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.Abstract
A proposed means of assessgng the role of taste aversion
’learning as a proximal mephanism of diet selection is to -
examine any changes thafVSCCur in foraging patterns yith
diiferent levels of conditioned aversion to a prey type. If
- Tthe patterns match those expected of aninals foraging on -
different quiﬁity prey types, aver51on cond&tioning ‘may be é
mechanism, permitting foragers to discriminate prey types
according to an energy maximization scale. Two groups of
rats foraged for food in a room Ly climbing wiré ladders to
"patch sg'containing sucrose pellefs mixed in anihal litter.
‘Food density in each patch was alternated daily, withgtwo
patches of 10 pellets each and two patches of 20 pellets
each during a session The match between an optimality mode 1
of patch usg and the behav1oral data was tested for three
levels of conditioned aversion to the pellets The purpose/
of group division was to-counterbalance order of aversion
level.’Group"O-w-S was initially tested*With;no.aversion.
then with a weak aversion, and finally. with'a’strOng' /
“aversion' In contrast; .Group’ 0-S- W was initially tested with
’no aversion, then with a stronhg aversion, and finally, with‘
a weak aversion While foraging did decline with increasing
'aversion, the changes were not in accord with the f-'! -
| predictions of the optimal foraging model Instead ‘ V
consistent underutilization of the high density patches and
ioverutilization of the low density patches occurred

Although several explanations of this deviation from 5_./‘_0

v



optimality were discussed, it is worth‘noting that on
several occasions, especially in the strong avsrsion, %é;‘
optimal left-over-constant exceeded the initial amount
available in the low dens1ty patches, result1ng in. the.
prediction that these patches should not have been foraged
in at all. With a tendgncy toward exploitation of only the .
hﬁgh density patches} foraging patterns would not be
expected to match the. theoretical predictions. In addition,
‘an interpretation suggested by the overufiiization of the
low density patches is that an assumpt1on of exclusive use
of an immediate maximlzation foraglng strategy is invalid.

. Overutilization of low reward alternd;1ves is often
attributed to the.use of a sample-then-exploit foraging
strstegy, which strikes a balance’between the need for
energy and information An examination of the fesidence time
data suggests the rats may have begun each sess1on w1th a
‘short period of samp]ing in order to determine density
'logation. Subst1tution‘pf a sample-then-exploit'strategy

. into the optimal patch use model would predictfforaging

patterns more akin-tovthgse observed in the study.

| ~ ’ . J ‘ s, - : ’ -?/
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I. INTRODUCTION
When considered from an evolutionary pefsbective; Tt is
commonly assumed the ultimate function of behavior 'is the,
maximization of reproductive fitness. Given this‘assumption.
optimal s9lutions which éte more effective than any
available alternatives are conceivable for all ecological
problems. Determination of sn"optiha1 solution for a
paréicu]ar behavior pattern and a‘g{Qen set of circumstances
'giyes rise to. an optimization model of behavior which can be
used to derivs predictions about actpal behavior.
MacArfhur and Piarka (1966) extended the concept of

opt1m1zat1on to the specific, behav1or pattern of foraging,

by suggest1ng that natural select1on should tend té\{urn
each species 1n&o "optimal foragers . Optimal foraging
theory assumes that natural selection enhances the
\fepnbdqqtive sucsess of those.animals whose foraging
patterhs maximize exploitation of the envirbnment and

eliminates those whose patterns deviate from the optimum.

‘phfortunately, the currency of reproductive fitness is

~‘difficult to meésuﬁe and so,’ for the sake of practicality,

‘net energy intake, which is assumed to be related to
'fitness, has‘traditionally been used as tﬁe forager's

short-term goal (Krebs & McCleery. 1984) . _

«

MacAr thur and P1anka s (1966) classical foragihg mggel
was designed to be as general as possible and therefore

1ncludes only-a small number of assumptions about

AS

.constraints on the animal’s performance. For instance,
. . 1\ ) - .
\ 5

.
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optimal foraging theory assumes tﬁa: prey types are
perfectly discriminablé to the predator and that the
predator searches' for all prey types simultaneoueiy,;.
although 1tems{are encountered sequentially. EachweneoUnter
_withla prey 1tem is assdmed to be a random and independent
event . Given these assumptions, a solution that ma}fmizeSv
foodbintake during a foraging bout is the optimal solution.
TWhen resiricted to the problem of diet sel etion, the theory
makes two predietions about tne opfimal sé?ution:

