-value theorem predicts that the forager’s
residence time in a given patch will increase if the travel
to other patches increases or if other patches have low
quality (Charnov 1976; Krebs 1978). Krebs, Ryan, & Charnov
(1974) interpreted this to mean that an optimal forager will
use the same giving-up time for all type of patches within
an environment, even if these patches differ in quality. 1In
addition, they suggested that the "giving-up time should be
shorter in better habitats, where the average capture is
higher" (Krebs, Ryan, & Charnov, 1974). Accordingly, the
giving-up time should be inversely related to the average

capture rate for the environment. Since as travel time
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increases average rate of capture decreases, giving-up time
should increase with travel time.

The predictions from the marginal-value theorem have
generated controversy in the study of foraging behavior. It
is necessary to differentiate the marginal-value theorenm
from the marginal value rule (Stephens & Krebs, 1986). The
marginal-value theorem is not a rule that foragers use to
leave the patch. It is a method that a theorist may utilize
to estimate optimal residence times based on gain functions
and travel times. The marginal-value theorem is a method
"that finds the rate-maximizing rule from a known set of
rules" (Stephens & Krebs, 1986). The marginal value rule is
a rule that foragers may use namely, to assess the
instantaneous rate of gain in a patch and leave when the
rate of intake falls below the average provided by the
environment (McNamara, 1982). So, the marginal value rule
may or may not control the forager’s decisions of when to
leave the patch, and it may or may not be an optimal rule in
a given environment (Stephens & Krebs, 1986).

In Experiment 1 and 2, foraging was studied in
different environments, each environment had one type of
patch, and travel was varied within each environment. The
patches differed in quality by varying the number of
available prey. Each prey-condition lasted many days. The
probability (p) of obtaining the prey by pressing on the

left lever, and each reset~probability scheduled for the
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right lever formed a pair of probabilities. Each pair of
probabilities constituted a different patchy environment.
For the depleted in 1-, 2-, and 8-prey conditions, there
were 7 different patchy environments: five reset-
probabilities, the natural travel without obstacles, and the
natural travel with obstacles. With 1 available prey in the
patch, p of obtaining the prey was .10, with 2 prey p
finished at .5, and with 8 prey p finished at .125. So, the
giving-up time should be shorter for the 2-prey condition
and about the same for the l1-prey and 8-prey conditions.
However, in Experiments 1 and 2 the giving-up time increased
as a function of the number of available pellets in the
patch (see bottom panel in Figure 4 and right-hand bottom
panel in Figure 10). Rats did not keep the same giving-up
time in the patch within an environment.

Often, rats obtained all the available pellets and
still persevered in the patch. Ideally, rats should have
adopted a strategy of obtaining a fixed number of prey, and
then leaving the patch. But rats did not do this,
particularly in the l1-prey patches, where one might expect
the giving-up time to be zero.

Thus, Experiments 1 and 2 showed that as the number of
available pellets in the patch increased the giving-up times
increased (see Figures 3 and 10). The richer the patch was,
the longer rats persisted in the patch. When the patch

provided 8 pellets per visit, rats produced the longest
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residence and giving-up times. This result is consistent
with the conclusion that more plentiful schedules of
reinforcement produce greater persistence of responding than
less plentiful ones (Nevin, 1979).

In addition, Experiments 1 and 2 showed that the
residence and giving-up times increased as a function of the
travel requirement. The residence times obtained in
Experiments 1 and 2 agreed with predictions from the
marginal-value theorem; as the travel requirement increased
the residence time increased (compare residence time across
conditions in Figures 5-8 and 11-15). This result has been
corroborated in both the field (e.g., Anderson 1978;
Zimmerman 1981) and in the laboratory (e.g., Cowie 1977;
Killeen, Smith, & Hanson 1981; Lea 1979; Mellgren, Misasi, &
Brown, 1984). However, the giving-up times obtained in
Experiments 1 and 2 did not agree with Krebs, Ryan, &
Charnov’s (1974) prediction that an optimal forager will use
the same giving-up time in the patch within an environment.

If rats were following the "marginal-value rule" as
Stephens and Krebs (1986) call it, how would giving-up time
be expected to change with increases in travel? If giving~
up time depends only on final capture rate, then it ought to
remain constant, because final capture rate was unaffected
by travel (see capture accuracy measure in Tables 4-6, the
number of pellets obtained remained high throughout

Experiment 2). Moreover, when the number of available
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pellets in the patch switched from 1 to 2, the giving-up
time produced by artificial travel conditions increased (see
triangles in Figures 4 and 10). This deviation of giving-up
time from that of optimal models of foraging, suggested that
an optimal decision to leave the patch may not be to
maintain the same giving-up time in the patch within an
environment (Krebs et al., 1974), but to increase the
giving-up time as the quality of the patch improves (McNair,
1982).

Charnov’s (1976) marginal-value theorem offers no clear
explanation of why giving-up time should covary with
residence time. The reason is that "giving-up time never
enters into the model on which the marginal-value theorem is
based" (McNair, 1982). The marginal-value theorem was
designed to make predictions concerning patch residence
times, it was not designed to predict giving-up times.
McNair (1982) designed a model, analogous to Charnov’s
(1976) model, to predict optimal giving-up times. McNair
(1982) provided some numerical examples demonstrating that
larger giving-up times should be used in better quality
patches. Moreover, McNair’s model predicts that "increasing
the mean interpatch travel time increases the optimal GUT’s,
as well as the mean patch yields and residence times"
(McNair, 1982).

The residence and giving-up times obtained in

Experiments 1 and 2 are in accordance with predictions
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derived from McNair’s (1982) model. As the travel
requirement increased the residence and giving-up time
increased. This is predicted because the average rate of
capture decreased as travel time increased. The right-hand
graphs of Figures 17 and 18 illustrate these results. The
group means of residence, giving-up time, and average rate
of capture (Y-axes) are plotted against the group mean of
travel time (X-axis). The filled squares represent the
group means of residence time, the triangles the group means
of giving-up time, and the asterisks the group means of the
average rate of capture. The average rate of capture was
estimated by taking the mean of prey captured per visit (the
capture accuracy measure in Tables 1-3 and 4-6) and dividing
it by the mean of travel time plus the mean of residence
time (results are summarized in Tables C36 and C37, Appendix
C). Natural travel results are enclosed in boxes. In the
left-hand panels of Figures 17 and 18, the group means of
residence time, giving-up time, and average rate of capture
(Y-axes) are plotted against the probability on the right
lever (X-axis) to facilitate comparisons between natural
travel and artificial travel requirements (the data for each
rat are plotted in Figures A39-A43, Appendix A).

Right-hand panels of Figures 17 and 18 show that in
general residence and giving-up time increased as travel
time increased. The average rate of capture decreased as

travel time increased. Left-hand panels of Figures 17 and
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18 show that natural travel and the .025 reset-probability
produced longer residence and giving-up times, and lower
average rates of capture than any other artificial travel
requirement. In Experiment 2, natural travel with obstacles
produced the lowest average rate of capture and the longest
residence and giving-up times (see right-hand bottom panel
of Figure 18 and Table C37). When the patch was depleted in
1 or 2 pellets residence time, giving-up time, and average
rate of capture varied more with travel time than when the
patch was depleted in 8 pellets.

An alternative optimal strategy to both Charnov’s
(1976) optimal residence time and McNair’s (1982) optimal
giving-up time, is the strategy of hunting by expectation
developed by Gibb (1962). Accordingly, foragers leave the
patch after a fixed number of prey captured. Redhead and
Tyler (1988) trained rats to press on the right lever to
obtain food according to a progressive variable-interval
schedule of reinforcement that simulated patch depletion.
The schedule was reset by pressing on the left lever. To
model travel time, Redhead and Tyler (1988) increased to 25
seconds the time between pressing the left lever and
obtaining a reinforcer from the right lever. They found
(Experiment 2), in accordance with the marginal-value
theorem, that when the travel time increased the overall
residence times increased. However, they reported that rats

"appeared to dispense with the giving-up time after the
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first few trials (p.92)". Redhead and Tyler reported that
to decide when to leave the patch, rats used the inter-
reinforcement interval value (Redhead & Tyler, 1988).

Experiments 1 and 2, the rats may have used the inter-
reinforcement interval as an indication of when to leave the
patch, rather than using the giving-up time. Since the
inter-reinforcement interval was not recorded, I have no
data to support this conclusion. However, if rats used the
inter-reinforcement interval as in Redhead and Tyler'’s
(1988) experiment, giving-up times should have decreased
from 1 to 2 pellets. On the whole, results of Experiments 1
and 2 agreed with the conclusion that the forager’s decision
of when to leave the patch is determined by the number of
available prey in the patch (Iwasa, Higashi, & Yamamura,
1981).

Equivalence of Natural and Artificial Travel

I tried to determine if rats responding to the reset-
probabilities generated equivalent residence and giving-up
times to the natural condition. The arithmetic mean of
residence and giving-up times produced by artificial
requirements was compared with that produced by the natural
condition. Although Figures 4 and 10 appear to show larger
residence and giving-~up times for natural travel, these
means are misleading. The effect may be caused by an
artifact of the arithmetic mean. The artificial travel

requirements caused the residence and giving-up times to
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vary in duration. High reset-probabilities (1.0 or .25)
produced short residence and giving-up times, and low reset-
probabilities (.01, .05, and .025) generated long residence
and giving-up times. Thus, short times produced by high
reset-probabilities may have brought down the mean for
artificial times.

Experiment 1 suggested that residence and giving-up
times in the natural travel were not equivalent to residence
and giving-up times in the artificial travel requirements
(see Table C34). Often, residence and giving-up times in
the natural condition deviated from estimates based on
artificial travel (see Figure 9). There were many instances
of logarithmic residuals of residence and giving-up times
that deviated from estimates more than 2 standard error
units (see Table C34). But maybe that was due to the
tendency to premature changeover from the right to the left
lever (poor stimulus control).

Results of Experiment 2 indicated that there were few
violations of equivalence with retractable levers (see Table
C35). Only when the patch was depleted in 1 pellet, it was
clear that giving-up times in the natural travel were not
equivalent to giving-up times in the artificial travel
requirements. In addition, these violations of equivalence
were only consistent for two rats (see C-3 and C-4; maybe C-
5 assuming that 2 standard error units constitutes an

outlier). Moreover, Figure A33 (Appendix A) revealed that
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all the overlap between the variability in giving-up times
for natural and artificial travel requirements tends to
undermine the significance of the large deviations in
giving-up times in the one-pellet condition (see Table C35
and Figure 10). The giving-up times of C-3 produced a
negative slope in the regression analysis (see right-hand
panels of Figure 13) and that tended to inflate the
deviations, when the giving-up times for natural travel were
actually not that different from the others. For C-4, the
giving-up times were close to a line, producing an unusually
small standard error, which tended to inflate the calculated
deviation.

Although Experiment 1 suggested that natural travel had
more of an effect on residence and giving-up times than
artificial travel, Experiment 2 showed much less effect (see
Figure 10 and Table C35). However, the natural travel with
obstacles had a strong effect in the rats’ residence and
giving-up times. In this condition, rats produced the
longest residence and giving-up times. That is, rats
persevered a long time in the patch before they switched to
the right lever. With some exceptions, in the natural
condition with obstacles, the residual of residence and
giving-up times deviated more standard error units (means of
9.38 and 6.02 in Table C35) from estimates based on
artificial travel than in the natural condition without

obstacles means of .15 and -.13 respectively. The natural
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condition with obstacles had more of an effect on residence
and giving-up times than the natural travel without
obstacles and produced the longest residence and giving-up
times (see left-hand panels in Figures 11, 12, 13, and 15).
These results suggested that the natural condition with
obstacles demanded from rats more energy than any other
travel requirement. Rats reacted differently to natural
travel with obstacles than to artificial travel
requirements, indicating a possible non-equivalence between
natural travel with obstacles and artificial travel
requirements. The results of Experiments 1 and 2 call for
more research in which natural and artificial travel
requirements are compared within the same experimental
situation, particularly experiments in which travel will be
more difficult than running (e.g., climbing).

The results of Experiments 1 and 2 supported the
conclusion that with minimal modifications to the operant
chamber, it is possible to introduce natural travel into
operant experiments (e.g., Baum 1982a; Krebs et al. 1978;
Ydenberg 1984). However, results of such experiments may
change when natural travel is included. For example, choice
situations in which a large travel is required between
instrumental response alternatives produces different
effects on the forager’s behavior than choice situations
that require a small travel between response alternatives.

Baum (1982a) utilized concurrent variable-interval schedules



45
of reinforcement and varied the travel requirement between
response alternatives. Baum found a strong preference for
one response alternative when the travel requirement was
large. The pigeons’ rate of changeover between response
alternatives decreased as the travel requirement increased.
Baum also included a natural travel condition with an
obstacle (a hurdle). He found that the visit duration
(residence time) increased on both response alternatives as
the natural travel increased, and particularly as the hurdle
was raised. In fact, Baum found that the natural travel by
itself had less effect on the pigeon’s behavior than the
natural travel with the obstacle (Baum, 1982a).

Experiments 1 and 2 indicated that in a choice
situation between two instrumental response alternatives, a
large travel requirement without obstacles controlled the
rats’ behavior in a similar way to that in Baum’s (1982a)
experiment. For Experiment 2, in the natural travel without
obstacles, rats spent about the same time on the left lever
as with comparable artificial travel requirements. However,
results of Experiment 2 suggested that by running in the
natural condition without obstacles, rats did not consume
more energy than by responding to the .05 or .025 reset-
probabilities. In the natural travel condition with
obstacles, rats may have spent more energy than in any other
travel requirement. This suggests a possible non-

equivalence between natural travel with obstacles and
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artificial travel requirements.

On the whole, Experiments 1 and 2 demonstrated that by
using operant techniques, it is possible to compare in the
same experimental situation natural travel with artificial
travel requirements. The residence and giving-up times
obtained in Experiments 1 and 2, suggested that the effects
produced by natural travel in patch utilization are
sometimes not equivalent to those produced by artificial
travel requirements. The conclusion that ratio schedules of
reinforcement can be used to model travel in the laboratory
(Baum 1982b; 1987; 1988) needs to be taken with caution.

To determine if natural and artificial travel produced
the same effects on the foragers’ behavior, we must to
evaluate them within the same experimental situation. Under
these circumstances, the experimenter can make direct
comparisons between natural and artificial travel
requirements. The experimental situation can be adapted to
reproduce a travel requirement that resembles travel in the
real world. When this condition is satisfied, it maybe
possible to demonstrate that natural travel does not produce
the same effects on foraging behavior than artificial travel
requirements. To predict that natural and artificial travel
requirements affect the utilization of the patch in similar
ways, we must demonstrate empirically that they do not
differ from each other.

In summary, Experiment 1 showed that the natural travel
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condition produced longer residence and giving-up times than
the artificial travel conditions. But maybe that was due to
a poor stimulus control. Experiment 2 revealed that by
pressing on the retractable levers, rats made shorter
residence and giving-up times than by pressing on the
standard levers. Sometimes, but not in systematic way,
natural travel conditions produced longer residence and
giving-up times than the reset-probabilities. However, in
the natural travel with obstacles, rats produced the longest
residence and giving-up time durations. The natural travel
with obstacles demanded from rats more energy than any other
travel requirement.

Conclusions
1. This dissertation examined the utilization of operant
techniques to the study of foraging behavior in the
laboratory.
2. As expected, artificial travel times varied inversely
with reset-probabilities.
3. In Experiment 1 rats made longer artificial travel times
than in Experiment 2. This result indicated that in
Experiment 1 the stimulus control functioned differently
from Experiment 2. In Experiment 1 lights sometimes failed
to control the rats’ switching, with the result that rats
switched from the right to the left before they reset the
patch. Thus, changeover produced long artificial times and

caused the functions relating reset-probabilities to travel
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times to be steep.
4. Experiment 2, eliminated the premature changeover. Thus,
the function relating reset-probabilities to travel times
was similar across conditions.
5. Experiments 1 and 2 showed that the residence and giving-
up times generally increased as a function of the travel
condition.
6. With some exceptions rats made the longest residence and
giving-up times when they had to run in the natural
condition or when rats had to respond to the .025 reset-
probability.
7. Experiments 1 and 2 found that as the number of available
pellets in the patch increased the giving-up times
increased. The richer the patch was the longer rats
persevered in the patch. Rats did not leave the patch when
their rate of pellets intake decreased below the average
provided by the environment. Often, rats obtained all the
available pellets and still persevered in the patch.
8. Experiments 1 and 2 indicated that the quality of the
patch interacted with the travel requirement to control the
residence and giving-up times. When rats depleted the patch
in 8 pellets, and they had to run in the natural condition
or to respond to the .025 reset-probability, rats produced
the longest residence and giving-up times.
9. Experiment 1 showed that residence and giving-up times in

the natural travel were not eguivalent to residence and
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giving-up times produced by artificial travel requirements,
but Experiment 2 showed much less of an effect.

10. By making more difficult the natural condition for the
rats, I found that maybe a difference between the natural
condition and the artificial requirements. Rats responding
to natural travel with obstacles made the longest residence
and giving-up times. The natural travel with obstacles had
more of an effect on residence and giving-up times than any
other travel requirement. That is, natural travel with
obstacles demanded from rats more energy than any other
travel requirement. 1In the natural travel with obstacles,
rats persevered a long time in the patch.