1. Food types must be rafed according to their ratio of net
energy gain to handling time (E/h). Handling {ige-refers
to the total time between the forager's decision to
pursue a food item agg when it is next poss1b1e for him
to forage for another item. This includes the tﬁme taken
to pursue, capture,. prepare, and consume the item
(Krebs, 1980). |

2. If a particular food item is encountered in the
environment, the'decision of whether or not to take it
depends on its value of E/h and the average net energy
1ntake that‘can be ach%eved if the type is consistently
not taken. Thus, a part1cular foad type is either never
or ajways taken and an an1mal w1lﬂ become 1ncrea51ngly
selective as overall food density increases. The prey:
type with the highest E/h value should always be
preferred regardiess of its abundance. Whether or not a
food type is included 1n the diet depends only on the'

 densities of all other food types with higher E/h valueg

>.



,and is unaffected by its own density (Vickery; 1984) .
Optimality modeis are analytic tools, with the
predictions generated describing how animals ought to behave
if they are designed to optimize foraging strategies.
Therefore, empirical tests og_the predictions provide an
assesSmeht of hoW well animals are adapted to their
environments and en’indication of the validity'of the
assumdtions inherent in the model (Kamil & Roitblat, 1985).
Field‘studies-of diet selection are especially
difficuit because the variables influencing foraging are
harder to identify. Nevertheless, several researchers have"‘
attempted field tests of - the hypotheses generated bx optima]
diet theory. Barnard and Stephens (1981) found that'as the
overall density of earthworms increased, lapwings became
more selective and accepted only the larger prey. Davidson
(1978) observed that harVester ants specialtzed on higher
- E/h value séeds with increasing erral1 seed density. Davies
(1977) reported that spotted flycatchers became more
‘selective w1th increasing den51t1es of high E/h insect types
and that no spec1al1zat1on occurred when the density of low
E/h insect types, rose Goss-Custard (1977) reported similar
results in his f1eld study of the redshank preying on marine
worms. He also noted that the birds occasionally preyed on'
less profitable worms when opt1mal diet theory would have
predicted a disadvantage in doing so. In a recent fleld
‘_experimeht. VicKeryj(1984)'observed that three different
rodent species consistently preferred the food type
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associated with the highest E/h ratio, but the densities of‘
both high and low types influenced acceptance. In addition,
the animals continued to forage on Tow qqality food, 'even
with increasing abundance of the preferred type. Other ‘“”
researchers have reported similar findings in a variety of
species (e.g. Lewis, 1980; Mittelbach, 1981; Waddington &
Holden, 1979).

In contrast, laboratqry studies of diet selection havek
been conducted to isolate and manipuTate factors believed to
be influential in the foraging precess. Often theﬁstndies
are-characterized by imaginative and unusual designs, in an
: attempt to reconcile the need for control w1th the desire to
Keep. the situation as natural as ‘possible. For example,

- Krebs, Erichsen, Webber, and Charnov (1977) examined the
decisions of great tits feeding off conveyor belts attached
to their cages. The belts permitted the researchers to
control the encounter ratee of two prey types. The b1rds
were observed to make the predictable shift from feeding on
both types to spec1a1121ng in only the more profitable type
with an overall density increase. Increasing only the
density of the less profitable prey had no effect on\ehoice
behavior.

Moermond and Denslow .(1983) of fered individual
wild caught,,fruit eating birds choicgs betweenqpalrs of |
different fruits. The birds were reliably sensitive to fru1t \
differences, showing cons1stent preferences on 67- 100% of

the trials. Even more important. the cheices of the birds



L J

were transitive: a finding which strongly su rts the
notion that foragers respohd to prey items i:ngcordnuith an
E/h type scale. , A

Lea (1979) attempted to simulateitheﬂioraging situation
by utilizing reinforcement schedules in a traditional -
operant paradigm. A'modified concurrent chain.scheduie was
used, with responses on an initial "search" scheddie
‘resulting in one oi two terminai‘"handli;o“ schedules. Each '
termihal schedule represented a prey type,ﬁWith the shor ter,
schedule being the more preferred..Pre}rdensity was e
manipulated by varying the acceseibiiity of the scheddles. ‘
By increasing overalil prey.densit;, Lea~waa'abie to show an
increased tendehcy to accept ohif thelpreferred prey. H
~ Increasing the density of the preferred prey affected the
rate of acceptance of the nonpreferred prey fn the predicted
manner . Increasing the density'of the no:preferred prey was
found  to have a slight effect on its rate of acceptance
Abarca and Fadtqgo (1981) and Peden and Rohe (yeaii\adggted
Lea’s design with siight schedu]e alterations and repdrted
similar results. Collier and his colleagues (e.g. Collier &
RoveeLColiier. 1%?1' Jensen, 1980} have also Shown \
comparablie resuits using rats in operant. simuiations ‘

In summary, the empirical research on diet seiection
suggests that the'foraging modei propos by MacArthur and
Ptanka (1966) does, with limitations, an adequate Job of
describing the foraging behavior‘of animals The hypothesis

that animals rank food types according to an‘énergy

¢
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'maximization criterion h£s been almost universally
supported. (For an'exception. see Shettleworth, 1985.) In
raédition animals do shift toward selectivity with
increasing density, but the hypothesis of an all-or-none
shift has received almost no support (but see Snyderman,
1983) . ! |
Diet selection is a survival problem that has been
addressed almost entirely at the ultimate levelA The
classical optimal diet model of MacArthur and Pianka (19 6)
srequires that the forager be extremely sen51t\ve to the E/h

values and densities of all potential prey types. But few

have speculated on the proximal mechanisms permittimg the

'

{
forager to monitor these features of its environment.

~ Proximal mechanisms include specific procedures which enable

animals to function in certain ways. A common example comes
from the‘learning psychology.literature in which ch01ce

behavior is studied by examining the distribution of
responses anlanimal makes on two available schedules of
reinforCement.‘Sensitivity to reinforcement rates permits
the animal to choose between two concurrently available
alternatives. Similarly, an optimality analysis of"foraging .
describes general rules for maximizing. energy‘intake but

‘does not specify the procedures whicﬁ‘would enabJe the

animal to follow the rules. As such, optimal diet theory is

A model of performance outlining how animals should behave

. But as the previous review of foraging studies indicates,

_animals consistently do not behave in a strictly optima]



manner . With a mismatch between the optimization mode! and

‘behaviordl data, it .is appropriate to search for

constraining factors, such as linﬁ{gp physiological
investment and the need tolmeet,conflicting demards, which
may have exerted opposing selective pressures on the
species. In deaiing with the possibility of selection
resistance to the development of ¢complex ohysiological
machinery necessary tor fuily optimal decisions, benavioral

ecologists have postulated that very'simple strategies or

automatic response algorithms may be sufficient to allow an

animal to exhibit near-optimal behavior (e.g. Barnard, 1984;
Shettleworth 1984). The identification. and understanding of
such proximal mechanisms is necessary for the incorporatidn
of these constraints into models of foraging behavior
Lea (1981) has suggested that the general processes

used during foraging are iikely the“same as those underlying
conditioned behavior in the psychology Jaboratory. This is
particularly likely in the selection of diet, as ali
foraging animals have’ the goa] of acquiring sufficient food

resources to survive even though the types of prey 1n the

‘diet and the @gthods of procurement differ widely across

species Thus, with regard to the ranking of prey types,
presumably there is a general méchanism.permitting foragers
to determine which prey types to. select for their diet,

The experiment described in this report is based on a

specific app1icationvof Lea’s hypothesis to_the problem of

how the forager goes about & monotonic ranking Of'potential_

‘



prey types. A well-studied learning mechenism of the
__psychology laboratory that is unddubtably relevant to prey
selection is the phenomenon known as taste aversion
learning. In brief. taste eversion learning is a form of
associative conditioning,,in which an animal decreases
ccnsUmption of a particular substance following the pairing
of ingestion wi‘h poison-induced illness. (See Riley &
Baril, 1976, for a bibliography of taste aversion studies. )
This conditioning paradigm is easily displayed in species
that fdentify their pney by means of gustatory and olfactory
cues, for which the development of a'mechénism permitting
the rapid association of tastes and ghsthointestinal effects
would, be espeéieliy advantageous (Kamil & Yoerg, 198?).
Brower, Ryerson, Coppinger, and Glazier (1968) first
alluded to the possibility that aversions could fgorm cart of
the mechanism of diet decisions by suggesting that there may
be an'entire!paiatabiiity»spectrum, with highly'preferred
" items at one end and items to be avoided at the'other.
Mellgren (1985) clarified this proposal further by -«
suggesting that a forager may achire all the 1nformation
necessary for prey selectioh by means of an aversion .
iearning mechanism Specifically, a high E/h prey&atem, when
frequently included in the forager’s diet, couid result in
- the formation of an aversion to lower-ranking 1tems,7iiéjf”ff‘f—
.ingredients contained in the high E/h ﬁrey have the effect
of altering the taste sensitivities to items lower on the '

- scale, making them less palatabie A~ mechanism of this



nature would provide the foraéer with information about both
the reiatiye qualities of the potential prey types and.theif
associated encounter rates because lower ranking items would
be 1ncreas1ngly accepted with a decrease in the density of
higher-ranking items. If a high E/h type is rarely
encoun§ered, then any aversions.previously'conditioned to
lower-ranking items would extinguish, Eesulting in an

increa in their acceptance.