11. Experiments 1 and 2 demonstrated that by using operant
techniques, it is possible to compare in the same
experimental situation natural travel with artificial travel
requirements. The operant chamber can be modified to
include natural travel in the laboratory. To determine if
natural and artificial travel requirements produced the same
effects on the forager’s behavior, we must evaluate them
within the same experimental situation. To predict that
natural travel and artificial travel requirements control
the utilization of the patch in similar way, we must
demonstrate empirically that they do not differ from each

other.
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Figure 1. The experimental situation, the bottom panel
shows the set-up for artificial travel conditions.
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Figure 2. The experimental situation adapted to run the
natural travel condition.
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Figure 3. The BWMs of travel time (Y-axis) against the
reset-probabilities on the right lever (logarithmic X-axis)
for the depleted in 1-, 2-, and 8-prey conditions. The left-
hand panels show results of Experiment 1, and the right-hand
panels results of Experiment 2. The subjects are indicated
by different symbols.
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Figure 4. The arithmetic means of residence and giving-up
times (Y-axes) against the number of available pellets in
the patch (X-axis). The filled squares indicate the
residence times produced by artificial travel requirements.
The empty squares represent residence times produced by the
natural travel condition. The filled triangles symbolize the
giving-up times produced by the artificial travel
conditions. The asterisks represent the giving-up times
produced by the natural travel condition. The bottom

panel shows the data averaged across subjects.
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Figure 5. For subject A-101, the left-hand panels show the
residence and giving-up times (logarithmic Y-axes) against
the travel times (logarithmic X-axis). The natural travel
results are enclosed in boxes. The right-hand panels show
the regression lines for residence and giving-up times. The
logarithmic values of residence and giving-up times (Y-axes)
are plotted against those of travel times (X-axis). The
filled squares indicate residence times, and filled
triangles giving-up times. The coefficients al (Y-
intercept), and a2 (slope) are included near each regression
line. Results from the natural travel condition are not
included.
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Figure 6. For subject A-104, the left-hand panels show the
residence and giving~-up times (logarithmic Y-axes) against
the travel times (logarithmic X-axis). The natural travel
results are enclosed in boxes. The right-hand panels show
the regression lines for residence and giving-up times. The
logarithmic values of residence and giving-up times (Y-axes)
are plotted against those of travel times (X-axis). The
filled squares indicate residence times, and filled
triangles giving-up times. The coefficients al (Y-
intercept), and a2 (slope) are included near each regression
line. Results from the natural travel condition are not
included.
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Figure 7. For subject A-123, the left-hand panels show the
residence and giving-up times (logarithmic Y-axes) against
the travel times (logarithmic X-axis). The natural travel
results are enclosed in boxes. The right-hand panels show
the regression lines for residence and giving-up times. The
logarithmic values of residence and giving-up times. (Y-axes)
are plotted against those of travel times (X-axis). The
filled squares indicate residence times, and filled
triangles giving-up times. The coefficients al (Y-
intercept), and a2 (slope) are included near each regression
line. Results from the natural travel condition are not
included.
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Figure 8. For subject A-230, the left-hand panels show the
residence and giving-up times (logarithmic Y-axes) against
the travel times (logarithmic X~-axis). The natural travel
results are enclosed in boxes. The right-hand panels show
the regression lines for residence and giving-up times. The
logarithmic values of residence and giving-up times (Y-axes)
are plotted against those of travel times (X-axis). The
filled squares indicate residence times, and filled
triangles giving-up times. The coefficients al (Y-
intercept), and a2 (slope) are included near each regression
line. Results from the natural travel condition are not
included.
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Figure 9. The logarithmic residuals of residence and
giving-up time for natural travel divided by the standard
errors of residence and giving-up time estimated for
artificial travel requirements (Y-axes) against the number
of available pellets per visit (X-axis). The Y-axis shows
the number of standard error units that residence and
giving-up time deviated from estimates based on the
regression analysis. The filled squares indicate residence
times, the triangles giving-up times, the empty squares re-
determinations of residence time, and the Xs re-
determinations of giving-up time.
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Figure 10. The arithmetic means of residence and giving-up
times (Y-axes) against the number of available pellets in
the patch (X-axis). The filled squares indicate the
residence times produced by artificial travel requirements.
The empty squares represent residence times produced by the
natural travel condition. The filled triangles symbolize the
giving-up times produced by the artificial travel
conditions. The asterisks represent the giving-up times
produced by the natural travel condition. The Xs indicate
residence and giving-up times produced by natural travel
with obstacles. The right-hand bottom panel shows the data
averaged across subjects.
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Figure 11. For subject C-1, the left-hand panels show the
residence and giving-up times (logarithmic Y-axes) against
the travel times (logarithmic X-axis). The natural travel
results are enclosed in boxes. The right-hand panels show
the regression lines for residence and giving-up times. The
logarithmic values of residence and giving-up times (Y-axes)
are plotted against those of travel times (X-axis). The
filled squares indicate residence times, and filled
triangles giving-up times. The coefficients al (Y-
intercept), and a2 (slope) are included near each regression
line. Results from the natural travel condition are not
included.
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Figure 12. For subject C-2, the left-hand panels show the
residence and giving-up times (logarithmic Y-axes) against
the travel times (logarithmic X-axis). The natural travel
results are enclosed in boxes. The right-hand panels show
the regression lines for residence and giving-up times. The
logarithmic values of residence and giving-up times (Y-axes)
are plotted against those of travel times (X-axis). The
filled squares indicate residence times, and filled
triangles giving-up times. The coefficients al (Y-
intercept), and a2 (slope) are included near each regression
line. Results from the natural travel condition are not
included.
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Figure 13. For subject C-3, the left-hand panels show the
residence and giving-up times (logarithmic Y-axes) against
the travel times (logarithmic X-axis). The natural travel
results are enclosed in boxes. The right-hand panels show
the regression lines for residence and giving-up times. The
logarithmic values of residence and giving-up times (Y-axes)
are plotted against those of travel times (X-axis). The
filled squares indicate residence times, and filled
triangles giving~up times. The coefficients al (Y-
intercept), and a2 (slope) are included near each regression
line. Results from the natural travel condition are not
included.
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Figure 14. For subject C-4, the left-hand panels show the
residence and giving-up times (logarithmic Y-axes) against
the travel times (logarithmic X-axis). The natural travel
results are enclosed in boxes. The right-hand panels show
the regression lines for residence and giving-up times. The
logarithmic values of residence and giving-up times (Y-axes)
are plotted against those of travel times (X-axis). The
filled squares indicate residence times, and filled
triangles giving-up times. The coefficients al (Y-
intercept), and a2 (slope) are included near each regression
line. Results from the natural travel condition are not
included.
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Figure 15. For subject C-5, the left-hand panels show the
residence and giving-up times (logarithmic Y-axes) against
the travel times (logarithmic X-axis). The natural travel
results are enclosed in boxes. The right-hand panels show
the regression lines for residence and giving-up times. The
logarithmic values of residence and giving-up times (Y-axes)
are plotted against those of travel times (X-axis). The
filled squares indicate residence times, and filled
triangles giving-up times. The coefficients al (Y-
intercept), and a2 (slope) are included near each regression
line. Results from the natural travel condition are not
included.
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Figure 16. The logarithmic residuals of residence and
giving-up time for natural travel divided by the standard
errors of residence and giving-up time estimated for
artificial travel requirements (Y-axes) against the number
of available pellets per visit (X-axis). The Y-axis shows
the number of standard error units that residence and
giving-up time deviated from estimates based on the
regression analysis. The filled squares indicate residence
times, the triangles giving-up times, the empty squares re-
determinations of residence time, and the X re-
determinations of giving-up time. The results of natural
travel with obstacles are indicated with different symbols.
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Figure 17. 1In the right-hand graphs, for Experiment 1 the
group means of residence time, giving-up time, and average
rate of capture (Y-axes) are plotted against the group mean
of travel time (X-axis). The filled squares represent the
group means of residence time, the triangles the group means
of giving-up time, and the asterisks the group means of the
average rate of capture. Natural travel results are enclosed
in boxes. 1In the left-hand panels, the group means of
residence time, giving-up time, and average rate of capture
(Y-axes) are plotted against the probability on the right
lever (X-axis) to facilitate comparisons between natural
travel and artificial travel requirements.
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Figure 18. In the right-hand graphs, for Experiment 2 the
group means of residence time, giving-up time, and average
rate of capture (Y-axes) are plotted against the group mean
of travel time (X-axis). The filled squares represent the
group means of residence time, the triangles the group means
of giving-up time, and the asterisks the group means of the
average rate of capture. Natural travel results are enclosed
in boxes. In the left-hand panels, the group means of
residence time, giving-up time, and average rate of capture
(Y-axes) are plotted against the probability on the right
lever (X-axis) to facilitate comparisons between natural
travel and artificial travel requirements.
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oto 21 88 609 0 40 99°%
008 44 60 694 [ rag 97%
028 16 00 5§28 027 100%
NT* 1 00 147" 772 229 100%
0028 412 704 1 44 945
. 025 1104 542 090 100%
100 638 518 on 99%
.- 1 00 514 4.99 028 B4%

1

OO NORELN = OO N ERE LY - OONODELON

© ®NOR BN -

10
14
16
16
16
16
10
10
1

10
14
16
16
16
16
10
10
n

10
14
16
16
16
16
10
10
1

10
14
16
16
16
16
10
10
11

“* Re-determinations,

**left lever from .10 went o .06 and then to 0



Tdble 2 Patch depleted in two Ereys. initial probability on left lever =1.0 (went to zeto in steps of .5)
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SUBJECT CONDITION RIGHTLEVER TWME

A-104
NT
NT*
A 230
NT
NT*
A0
NT
NT*
A123
NT
NT

ON TRAVEL RESIDENCE GIVING CAPTURE
TME  UP TIME ACCURACY ORDER SESSIONS

1.00 sas a2 268 7% 1 10
0.26 6.09 422 267 4% 2 10
010 11.69 297 222 %% 3 10
0.08 16.11 442 239 96% . 10
100 26.38 1392 1067 100% 5 10
0.08 2067 429 1.41 100% s 10
010 1292 474 283 9% 7 10
1.00 21.34 6.4 456 100% ] 10
0.025 43.38 463 273 100% ) 10
1.00 447 288 1.68 9N% 1 10
025 827 439 228 100% 2 10
010 25.94 482 232 100% 3 10
008 56.02 6.50 350 100% 4 10
1.00 2022 1389 7.32 100% 5 10
008 6118 5.95 293 100% 3 10
010 1277 550 262 7% 7 10
1.00 15,67 768 436 100% 8 10
0028 8310 687 4.09 100% ° 10
1.00 609 283 1.66 95% 1 10
026 8.20 3.42 1.9 97% 2 10
010 11.32 386 250 96% 3 10
006 2618 554 413 100% 4 10
1.00 170 710 393 96% 5 10
0.08 26.36 402 246 100% 6 10
010 1370 a8 285 100% 7 10
1.00 15.06 517 3.09 100% 8 10
0.025 58.14 6.09 413 100% 9 10
100 566 0.8 048 69% 1 10
028 788 097 053 705 2 10
010 1388 497 286 98°% 3 10
008 2426 710 447 95% 4 10
100 1397 798 a2 97% 5 10
0085 2425 504 288 100% s 10
010 1249 392 173 100°% 7 10
1.00 1487 483 1.98 100% 8 10
0028 41.99 5.68 332 97% 9 10

* Re-determinations
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Table 3 . Patch depleted in e»ﬁm pre;s. initial Erobabil% on left lever =1 0 (went to zero in steps of 125)
P [ U -WEIGH ANS

ON TRAVEL RESIDENCE GIVING CAPTURE
SUBJECT CONDITION RIGHT LEVER TIME TIME  UP TIME ACCURACY ORDER SESSIONS
A-104 1.00 450 30.26 604 79% 1 10
010 1154 2079 577 67% 2 10
025 538 2461 565 83% 3 10
005 2483 30.29 7.40 88% 4 10
NT 1.00 17.79 4478 1739 91% 5 10
* 0.10 934 2824 553 7% 6 10
* 005 1466 36.99 709 9% 7 10
NT* 1.00 1334 ar22 10.48 91% 8 10
A-230 1.00 6237 1857 300 63°% 1 10
0.10 3109 1804 538 55°, 2 10
025 481 2188 1283 80°% 3 10
0.05 94.29 3204 10.38 95% 4 10
NT 1.00 20.50 3208 1241 86% 5 10
* 010 1328 2567 693 76% 6 10
- NT* 100 4290 120 40 4810 87% 8 10
A-101 1.00 7.06 2799 585 71% 1 10
010 18.73 1697 441 56% 2 10
025 1337 1991 533 79°% 3 10
005 3055 21.02 6.62 77% 4 10
NT 1.00 1649 2887 810 88°% 5 10
* 010 1423 2187 542 82°% 6 10
* 0.05 24 38 2635 694 86% 7 10
NT* 1.00 1356 28.11 799 91°% 8 10
A-123 1.00 640 14.03 276 48% 1 10
010 1115 1047 201 36°% 2 10
028 687 917 183 42°% 3 10
005 1479 1388 401 59°, 4 10
NT 1.00 1331 2775 657 97% 5 10
* 0.10 87 1278 277 49° 6 10
. 0.05 17.76 20.20 449 68% 7 10
NT* 1.00 1475 30.39 6.34 84% 8 10

* Re-determinations, “*A-230 sick (CONGon 7 Miss)



Table 4 Patch depieted in one prey. inftial plobw on lefl lever = 10, retractable levers

_SUBJECT CONDITION RIGHT LEVER

C1

C3

Cc8

PROBABILITY BISQUARE WEIGHTED MEANS

89

ON TRAVEL RESIDENCE GNVING CAPTURE
TME TME_ UP TME ACCURACY ORDER SESSIONS

1.00 613 1.42 1.37 100% 1 10
NT 1.00 38.64 1717 13.08 100% 2 18
010 16.04 4.08 0.73 100% 3 10
NT 1.00 27.08 805 163 100% 4 18
. 010 3119 622 aa 100% 8 19
008 16.06 324 042 100% [ 10
0.028 28.39 800 1.90 100% 7 10
1.00 5.47 1.08 1.08 100% 1 10
NT 1.00 26.57 234 232 100% 2 18
010 9.6 332 040 99% 3 10
NT- 1.00 1817 2682 0.39 100% 4 16
. 010 2024 3.00 074 99% 8 19
0.08 18.92 313 037 99% [ ] 10
0.028 23.08 334 0.37 100% 7 10
1.00 8517 0.89 087 100% 1 10
NT 1.00 1919 108 1.06 100% 2 18
010 908 288 0.33 100% 3 10
NT* 100 1591 408 0.96 100% 4 18
- 010 19.00 368 0.51 100% 13 19
0.05 11.02 389 023 96% ] 10
0028 1773 3 012 100% 7 10
100 4.99 038 0.33 100% 1 10
NT 1.00 17.81 205 203 100% 2 18
010 11.69 3.45 0.61 96% 3 10
NT* 1.00 14.31 5.64 3.00 100% 4 18
. oto 1828 396 1.39 100% 8 19
0.08 18.38 441 1.60 100% [ ] 10
0.028 53.47 5.086 29 100% 7 10
1.00 1089 1.30 1.28 100% 1 10
NT 1.00 45.03 6.88 688 100% 2 18
010 2091 773 177 100% 3 10
NT* 1.00 23.27 10.24 I 100% 4 18
- 010 2813 7.6 397 100% 8 19
0.08 19.48 464 1.30 100% é 10
0.028 26.94 5.09 1.88 100% 7 10

* Re-determinations



Tane & Pattropepaton motwp preys LA pronanity or et iever = 0 (10 5 M steps 0F 8 reractane ieverc

oN

EL RESDENCE GVING  CAPTURE

SUBJECT CONDTION RIGHT LEVER  TIME TME  UP TME ACCURACY ORDER SESSONS
T oc oo T 2T T a2 T 220 % 1 10
* 010 1210 e 08s 28% 2 22
0os 147y 282 083 899% 3 15
GG25 2082 247 C41 87% 4 10
b NT 100 1645 4G4 285 100% ) 10
.- . C 25 251 389 170 100% 5} 13
b NTe 100 1992 2R '8 100% 7 7
. . 2025 68 487 193 90% 8 9
ce e 1033 185 128 95% 1 10
. ot 1011 410 264 99% 2 2
705 1264 Ay 125 99% 3 5
c 25 238 264 074 99% a *2
o NT Ea's} 1635 a4 e <] 100% 5 .
. . 3025 %67 453 284 100% 6 °3
- N 00 1724 299 b4 0% 7 I3
. . G2 26 asa 180 100% 8 ]
[o] o1C 773 285 120 96% 1 ‘C
. o1C 5148 976 885 6% 2l 2
205 5504 1040 682 5% 3 5
. 1885 213 G4z 8% 4 ‘Ll
i NT t29n as: © o6 95% B N
. . 822 en o82 90% e 2
.- NT* 1453 3% < 2a 100% 7 7
. . 18729 256 064 +N0% 8 G
Ca 1260 4582 292 7% * .7
* 122 aga 77 95% 2 el
573 415 2% 99% 3 5
2712% 426 258 99% 4 1
. NT 1744 695 48. *00% 5 *C
. . o] A7 47 33 “0te 100% 5 3
. N e = 180C 517 285 100% 7 7
. - 0025 52 36 1684 1418 100% 8 8
Cs o 835 ae? 172 99% * G
* Q1c 878 317 o718 89% 2 »
S0h 2398 82 566 100% 3 N
5088 4797 687 373 10C% 4 he
. NT + 20 2154 451 2% 100% 5 N
a4 . 025 2578 358 132 9% 6 12
. NT* 100 246" 274 192 100% 7 7
i * 0025 2823 530 234 99% 2] 9

'ﬂe-aete'mmanons “COHBUCYBB ar o e Bﬂa 3 ;’ e experimant mer i C] asD etaa n eght set o conamons
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Table 6 Patch depleted in ebgm pre‘s, inttial ptobabll%on left lever =1.0 to O in steps of .1286). relractable levers
[ U, -WEIGH

ON TRAVEL RESIDENCE GIVING CAPTURE
SUBJECT CONDITION RIGHT LEVER TIME TME UP TIME ACCURACY ORDER SESSIONS
010 14.00 35.54 888 84% 1 10
C NT 1.00 xR0 40.50 11.83 4% 2 10
M 010 1288 34.94 .22 87% 3 12
0.08 14,98 2844 7.2¢ 88% 4 10
0.026 2621 3418 812 96% -3 10
NT* 1.00 18.54 34.10 913 96% 6 10
NT w/obst 1.00 89.22 38.29 16.49 97% 7 1
c2 010 1483 2619 7.53 88% 1 10
NT 100 20.66 19567 4685 92% 2 10
. 010 11.62 2367 597 88% 3 12
0.08 16.16 24.26 619 94°%; 4 10
0.025 26.59 26.74 7.01 7% 5 10
NT* 1.00 2013 2574 613 97% 6 10
NT w obst 1.00 89.98 6283 38.44 94% 7 11
c3 010 10.89 29.65 6.86 82% 1 10
NT 1.00 17.27 33.99 9.10 96% 2 10
- 010 864 269 493 N% 3 12
008 10.81 2714 6.48 92°% 4 10
0.026 1457 28.21 500 95% -3 10
NT* 1.00 18.56 3210 7.87 7% [ 10
NT wobst! 1.00 74.08 80.76 5238 96% 7 1"
C4 010 21.60 4836 16.30 % 1 10
NT 100 21.28 4160 1118 3% 2 10
. 010 1919 41.35 1427 93% 3 12
0.08 19.82 4588 16.59 94% 4 10
0.025 39.67 51.93 18.08 99% 8 10
NT* 1.00 26.38 46 46 14.28 91 % 6 10
NT w.obst 1.00 42.37 5343 1638 9N% 7 "
[oF ] 010 1684 2887 743 87% 1 10
NT 1.00 234 28 86 675 89% 2 10
e 010 1817 2413 823 80% 3 12
0.06 1737 2558 548 86% 4 10
0.028 2497 25.28 5.59 85% 5 10
NT* 1.00 23.01 30.43 662 90% 6 10
NT w.obst 1.00 58.93 66.37 33.14 94% 7 11

“Fe delermmations
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Figure Al, Experiment 1, shows clusters selected from
conditions in which the patch provided 8 pellets. This
condition was selected from the exploratory data analysis to
show the typical performance of rats responding on standard
levers. The giving-up times (logarithmic Y-axis) are
plotted against the travel times (logarithmic X-axis). The
first and last sessions are indicated by arrows. The
legends (bottom) indicate the subjects’ number. Figure Al
illustrates that giving-up times varied proportionally to
travel times. For travel times the range of variation was
approximately from 10 to 38 seconds. For giving-up times
the range was approximately from 3 to 10 seconds. However,
A-104 in the natural condition produced giving-up times of
about 80 seconds. Occasionally, giving-up times changed
from one session to another and stood out of range in one or
two sessions (see left-hand middle panel). There were
conditions in which giving-up times stood out of range in
the last three sessions (see left-hand top and middle panels
and right-hand bottom panel in Figure Al).

Figure A2, Experiment 2, shows clusters from conditions
in which the patch was depleted in two pellets. This
condition was selected from the exploratory data analysis to
show the typical performance of rats responding on
retractable levers. The arithmetic means of giving-up time
(logarithmic Y-axis) are plotted against those of travel
time (logarithmic X-axis). The first and last sessions are
indicated with arrows. Figure A2 illustrates that travel
and giving-up times generally did not vary in a wide range.
For giving-up times the range was approximately from .2 to 3
seconds. For travel times, the range was approximately from
13 to 20 seconds. Usually, when travel times stood out of
range, the first and last responses were located within the
same range. Giving-up times rarely stood out of range.

Based on observations of these clusters, I decided to
include all sessions into the analysis, rather than to
include only the last three sessions of each condition.

To compare travel times produced by reset-probabilities
with those produced by natural travel, in Figures A3 to A7,
the BWMs of travel time (logarithmic Y-axis) are plotted
against the probability on the right lever (logarithmic X-
axis). With the exception of Figure A7 that shows results
for one rat, each Figure shows results for two rats. The
natural travel results are enclosed in boxes.

In general, Figures A3 to A7 show that travel durations
for the .10 reset-probability were close to travel durations
for the natural condition without obstacles. Travel
durations for .25 and 1.0 reset-probabilities were shorter
than those rats made by running the long distance without
obstacles. However, rats responding to the .05 and .025
reset-probabilities, usually made longer travel durations
than those they produced by running in the natural condition
without obstacles. However, the natural travel with
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obstacles produced the longest travel durations (see bottom
panels of Figures A5 to A7).

In Experiments 1 and 2, for each condition the
variability in travel, residence, and giving-up times was
estimated. The MAD was added to or subtracted from the BWM
values, to represent with two values the range of
variability in these measurements. The BWM plus its MAD was
called the BWM' value. The BWM minus its MAD was called the
BWM- value. In Tables B19 to B24 (Appendix B) the BWMs
appear in the center columns. The numbers to the right and
left are BWM' and BWM values. The BWM, BWM', and BWM-
values were utilized to determine areas in the plot in which
travel, residence, and giving-up times overlapped. Figures
A21 to A38 show the BWM, BWM', and BWM values for travel,
residence, and giving-up times. 1In each group of points the
middle point represents the BWM (X and Y coordinates).
Points around the BWM represent the variability expressed in
BWM* and BWM- values. The open squares indicate results
with natural travel. Different reset-probabilities were
indicated by different symbols.

Figures A21 to A26 show that travel times produced by
low reset-probabilities overlapped travel times caused by
natural travel. Residence and giving-up times produced by
natural travel fell within the range of residence and
giving-up times caused by low reset-probabilities, but see
A-104 (Figures A21-A26). 1In Figures A27 to A29, residence
times (Y-axis) are plotted against giving-up times (X-axis).
Overlap was again observed. Natural travel produced values
on both measurements that fell within the range of times
produced by low reset-probabilities. However, there were
some instances in which overlapping between points of
natural and artificial requirements was not observed.
Sometimes residence and giving-up times for natural travel
were out of range, did not overlap with artificial results.
Often subjects A-104, A-230, and A-123 in the natural
condition, produced longer residence and giving-up times
than in the artificial conditions (see Figures A27 to A29).
Residence times varied less than giving-up times (rectangles
wider than high in Figures A27-A29).

In Experiment 2, when the patch was depleted in 1
pellet (Figure A30), low reset-probabilities on the right
produced travel times that overlapped those generated by
natural travel at the high end of the range. When the patch
was depleted in 2 pellets (Figure A31) travel times produced
by low probabilities were generally longer than those
produced by natural travel. Generally, travel times
produced by the natural requirement fell between those
caused by reset-probabilities of.05 and .025. With
exception of subject C-3, when the patch was depleted in 8
pellets (Figure A32) always travel times produced by the
natural condition fell between those caused by reset-
probabilities of .05 and .025. The longest travel times
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were produced by natural travel with obstacles. Except for
C-1 in one condition (Figure A36), low reset~probabilities
produced residence and giving-up times similar to those
caused by the natural travel requirement (Figures A36-A38).
That is, residence and giving-up times produced by natural
travel fell within the range of residence and giving-up
times caused by low reset-probabilities. However, natural
travel with obstacles produced the longest residence and
giving-up times (Figure A38). Residence times varied less
than giving-up times (most rectangles wider than high in
Figures A36~A38). The natural travel with obstacles
produced giving-up times that varied over a relatively wide
range (Figure A38).
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Figure Al. Clusters selected from conditions in which the
patch was depleted in 8 pellets. This condition was
selected from the exploratory data analysis to show the
typical performance of rats responding on standard levers.
The giving-up times (logarithmic Y-axis) are plotted against
the travel times (logarithmic X-axis). The first and last
sessions are indicated by arrows. The legends (bottom)
indicate the subjects’ number.
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Figure A2. Clusters selected from conditions in which the
patch was depleted in two pellets. This condition was
selected from the exploratory data analysis to show the
typical performance of rats responding on retractable
levers. The arithmetic means of giving-up time (logarithmic
Y-axis) are plotted against those of travel time
(logarithmic X-axis). The first and last sessions are
indicated with arrows. The legends (bottom) indicate the
subjects’ number.
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Figure A3. The BWMs of travel time (logarithmic Y-axis) are
plotted against the probability on the right lever
(logarithmic X-axis). The left-hand panels show results for
subject A-101, and the right-hand panels for A-104. The
natural travel results are enclosed in boxes.



TRAVEL "W

LEFT LEVER DEPLETED IN ONE

A101

oy e = -
{ 1M

; o |

i . '

1 - 5 |

o . ’

4

. i

| |
oo 0

01 +
PROBABIL!™Y ON R:GH™ LEVER

103

LEFT LEVER DEPLETED IN ONE |

Ato4

T L

LLJ |

oo ol

4 CH

5 « = = |
-

é 10: L :

. :

i

!

oo o ¢

LEFT LEVER DEPLETED IN TWO

Al101

O
1. I
: LN
: ) ;

0 : - ‘
! . |
i |
1

B ——
cur c* ! 0

FOCHAYL ™ O, (et EVER

A 104

o
y : '+
g .
]
g - .

1

.

oo o1

PROBABITY CH AT EvE D

LEFT LEVER DEPLETED IN EIGHT
A

10t

*0:
-
1
0o o1 1 1c

PROBABILITY ON RIGHT LEVER

A104

PROBABIL'TY O R'Gr " LEVER

. LEFT LEVER DEPLETED IN EIGHT

'

A3



104

Figure A4. The BWMs of travel time (logarithmic Y-axis) are
plotted against the probability on the right lever
(logarithmic X-axis). The left-hand panels show results for
subject A-123, and the right-hand panels for A-230. The
natural travel results are enclosed in boxes.
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Figure A5. The BWMs of travel time (logarithmic Y-axis) are
plotted against the probability on the right lever
(logarithmic X-axis). The left-hand panels show results for
subject C-1, and the right-hand panels for C-2. The natural
travel results with and without obstacles are enclosed in
boxes.
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Figure A6. The BWMs of travel time (logarithmic Y-axis) are
plotted against the probability on the right lever
(logarithmic X-axis). The left-hand panels show results for
subject C-3, and the right-hand panels for C-4. The natural
travel results with and without obstacles are enclosed in
boxes.



N 1

LEFT LEVER DEPLETED IN ONE

C 3RETRACTABLE LEVER ;
$00g e = |
f
i
i

1 ‘1
w

}
PROBABY;:TY ON RIGHT LEVER

109

" LEFT LEVER DEPLETED IN ONE

C-4 RETRACTABLE LEVER

10— T pm— .
- I
.
-
3 .- =
LY ° K
s
3 ' !
g -
I
!
1 1 It
oo o Al .
PROBAB'L ™V ON RIGHT LFVEQ !

LEFT LEVER DEPLETED IN TWO

C-3RETRACTABLE LEVER

T |

calI

N
o | 1
L

!
i

TRAVEL TiME
e
.

PRCBAZ TV DN RS EVER ’
i

SRR S S |

LEFT LEVER DEPLETED IN TWO

C-4 RETRACTABLE LEVER

w !
P |
51 ., .
o 1
]
e
co (ol N

PRCDA TV ON WY tvin

LEFT LEVER DEPLETED IN EIGHT |

C-3RETRACTABLE LEVER

=
NT mo!J

£ ®)

1
oo [+%] 1 10
PROBAB:LITY ON RIGHT LEVER

LEFT LEVER DEPLETED IN EIGHT

C-4 RETRACTABLE LEVER
+00: K
NT w/ob‘ (1
- “
2 !i
9‘ 104 )i
4 | |
!
, oy [J

oo

o+ .
PROBAB'L'TY ON R'GT LEVER




110

Figure A7. The BWMs of travel time (logarithmic Y-axis) are
plotted against the probability on the right lever
(logarithmic X-axis). The panels show results for subject
C-5. The ratural travel results with and without obstacles
are enclosed in boxes.
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Figure A8. The group means of travel times (Y-axis) is
plotted against the reset-probability on the right lever (X-
axis). The filled squares represent the group means of
artificial travel times for Experiment 1, and the triangles
the group means for Experiment 2.
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Figure A2l1. For the depleted in l1-prey condition, the BWM,
BWM*, and BWM- values for residence time and travel time
were used to construct this figure. The residence times (Y-
axis) are plotted against travel times (X-axis). In each
group of points the middle point represents the BWMs of
these variables on the X and Y axes. Points around the BWM
represent variability expressed in BWM' and BWM"- values.
Each panel show results for one subject. The open squares
indicate results with natural travel. The reset-
probabilities are indicated by different symbols.



115

ane
B Ba=
R BEL ot
-ee 1=
it S R
Catmate ] ee tien W
LI E .e =
o aen (o) -
w — ene ™" "
— 1 =
. — °
" - = 4
—J i m O "
g W Iy
< - 4= > o o’
(@] - b nAKn m .
— Y “ — [4V]
PN YT WS TV AT G T 1 m 28 2 e lupgs s o duweag o

L1l

i 1
[ ]

Y
TRAVEL TIME

i g

=&l
T
iu‘z: JINIQISIY

| 3NIL IINIAISH

I T
82
' 4d 434
oy “tl i Xl
- e h
h I
. ame 4 Seew
| = 1
o - w o o
— ...I.- 1T X — ean
) - - ) L
] 3 )
) l..m w »
— t J¢ > ™
=) z i x s
__ > 41" [
S TTTT WIS NE G TTTT W IR S [V TY S W iSY m =2 PRI T T A T

TRAVEL TIME

saaaagl

i

g 1)
ooe
N R B R I T

- - d
IWI1 3IN3AIS3Y

INIL IINIOISIN

A21



l

116

Figure A22. For the depleted in 2-prey condition, the BWM,
BWM*, and BWM" values for residence time and travel time
were used to construct this figure. The residence times (Y-
axis) are plotted against travel times (X-axis). In each
group of points the middle point represents the BWMs of
these variables on the X and Y axes. Points around the BWM
represent variability expressed in BWM' and BWM" values.
Each panel show results for one subject. The open squares
indicate results with natural travel. The reset-
probabilities are indicated by different symbols.
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Figure A23. For the depleted in 8-prey condition, the BWM,
BWM', and BWM~ values for residence time and travel time
were used to construct this figure. The residence times (Y-
axis) are plotted against travel times (X-axis). In each
group of points the middle point represents the BWMs of
these variables on the X and Y axes. Points around the BWM
represent variability expressed in BWM* and BWM~ values.
Each panel show results for one subject. The open squares
indicate results with natural travel. The reset-
probabilities are indicated by different symbols.
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Figure A24. For the depleted in l-prey condition, the BWM,
BWM', and BWM™ values for giving-up time and travel time
were used to construct this figure. The giving-up times (Y-
axis) are plotted against travel times (X-axis). In each
group of points the middle point represents the BWMs of
these variables on the X and Y axes. Points around the BWM
represent variability expressed in BWM' and BWM- values.
Each panel show results for one subject. The open squares
indicate results with natural travel. The reset-
probabilities are indicated by different symbols.
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Figure A25. For the depleted in 2-prey condition, the BWM,
BWM*, and BWM- values for giving-up time and travel time
were used to construct this figure. The giving-up times (Y-
axis) are plotted against travel times (X-axis). In each
group of points the middle point represents the BWMs of
these variables on the X and Y axes. Points around the BWM
represent variability expressed in BWM' and BWM"- values.
Each panel show results for one subject. The open squares
indicate results with natural travel. The reset-
probabilities are indicated by different symbols.
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Figure A26. For the depleted in 8-prey condition, the BWM,
BWM', and BWM~ values for giving-up time and travel time
were used to construct this figure. The giving-up times (Y-
axis) are plotted against travel times (X-axis). In each
group of points the middle point represents the BWMs of
these variables on the X and Y axes. Points around the BWM
represent variability expressed in BWM' and BWM- values.
Each panel show results for one subject. The open squares
indicate results with natural travel. The reset-
probabilities are indicated by different symbols.
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Figure A27. For the depleted in l-prey condition, the BWM,
BWM', and BWM- values for residence time and giving-up time
were used to construct this figure. The residence times (Y-
axis) are plotted against giving-up times (X-axis). In each
group of points the middle point represents the BWMs of
these variables on the X and Y axes. Points around the BWM
represent variability expressed in BWM' and BWM- values.
Each panel show results for one subject. The open squares
indicate results with natural travel. The reset-
probabilities are indicated by different symbols.
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Figure A28. For the depleted in 2-prey condition, the BWM,
BWM*, and BWM- values for residence time and giving-up time
were used to construct this figure. The residence times (Y-
axis) are plotted against giving-up times (X-axis). In each
group of points the middle point represents the BWMs of
these variables on the X and Y axes. Points around the BWM
represent variability expressed in BWM®' and BWM- values.
Each panel show results for one subject. The open squares
indicate results with natural travel. The reset-
probabilities are indicated by different symbols.
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Figure A29. For the depleted in 8-prey condition, the BWM,
BWM*, and BWM- values for residence time and giving-up time
were used to construct this figure. The residence times (Y-
axis) are plotted against giving-up times (X-axis). In each
group of points the middle point represents the BWMs of
these variables on the X and Y axes. Points around the BWM
represent variability expressed in BWM' and BWM" values.
Each panel show results for one subject. The open squares
indicate results with natural travel. The reset-
probabilities are indicated by different symbols.
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Figure A30. For the depleted in l-prey condition, the BWM,
BWM', and BWM" values for residence time and travel time
were used to construct this figure. The residence times (Y-
axis) are plotted against travel times (X-axis). In each
group of points the middle point represents the BWMs of
these variables on the X and Y axes. Points around the BWM
represent variability expressed in BWM' and BWM~- values.
Each panel show results for one subject. The open squares
indicate results with natural travel. The reset-
probabilities are indicated by different symbols.
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Figure A31. For the depleted in 2-prey condition, the BWM,
BWM', and BWM™ values for residence time and travel time
were used to construct this figure. The residence times (Y-
axis) are plotted against travel times (X-axis). In each
group of points the middle point represents the BWMs of
these variables on the X and Y axes. Points around the BWM
represent variability expressed in BWM' and BWM- values.
Each panel show results for one subject. The open squares
indicate results with natural travel. The reset-
probabilities are indicated by different symbols.
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Figure A32. For the depleted in 8-prey condition, the BWM,
BWM', and BWM- values for residence time and travel time
were used to construct this figure. The residence times (Y-
axis) are plotted against travel times (X-axis). In each
group of points the middle point represents the BWMs of
these variables on the X and Y axes. Points around the BWM
represent variability expressed in BWM' and BWM- values.
Each panel show results for one subject. The open squares
indicate results with natural travel. The reset-
probabilities are indicated by different symbols.
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Figure A33. For the depleted in l-prey condition, the BWM,
BWM*, and BWM- values for giving~up time and travel time
were used to construct this figure. The giving-up times (Y-
axis) are plotted against travel times (X-axis). In each
group of points the middle point represents the BWMs of
these variables on the X and Y axes. Points around the BWM
represent variability expressed in BWM' and BWM- values.
Each panel show results for one subject. The open squares
indicate results with natural travel. The reset-
probabilities are indicated by different symbols.
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Figure A34. For the depleted in 2-prey condition, the BWM,
BWM', and BWM~ values for giving-up time and travel time
were used to construct this figure. The giving-up times (Y-
axis) are plotted against travel times (X-axis). In each
group of points the middle point represents the BWMs of
these variables on the X and Y axes. Points around the BWM
represent variability expressed in BWM' and BWM~ values.
Each panel show results for one subject. The open squares
indicate results with natural travel. The reset-
probabilities are indicated by different symbols.



GIVING UP TIME

GIVING UP TIME

nan
e

o

C

: e
L .

o ITERE

o ‘ees ™

- (XX}

. 1 s 1l A — 4 i1 a gl
) ) .t
ifm TRAVEL TIME e
H S

L=1.0-D.5 RETRACTABLE

c-3

L=1.0-0.5 RETRACTABLE

nom
-
L ] ,
o |
E [ [ ]
o . o um
P .
Lo | KR A ‘
2 ™
o i J
‘_ | . ' L ' ll A A A 4 A 'l ' ‘_J
el g
H 3 TRAVEL TIME

A34

141

C-2 L=1-D.5S RETRACTABLE

nan —
w f
x -
- | e T 1
5 Sevege
S rom L e
E 3 (LU B B
°F
L L Al ll A A A A A 4
Ao it
Y TRAVEL TIME -
C-4 L=1.0-D.5 RETRACTABLE
LY
o | S
w E - . . "
z [ .
= i aePer oo
a “eve .« s .
> 8 oo 0,0 000
S i |
= f
© [
. Y. 2ol i A " ) M U WS S 1
1S - me
ite TRAVEL TIME e

nan
LY - L ’ ’
w o . ’ ’ " .
z [
—_ R R .hl' [N ] L] -
n. L . e & ® s
=] .o .o ¥
(L] .o esn . .
E ). :._ oee -
> 3 boos ’ ] .
) L
.
1o L_LJ_LLlif A
S o L Y] 4 . - . 0
Y

e
a3

TRAVEL TIME



142

Figure A35. For the depleted in 8-prey condition, the BWM,
BWM*', and BWM™ values for giving-up time and travel time
were used to construct this figure. The giving-up times (Y-
axis) are plotted against travel times (X-axis). In each
group of points the middle point represents the BWMs of
these variables on the X and Y axes. Points around the BWM
represent variability expressed in BWM' and BWM" values.
Each panel show results for one subject. The open squares
indicate results with natural travel. The reset-
probabilities are indicated by different symbols.
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Figure A36. For the depleted in l-prey condition, the BWM,
BWM', and BWM- values for residence time and giving-up time
were used to construct this figure. The residence times (Y-
axis) are plotted against giving-up times (X-axis). In each
group of points the middle point represents the BWMs of
these variables on the X and Y axes. Points around the BWM
represent variability expressed in BWM*' and BWM~- values.
Each panel show results for one subject. The open squares
indicate results with natural travel. The reset-
probabilities are indicated by different symbols.
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Figure A37. For the depleted in 2-prey condition, the BWM,
BWM', and BWM~ values for residence time and giving-up time
were used to construct this figure. The residence times (Y-
axis) are plotted against giving-up times (X-axis). In each
group of points the middle point represents the BWMs of
these variables on the X and Y axes. Points around the BWM
represent variability expressed in BWM' and BWM~ values.
Each panel show results for one subject. The open squares
indicate results with natural travel. The reset-
probabilities are indicated by different symbols.
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Figure A38. For the depleted in 8-prey condition, the BWM,
BWM', and BWM- values for residence time and giving-up time
were used to construct this figure. The residence times (Y-
axis) are plotted against giving-up times (X-axis). In each
group of points the middle point represents the BWMs of
these variables on the X and Y axes. Points around the BWM
represent variability expressed in BWM' and BWM- values.
Each panel show results for one subject. The open squares
indicate results with natural travel. The reset-
probabilities are indicated by different symbols.
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Figure A39. The means of residence time, giving-up time,
and average rate of capture (Y-axes) are plotted against the
probability on the right lever (X-axis). The filled squares
represent the means of residence time, the triangles the
means of giving-up time, and the asterisks the means of the
average rate of capture. Natural travel results are enclosed
in boxes. The left-hand graphs show results for subject A-
101, and the right-hand panels results for subject A-104.
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Figure A40. The means of residence time, giving-up time,
and average rate of capture (Y-axes) are plotted against the
probability on the right lever (X-axis). The filled squares
represent the means of residence time, the triangles the
means of giving-up time, and the asterisks the means of the
average rate of capture. Natural travel results are enclosed
in boxes. The left-hand graphs show results for subject A-
123, and the right-~hand panels for subject A-230.
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Figure A41l. The means of residence time, giving-up time,
and average rate of capture (Y-axes) are plotted against the
probability on the right lever (X-axis). The filled squares
represent the means of residence time, the triangles the
means of giving-up time, and the asterisks the means of the
average rate of capture. Natural travel results with and
without obstacles are enclosed in boxes. The left-hand
graphs show results for subject C-1, and the right-hand
panels results for subject C-2.
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Figure A42. The means of residence time, giving-up time,
and average rate of capture (Y-axes) are plotted against the
probability on the right lever (X-axis). The filled squares
represent the means of residence time, the triangles the
means of giving-up time, and the asterisks the means of the
average rate of capture. Natural travel results with and
without obstacles are enclosed in boxes. The left~hand
graphs show results for subject C-3, and the right-hand
panels results for C-4.
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Figure A43. For subject C-5, the means of residence time,
giving-up time, and average rate of capture (Y-axes) are
plotted against the probability on the right lever (X-axis).
The filled squares represent the means of residence time,
the triangles the means of giving-up time, and the asterisks
the means of the average rate of capture. Natural travel
results with and without obstacles are enclosed in boxes.
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Table A34. Experiment 1, patch depleted in one prey.