T:Z purpose of this research was to investigate the
.aversion hypothesis by experimehtally conditioning different
levels of taste aversion to a prey type and observing théﬁé’
resulting foraginé patterns. A paradigm used in e &ﬁboratory
experiment simulating the natural environment, repe;ted by
Mellgren, Misasi, and Brown (1984), 1sw1dealf§ suited for
the investigation of variables purported to affect foragfng.
such as taste aversion éonditjoning. because it brovides
-easy cbntFOT‘bf relevant enVironﬁéntal variables. Prior to a
descript1on of the Mellgren et al. (1984) study. a basic
1ntroduct1on into the theoretical basis is necessary,

In the natuggl’env1ronment ‘the assumption tqg} prey
are eneoqn}ered ina sequential fashion is often "+, = ) ;»7 .
unreai#sf%e For many species, food items are disfrfbute&nin
clumps or patches rather than continuously Hence, an antmal
needs to determine not only what type of patch to visit; but
also, how long to remain ih a specific patch. “ _ |

~“Charnov (1976) has developed an oplimal decision model,

the marginal value theorem (MVT), which deals with the

o
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forager's probiem of when to leave a patch, gike the optimal _
diet model, the MVT is based on several simplifying
assumptions The animal is assumed to spend all of its time
either searching for prey within a patch or travelling .
between patches. While a forager is in a’ patch, food intake--
decreases with time epent due to depietion of the ‘
resources. Also, the number of prey present within a patch
cannot be observed directly Instead, the predator must
sample the patch in order to form an expected value for the
patch. The forager is also assumed to possess Knowledge of
the oyerali average'Capture rate for the habitat and the

instantaneols marginal capture rate (which is dependent on

the amount of time already spent in the patch). This

‘information is necessary for the forager to determine the

point at which it is optimal tS™desert the patch, which is
when the marginai capture raFe in the patch drops to the
average capture rate for the habitat In other words, in
order to acquire the maximum amount of food available from

an entire habitat, the forager should remain 1n‘any one

. patch ]ong enough for the number of prey 1tems to depiete to

a point that is equal to the overall rate of return
availab]e from the remainder of the habitat ‘

Predictions of the MVT are displayed graphically in
Figure 1. Patch A is characterized by a high rate of return,

“which means that an animal could forage for a reiatively

Tong time before the net return rate drops to a point where ‘

foraging elsewhere would yield a higher return per. unit
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tine. Patch B should be foraged in for a ehorter time
period, while Patcn C should not be exploited at all because
the net return rate would never equal-or exceed the average
rate of return for the entire habitat. ‘

L e e e e T T T T S S S A R e

Insert Figure 1 about here .2

‘
Precise quantitative tests of the MVT are problematic,

as it is difficult to va]idate«the restricting assumptiops.
The forager's eapected va]de for the patch js a function of
the rate of capture'dufing samplﬁng, while the instantaneous
marginal capture,rate is a function of the ongoing rate of
capture. Consequently, much of the evidence cited in support °
~of the MVT ie qualitative. For tnstance, birds have been
observed to remain longer in high density foraging, areas
when the overall availability of food is low (Smith, 1974 a,
b) Unicellular predators display an increased frequency'df
turning in high density areas, a}beha;ior pattern that
results in a more ﬁntensiVe sea;ch of the surpound (cited in
Charnov, 1976). - '
| Fortunately, Krebs, Ryan, and Charnov (1974). have ‘
extended .the MV T by proposing'an algorithm that would result
in a foraging strategy approximate to that predfcted»by the
- theorem. They. reasoned that-;t animals use the simple rule,
" leave patch if no prey items have been encountered within t-
. seconds of arrival or since last capture. ‘this would |

produce close to optimal patch uée The g1ving up time
S
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(GUT), the time between the forager'’ s last capture and patch
desertion, is then used as a measure for testing the model,

rather than rate of food intake. The GUT hypothesis predicts

that, regardless of the initial densities of prey, a forager
will have a constant GUT forgall patches within a habitat
and that this time will decrease as the average capture rate
for the habitat increases. BN '