160

A-104 Linear E;mnon n= 7
X y x'y x~2 y cale % error
36.32 5.12 185.96 1319.14 4.66 0.09
36.93 4.48 165.43 1363.82 4.67 40,04
36.49 4.23 154.35 1331.52 4.66 -0.10
12.42 4.46 55.39 154.26 4.13 0.07
11.12 4.66 51.82 123.65 4.10 0.12
6.64 39 25.96 44,09 4.00 -0.02
5.58 333 18.58 31.14 3.97 -0.19
125.50 30.19 657.51 4367.62
A-230 Linear Equation n= 7
X y X'y x"~2 y cale % error
68.23 12.47 850.83 4655.33 12.09 0.03
54.37 10.08 548.05 2956.10 10.31 -0.02
24.55 5.7 140.18 602.70 6.48 0.13
10.65 4.51 48.03 113.42 4.69 -0.04
8.52 5.27 44,90 7259 4.42 0.16
4.44 3.78 16.78 1971 3.89 -0.03
4.49 3.95 17.74 20.16 3.90 0.01
175.25 45.77 1666.51 8440.02
A-101 Linear Equation n= 7
X y x‘'y x~2 _ycale % error
57.85 8.03 464.54 3346.62 9.34 0.16
27.93 9.40 262.54 780.08 7.09 0.25
15.82 8.00 126.56 250.27 6.18 0.3
9.52 5.95 56.64 90.63 5.70 0.04
8.74 4.30 41.95 76.39 5.64 -0.18
5.86 4.13 2420 34.34 5.43 £0.31
5.32 445 23.67 28.30 5.39 0.21
131.04 44.76 1000.11  4606.64
*IV=TT,DV= RES-T.
A123 Linear Equation n= 7
x y x'y x~2 y cale % error
41.12 7.04 289.48 1690.85 6.90 0.02
44.60 6.94 309.52 1989.16 7.09 0.02
21.58 6.09 131.42 465.70 5.89 0.03
15.00 5.25 78.75 225.00 5.55 0.06
11.04 5.42 59.84 121.88 5.34 0.01
6.35 5.18 3289 40.32 5.10 0.02
5.14 4.99 25.65 26.42 5.04 ©0.01
144.83 40.91 927.56 4559.33

*IV=TT,DV= RES-T,L=.10

al =

3.849
0.022

3322
0.128

4.984
0.075

4.770
0.052

*Note: TT=travel time, RES=residence time.
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Table A34 (continued), BWM values transformed to IoErithmic numbers.

A-104  Linear Equation n= 7 al = 0.492
a2 = 0.116
log x logy x*y x"2 ycale % error
1.56 0.71 111 243 0.67 0.05
1.57 0.65 1.02 2.46 0.67 -0.03
1.56 0.63 0.98 2.44 0.67 -0.07
1.09 0.65 0n 1.20 0.62 0.05
1.05 0.67 0.70 1.09 0.61 0.08
0.82 0.59 0.49 0.68 059 0.01
0.75% 052 0.39 0.56 0.58 0.11

8.40 4.42 5.39 10.86

*IV= 1T, DV= REST, L=.10

A-230  Linear Equation n= 7 al = 0.309
a2 = 0.395
log x logy x*y x"2 y calc % error
1.83 1.10 201 336 1.03 0.06
1.74 1.00 1.74 3.01 0.99 0.01
1.39 0.76 1.05 1.93 0.86 013
1.03 0.65 0.67 1.06 0n -0.09
093 0.72 0.67 0.87 0.68 0.06
0.65 058 0.37 042 0.56 0.02
0.65 0.60 0.39 043 0.57 0.05

8.22 3.41 6.91 11.07
*IV=TT,DV= RES-T,L=.10

A-101  Linear Equation n= 7 al = 0.419
a2 = 0.328
log x logy x*y x"2 y cal¢ % errot
1.76 0.90 1.59 in 1.00 -0.10
1.45 097 141 2.09 0.89 0.08
1.20 0.90 1.08 1.44 0.81 0.10
0.98 0.77 0.76 0.96 0.74 0.04
0.94 0.68 0.64 0.89 073 -0.07
0.77 0.62 0.47 0.59 0.67 -0.09
0.73 0.65 0.47 053 0.66 -0.01

7.82 3.50 6.43 9.60
*IV=TT,DV=RES-T,L=1.0

A-123  Linear Equation n= 7 al = 0.573
a2 = 0.160
log x logy x*y x"2 y cale % ertot
1.61 0.85 1.37 2.61 083 0.02
1.65 0.84 1.39 2.72 0.84 0.01
1.33 078 1.05 1.78 0.79 -0.00
118 0.72 0.85 1.38 0.76 -0.06
1.04 073 0.77 1.09 074 -0.01
0.80 0.71 0.57 0.64 0.70 0.02
on 0.70 0.50 0.51 0.69 0.02

8.33 5.34 6.48 10.73
*IV=TT,DV= RES-T,L=.10




Table A35. Experiment 1, patch depleted in two prey.

A-104  Linear Equation n= 7
X y x*y x"2 ycale % error
4338 4.63 200.85 1881.82 4.63 0.00
16.11 4.42 71.21 259.53 4.36 0.01
20.57 4.29 88.25 423.12 4.40 -0.03
11.69 397 46.41 136.66 4.31 -0.09
12.92 4.74 61.24 166.93 432 0.09
6.09 422 25.70 37.09 426 -0.01
5.48 426 23.34 30.03 425 0.00
116.24 30.53 517.00 293518
A-230  Linear Equation n= 7
X y x*y x~2 y calc % errot
8310 6.87 57090  6905.61 711 -0.03
58.02 6.50 37713 3366.32 611 0.06
61.18 5.95 364.02 374299 624 -0.05
25.94 4.82 125.03 672.88 4.83 -0.00
1771 5.50 97.74 315.77 4.50 018
827 4.39 36.31 68.39 412 0.06
447 2.8 1274 19.98 397 -0.39
258.75 3688 1583.86 15091.95
A-101  Linear Equation n= 7
x y x*y x"2 y cale % error
5814 6.09 35407 338026 6.33 -0.04
26.18 5.54 145.04 685.39 4.57 017
26.36 4.02 105.97 694.85 4.58 -0.14
11.32 386 43.70 12814 375 0.03
13.70 441 6042 187.69 389 012
8.20 342 28.04 67.24 358 -0.05
6.09 283 17.23 37.09 347 -0.23
149.99 30.17 754.47 5180.66
A-123  Linear Equation n= 7
3 y x*y x"2 y calc % error
41.99 5.65 23724 176316 7.30 -0.29
24.26 7.10 172.25 388.55 485 0.32
24.25 5.04 12222 588.06 485 0.04
1388 4.97 68.98 192.65 342 0.31
1249 392 48.96 156.00 322 0.18
7.55 097 7.32 57.00 2.54 -1.62
5.66 0.81 458 32.04 2.28 -1.81
130.08 28.46 661.56  3377.46

‘IV= TT,DV= EE-T, L=1.0--D.5

al =

al =

al
a2 =

4.196
0.010

3793
0.040

3133
0.053

1.498
0.138

*Note: TT =travel time, RES-T=restdence time.
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Table A35 (continued), BWM values transformed to IoEarithmic numbers.
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A-104  Linear Equation n= 7
log x logy x*y x 2 ycale % error
1.64 0.67 1.09 2.68 0.66 0.01
1.21 0.65 0.78 1.46 0.64 0.00
1.31 0.63 0.83 1.72 0.65 -0.02
1.07 0.60 0.64 1.14 0.64 -0.06
1.11 0.68 075 1.23 0.64 0.06
0.78 0.63 0.49 062 0.63 -0.00
0.74 0.63 0.46 0.55 0.62 0.01
7.86 4.47 5.05 9.40

SIV=TT,DV=REST,L=10 D>

A-230  Linear Equation n= 7
log x logy x*y x"2 ycale % errof
1.92 0.84 1.61 368 0.84 -0.01
1.76 0.81 1.43 311 0.80 0.01
1.79 0.77 1.38 319 0.81 -0.04
1.41 0.68 0.97 2.00 071 -0.04
1.25 0.74 093 1.56 0.67 0.09
0.92 0.64 0.59 0.84 0.59 0.09
0.65 0.45 0.30 0.42 0.52 -0.14
9.70 4.95 7.20 14.81

SIV=T11,DV=REST,L=10 D3

A-101  Linear Equation n= 7
log x logy x*y x"2 y cale % etrof
1.76 0.78 1.38 i 0.79 -0.01
142 0.74 1.05 2.01 0.68 0.08
1.42 0.60 0.86 202 0.69 -0.13
1.05 0.59 0.62 1.11 0.57 0.02
1.14 0.64 0.73 1.29 0.60 0.07
0.91 053 0.49 0.84 0.53 0.01
0.78 0.45 0.35 0.62 0.49 -0.08
8.49 4.35 3.49 11.00

*IV=TT,DV= REST,L=10 D>

A-123  Linear Equation n= 7
log x logy x*y x"2 y calc % error
1.62 0.75 1.22 2.63 0.98 -0.31
1.38 0.85 1.18 1.92 0.72 0.15
1.38 0.70 0.97 1.92 0.72 -0.03
1.14 0.70 0.80 1.31 0.46 0.34
110 0.59 0.65 1.20 0.41 0.31
0.88 -0.01 -0.01 077 017 13.59
0.75 -0.09 -0.07 0.57 0.03 1.32
8.26 349 4.74 10.31

*IV=TT, DV=RES-T,L=1.0--D.5

al =
al =

a2

1}

al =
a2

0.594
0.040

0.355
0.254

0.247
0.309

-0.798

1.098




Table A36. Experiment 1, patch depleted in eight prey.

164

Al04 Linear Equation n =
x y x*y x"2 y cale %o error
24.83 30.29 752.10 61653 .47 0.04
14.66 36.99 54227 214.92 29.19 0.21
11.54 20,79 239.92 133.17 28.49 -0.37
9.34 2824 263.76 87.24 28.00 0.01
5.38 24.61 132.40 2894 2711 -0.10
4.50 .26 13617 20.25 2692 011
025 171.18 2066.62 1101.05
A-230 Linear Equation n=
x y x*y x"2 ycale % error
94.29 3204 1.05 8890.60 3086 0.04
31.09 18.04 360).86 966.59 23.37 -0.30
1328 25.67 340.90 176.36 2126 017
4.81 21.88 105.24 2314 20.26 0.07
6.37 1857 118.29 40.58 20.45 0.10
149.84 116.20 414635 10097.26
A-101 Linear Equation n=
X y x*y x"2 ycale % error
30.55 21.2 64216 933.30 20.81 0.01
2438 26.35 642 .41 594.38 21.57 018
1873 16.97 317.85 350.81 2227 -0.31
1423 21.87 Rswal 202.49 22.82 -0.04
13.37 19.91 266.20 178.76 2293 -0.15
7.06 27.99 197.61 49.84 23N 0.15
108.32 134.11 2377.44 2309.59
A-123 Linear Equation n=
x y x*y x"2 ycale % error
14.79 13.88 205.29 218.74 15.77 -0.14
1776 2020 358.75 315.42 17.59 013
11.15 1047 116.74 124.32 13.55 -0.29
8N 1278 111.31 75.86 12.05 0.06
6.87 917 63.00 47.20 1093 -0.19
6.40 14.03 89.79 40.96 10.64 024
65.68 80.53 944.88 822.51

*IV=TT,DV= RES-T,L=1.0--D.125

al
al

i

al =
a2

al =

25.007
0.224

19.691
0118

24.580
0123

6.724
0.612

*Note: TT=travel time, RES-T=residence time.
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Table A36 (¢continued), BWM values transformed to logarithmic numbers.

A-104 Linear Equation n= 6 al = 1.373
al = 0.076
log x logy x'y x"2 y cale % error
1.39 1.48 2.07 1.95 1.43 0.00
1.17 1.57 1.83 1.36 1.46 0.07
1.06 1.32 1.40 1.13 1.45 -0.10
0.97 1.45 1.41 0.94 1.45 0.00
0.73 1.39 1.02 053 1.43 -0.03
0.65 1.48 097 043 1.42 0.04
3.98 8.69 8.69 6.34
*IV=TT,DV= RES-T,L=10--D.12}
A230 Linear Equation n= 5 al = 1.219
a2 = 0112
log x logy x*y x~2 y cal¢ %o error
1.97 151 297 390 1.44 0.04
1.49 1.26 1.88 2.23 1.39 -0.10
1.12 1.41 1.58 1.26 1.35 0.05
0.68 134 091 047 1.30 0.03
0.80 1.27 1.02 0.65 1.31 -0.03
6.08 6,78 8.37 8.50
*IV=TT,DV=REST,L=10-D=.125
A-101 Linear Equation n= 6 al = 1.500
a2 = -0.130
log x logy x*y x"2 y cale % error
1.49 132 1.96 2.21 1.31 0.01
1.39 1.42 1.97 1.92 1.32 0.07
1.27 123 1.56 1.62 1.34 -0.09
1.15 1.34 1.55 1.33 1.35 -0.01
113 1.30 1.46 1.27 1.35 -0.04
0.85 1.45 1.23 072 1.3v 0.04
.27 8.06 9.74 9.07
*IV=TT,DV=RES-T,L=1.0--D=.125
A-123 Linear Equation n= 6 al = 0.694
a2 = 0416
log x logy x*y x™2 y cale % error
117 1.14 1.34 1.37 118 -0.03
1.25 1.31 1.63 1.56 1.21 0.07
1.05 1.02 1.07 1.10 113 -0.11
0.94 1.11 1.04 0.88 1.09 0.02
0.84 0.96 0.81 0.70 1.04 -0.08
0.81 115 0.92 0.65 1.03 010
6.05 6.68 6.81 6.26

*IV=TT,DV= RES-T,L=1.0--D.125
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Table A37. Expeniment 1, left lever depleted in one prey.

A-104 Linear Equation n= 7 al = 0.257
al= 0.002
X y x°'y x"2 y cale % error
36.32 0.40 1453 1319.14 0.34 0.16
36.93 0.30 11.08 1363.82 034 0.13
36.49 0.31 11.31 1331.52 0.34 0.09
1242 0.16 199 154.26 0.28 0.78
11.12 0.45 5.00 123.65 0.28 0.37
6.64 0.31 2.06 44.09 0.27 0.12
5.58 019 1.06 31.14 0.27 -0.42
145.50 212 47.03 4367.62

*IV= TT,DV= GUT.

A-230 Linear Equation n= 7 al = 0.392
a2 = 0.097
X y x'y x"2 y cale % error

68.23 6.98 476.25 4655.33 7.02 -0.01
54.37 577 313 2956.10 5.67 0.02
24.55 237 58.18 602.70 278 0.17
10.65 1.67 17.79 113.42 143 0.15
8.52 2.34 19.94 72.59 1.22 0.48
4.44 0.30 1.33 1971 0.82 -1.74
4.49 0.34 1.53 20.16 0.83 -1.44

175.25 19.77 888.72 8440.02
*IV=TT, DV= GUT.

A-101 Linear Equation n= 7 al = 1.096
a2 = 0.034
3 y x*y x~2 y cale "% error

57.85 3.04 175.86 3346.62 308 -0.01
27.93 1.97 55.02 780.08 205 -0.04
15.82 2.00 31.64 250.27 1.64 0.18
9.52 1.47 13.99 90.63 1.42 0.03
8.74 1.46 12.76 76.39 1.40 0.04
5.86 1.17 6.86 34.34 1.30 0.11
5.32 1.06 5.64 28.30 1.28 0.21

131.04 12.17 301.78 4606.64
*IV=TT, DV= GUT.

A-123 Linear Equation n= 7 al = 0.361
az= 0.015
X y x*'y x*2  ycale % error
4112 1.44 59.21 1690.85 0.99 0.31
44.60 0.77 34.34 1989.16 1.04 0.35
21.58 0.40 8.63 465.70 0.69 0.73
15.00 0.27 4.05 225.00 0.59 -1.19
11.04 0.90 9.94 121.88 0.53 0.41
6.35 0.71 4.51 40.32 0.46 0.36
5.14 0.25 1.29 26.42 0.44 0.76

144.83 4.74 121.97 4559.33
*IV=TT, DV=GUT.
Note: TT=travel time, GUT=giving-up time.




Table A37 (continued), BWM valucs transformed to loganthmic numbers.
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A-104 Linear Equation n= 7
log x logy x'y x"2 ¥ cale % error
1.56 -0.40 -0.62 243 -0.48 0.21
1.57 -0.52 -0.82 246 0.48 0.08
1.56 -0.51 -0.79 244 0.48 0.06
1.09 -0.80 -0.87 1.20 0.56 0.29
1.05 0.35 -0.36 1.00 -0.57 0.64
0.82 0.51 -0.42 0.68 -0.6] -0.20
0.75 -0.72 -0.54 0.56 -0.62 0.14
8.40 -3.80 -4.43 10.86

*IV=TT,DV= GUT,LL=.10

A-230 Linear Equation n= 7
log x logy x*'y x~2 y cale % error
1.83 0.84 1.55 336 0.90 -0.07
1.74 0.76 1.32 301 0.80 -0.05
1.39 037 0.52 1.93 045 -0.19
1.03 0.2 0.23 1.06 0.08 0.66
0.93 0.37 0.34 0.87 0.02 1.06
0.65 -0.52 0.34 0.42 0.31 0.40
0.65 -0.47 -0.31 0.43 0.31 0.34
8.22 1.58 3.32 11.07

V=TT, DV= GUT, LL= .10

A-lo1 Linear Equation n= 7
log x logy x*y x"?2 y cale % error
176 0.48 0.85 in 0.48 0.01
1.45 029 043 209 0.35 0.18
1.20 0.30 0.36 1.44 0.25 0.18
098 0.17 0.16 0.96 0.16 0.05
0.94 0.16 0.15 0.89 0.14 0.13
0.77 0.07 0.05 0.59 0.07 0.07
0.73 0.03 0.02 0.53 0.06 1.22
7.82 1.50 2.03 9.60

V= T1,DV= GUT, LL-.10

A-123 Linear Equation n= 7
log x logy x'y x"2 y cale % error
1.61 0.16 0.26 261 -0.08 1.50
1.65 0.11 ©.19 272 -0.07 042
133 -0.40 0.53 1.78 0.19 0.52
1.18 0.57 0.67 1.38 0.25 0.56
1.04 -0.05 -0.05 1.09 0.30 -5.62
0.30 0.15 0.12 0.64 0.40 -1.67
0 -0.60 0.43 0.51 043 0.28
8.33 -1.72 -1.73 10.73

* IV=TT, VD= GUT,LL= .10

-0.753
0.175

-0.977
1.024

0.238
0.405

0.712
0.392
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Table A38. Experiment 1, left lever depleted in two prey.
A-104  Linear Equation n= 7 al = 2.355
al 0.000

i

X y x*y x"2 y calc Ub ertor
43.38 213 11843  1881.82 2.37 013
1611 2.39 3850 259.53 2.36 0.01

20,57 1.41 29.00 42312 236 -0.68
11.69 222 25.95 136.66 2.36 -0.06
1292 2353 32.69 166.93 2.36 0.07

6.09 2.57 15.65 37.09 2.36 0.08

548 268 14.69 30.03 2.36 012

11624 1653 27491 293518
SIV=TT,DV- GUT
A-230  Linear Equation n= 7 al = 1.860
a2 = 0.025

X y x*y x"2 y cale % ertor
8310 4.00 33988  6905.61 392 0.04
38.02 150 203.07  3366.32 330 0.06

61.18 2.93 179.26  3742.99 338 015
25.94 232 60.18 672.88 2.50 -0.08
1717 262 44.99 204.81 229 013
827 228 18.86 68.39 207 0.09
447 1.68 7.51 19.98 1.97 -0.17

25815 19.42 853.74  15070.99
*IV=TT,DV= GUT.

A-101  Linear Equation n= 7 al = 1.777
al = 0.045
X y x*y x"2 ycalc % error
58.14 413 24012 3380.26 441 -0.07
26.18 413 108.12 685.39 2.96 0.28
26.36 2.46 64.85 694.85 297 -0.21

11.32 250 2830 12814 229 0.08
13.70 2.55 3494 18769 240 0.06
820 191 1566 6724 2.15 012
6.09 1.56 950 37.09 2.05 032
14999 1924 50148 518066
*IV=TT, DV= GUT.

A-123  Linear Equation n= 7 al = 0.701
al= 0.085
X y x*y x"2 y calc % error
41.99 3132 139.41 1763.16 4.27 -0.29
2426 4.47 108.44 388.55 276 0.38
24.25 258 62.57 588.06 2.76 -0.07

1388 2.86 39.70 192.65 1.88 0.34
12.49 1.73 21.61 156.00 1.76 -0.02
7.55 0.53 4.00 57.00 1.34 -1.53
5.66 048 272 32.04 1.18 -1.46
130.08 15.97 378.44 3377.46
V= TT,DV= GUT.
*Note: TT =travel time, GUT=giving-up time.




Table A38 (continued), BWM values transformed to logarithmic numbers.

A-104  Linear Equation n = 7
logx logy x*y x"2 yeale % error
1.64 0.44 07 2.68 0.33 0.25
1.21 0.38 0.46 1.46 0.36 0.05
1.31 0.15 0.20 1.72 0.35 -1.35
1.07 0.35 0.37 1.14 0.37 -0.06
1.1 0.40 0.45 1.23 0.37 0.09
0.78 041 032 0.62 0.39 0.05
0.74 043 0.32 0.55 0.39 0.08
7.86 2.55 2.82 9.40
*DV=TT,IV= GUT, LL=1.0--D=35
A-230  Linear Equation n= 7
log x logy x*y x~2 yeale % error
1.92 0.61 117 368 0.56 0.09
1.76 0.54 0.96 in 0.52 0.04
1.79 0.47 0.83 319 0.53 013
1.41 0.37 0.52 2.00 043 -0.19
1.23 0.42 0.52 1.52 0.39 0.07
0.92 0.36 0.33 0.84 0.31 013
0.65 023 0.15 0.42 0.25 -0.09
9.69 2.99 4.48 14.78
DV=TT,1V= GUT, LL=1.0 D=3
A-101  Linear Equation n= 7
log x logy x*y x"2 y cale % error
1.76 0.62 1.09 31 0.64 -0.04
1.42 0.62 0.87 2.01 0.50 019
1.42 0.39 0.56 2.02 0.50 -0.28
1.05 0.40 042 111 0.35 0.12
1.14 0.41 0.46 1.29 038 0.06
091 0.28 0.26 0.84 0.29 -0.04
0.78 0.19 0.15 0.62 0.24 -0.23
8.49 2.90 3.81 11.00
DV=TT,IV= GUT,LL=1.0--D=.5
A-123  Linear Equation n= 7
log x logy x*y x"2 y cale % error
1.62 0.52 0.85 2.63 0.74 -0.41
1.38 0.65 0.90 1.92 0.47 0.28
1.38 041 0.57 1.92 0.47 -0.14
1.14 0.46 0.52 1.31 0.20 0.57
110 0.24 0.26 1.20 015 0.38
0.88 -0.28 -0.24 077 -0.10 0.64
0.75 -0.32 -0.24 0.57 -0.24 0.25
8.26 1.68 2.62 10.31
DV=1T,IV= GUT,LL=10. D=5

al =
al =

a2

al =

0.447

-0.074

0.085
0.247

-0.085

0.412

-1.082

1121

169
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Table A39. Experiment 1, left lever depleted in eight prey.

A104 Linear Equation n = 6 al = 5.210
a2 = 0.089
X y x*y x"2 y cale % error
24.83 7.40 183.74 61653 7.41 0.00
14.66 1.09 103.94 21492 6.51 0.08
11.54 577 66.59 13317 623 -0.08
.34 553 31.65 87.24 6.04 -0.09
5.38 3.65 30.40 28.94 5.69 -0.01
4.50 6.04 2718 2025 .61 0.07
70.25 37.48 463.49 1101.05
*Iv=TT, DV= GUT.
A-230 Linear Equation n= al = 6.825
al = 0.029
x y x*y x™2 y cale Po error
94.29 10.38 978.73 8890.60 9.59 0.08
31.00 5.38 167.26 966.59 774 -0.44
1328 693 92.03 176.36 ™ -0.04
4.81 12.83 61.11 2314 6.97 0.46
6.37 300 19.11 40.58 7.01 -1.34
149.84 38.52 131885 10097.26
*IV=TT,DV= GUT
A-101 Linear Equation n= 6 al = 4.761
a2 = 0.055
X y x°y x"2 y cale % error
30.55 6.62 202.24 933.30 6.45 0.03
24.38 6.94 169.20 594.38 6.11 012
1873 441 82.60 350.81 5.80 -0.32
14.23 5.42 7713 202.49 3.55 -0.02
13.37 5.33 .26 178.76 5.50 -0.03
7.06 5.85 41.30 49.84 5.15 012
108.32 34,57 643.73 2309.59
A-123 Linear Equation n= 6 al = 0.842
a2 = 0.195
X y x*y x~2 ycale % error
14.79 401 59.31 21874 373 0.07
17.76 4.49 79.74 315.42 4.31 0.04
11.15 2.01 224 124.32 3.02 -0.50
8N 277 2413 75.86 254 0.08
6.87 183 12.57 47.20 218 -0.19
6.40 276 17.66 40.96 2.09 024
65.68 1787 215.82 82251

*Iv=TT, DV= GUT, LL=1.0--D=.125

* Note: TT =travel time, GUT =giving-up time.
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Table A39 (continued), BWM values transformed to logarithmic numbers.

A-104 Linear Equation n= 6 al = 0.651
al = 0.143
log x logy x'y x"2 y cale %o efror
1.39 0387 1.21 1.95 0.85 0.02
1.17 0.85 0.99 1.36 0.82 0.04
1.06 0.76 0.81 1.13 0.80 -0.05
0.97 0,74 0.72 0.94 0.79 -0.06
0.73 0.75 0.55 0.53 0.75 -0.00
0.65 078 0.5 0.43 0.74 0.05
5.98 476 479 6.34
*DV=TT,IV= GUT,LL=1.0-D=.125
A 230 Linear Equation n = 5 al = 0.715
al = 0.098
log x logy x°y x"~2 y cale % error
1.97 1.02 2.01 3.90 091 011
1.49 0.73 1.09 223 0.86 -018
1.12 0.84 0.94 1.26 0.83 0.02
0.68 1.11 0.76 0.47 0.78 0.29
0.80 0.48 0.38 0.65 0.79 -0.66
6.08 417 5.18 8.50
*IVv=TTI,DV= GUT, LL=1.0--D=.125
A-101 Linear Equation n= 6 al = 0.632
a2 = 0.102
log x logy x*y x"~2 y cal¢ % error
1.49 0.82 1.22 221 0.78 0.05
1.39 0.84 1.17 1.92 0.77 0.08
1.27 0.64 0.82 1.62 0.76 018
1.15 0.73 0.85 1.33 0.75 -0.02
113 0.73 0.82 1.27 0.75 -0.03
0.85 0.77 0.6 072 0.72 0.06
727 453 5.52 9.07
*IV=TT,DV= GUT,LL=1.0--D=.5
A-123 Linear Equation R = 6 al = -0.191
a2 = 0.637
log x logy Xy x~2 y cale % error
1.17 0.60 on 1.37 0.55 0.08
125 0.65 0.81 1.56 0.60 0.07
1.05 0.30 0.32 110 0.48 -0.57
0.94 0.44 042 0.88 041 0.08
0.84 0.26 0.22 0.70 0.34 -0.30
0.81 0.44 0.36 0.65 0.32 027
6.05 270 2.83 6.26

*1V=TT,DV= GUT, LL=1.0--D=.125




Table A40. Experiment 2, retractable levers, patch depleted in one prey.
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C-1 Linear Equation n= S
X y x'y x~2 yeale % error
28.39 5.00 141.95 805.99 5.46 -0.09
16.06 3.24 5203 257.92 L Wg) -0.01
18.84 4,06 76.49 354.95 3.76 0.07
3119 6.22 194.00 972.82 5.96 0.04
6.13 1.42 8.70 37.58 1.50 -0.06
100.61  19.94 473.18 2429.25
C-2 Linear Equation n= 5
X y x'y x*2 _ycale % error
23.08 334 71.09 532.69 3.52 -0.05
15.92 313 49.83 253.45 2.87 0.08
9.51 3.32 31.57 90.44 229 0.31
20.24 3.00 60.72 409.66 3.26 -0.09
5.47 1.06 5.80 29.92 1.92 -0.81
74.22 13.85 225.01 1316.15
C3 Linear Equation n= 5
x y x'y x~2 yeale % error
17.73 3 58.69 314.35 3.68 -0.11
11.02 359 39.56 121.44 2.66 0.26
9.08 288 26.15 82.45 236 0.18
19.00 3.66 69.54 361.00 3.87 -0.06
5.17 0.89 4.60 26.73 1.77 0.99
62.00 14.33 198.54 905.97
C-4 Linear Equation n= 5
X y x'y x~2 yecale % error
53.47 5.06 270.56 2859.04 5.68 0.12
18.35 441 80.92 336.72 324 0.27
11.69 345 4033 136.66 278 0.20
18.25 3.96 7227 333.06 3.23 0.18
4.99 035 1.75 24.90 231 -5.60
106.75 17.23 465.83 3690.38
C-5 Linear Equation n= 5
X y x'y x~2 y cale % error
26.94 5.09 137.12 725.76 735 0.44
19.45 4.64 90.25 378.30 493 0.06
2091 173 161.63 431.3 5.40 0.30
2513 7.86 197.52 631.52 6.77 0.14
10.89 1.30 14.16 118.59 216 0.66
103.32 26.62 600.69 2291.40

*IV=TT, DV= RES-T, L=.10, RETRACTABLE
*Note: TT=travel time, RES-T=residence time.

al = 0.411
al = 0.178
al = 1.426
al = 0.091
al = 0.981
a2 = 0.152
al = 1.964
al = 0.069
al = -1.363
a2 = 0.324




Table Ad0 (continued), BWM values transformed to logarithmic numbers.

*[V=TT, DV= RES-T, L=.10, RETRACTABLE

C-1 Linear Equation n= 5 al = 0.533
al= 0.874
log x logy x'y x~2 y cale % error
1.45 0.70 1.02 211 0.74 -0.05
1.21 0.51 0.62 1.45 0.52 40,02
1.28 0.61 0.78 1.63 0.58 0.05
1.49 0.79 119 223 0.77 0.03
0.79 0135 912 0.62 0.15 0,02
6.22 2.76 3.71 8.04
“IV=TT,DV- REST, L= .10 RETRACTABLE
C-2 Linear Equation n= 5 al = -0.339
al= 0.669
logx logy x'y x"2 y cale % crror
1.36 0.52 0.71 1.86 0.57 -0.09
1.20 0.50 0.60 1.44 0.47 0.06
0.98 0.52 0.51 0.96 0.32 0.39
1.31 0.48 0.62 1n 0.53 0.12
0.74 0.03 0.02 0.54 0.15 5.1
5.59 2.04 2.46 6.51
*IV=TT, DV= RES-T, L=.10, RETRACTABLE
C3 Linear Equation n= N al -0.603
al = 0.966
log x logy X'y x~2 y cale % error
125 0.52 0.65 1.56 0.60 -0.16
1.04 0.56 0.58 1.09 0.40 0.27
0.96 0.46 0.44 0.92 0.32 0.30
1.28 0.56 0.72 1.64 0.63 -0.12
0.71 -0.05 0.04 0.51 0.09 2.70
5.24 2.05 2.35 5.1
“TV=1T,DV= RES T, P= 10, RETRACTABLE
C-4 Linear Equation n= 5 al = -0.392
al= 1.078
log x logy x'y x~2 y cale % error
173 0.70 1.2 299 0.97 -0.38
1.26 0.64 0.81 1.60 0.47 0.27
1.07 0.54 0.57 1.14 0.26 0.52
1.26 0.60 0.75 1.59 0.47 022
0.70 0.46 0.32 0.49 0.14 0.69
6.02 2.03 3.04 7.80
*IV= TI, DV= RES-T, L=.10, RETRACTABLE
C-5 Linear Equation n= 5 al = -1.728
a2 = 1.839
log x logy x'y x"2 y cale % error
1.43 0.71 1.01 205 0.90 0.28
1.29 0.67 0.86 1.66 0.64 0.04
1.32 0.89 1.17 1.74 0.70 0.21
1.40 0.90 125 1.96 0.85 0.05
1.04 0.11 0.12 1.08 0.18 0.57
6.43 3.27 4.41 8.49
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Table Ad1. Experiment 2, retractable levers, patch depleted in two prey.
6

C1 Linear Equation n= al =
al=
3 y x'y x"2 y cale % error
20.92 247 51.67 437.65 361 -0.46
28.61 3.69 105,57 818.53 3.96 -0.07
30.63 4.87 140.4] 941.26 4.05 0.17
14.79 2.82 41.71 218.74 333 0.18
127 4.42 56.18 161.54 33 0.27
12.10 312 M5 146.41 3 0,03
11981 21.39 44229  7724.14
C2 Linear Equation n= 6 al =
a2 =
x y x'y x"2 y cale % error
20.38 264 53.80 415.34 343 0.30
25.67 453 116.29 658.95 364 0.20
3226 363 117.10 10407 391 0.08
1294 337 43.61 167.44 312 0.07
10.33 1.85 19.11 106.71 3.02 0.63
10.11 410 41.45 10221 3.01 0.27
111.69 20.12 391.36  2491.37
C3 Linear Equation n= 6 al =
a2 =
x y Xy x"2 y cale % crror
18.85 213 40.15 355.32 3 0.55
18.2 2n 49.38 331.97 3.19 0.18
18.29 25 47.37 334.52 3z 0.24
55.04 10.40 57242 3029.40 10.14 0.02
173 295 2280 59.75 1.2 0.59
51.48 9.7¢ 50244  2650.19 9.47 0.03
169.61 30.54 1234.56 6761.16
C4 Linear Equation n= 6 al =
al =
x y xy  x"2 ycale "% ciror
21.26 4.29 116.95 743.11 7.43 0.73
47.47 1233 58531 225340 1336 0.08
5236 16.84 881.74  2741.57 14.80 0.12
15.73 4.15 65.28 247.43 4.04 0.03
1260 4.52 56.95 158.76 3.12 0.31
13.22 3.93 51.95 174.77 331 0.16
168.64 46,06 175818 6319.04
C-5 Lincar Equation n= 6 al =
a2 =
x y Xy x°2 y cale % error
47.97 6.87 329.55  2301.12 7.15 0.04
25.78 3.58 9229 664.61 5.32 0.49
323 5.38 151.88  796.93 5.52 0.03
23.9% 8.02 19232 575.04 5.18 035
8.39 3.97 333 70.39 3.90 0.02
875 317 2174 76.56 3.93 0.24
143.10 30.99 827.09  4484.66

) Ty ST DT o

= ; L=1 -y
vel time, -T=residence time.

|2
te: =t

2652
0.046

2594
0.041

0.246
0.189

0.575
0.294

3.207
0.082




Tabhle Adl (continued), BWM valucs transformed to loganthmic numbers.
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C1 Linear Equation n= 6 al = 00
a2 = 0.189
log x log y x'y x”2 yeale % error
1.32 0.39 0.52 1.74 0.55 0.40
1.46 0.57 0.83 212 0.57 -0.0]
1.49 0.69 102 221 0.58 0.16
117 0.45 0.53 1.37 0.52 0.16
110 0.65 071 1.22 0.51 0.1
1.08 0.49 0.54 1.17 0.50 -0.02
7.62 3.24 4.14 Q.84
C-2 Linear Equation n-= 6 al 0.182
al= 0.265
_ logx logy x'y x 2 yeale % error
1.31 0.42 0.55 171 0.53 -0.26
1.41 0.66 0.92 1.99 0.56 0.15
1.51 0.56 0.84 228 0.58 -0.04
111 0.53 0.59 24 0.48 0.10
1.01 0.27 0.27 1.03 0.45 -0.69
1.00 0.61 0.62 1.m 0.45 0.27
7.36 3.05 3.79 9.25
C3 Linear Equation n= 6 al = -0.479
a2 = 0.302
log x logy x‘'y X 2 ycakc % error
1.28 0.33 0.42 1.63 0.54 -0.65
1.26 0.43 0.55 1.59 0.53 0.23
1.26 0.41 0.52 1.59 0.53 0.29
1.74 1.02 1.77 3.03 0.92 0.10
0.89 0.47 0.42 0.79 023 0.50
n 0.99 1.69 293 0.89 0.10
8.14 3.65 5.37 11.56
C4 Linear Equation n= 6 al 0.444
al= 0.907
log x logy x'y x" 2 ycac_ % error
1.44 0.63 0.91 2,06 0.86 -0.36
1.68 1.09 183 2.81 1.08 0.01
172 123 n 2.95 11 0.09
120 0.62 0.74 1.43 0.64 -0.04
1.10 0.66 0.72 1.21 0.55 0.15
112 0.59 0.67 1.26 0.57 0.04
8.25 4.82 6.97 11.73
C5 Linear Equation n= 6 al = 0215
al= 0.364
log x logy X'y x~2 y a9 error
1.68 0.84 1.41 283 0.83 0.01
1.41 0.55 0.78 1.99 0.73 -0.32
1.45 0.73 1.06 210 0.74 -0.02
1.38 0.99 125 190 0.72 o
0.92 0.60 0.55 0.85 0.55 0.08
0.94 0.50 0.47 0.89 0.56 -0.11
7.79 4.13 5.52 10.57




Table A42. Experiment 2, retractable levers, patch depleted in eight prey.