Mellgren et al. (1984) derived a second prediction from
the MVT which permits a less obtrusive measure of patch'use‘
than time. To recount, the MVT assumes that the longer a
' forager remains in a patch, the lower the rate of return.
This rate of return will fall to the marginal value when the
patch has been depleted to a particular level. 'Hence, the
rate of capture in a patch is a function of the number of
prey still remaining in the patch. lherefore, regardless of
the inittal.density of prey in a patch, the number of prey
remaining in the patch after a forager abandons it should
be, on the aQerage. a constant. The left-over-constant (LOC)
provides an easily calculable measure of optimal patCh
~utilization B - Q} ' ‘ n
| Mellgren et al. (1984) designed a simulated foraging
environment in which factors expected to 1nfluence patch
use. such as prey density, interpatch distance, and foraging l.
bout duration, could be explicitly controlled Rats were \
trained to dig for food pellets buried in sandboxes
'i( patches®) in a small room. The patches were placed on

ledges attached to posts reaching from floor to ceiling,
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whjéh permitted manipulation of patch height. The rats were
tested under various environmentalcconditions and their
foraging patterns were compared with the pnedictions of the
LoC ﬁcdel. _

/ Initially, Meligren et al. (1984) kedt patch height
and, therefore, interpatch distance, constant, while prey

deffsity was varied in order to determine consumpt ion cf

avaidable prey as a function of d1ffer1ng densities. The LOC:

' modbl pred1cts th1s to be a straight line function with a
slope of 1.0 and a y-intercept of -(LOC), as in: amount
consumed = -(LOC) + (1.0) amount available + error
variability, which is in the form of a least squares model
of regression: Y=B¢EX+e. Mellgren et al. (1984) fodghva

close match between the LOC model predictions and the actual

foraging behavior of -the rats, which means that the animals

did leave a constant ndmber of pellets in each patch, »
‘regardless of the amounts available at the beginning of a
lsession.>Residence_times also increased with increasing prey
density, but the effect was mose'variable'than-that
indi€ated by the LOC measure. This probably reflects the b

fact that residence time can include both‘foraging and

non forag1ng directed ‘activities, wh\Te the amount left is az

more direct measure. ‘) -
Meligren et al (1984) then introduced unequal prey
)densit1es within a session, with each density consistently

located in the same patch across successive sessions. Under

these - conditions Me1lgren et al (1984) noted:a systematic.
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deViation firom predicted.optihal'behavior' The rats tended

e .¢'”\ S “ o
to overutalize loWudenszty patches and underutilize high .
&eﬂsity ba;chgs When the locations were rotated\so that
é each)den&ity appeared in edch location only once across a
:et of sessions. the sz;ation was.stiil present, although
. not as ‘pronounced. . - Q ;_ o L,
Finally. Mellgren et al 0(1983) 1nvestigated the
infiuence of tgayei costs onwpatch use. Making trave}
%f“between patches moreg costly should incredse the value of
staying 1n a patch longer, as the average profitability of
the hagi(at is lowered-and the rate of return from the patch
will”take longer'to drop to the marginal value for: the
habitat7 Inwother words , - increa31ng travel time is predicted‘
- to increase patch reeidence t1me and decrease the LOC While
the‘generai predicted trends were observed Mellgren et :°
aT. ( 984) found a“close match between the‘observed foraging
patterns,and theamodel only at high tnéye] costs. When the
patches were only 1 foot off the floor, the LOC model did
not#fit the data. The match was improved at 4 feet and was
best at 7 feet. Meilgren et al. (1984) concluded that
,“jncreasing the difficulty of travel appeafs to fac111tate S
optimal patch exploitation. "5;? >
Having surveyed the Mellgren et-al. (1984) paradigm. it
K important to understand how a conditioned taste aversion
might operate 1"g such a foraging situation Recall that the
i MVT_of patch use predicts that the forager behaves so as to
maximize the net ratekof energy intake during a feeding

X v o VAR
.1> Lo _An‘\
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session. Therefgre an 1mportant factor for animals foraging
in a patchy envuronment is the energy intake obtained while

" in a patch,'which is a direct function of the type of prey
contained in the pg}ch. Each brey type, then, has its own
specific energy-intake-over-time curve, as is displayed in
-Figure 2. In order to maximize energy intake, a forager
should rema1n 1onger in patches containlng h1gh quality prey)
'than in patches -of low quality prey In measurable terms,
the lower the value of the prey type in the environment, the
‘greater.the LOC for each particular patch.

e e - e - E e e e e e .- e mE .- - - -

Insert Figure 2 about here .