C1 Linear Equation n= 4
x y x*y x™2 ycalc % error
2621 34.18 895.86 686.96 3359 0.02
14.95 28.44 425.18 22350 32 -0.17
14.00 35.54 497.56 196.00 3317 0.07
1255 3494 438.50 157.50 3312 003
67.71 13310 225709 126397
C2 Linear Equation n= 4
X y x*y x™2 ycale % error
2659 2674 711.02 707.03 26.78 -0.00
16.15 24.26 391.80 260.82 25.04 0.03
1453 26.19 380.54 211.12 24.76 0.05
11.62 2367 275.05 135.02 2428 -0.03
68.89 10086 175840 1314.00
C3 Linear Equation n= 4
X y x*y x™2 y cale % ertor
1457 28.21 411.02 212.28 28.57 -0.01
10.81 27.14 293.38 116.86 27.88 -0.03
10.89 29.55 321.80 11859 27.89 0.06
8.64 2691 232,50 74.65 2747 -0.02
4491 111.81 125871 522.38
C-4 Linear Equation n= 4
X y x*y x"2 ycale % error
3957 51.93 2054.87  1565.78 52.28 -0.01
19.52 45.58 889.72 381.03 4477 0.02
21.60 48.38 1045.01 466.56 45.55 0.06
19.19 41.35 793.51 368.26 465 -0.08
99.88 18724 478311  2781.63
C-5 Linear Equation n= 4
x y x*y x~2 y cale "Tp efTor
24.97 25.28 631.24 623.50 25.56 -0.01
17.37 25.58 444.32 301.72 25.95 -0.01
16.54 28.57 472.55 27357 25.99 0.09
1517 2413 366.05 23013 26.06 -0.08
74.05 10356  1914.17 142892

“Iv=TT,DV=RES-T, L=10D.125, RETRACTABLE

al
a2

al
a2

al
a2

al
a2

al =

a2

i

f

it

32.694
0,034

22333
0.167

25.876
0.185

37458
0.375

26.843
-0.051

*Note: TT =travel time, RES-T=residence time.
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Table A42 (continued), BWM values transformed to logarithmic numbers.

C1 Linear Equation n= 4
log x logy x*y x"2 y cale % error
1.42 153 218 201 1.52 001
1.17 1.45 1.7 1.38 1.52 0.05
1.15 1.55 1.78 1.31 1.52 0.02
1.10 1.54 1.70 1.21 1.52 X1
4.534 6.08 7.36 5.91

*IV= IT, DV = RES T, L=10D.125, RETRACTABLE

C2 Linear Equation n= 4
log x logy x*y x"2 y cale % error
1.42 143 203 203 143 -0.00
1.21 1.38 1.67 1.46 1.40 -0.01
1.16 1.42 1.65 1.35 1.39 0.02
1.07 1.37 146 113 1.38 -0.01
4.86 5.60 6.82 5.98

*IV=TT,DV= RES-T,L=1.0-D.125, RETRACTABLE

C3 Linear Equation n= 4
log x logy x*y x"2 y cale " % error
1.16 1.45 1.69 1.35 1.46 -0.00
1.03 1.43 1.48 1.07 1.45 -0.01
1.04 1.47 1.53 1.08 1.45 0.02
0.94 143 1.34 0.88 1.44 0.01
417 5.78 6.03 437

*IV=TT,DV= RES T, L=1.0D.125, RETRACTABLE

C-4 Linear Equation n-= 4
log x logy x*y x"~2 _y cale P etror
1.60 1.72 2.74 255 1.72 -0.00
1.29 1.66 2.14 1.67 1.6 0.01
1.33 1.68 225 1.78 1.66 0.02
1.28 1.62 2.07 1.65 1.65 -0.02
5.51 6.68 9.20 7.64

*IV=TT, DV= RES-T, L=1.0-D.125, RETRACTABLE

C-5 Linear Equation n= 4
log x logy x*y x~2 y cale "% ertor
1.40 1.40 1.96 1.95 1.41 -0.00
124 141 1.75 1.54 141 -0.00
1.22 1.46 1.77 148 1.41 0.03
1.18 1.38 1.63 1.39 1.41 -0.02
5.04 5.65 7.11 6.37

*Iv=TT, DV= RES-T, L=1.0-D.125, RETRACTABLE

al
al

al
al

al
a2

al

al
a2

fl

1.508
0.1

1.248
0126

1.357
0.085

1.351
0.231

1.444
-0.025

Table 15.
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Table A43. Expeniment 2, retractable levers, patch depleted in one prey.

C1 Linear Equation n= S
x y x'y x"2  yeale % error
28.39 1.90 53.94 805.99 218 0.15
16.06 0.42 6.75 257.92 125 -1.98
16.84 0.73 12.29 283.59 1.31 0.79
3119 3.2 100.12 972.82 139 0.26
6.13 1.37 8.40 37.58 0.51 0.63
93.61 7.63 181.50 2357.89
C-2 Linear Equation n= 5
X y x'y x"2 ycale % crror
23.08 0.37 8.54 532.69 0.41 0.11
15.92 0.37 5.89 253.45 0.56 -0.52
9.51 0.40 3.80 90.44 0.70 -0.75
20.24 0.74 14.98 409.66 0.47 0.36
5.47 1.05 74 2992 0.78 0.25
74.22 2.93 38.96 1316.15
C3 Linear Equation n= 5
X y x'y x~2 yecale % error
17.73 0.12 213 31435 0.27 -1.24
11.02 0.23 2.53 121.44 0.45 -0.95
9.08 033 3.00 8245 0.50 -0.52
19.00 0.51 9.69 361.00 023 0.54
517 0.87 4.50 26.73 0.61 0.30
62.00 206 21.85 905.97
C-4 Lincar Equation n= 5
X y x'y X2 ycale % error
53.47 291 155.60 2859.04 3.03 -0.04
18.35 1.60 29.36 336.72 1.26 0.21
11.69 0.81 9.47 136.66 0.92 -0.14
18.25 1.39 25.37 333.06 1.25 0.10
4.99 033 1.65 24.90 0.58 0.77
106.75 7.04 221.44 3690.38
C-5 Linear Equation n= 5
x y x'y x"2 youle % error
26.94 1.55 41.76 725.76 251 0.62
19.95 130 25.94 398.00 1.90 0.46
2091 17 37.01 437.23 1.99 0.12
2513 3.97 99.77 631.52 235 041
10.89 128 13.94 118.59 112 0.13
103.82 9.87 218.41 2311.10

*IV=TT, DV= GUT, L=.10 RETRACTABLE

*Note: TT=travel time, GUT=giving-up time.

al =
a2 =

al =
a2 =

al =

0.045
0.075

0.900
0.021

0.746
-0.027

0.332
0.050

0.174
0.087
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Table A43 (continued), BWM values transformed to loganthmic numbers.

C1 Lincar Equation n= 5
log x logy x'y x~2 y cale % error
1.45 028 0.41 211 0.18 0.35
2 -0.38 045 1.45 0.07 1.18
123 -0.14 0.17 1.50 0.08 1.57
1.49 0.51 0.76 223 0.20 0.60
0.79 0.14 0.11 0.62 0.12 1.89
6.17 0.41 0.65 7.92
“IV="TT, DV= GUT, L= 10 RETRACTABLE
C-2 Linear Equation n= 3
log x logy X'y x~2 y cale % error
136 -0.43 -0.59 1.86 -0.33 0.11
1.20 0.43 -0.52 1.44 0,31 0.28
0.98 -0.40 -0.39 0.96 0.21 0.47
13 -0.13 -0.17 171 -0.36 1.7
0.74 0.02 0.02 0.54 0.10 5.89
35.59 -1.37 -1.65 6.51
*IV=TT, DV= GUT, L=.10 RETRACTABLE
C3 Linear Equation n= N
log x logy x'y x"2 y cale % error
1.25 -0.92 -1.15 1.56 -0.65 0.29
1.04 0.64 -0.67 1.09 0.47 0.26
0.96 -0.48 -0.46 0.92 -0.40 0.17
1.28 0.29 -0.37 1.64 -0.68 132
0.71 -0.06 -0.04 0.51 -0.19 213
5.24 -2.39 -2.69 3.7
*IV=TT,DV= GUT, L=.I0RETRACTABLE
C4 Linear Equation n= 5
log x logy x*'y x*~2 y cale % error
173 0.46 0.80 299 0.54 0.16
1.26 0.20 0.26 1.60 0.10 0.49
1.07 -0.09 -0.10 1.14 -0.08 013
1.26 0.14 0.18 1.59 0.10 0.29
0.70 0.48 0.34 0.49 -0.42 0.12
6.02 0.24 0.81 7.80
*IV=TI,DV= GUT, L=.10 RETRACTABLE
Cs Linear Equation n= 5
log x logy x'y x~2 y calc "~ % crror
1.43 0.19 0.27 2.05 0.34 0.79
1.30 0.11 0.15 1.69 0.25 -1.22
1.32 0.25 033 1.74 0.27 -0.08
1.40 0.60 0.84 1.96 0.32 0.46
1.04 0.11 011 1.08 0.08 028
6.49 1.26 1.70 8.52

T e e ——— T —————— i —————
*IV=TT, DV= GUT, L=.10 RETRACTABLE

al =
al =

-0.479
0.455

0.228
-0.450

0.427
-0.864

-1.077
0.935

-0.618
0.670
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Table Ad4. Experiment 2, retractable levers, patch depleted in two prey.

180

C-1 Linear Equation n= 6 al = 0.671
a2 = 0.030
x y x'y x~2 ycale % error
20.92 0.41 8.58 437.65 1.31 218
28.61 1.70 48.64 318.53 1.54 0.09
30.68 1.93 59.21 941.26 1.60 0.17
14.79 053 7.84 218.74 112 1.1
127N 2.2 28.47 161.54 1.06 0.53
1210 0.85 1029 146.41 1.04 0.2
119.31 7.66 163.02  2724.14
C2 Linear Equation n= 6 al = 1.499
al= 0.014
x y x'y x"2 yeale % error
2038 0.74 15.08 41534 178 -1.41
25.67 2.84 7290 658.95 1.86 0.35
32.26 1.80 58.07 1040.71 1.95 -0.08
12.94 1.25 16.18 167.44 1.68 0.34
10.33 1.28 13.22 106.71 1.64 0.28
10.11 2.64 26.69 10221 1.64 0.38
111.69  10.55  202.14  2491.37
C3 Linear Equation n= 6 al = -1.848
a2 = 0.177
x y x'y x™2 y cale % crror
18.85 0.42 792 355.32 1.48 -2.52
18.22 0.82 14.94 331.97 1.37 0.67
18.29 0.64 1171 334.52 1.38 -1.16
55.04 6.82 37537  3029.40 7.87 0.15
173 120 9.28 .75 0.48 1.40
51.48 8.95 460.75  2650.19 7.24 0.19
169.61 18.85  879.96  6761.16
C4 Linear Equation n= 6 al = -2189
a2 = 0.278
x y x'y x"2 y cale % error
21.26 256 69.79 743.11 5.40 ‘11
47.47 1012 48040 2253490 11.01 0.09
5236 1419 74299 274157 1237 0.13
15.73 225 353 247.43 22 0.02
1260 292 36.79 158.76 1.33 0.54
3.2 177 23.40 17477 150 0.15
168.64 33.81 1383.75 6319.04
C-5 Linear Equation n= 6 al = 1.142
al= 0.061
x y x'y x~2 y cale % error
4797 373 17893 230112 4.06 0.09
25.78 132 34.03 664.61 271 -1.05
8.3 234 66.06 796.93 286 0.2
23.98 3.66 135.73  575.04 2.60 0.54
8.39 172 14.43 70.39 1.65 0.04
875 0.78 6.83 76.56 1.67 -1.15
143.10 1555  436.00  4484.66
1INT::-ﬂmmm—e,GUT;Mug-up time.



Table Ad4 (continued), BWM values transformed to loganithmic numbers.
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C- Linear Equation n= 6 al = 0.508
al= 0433
log x logy x'y x"2 y cale error
1.32 -0.39 -0.51 1.74 0.04 11
1.46 0.23 0.34 212 0.10 0.55
1.49 0.29 042 22 0.12 0.59
1.17 -0.28 0,32 1.37 -0.02 0.92
1.10 0.35 0.39 .2 0.05 1.14
1.08 0.07 -0.08 117 0.06 0.16
7.62 0.13 0.24 9.84
C-2 Linear Equation n= 6 al 0.109
a2 = 0.075
log x logy x'y X" 2  yecaic % error
1.3 0.13 0.17 1N 0.21 2.58
141 0.45 0.64 1.99 0.21 0.53
1.531 0.26 0.30 2.28 0.22 0.13
m 0.10 0.11 1.24 0.19 0.98
1.01 0.11 0.1 1.03 0.18 -0.72
1.00 042 0.42 1.01 0.18 0.56
7.36 1.20 1.49 9.25
C3 Linear Equation n= 6 al = -1.576
al = 1311
log x logy x'y x"2 y cale % error
1.28 0.38 0.48 1.63 0.10 125
1.26 -0.09 0.11 1.59 0.08 1.88
1.26 -0.19 0.24 1.59 0.08 1.40
1.74 0.83 1.45 3.03 0.70 0.15
0.89 0.08 0.07 0.79 -0.41 6.21
1M 0.95 1.63 293 0.67 0.30
8.14 1.21 2.32 11.56
C4 Linear Equation n= 6 al = -1.079
a2 = 1.225
logx logy x'y x~ 2 y cale % error
1.44 0.41 0.59 2.06 0.68 -0.66
1.68 101 1.69 281 0.97 0.03
1.72 115 1.98 2.95 1.03 0.11
1.20 0.35 0.42 1.43 0.39 -0.10
1.10 0.47 0.51 1.21 027 0.42
112 0.25 0.28 1.26 0.29 0.19
8.25 3.63 5.46 11.73
C-S Linear Equation n= 6 al = 0.532
a2 = 0.659
logx logy x'y x~2 y cale error
1.68 0.57 0.96 283 0.58 -0.01
1.41 0.12 0.17 1.99 0.40 -2.30
1.45 0.37 0.54 210 0.42 0.15
1.38 0.75 1.04 1.90 0.38 0.50
0.92 0.24 0.2 0.85 0.08 0.67
0.94 0.11 20.10 0.89 0.09 1.82
7.79 1.94 2.82 10.57




Table A45. Experiment 2, retractable levers, patch depleted in eight prey.

C1 Linear Equation n= 4
X y x*y x™2 y cale "% error
26.21 812 212.83 686.96 7.95 0.02
14.95 7.24 108.24 223.50 8.44 017
14.00 885 123.90 196.00 8.49 0.04
12,55 9.22 11571 157.50 8.55 0.07
67.71 3343 560.67 1263.97
C-2 Linear Equation n= 4
X y x*y x"2 y cale P error
26.59 7.01 186.40 707.03 7.06 -0.01
16.15 6.19 99.97 260.82 6.63 -0.07
14.53 7.53 109.41 21112 6.56 013
11.62 5.97 69.37 135.02 6.44 -0.08
68.89 26.70 465.15 1314.00
C3 Linear Equation n= 4
X y x*y x"~2 y cale % etror
14.57 5.00 72.85 212.28 5.45 -0.09
10.81 5.48 59.24 116.86 5.58 -0.02
10.89 6.86 747 11859 5.58 0.19
8.64 4.93 42.60 74.65 5.66 -0.15
4491 22.27 249.39 522.38
C-4 Linear Equation = 4
X y x*y x~2 y cal¢ % ettor
39.57 18.08 715.43 1565.78 18.14 -0.00
19.52 16.59 323.84 381.03 15.63 0.06
21.60 16.30 352.08 466.56 15.89 0.03
19.19 14.27 273.84 368.26 15.58 -0.09
99.88 6524  1665.18  2781.63
C-5 Linear Equation n= 4
X y x*y x"2 yeale % error
2497 5.59 139.58 62350 5.68 -0.02
17.37 5.48 95.19 301.72 5.98 -0.09
16.54 7.43 122.89 273.57 6.01 019
1517 5.23 79.34 23013 6.06 -0.16
74.05 23.73 437.00 1428.92

*IV=TT, DV= GUT, L=1.0-D.125 RETRACTABLE

al =
a2 =

al =
a2

al =
a2 =

al =
a2 =

9106

-0.044

3.958
0.042

5.968

-0.036

13172
0.126

6.666
-0.040

*Note: TT =travel time, GUT =giving-up time.
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Table A45 (continued), BWM values transformed to logarithmic numbers.

1

Linear Equation

logx logy x*y x"2 y cale ~ % error
1.42 091 1.29 2.01 0.90 0.01
1.17 0.86 1.01 138 092 -0.07
1.15 0.95 1.09 1.31 093 0.02
1.10 096 1.06 1.21 093 0.03
4.34 3.68 4.45 5.91
*IV= TT, DV= GUT, L=1.0-D.125 RETRACTABLE
C-2 Linear Equation n=
log x logy x*y x"2 y cale % etror
1.42 0.85 1.20 2.03 0.85 -0.01
1.21 0.79 0.96 1.46 0.82 -0.04
1.16 0.88 1.02 1.35 0.82 0.07
1.07 0.78 0.83 113 0.80 -0.03
4.86 3.29 4.01 5.98
*IV=TT, DV= GUT, L=1.0-D.125 RETRACTABLE
Cc3 Linear Equation n=
log x lfogy x*y x"~2 y cale To e1Tor
116 0.70 0.81 1.35 0.74 -0.06
1.03 0.74 0.76 1.07 0.74 -0.00
1.04 0.84 0.87 1.08 0.74 0.11
0.94 0.69 0.65 088 0.74 -0.07
4.17 297 3.09 4.37

*IV=TT, DV= GUT, L=1.0D.125 REIRACTABLE

C4 Linear Equation n=
log x logy x*y x~2 ycale % error
1.60 126 201 2.55 1.26 -0.00
1.29 1.22 1.57 1.67 119 0.02
1.33 1.21 1.62 1.78 1.20 0.01
1.28 1.15 1.48 1.65 1.19 -0.03
5.51 4.84 6.68 7.64

IV=TT, DV= GUT, L=1.0-D.125 RETRACTABLE

C-5 Linear Equation n=
log x logy x*y x"2 y cale % error
1.40 0.75 1.04 1.95 076 -0.01
1.24 0.74 092 1.54 0.77 -0.04
1.22 0.87 1.06 1.48 077 011
118 072 0.85 1.39 0.78 -0.08
5.04 3.08 3.87 6.37

*IV=TT, DV= GUT, L=1.0-D.125 RETRACTABLE

al =

al =

al =
a2

al =
a2

i

1.054

0110

0.661
0133

0.761

-0.019

0.908
0.220

0.889

-0.095
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Table B19. Experiment 1, left lever depleted in one prey.

185

T “RES QuT
X Y Y

A104 <MAD BWM MAD> <MAD BWM MAD> <MAD BWM MAD>
NT 111.83 12272 133.81 844 1068 1201 420 678 9.36
NT 54 61 68088 7934 756 938 11.18 341 535 7.30
R=1.0 536 664 7.93 360 391 423 017 031 045
R=10** 538 558 579 295 333 3N 018 019 020
R=25 1033 1242 1450 413 448 480 009 016 024
R=25" 1055 1112 11.69 444 408 488 014 045 076
R=10 28.08 3649 4389 388 423 449 008 031 052
R=05 20.04 3693 44.82 420 448 476 009 030 050
R=025 3425 36.32 38.39 448 512 575 016 040 065
A-230

NT 58.80 8502 10815 2216 3302 4420 1608 2230 28.69
NT* 2276 2650 230.24 9.36 11.73 14.10 543 794 10.44
R=1.0 421 444 468 344 2378 411 025 030 034
R=10"" 415 449 483 370 385 420 025 034 043
R=.25 876 1065 1254 385 451 516 060 167 223
R= 25" 7.35 8.52 9.69 433 527 620 156 234 3.1
R=.10 1249 2455 38.61 416 5.71 7.26 059 237 414
R=05 4024 54.37 68.49 541 1008 1475 172 577 982
R=.025 585t 6823 79.85 620 12.47 18.74 062 698 1334
A-101

NT 28.36 43.01 57.65% 6.75 10.04 13.32 3.38 661 9.86
NT* 16.34 1693 17.52 538 638 7.40 171 253 335
R=1.0 514 586 658 380 413 436 105 117 1.30
R=10"* 4985 532 570 423 445 466 095 106 117
R=.25 906 952 988 516 5085 675 103 147 191
R=25* 827 874 9.21 411 480 548 109 146 184
R=10 1276 1582 18.89 637 800 064 087 200 2303
R=05 2478 2793 3107 813 940 1066 081 187 303
R=.025 4297 5785 7274 701 803 905 191 304 417
A-123

NT 1589 2253 29.07 792 1017 12.43 297 532 766
NT* 1388 1471 1554 743 772 8.9 191 220 267
R=1.0 539 635 7.30 496 518 5.39 037 071 105
R=10"* 495 514 533 440 499 557 018 025 0.32
A=25 1305 1500 1695 451 525 800 015 0.27 038
R=25* 1045 1104 11.63 497 542 588 065 080 1.15
R=10 1930 2158 2386 516 609 7.03 013 040 066
R=05 4067 4460 4853 589 6954 1099 025 077 128
R=.025 3433 4112 47.91 529 704 879 042 144 245

*Re-determination, **L=.10--D.05-R=1.0



Table B20. Emorrnoru.bﬂbvordopbudhtwq_?yv.
T RES

186

aut
X \ Y

A104 <MAD BWM MAD>  <MAD BWM MAD> <MAD BWM MAD>
NT 2251 2638 3025 952 1392 1832 672 1067 1462
NT* 1874 2134 2393 577 684 7.91 375 458 538
R=1.0 436 548 661 260 426 5.91 118 268 408
R=.25 543 609 674 372 422 472 218 257 285
R=.10 1053 1169 1285 357 397 436 182 222 261
R=.10* 1071 1282 1513 424 474 524 231 253 276
R=05 1458 1611 17.64 387 442 497 197 239 280
A=05* 1582 2057 2532 332 420 527 100 141 173
R=025 3928 43.38 47.48 424 463 502 211 273 335
A-230

NT 1688 2022 2346 873 1350 18.45 491 732 973
NT 1496 1567 1638 638 768 BS8 277 438 5096
R=10 413 447 481 162 285 408 079 168 257
A=.25 887 827 067 401 439 476 188 228 267
A=10 2385 2584 28.03 398 482 565 192 232 27
R=.10" 1385 1777 2169 500 550 599 201 262 323
R=05 4788 5802 6836 464 650 838 119 350 581
R=.05" 4411 61.18 7824 545 595 644 243 293 343
R=.025 60.06 83.10 106.15 531 687 842 283 409 536
A-101

NT 1522 1711 19.00 530 710 890 283 393 503
NT~ 1441 1505 1568 442 517 592 250 309 369
A=1.0 573 609 646 263 283 3803 137 156 175
R=.25 785 820 855 311 342 374 172 181 210
AR=.10 1044 1132 1220 345 386 427 190 250 311
R=.10"* 1266 1370 1473 364 441 518 184 255 326
R=05 2384 2618 2852 490 554 618 341 413 485
R=.05" 2485 2636 27.87 330 402 473 204 2468 288
R=025 5107 5814 6521 557 609 661 354 413 472
A-123

NT 1279 1387 1495 555 798 991 210 412 814
NT* 1369 1487 1604 387 483 578 117 188 279
A=1.0 £30 566 602 048 081 116 014 048 082
R=.25 700 755 810 050 097 144 016 053 090
R=10 1276 1388 1500 420 497 S73 234 288 2338
R=10° 1173 1249 13.26 338 392 446 139 173 208
A=05 2025 2426 28.27 613 710 808 336 447 557
R=05* 2145 2425 27.06 466 504 543 202 258 3.14
R=.025 3934 4199 4464 452 565 678 230 332 434

*Re-determination, TT=travel time, RES =residence tme, GUT =giving-up time.



Table B21. Experiment 1, left lever depleted in eight preys.

187

™ RES GUT
X Y Y

A-1046 <MADBWM MAD> <MADBWM MAD> <MADBWM MAD>
NT 16.05 17.79 21.52 34.67 4478 54.89 964 17.39 25.14
NT* 1177 13.34 1491 3559 37.22 3884 868 10.48 12.30
R=10 364 450 5.38 26.51 30.26 34.02 478 604 7.31
R=25 419 538 8.57 20.02 24.61 29.21 477 565 653
R=.10 98.08 1154 13.09 13.25 20.79 28.31 502 577 639
R=.10* 863 934 1004 26.12 28.24 30.36 438 553 669
R=.05 12.88 24.83 3678 27.97 30.29 32.61 697 7.40 7.83
R=.05" 1275 14668 1657 3553 3689 3845 6.16 7.09 8.03
A-230

NT 16.35 2050 2464 20.85 32.08 34.31 0.06 1241 14.86
NT* 3274 4290 53.05 6.7 120.4 144 3420 48.10 61.85
R=10 578 637 697 155 1857 21.64 237 300 3.63
R=.25 299 481 8.83 1588 21.88 27.78 11.089 12.83 1456
R=.10 18.91 31.09 4327 1351 1804 2257 392 538 6.84
R=.10"* 11.08 1328 1550 22.12 2587 29.22 548 6983 840
R=.05 57.34 84.20 131.24 26.04 3204 3804 B6.05 10.38 12.70
A-101

NT 1450 1649 18.48 26.04 2887 317 752 810 865
NT* 1283 1356 1429 27.09 2811 2013 645 7.99 953
R=10 577 708 8.35 24.62 2799 31.35 461 585 7.09
R=.25 8.90 1337 1785 1537 1991 2445 471 533 595
R=.10 14.65 18.73 2281 0.156 16.97 24.78 191 441 691
=10" 1295 1423 1552 19.31 21.87 2443 487 542 597
R=.05 24.83 3055 36.28 18.73 21.02 23.31 581 662 7.43
R=.05* 21.16 2438 2759 2503 26.35 27.67 6.01 6984 7.88
A-123

NT 12.47 13.31 1415 2551 27.75 2088 554 657 7.59
NT* 1231 1475 1718 279 3039 3288 520 6.34 7.38
R=10 570 840 7.1 11.92 1403 16.13 172 276 3.8t
R=25 652 687 722 8198 0.168 10.14 1.61 1.83 204
R=.10 854 11.15 1376  7.32 10.47 13.62 162 201 240
R=.10* 800 871 043 1161 1278 1384 203 277 352
R=.05 1268 1479 1689 1233 1388 1542 330 401 471
R=,05* 1500 17.76 2052 1895 202 2145 389 449 500

* Re-determination.



881

‘o dn-OunB = | ND ‘e oso!»mwlm ‘oum

[0ARBA = [ | 'UOGRURLLIOISD-0H &

602 SS't 004 8L9 606 00V eree P92 90S G20 =H
it Ot S80 SIS 9y 2id 9’z Ssvet PoLL SO'=Y
0S9 (6E €vi 460L 98°L SV 8L9€ €L'S2 eveL .0 =W
Wwe L' L0} vie €. 2¢9 1892 1802 02¥) OL'=H
e 82+ €10 sbe 0+ SIO 4S2L 680+ 126 OiL=yd
LS €8¢ 6§¢ 082t v20L 892 lepe L2€2 €912 LN
ckek 989 09} pi2t 889 291 €9'€S €OSy v oE AN

$0
Lt 82 Lo?¢ 96'S 90S oI SI'89 LpES 6L8E S20'=H
vz 09t L0} Sév by IB€ 2922 Se'8L 80Pl S0'=4H
92e e6eL 2SO0 Sk'S 98¢ 7T pePS S2BL 9SLL 0L =Y
P 180 LPO §§¢ SPE S€€C BECE 69LL LML 0it'=4
S0 €E0 Sio €S0 S0 10 B82S 68v OLv 0't=H
v 00€ Pl 869 9§ IEP €4S EPL 68721 «IN
08¢ €02 SI0 26€ S02 410 P002 1841 6p St iN

-0
90 2L0 LO0O 9t IEE 86°C 06l €441 9L'9L S20'=H
2»0 €20 »00 I8BE 6S€ SLZ¢ L9'tL 20'hL LEOL SO'=Y
$60 IS0 9800 86€ 99€¢ PEE l8€C 006L €0PI LOL'=H
€50 €€0 €10 oLe 682 9982 656 806 IS8 Ot'=y
8§t /80 SI0 09t 680 LIO obs LI'S 88 O't=H
Wi 860 6v0 v B0V €T€ PL9L 16'SE 89SI «~IN
8Lt 904 ¢€O0 08) 80+ 9€0 9L'4e 616l 22¢ AN

€0
S90 L0 600 166 dvee 2L2 ép'SZ 80€E2 POIZ G20'=H
990 LEO L0O BEE €It 1882 8LLL 2661 90PIL S0'=H
et vL0 900 e 00€ €§¢2 1862 v202 L9¥Pi LOL'=H
650 Ov0 20 6L¢ 2¢€¢ &8¢ 8S0L IS6 ¢tpo OL'=H
86t GOt 290 85t 90t PSSO 8LS LbS LS Oi=H
S0 60 €0 e 282 eee 0L9L LM'SL PCPL LN
gty 22 820 ey dp€Z 0€0 S90€ LS92 6vree AN

20
22¢ 08+ 8S0 €E9 00§ L9€ er2e 6e82 9€Eve S20'=Y
680 20 810 eLe v2€ 92 S9°LL 908t vl SO'=H
LS 1Ze 1o 98 229 UWLE 182h 6BL'IE BP6L L0l'=H
9t't €40 620 IS 90 19¢ €58L v89L PLSI Oob'=H
S02 (€'t 690 602 2»L QL0 89 ¢ci9 2vs O't=y
€2 €9+ 680 108 S0S 60 oZie B8L2 9SSV LN
6G€EC 98¢l Ziv 6L0E LL'LL Siv 92y P9BE 2092 IN
<QVN AMB QYA> <OGVN AMd OVA> <YW AMB OVA> -0

A A X
1N© S34 1l

" 810A0] OIRIOEN8. K010 U Ui PEISICD 08 U8 Z ILSUWedXT 228 egeL




Table B23. Experiment 2, left lever depieted in two preys, retractable levers.
had RES

X Y Y
¢ <MAD BWM MAD> <MAD BWM MAD> <MAD BWM MAD>
NT 1480 1845 1810 400 404 588 208 285 362
NT* 18683 1982 21.20 282 374 468 000 1t 286
R=.10 1168 1271 1384 A2 442 B 103 224 3u4
R=10* 1100 1210 1320 204 312 3 087 0685 114
R=.06 1380 1478 15678 2583 282 311 020 083 oO7?
R=026 2017 2082 21.67 223 247 271 o1 041 0.60
R=.025 2400 2861 A2 308 368 40 115 170 225
R=.025* 2010 3068 3227 aes 487 610 127 18 258
c2
NT 1650 1636 17.20 33 414 497 166 233 310
NT* 1640 1724 1800 262 290 347 070 12 17
R=.10 951 1033 11.18 0.58 188 315 0.168 128 240
R=.10* 865 1011 1127 330 410 491 164 264 2374
R=.08 1191 1284 1396 279 337 3ss 076 126 1.74
R=026 1826 2038 2252 281 264 288 088 074 080
R=025 2264 2567 28.80 398 453 610 232 284 2¥
R=025* 3060 3226 333 338 3 388 148 180 212
ca
NT 11.62 1290 1438 297 Jd84 47 1.14 198 278
NT* 1403 1453 1503 261 338 414 048 1.24 1.90
R=.10 726 773 819 262 296 A7 079 120 161
R=.10" 1601 61.48 8696 300 976 1663 140 896 1648
R=.06 2087 6504 6921 300 1040 172.79 135 682 1229
R=.026 1826 1885 1943 201 213 224 028 042 0855
R=026 1645 1822 1980 236 27¢ 308 053 082 111
R=025* 1791 1820 1868 220 250 284 0256 064 103
c4
NT 1695 1744 1794 520 685 862 328 480 62X
NT* 1716 1800 18684 404 617 6% 188 286 4O
R=.10 1035 1260 14.64 348 452 558 167 282 417
R=.10* 11.04 1322 1540 328 33 458 113 177 24
R=05 1448 1573 1700 347 415 482 1682 225 268
R=025 2208 27.28 3246 378 420 481 216 286 208
R=025 2834 4747 6660 888 1233 1577 699 1012 1326
R=.025° 4068 52368 6400 915 1884 2454 647 1419 21.61
c
NT 1910 21.54 2398 384 451 6519 167 232 207
NT* 2342 2461 2680 306 412 619 110 182 274
R=10 706 83 88 338 2397 456 122 172 221
R=10* 940 875 910 279 317 35 063 078 064
R=.06 1656 2398 31.41 293 802 1311 075 568 1088
R=.025 3145 4797 6450 335 667 10.3 122 373 625
R=.026 2383 2668 2723 326 358 301 084 132 1.7
R=025" 2470 2823 3176 353 538 722 0986 23 2363
* Re-determination, 1T =tavel tme, NES =residence Ime, GUT = gving-up trme.
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ight preys. retractable levers
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Table B24. Experiment 2. left lever depleted in
1T

RES auT
X Y Y

C-1 <MAD BWM MAD> <MAD BWM MAD> <MAD BWM MAD>
NT 19290 2201 2473 38.04 4050 4195 988 1153 13.17
NT* 17.68 1854 1922 3181 3410 3630 774 913 1052
NTw/obs 4142 5922 77.0% 3553 3820 4105 1299 1640 1000
R=.10 1148 1400 1653 2922 3554 4185 688 885 1083
R=10" 1173 1255 1337 3260 3404 3728 823 922 1020
R=.05 1343 1495 1647 2618 2844 3069 623 724 825
R=.025 2489 2621 2752 30988 3418 3738 718 812 906
C-2

NT 20.10 2066 21.21 1873 1957 2040 455 465 475
NT* 1920 2013 2108 2448 2574 2699 535 613 69
NT w/obs 4610 58.98 73.86 35568 6283 90.08 1500 3844 6233
R=.10 1216 1453 1690 2495 2619 2743 570 753 036
R=10* 1038 1182 1285 2165 2367 2569 444 597 750
R=.05 1446 1815 1784 2307 2426 2565 574 819 664
R=.025 2313 2659 3005 2509 20674 2839 62t 701 78t
C-3

NT 1550 1727 19.02 3081 3399 37.18 782 910 1038
NT* 1532 1856 21.79 3117 3210 33.03 674 787 900
NT w/obs 5430 7408 93.86 4350 8076 118.02 996 5238 9481
R=.10 1017 1089 1162 21.54 2055 37.58 479 686 893
R=.10" 768 864 9059 2451 2691 2001 30968 4903 589
R=.05 1008 10.81 11.54 2564 2714 2864 524 548 571
R=025 13.34 1457 1580 2634 2821 3007 457 500 543
C-4

NT 19.36 2128 2320 3782 4150 4517 921 1118 1315
NT* 2434 2635 2836 41.00 4846 5192 1025 1428 1831
NT w/obs 38.42 4237 46.32 4404 5343 6192 1286 1638 1901
R=.10 17.76 2160 2544 4458 4838 S216 1401 1630 1859
A= .10 1713 18.19 2125 3662 4135 4807 11.36 1427 17.19
R=.05 1722 1952 2182 4305 4558 4812 1459 1659 18.59
R=025 3652 3957 4262 40790 5193 5407 1670 1808 1946
C-5

NT 2180 2340 2500 2089 28688 3077 611 675 739
NT* 2150 23.01 2452 2707 3043 3380 570 652 734
NT w/obs 5337 5883 64.49 4462 6637 8811 1084 3314 5534
R=.10 1552 1654 1755 2618 2857 3096 614 743 872
R=.10* 1351 1517 16.83 2322 2413 2504 462 523 584
R=.05 1583 17.37 18.81 2355 2558 2761 452 548 644
R=.025 2269 2497 27.25 2341 2528 2715 527 559 580

'_Ro-dohrnmlbom NT/obs=natural travel with obstacies.
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Table B25. Experiment 1, residuals across

A-104

u-.io ILDm2 LLDmwS

a1 for GUT

a2 for GUT

Std Err of Y Est for GUT

al for RT

a2for RT

Std Err of Y BEST for RT

LOG TT(NT)

LOGTT(NT) ™

LOG RT(NT)

LOG RT(NT) ™

LOG GUT(NT)

LOG GUT(NT) ™

282 GUT * LOG TT(NT)

a2GUT * LOG TI(NT) ™

a2RT * LOG TT(NT)

2RT * LOGTT(NT)™

Est1 GUT = a1 + (a2 * log TTINT])
Est2 GUT= a1 + (a2 ® 1og TTINT} ™)
Est1 RT= a1l + (a2 * logTTINT])

Est2 RT=~ a1 + (22 * 1ogTTINT) ™)
log res1 GUT ~=log GUT(NT) - Est1 GUT
log res2 GUT = log GUT(NT) ~ - Est2 GUT
log res1 RT=log RT(NT) - Estt RT
Jog res2 RT=log RT(NT) ™ - Es2 RT

-0.753
0175
0.160
0.492
0116
0.050
2.090

0.447
-0.074
0110
0.594
0.040
0.020
1.420
1.330
1.140

0.631
0.143
0.040
13713
0.076
0.090

0.813
1.468
1.459
0410
0.207
0.182
0.111

~Re-determination.

diti

Table B26. Experiment 1, residuals across

LL-.iO LLDnm2 LLDns

al for GUT

a2 for GUT

Std Err of Y Est for GUT

a1 for RT

82 forRT

Std Err of Y EST for RT

LOG TT(NT)

LOG TTYNT) ™

LOG RT(NT)

LOGRT(NT) ™

LOG GUT(NT)