An implicit necessity of the MVT, then, is that a
mechanism is required permitting foragertho discriminate
prey types of hjgh quality from types‘of low quality. As
" noted previoqely. Brower et al. (1968) and Me[lgren (1985)
have proposed'that conditioned taste aversions could provide
this mechanism. - B P

Consider, for examplef a foraéer in a patch of prey
- items of a given quality. 1f the number of items in the
patch does not replete as the ahimal forages, the rate<pf
energy 1ntake decreases with tlme in the patch. Such a
condition is dep1ctee in the top panel of Figure 3. However,
with a weak taste aversion conditioned to the prey type, the_
palatabi?{ty mechanism WOuld result in an effective energy

intake that is lower than the nominal energy intake. In
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other words, the forager behaves as if the quality of the

prey type had lowered. All else being equal, the effective
eherg;-jntake functfon would look 1ike the middle panel of
Figure 3. A 'stronger taste aversion would presumably result
in an even lower effective energy intake function, such as
that depicted in the bottom panel af Figure 3. This TZwering
of the effective quality of the prey type would be reflected
in the forager’s'behavidr, such that with an increase in the
level of aversion;condityoned to the type, foraging patterns
typical for a prey typggéf poorer quality would be observed

(with a porresponding’%ncrease in the LOC).

B I T T T T S S G Uy

The LOC model predicts that the functdion déscribfng
patch exploitation should take the form of a line with a
sloée of 1.0 and a y-intercept of -(LOC). ff thé ingestion
of an averted pfeyktype operates functionally like the
ingestion of a Tow quality prey type, it is expected that
‘increasing the level of aversion would affect patch use by
decreasing the y-fntercept of the best-fitting 1ihe {in
other Words. increasing the LOC), whilerleaVing the slope
‘unchanged. Ih addition, the eﬁror variance or "degree of
fit" with the mode] should_remain‘constant. A,second?
prediction about‘the pattérn of foraging obgerved under the
described conditichs concerns‘?ﬁe\optimal amount of time

“Spent(jn each patch. Patch resideﬁce times_would_be expected
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to decrease with.increasing'QeQéls of “‘conditioned aversion
because the asymptote of the enqygy-intake;ovér-time
function is lower for poorer quality prey. These predictions
were tested in the present study by éomparing the‘patterns |
of foraging observed under th;ee aVersion conditions, using
a simplified version of the Mellgren.ef al. (1984)
simulation paradigm. All environmental features were hela

constant, 'with the exception of prey density and level of

taste aversion.
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Sub jects

Eight male Long-Evans rats, abbnoximately 11 months old
at the start of the experjment; were maintained at 85% of
'their ffee-feeding weights. The rats were not éxperfmentally
naive, having previously participated jn a standard spatial

memory study on the eight-arm radial maze.

Apparafus' '

Thé experiméhtal.room was a small empty room, measuring
301 cm x 327.5 cm in size. A square; with sides 140 cm long, .
was‘drawn on the floor, with the outside corners deSignatihg .
batch locations. At each of the four corners, a plastic box,
measuring 21.5 cm x 21.5 cm x 7.5 cm in size, was ptaced on
Ia wooden stand, 31 cm high A th1n piece of bordered wire
mesh ran from the top of the stand to the floor, as a .
”ladder“ for the rats. Each box, or "patch," was filled‘wifh
The Andersons'Béd-o'cobs Bird and Animal Litter, 1{/4 inch
size, to a depth of approximafely-4 cm, St;ndard 45-mg Noyes
pellets were used as prey dur1ng the 1nit1al prel1m1nary
training, while 45-mg Noyes sucrose pellets were used dur1ng

'the remainder of the experiment.

g
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Procedurq

General Overview.

The intention of the procedurg was to train animals
to forage in a patchy envfronmenf containing two prey
densities (10 péllets and 20 pellets). After measuring

_ the parameters of the LOC model, each rat was then
tested under two averSioh conditions. This was ©
‘accqmplishéd with a multiple-phase experiment. Phaée 1
was a test of foraging under conditions of no aversion.
Phase 2,wasﬁe;test of foraging at either a weak or a
strong level of aversion. Lastly, Phase 3 was a test of
foraging at the alternate level of aversion. The order
of aversion levels was counterbalanced across two

: grdups. A geheral,schematic of the procedure appears in

Table 1. The specific procedure follows.