LOG GUT(NT) ~

s2GUT ® LOG TT(NT)

a2GUT * LOGTT(NT)~

a2RT * LOG TT(NT)

a2RT * LOG TT(NT)~

Est1 GUT= al + (22 * log TTINT))
Est2 GUT= a1 + (a2 * log TTINT] ™)
Estt RT= 51 + (a2 * log TTINT))
Est2 RT= a1 +(a2 * logTTINT] ™)
fog res1 GUT =log GUT(NT) - Bst1 GUT
log res2 GUT = log GUT(NT) ™ - Bs2 GUT
log res1 RT=log RT(NT) - Estl RT
log res2 RT=log RT(NT) ~ - Est2 RT

-0977
1.024
0230
0.309
0.393
0.060
1.930
1.420
1.520
1.070
1.35%0
0.900
1.976
1.454
0.762
0.561
0.999
04T
1.0Mm

0351
0.423
0.449
0.200

0.085
0.247
0.050
0333
0.254
0.050
1310
1.200

0.451

0.442
0.230

0715
0.098
0.280
1219
0112
0.100
1.310
1.630
1510
2080
1.090
1.680
0.128
0.160
0.147
0.183
0.843
0.875

1.402
ou?
0.805
0144
0.678

~Re-determination,
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Table B27. Experiment 1, residuals across

dits

-1 5Ly II5hs

al for GUT

a2 for GUT

Std Err of Y Est for GUT

a1 for RT

a2 for RT

Std Eet of Y EST for RT

LOG TT(NT)

LOGTT(NT) ™

LOG RT(NT)

LOG RT(NT) ™~

LOG GUT(NT)

LOG GUT(NT) ™

«2GUT * LOG TT(NT)

a2GUT * LOGTI(NT) ™

82RT * LOG TT(NT)

a2RT * LOGTT(NT) ™

Estl GUT= al + (a2 * log TTINT])
Bst2 GUT = al + (a2 * log TTINT]) ™)
Est1 RT= al + (a2 * logTTINT] )
Est2RT= al + (a2 * logTTINT} ™)
log res1 GUT =log GUT(NT) Est1 GUT
log res2 GUT = log GUT(NT) ~ - Est2 GU
log res1 RT=log RT(NT) - Est1 RT
log res2 RT=log RT(NT) ™ - Est2 RT

-0.238 -0.085 0.632
0.405 0412 0.102
0040 0.080 0.080
0419 0.247 1.500
0.328 0.309 -0.130
0.080 0030 0.080
1.6 1230 1.220
1.230 1.180 1130
1.000 0350 1460
0810 0710 1.450
0.820 0.590 0910
0.400 0490 0.900
0.660 0.507 0124
0.498 0.486 0115
0.53% 0.380 0159
0403 0.365 0.147
0.422 0.422 0.756
0.260 0.401 0.747
0.954 0627 1.341
0.822 0612 1.353
0.398 0.168 0.154
0.140 0.089 0153
0.046 0223 0119
-0.012 0.098 0.097

= Re-determinations.
Table B28. Experimeat 1, residuals across

diti

A-123

T-10 I0u: IIBHT

a1 for GUT

a2 for GUT

Std Err of Y Est for GUT

al for RT

s2forRT

Std Err of Y EST for RT

LOG TT(NT)

LOGTI(NT) ~

LOG RT(NT)

LOG RT(NT)~

LOG GUT(NT)

LOG GUT(NT) ~

a2GUT * LOG TT(NT)

a2GUT * LOGTI(NT) ™

a2RT * LOG TI(NT)

a2RT * LOGTT(NT)~

Estl GUT= a1 + (a2 * log TTINT))
Est2 GUT= a1 + (a2 * log TTINT] ™)
Estl RT= al +(a2 * 1ogTTINT]))
Es2RT= a1 + (a2 * logTTINT] ™)
log res1 GUT =log GUT(NT) - Bst1 GUT
log res2 GUT = log GUT(NT) ™ - Es2 GU
log res1 RT=log RT(NT) - Est1 RT
log res2 RT=log RT(NT) ™ - Est2 RT

012 -1.082 <0191
0.392 1120 0637
0.270 0.200 0.120
0.573 -0.798 0.694
0.160 1.098 0416
0.020 0.200 0.100
1.350 1.140 1120
1170 1170 1170
1.010 0.900 1.440
0.890 0.680 1.480

0.730 0.610 0.820
0.360 0.300 0.800

0.529 1.2m 0713
0.439 1310 0.745
0.216 1252 0.466
0.187 1.285 0.487
-0.183 0.195 0522
0253 0.228 0.554
0.789 0454 1160
0.760 0.487 118
0913 0415 0.298
0613 0072 0.246
a1 0.446 0.280

0.130 0193 0.299

“Re-determinstion.
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Table B2 t 2, resduals ecroms coaditions (retractable levers).

2 = 7] n
o for GUT «n On 104
a2 for GUT LY LR V3 411
Std Err of Y Eat for GUT [} I 0.5
al for RT 4533 1.5%
a2 for RT (3 ST (8
Std Err of Y EST for RT W u» "
LOG TTI(NT) 156 12 130
LOG TT(NT)~ 1450 1300 1
LOG TTINT) wiobs L
LOG RT(NT) 126 4% 1610
LOG RT(NTY~ e N 154
LOG RT(NT) wiobs 158
LOG GUT(NT) 134 e 1460
LOG GUT(NT)~ e em 0.9
LOG GUT(NT) wiobs ¥
22 GUT * LOG TT(NT) (% TR % 47
a2GUT * LOG TT(NT)~ “we e 40
22GUT * LOG TTINT) wobs 4947
»2RT * LOG TT(ND) 1343 eny 015
Q2RT * LOG TT(NT)~ 1261 024 e
2RT * LOG TT(NT) wiobs 01947
Estl GUT= o + (a2 * log TTINT)) 1 0% o’
En2 GUT= al + (a2 * log TTINT] ™) un (V3 (U]
Est3 GUT= al + (a2 * log TTINT) wiobs) U
Estl RT= al + (aZ * logTTINT]) [V ] (X3 1] 158
Es2RT= ol + (2 * logTTINT] ") [, B X1 152
Est) RT= af + (a2 * JogTTINT) wiche) 152147
log res! GUT= log GUT(NT) - Estt GUT [ Y] (Y8
log res2 GUT= log GUT(NT)~ - Es2GUT 429 4188 "
log res3 GUT= log GUT(NT) wicks - Est3 GUT 0.3607
log res] RT= 1og RT(NT) - Esti RT S.400 160 087
log res? RT» log RT(NT)~ - Em2RT RV Y ) e

res3 RT = log RT(NT) wicbe - Est RT 4.4525)
A e T
Table B4, t 2, remduals actom conditions (retractabile levers).

-, - 1n n
o for GUT 2 ue 0.661
a2 for GUT EY I Y1 “un
Std Eet of Y Est for GUT 0©e 29 s
al for RT 439 ue 1248
a2for RT .er 026 0133
Std Exr of Y EST for RT U s "
LOG TT(NT) 140 120 132
LOG TT(NT)~ 110 126 1300
LOG TT(NT) wicks 1780
LOG RT(NT) (X7 T Y- ) 129
LOG RT(NT)~ [ Y™ 1410
LOG RT(NT) wiobs 1400
LOG GUT(NT) 1 B Y1) (Y3
LOG GUT(NT) ~ 4410 0 (%,
LOG GUT(NT) wiobs 1500
&2 GUT * LOG TT(NT) 44” am un
82GUT * LOG TT(ND)~ 45 om un
2 GUT * LOG TT(NT) wobe (3.3
a2RT * LOG TT(NT) [T Y] Q%
a2RT * LOG TT(NT)~ XY 7. “wn
a2RT * LOG TTINT) wicbs o
Bat! GUT= al + (a2 * log TTINT)) 411 ©n (Y33
Est2GUT=al + (a2 * g TTINT] ™) o on (Y:7)
Est) GUT= al + (a2 * log TTINT) wobs) >
Eot! RT= a1 + (a2 * logTTINT]) 411 (Y] 1424
Est2 RT= al + (a2 * JogTTINT]~) “s asi1 142
Est) RT= al + (a2 * logTTINT) wicks) 148
log res] GUT= log GUT(NT) - Eet! GUT (Y0} o 4167
log a2 GUT= log GUTINT)™ - Est2GUT 4107 4112 Ao
log res3 GUT'» log GUT(NT) wiobe - Eet3 GUT .82
log resl RT= log RT(NT) - Eet1 RT 24 g M
log res2 RT= log RT(NT)~ - Est2 RT 4% eml 01

res3 RT = Jog R wiobs - Est) RT 4315
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Table B3} t 2, remduals actoms condibons (retractabie levers).

- = n n
al for GUT [y -15% 4761
a2 for GUT 4464 m a0
Sed Ert of Y, Em fox GUT 0 L) 046
al for RT 460 447 1357
a2for RT 964 > L L)
$td Ert of Y EST for RT [ 3% ] [ 5% ] [ L. ]
LOG TT(NT) 1200 111¢ 137
LOG TT(NT)~ 1200 116 1248
LOG TTINT) wobe 1469
LOG RT(NT) .03 050 13
LOGRT(NT)~ 0610 oS 1506
LOG RT(NT) wiobe 1997
LOG GUT(NT) (X ] [¥. ] (L]
LOG GUT(NT)~ 400 3 04935
LOG GUT(NT) wicbe ime
a2 GUT * LOG TT(NT) -1106 1485 4024
2 GUT * LOG TT(NT)~ 107 15a 44024
2 GUT * LOG TT(NT) wichs 403
a2RT * LOG TT(NT) 123¢ [¥2 ] o105
&2RT * LOG TT(NT)~ 115 (L @108
Q2 RT * LOG TT(NT) wiobs “©ws
Eastl GUT= al + (a2 * Jog TTINTD R 11, 412 (X 1)
Eet2 GUT= a1 + (a2 * log TTINT) ™) PSR 1) (%1
Est3 GUT= al + (a2 * log TTINT) wiobs) 72
Est] RT= al + (a2 * logTTINT)) 0633 411 1.462
EsZRT= al + (a2 * logTTINT) ™) 435 0451 1465
EmIRT= al + (a2 * logTTINT] wicbe) 1516
log rest GUT = log GUT(NT) - Estl GUT LY, un o
log res? GUT = log GUT(NT)~ - Esm2 GUT 4602 (30 [ 3%
iog res3 GUT = log GUT(NT) wiobs - Eat3 GUT 9%
log res! RT= log RT(NT) - Eatt RT A0 A0 .5
log 1082 RT= log RT(NT)~ - Est2RT 0054 L 0041

res) RT = Jog RT wiobs - Est3 RT €391

= patural travel w 3

mination,
Table B32 Experument 2 renduals actom conditions {retractable lev!n‘.
- n n

ol for GUT AT 1AM 3
a2 for GUT sl (V..
Std Ert of Y Est for GUT (1) s €.030
ol for RT 4492 S444 1351
a2for RT 1078 09w o1
Sd Err of Y EST for RT o e “e
LOG TT(NT) 125 124 133
LOG TT(NT)~ 1160 1260 1420
LOG TT(NT) wiobs 1434
LOG RT(NT) 310 sk 142
LOG RT(NT)~ e ane 1479
LOG RT(NT) wicbs .76
LOG GUT(NT) 0O M 1950
LOG GUT(NTY~ [X R Y: ) 11%
LOG GUT(NT) wiobe 120
2GUT ° LOG TT(ND 1269 1519 o
Q2 GUT * LOG TINT)~ 145 154 12
82GUT * LOG TT(NT) wicks (%1
a2RT * LOG TT(NT) 14 LB 007
a2RT* LOG TT(ND) - 12% 116 (%>}
&2RT * LOG TT(NT) wobs on
Eat! GUT= a} + (aZ * log TTINT)) 2 (Y7 ] 120
Es2GUT= al + (a2 * log TTINT] ) [V B Y] 1L2¢
Eot) GUT= al + (a2 * log TTINT] wiobs) 1267
Estl RT= al + (a2 * lgTTINT]) 4% s 1654
Em2 RT= al + (a2 * logTTINT}") s 0 167
Est3RT= al + (a2 * logTTINT] wobs) 178

log rest GUT= log GUT(NT) - Emi GUT s 2% 4151
log resZ GUT= log GUTINT)~ - Est2 GUT w7 LI ) A

log res} GUT= log GUT(NT) wiobs - Est3 GUT 4457
log real RT= log RT(NT) - Est] RT e u» 440
log res? RT= log RT(NT)~ - EsZRT ©on L A0

ras3 RT = jog RTY wiobs - Est3 RT 4002



Tabie B33. Experiment 2, remduals scrom condinions { retractable levers).

C5 LL=10 LLDwn? LLDmnsé
sl for GUT 0618 0532 0.889
2for GUT 0.670 0.659 0.095
S Errof Y Est (or GUT 0.200 o770 0.08¢
ai for RT 1. 0215 1.444
a2 for RT 1.839 0.364 0.025
Std Err of Y EST for RT 0.160 0.130 0.040
LOG TT(NT) 1.650 1.3% 1.3%
LOG TT(NT)~ 1.3% 1.0 1.360
LOG TT(NT) w/obs 1.7
LOG RT(NT) 0.840 0.650 1.460
LOG RTINT) ~ 1.010 0.440 1.480
LOG RT(NT) w/obe 162
LOG GUT(NT) 0.840 0.37% 0.830
LOG GUTINT)~ 0.590 0.280 0.810
LOG GUT(NT) w/obe 1.52
a2GUT * LOG TI(NT) 1.106 0376 0.13%
a2GUT * LOG TT(NT)~ 0918 0.916 0.1
82GUT * LOG TT(NT) wjobs 0.168
2RT * LOG TT(NT) 3.034 0484 0.034
22RT * LOGTI(NT) ™ 2519 0.506 £0.034
2 RT * LOG TT(NT) w/obs 0.044
Enl1 GUT=al + (a2 " log TTINT)) 0487 0.344 0.7%
Est2GUT= o1 + (a2 * g TTINT}™) 0,300 0384 0.760
Eat3GUT= al + (a2 * log TTINT] w/obe) [ X241
Estl RT= a1 + (a2 * JogTTINT]) 1.262 0.699 1410
En2RT= ol + (2 * IogTTINT} ™) 0.747 [%74] 1.410
Est3RT= 3! + (02 * logTTINT} w/obs) 1.400
log res1 GUT= log GUT(NT) - Eatl GUT 0353 0.02¢ 0.071
log ree2 GUT= log GUT(NT)~ - Esm2GUT 0.290 0.104 0.050
log res3 GUT = log GUT(NT) w/obs - En3 GUT 0.799
log real RT= log RT(NT) - Est1 RT 042 0049 0.050
log ree2 RT= log RT(NT)~ - En2RT 0.263 0.281 0.070

0.420

jog resd RT = log RT(NT) wiobe - Ea3 RT
= keznmmtmm?)w/oh- natural trave! with obetacles.
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APPENDIX C



Table C34. Logarithmic residuals divided by standard errors.

Residence Time Giving-up Time
Pellets Pellets
Subject 1 2 8 1 2 8

A-101 0.58 446 1.49 995 210 1.93
* 025 196 1.21 350 111 191

A-104 10.72 2445 2.02 761 625 10.25
* 532 965 1.23 727 283 5.18

A-123 11.06 223 280 338 208 248
* 650 097 299 227 036 205

A-230 7.48 884 144 1.53 9.02 0.88
* 333 460 6.78 184 518 288

Mean 5569 7.14 250 467 362 344

“Redetermination,
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Table C35. Experiment 2, logarithmic residuals divided by standard errors.

Residence Time Giving-up Time
Pellets Pellets

Subject 1 2 8 bl 1 2 8 **

C-1 13.33 133 174 105 246 132 306 7.21
-1.13 -0.79 0.16 008 075 092

C-2 -1.61 078 -6.70 15.75 391 068 -3.34 1364
-0.33 -0.21 -0.55 -0.54 -0.45 -0.88

C-3 -400 089 340 1955 236 1.00 278 1.24
0.36 041 205 201 036 1.98

C-4 -0.47 114 -127 0.07 273 133 -503 -1.90
1.26 0.08 -0.30 580 003 -233

C-5 264 -038 125 1050 1.77 010 089 990
1.64 -2.16 1.75 1.45 -0.389 0.63

Mean 064 011 0.15 9.38 221 047 -0.13 6.02

* Redetermination, ** natural travel with obstacles.
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Tabie C38 Experiment 1, average rate of prey captured

-apturec
PROBABLTY ______ PELLEIS PERVISTT
SUBJECT  RIGHT LEVER 1 I 8
A-104 0025 0024 0042
0060 0.024 0.085 0128
005 0080 0141
0100 0024 0121 0168
*010 0111 0.164
0250 0058 0182 0.221
*025 0063
100 0083 0199 o182
100 0.058
NT 0007 0080 0116
*NT 0m3a oo 0144
A-230 0025 0012 0022
0050 0015 003 0080
*00s 0030
0100 0032 0065 0080
*010 0083 0156
0250 0065 0158 0240
‘025 o073
100 0119 0249 0202
** 100 0088
NT 0008 0059 013
*NT 0028 0.086 0043
A-101 0025 0015 0.031
0050 0.026 0,083 0118
*0085 0.086 0136
0100 0042 0129 0125
*010 0110 okl %)
0250 0065 0167 0180
*025 0074
1.00 0.100 0213 o162
« 100 0054
NT 0018 0081 0155
NT* 0043 0.088 0175
A123 0025 0.020 0.0
0.080 0019 0.081 0165
*005 0.068 0143
0100 0.038 a101 013
*010 o122 o182
0250 0048 0164 0.208
*025 0.081
1.00 0.086 0213 0188
** 100 0.053
NT 0.030 0.089 0189
*NT 0.045 0101 0149

Heae!ermlnaﬁon.
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Table C37 Expenment 2, average rate of prey captured
PROBABILI PELLETS PER VISIT

SUBJECT  RIGHT LEVER 1 2 8
C-4 0026 0030 0083 0127
* 006 00682
* 0025 0.068
0086 0062 Q112 o182
010 0048 0113 Q136
*010 ao2? 0129 0147
100 0132
NT 0019 0.084 Q120
*NT 0030 0.088 01468
NT w/obs 0080
Cc-2 0.025 0038 0088 01468
* 0026 0.008
* 0025 0.066
ao0s 0.062 a121 0188
010 0077 0156 0173
*010 0043 G130 Q199
1 00 01583
NT Q.06 0.098 0163
*NT 0067 0.089 0160
NT w/obs G081
Cc-3 0026 0048 0083 Q178
* 0026 0.086
*002s 0.008
006 0087 0029 Q184
010 0.084 01680 o162
*010 0044 ao3t 0.206
1.00 Q1686
NT 0049 o118 0163
*NT 00680 0112 01583
NT w/obs 0.049
C-4 0025 o017 0.083 0087
* 0025 003
* 0025 Q029
[+%e 3 0.044 a100 a118
010 0086 0113 a1
*oto 0.045 Q112 0123
1.00 G187
NT 0.060 o.082 0119
*NT 0.060 0.086 0100
NT w/obs 0078
C-6 0025 0.031 0.036 0136
* 0026 [o¥0 .74
* 0025 0.069
0.05 0.042 0.083 0.1e0
a10 Q.06 0180 0164
*a10 0.030 0166 0163
1.00 a.082
NT Q019 0077 0138
*NT Q030 0073 0136
NT w/obs Q080

T Heﬁﬂ!‘smﬂna on.
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