L i i R I N

------------------------------

Preliminary Training. \
_ A1l subjects ‘wgre given training finding food
buried in litter by(systematically introducing the
components of the foraging room gver a 76;day period.
Initially, each rat wésgrequired\to find food .in ghe |
patch placed on the f1oor, thh'the'amount of litter |
contained in the box gradually increasing to the desired

level across~§essions. Within 14 days, all éhe.rats were

e

D

)
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displaying consistent and stable foraging patterps and
an/additional patch was introduced. Subsequently, the
rats took an average of ]2 days to achieve stable*
foraging‘with each additional patch introduction. After
the-rats.were'foraging‘from all four patches, the stands
and ladders were introduced for a seven day period.
Following this, unebual prey denSities within a session .
were presented, withrio pellets in each of two of the

: patches diagonally acfoss from each other, and 20
‘pellets in each of the remaininb two patches. ﬁhe
location of each density was rotated on .consecutive 3
"sessions. Stable foraging was judged to have been

achieved after five days and the\\ata from the following
five days were analyzed to determine ‘if the results

" could be described by the LOC model. It was thought that

if the results fndicated significant deviations from

| optimality,iit wculd be necessary to increase patch
height. as Mellgren et al. (1984) reported atclose fit
between their experimental results and the LOC model

“only at patch heights greater. than 1 foot A least

squares regression line was fit to the data for each
subject and a test of the .nul)] hypothesis that each

‘slope equalled 1.0 was computed ‘0ut of the eight line
slopes, only one was found to be significantly different
from 1.0, at a probability level of 0.05. Thi
judged to be a sufficiently close match and the heights

of the patches remained at 31 cm. Experience with
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unequal prey densities continued for a total of 21 days.
Introduction of the sucrose pellets occurred last, to
‘ensﬁre that the taste would still be relatively 50vel in
Phase 1. The rats received experience foraging for
sucrose pellets three days prior to initiation of the

exper)ment

Phase 1.

Following prelimjnary training, each subject was
tested in the experimental room for 30-minute sessions
on eight consgcutive days. At the beginning of a A
‘session, each rat was placed in a random orientation at
the center of the room. :-Twosof the patches dtagonally
across from each other containeo 20 pellets each, while
the remaining two contained 10 pellets.each. The
densities were rotated, such that each density was
located in each patch exactly four times, alternating “
with each consecutive session, to guard against position
preferences Dur1ng the session, the amount of time the
rat spent in each patch was recorded by_an experimenter,
blind to the exper1mental hypotheses. Times were
measured by means of a battery- opzrated LED stopwatch
Patch entry was defined as ”that moment when all four
feet of the rat are in contact with or 1nside the box"
while patch exit was "that momentxwhen all four feet of
the rat lose contact with the boxg Two 1ndependent
observers recorded restdence time data during three

separate 15-minute sessions to determine cross-observer
) f . . } % . '
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reliability of the behavioral definitions. A)correlation
. of 0.99 was achieved between the times recorded oy.the‘
observers. At the completion of a sesoion, the rat was
removed and the amount eaten from each patch was
determined‘by‘sifting the litter through a screen. The
litter from all patches wasvperiodically mixed together

to prevent patch preferences due to idiosyncratic odor.

Phase 2. |

At tg?;\boint/in the experiment, subjects were
randomly divided into two'equoi-sized groups, hereaften
referred to as Group 0-W-S or Groop 0~-5-W, depending on
the particular procedural order experienced by the
group.'Ail rats were averted to the sucrose pellets by
means of'a taste aversion conditioning procedure adapted
from Holland and Rescorla (1975). In the home cage, each
rat was presented with 50 sucrose peliets for a
“10-minute period. Immediately following this access, the B
rat was removed from the cage and given an |
intraperitoneal injection of 0.6 M Lithium Chloride, at
a dosage of 5cc per'kg. The injection caused
'aoproximately 10 seconds of'locaTized pain around the
area of the injection. fo]lowed by a 60- minute period of
'general lethargy The number of pellets consumed during
the 10 minutes was recorded. Two hours later, the rats
were fed sufficient food to maintain their 85% weight
The conditioning procedure was carried out for two

*

consecutive days
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As it was essential to ensure that all subjects in
a'group were equally averted to the sucrose peliets, an
extinction procedure was implemeoted followihg the
conditioning. On conséouiive days, each rat was
presented with 50 socrose'pellets in the home cage for
10 minutes. The number consumed at the -end of the period
was, recorded and two hours later, the rats were fed
sufficient food to maintain the 85% deprivation lével.
Extinction trials continued for Group O-S-W until each
rat was ingesting at least 10 pgl]ets (which represents
20% of the 50.pellets originajly'consumod prior to )
condifioning). Thus, the rats .in Groyp 0-S-W were tested
with an'oquivalently strong aversfon to the_suorose
pellets. In contrasz, extinction trials %or éroup 0-w-S
continued until éach rat consumod at least 40‘pellets
(éO% of the original 50 pellets), such that the rats all
had an.equivalently weak aversion to the pellets.

As each rat reached the criterion level set for its
group, it was tested in the experimental room for
,3d-minufe sessions on four consecutive days. Densities

<wereﬂagafn rotated to guard against position
preferences. >Residence times and the ambunts'eéten;from
each patch wé;o\measured Following the fodr;day tesfiﬁg
period each rat was maintained ooﬁdepriQation in the

‘ home cage, until all rats in that group had completed
\the testing. Once the entire group had finished the
foqr day test, each_rat‘spent two additjonalldays in the

o
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home cage, in an attempt to ensure the experiences of

all subjects were roughiy similar. On the third day, the
rats were again presented with ?0 sucrose pellets for 10°
minuteés in their home.cages and the_number.eaten was
recorded. Once all the rats in the group were consuming

at least 30 pellets (60% of the original 50 pellets)

- they were forwarded, as a group, into the next phase.

Unfortunately, at thisvpoint in the experiment, one
subject from Group 0-W-S was exciuded:from the remaining
procedures. While the other subjects in the group l
reached the determined criterion for ingestion after an
average of 20 extinction trials, one rat still exhibited
no signs of extinguishing after 21 consecut1ve days. At

this time it was decided to attempt an approx1mated

"implosion therapy" with the rat. Following each

extinction trial, the rat was’ force-fed a liquid sucrose
concentration (2 pellets diesolved in 1. ml of weter)
through a syringe. This procedure was emp loyed for nine
consecutive days, w1tthé apparent affect on

consumption. The concentration was increased to 10

. pellets dissqlved in 1 ml of water, for 12 additional

days. This aiSo had no ob?ervable affect on the rat’'s .
3 f. ) . B
consumption of pellets and, for practical reasons, it
was decided to proceed with the three remaining rats As

a consequence of this complication, the two. groups

vreceived different experimental procedures. with Group

0-S-W having a minimum”of two "rest days pefore
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continuing with the next phése. and'Group 0-W-S having a

minimum of 11 "rest days."

Phase 3.

Phase 3 was. 1dent1ca1 in all respects to Phase 2,
with the‘exceptlon that the criterlon lsvels for
ex:inction were reversed. Fofjowing completion of the
second testing, each group ofnrats received‘a second-.

aversion conditioning to the sucrose pellets. Grodp

- 0-S-W was then extinguished to an 80% level, while Group

0-W-S was ext1nguished to a 20% level of aversion

Again, upon reach1ng the determined aversion level, each

~ rat was tested in the experimental room for 30-minute

sessions on four consecutive days. Residence times and
the amounts eaten from each patch were recorded. A. -

detailed description of the experiences of individual

: subjects is presented in Table 2.

L I I I e R L Y
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III. RESULTS

PrellmlnaryuTralnlng
During the prellminary training, suo}Ects were allowed

30-minute daily foraging sessions over ‘a 16-day period,
while each component of the foraging sltuation was gradually
introduced. The only datum‘recorded wastthe number'of
pellets obtalned from each patch. . |

 The rats -appeared to acquire the response of digging
for food pellets easily. With only one patch in the room
the subjects ate v1rtually all/the pellets durlng a session.

Once all the rats were consistently obta1n1ng 15 out of the

- 20 available pellets buried in the full amount of litter, a

second patch was introduced. With two patches full of
litter, most of the rats were again able to obta1n v1rtually
all of the 40 avallable pellets during a sesslon Two rats

were the exceg?lon consuming an average of 16 pellets out

of each patch durlng_the last session prior to the

lntr'oductlon of a third patch. With three full patches, the

- .rats were consuming a mean of 18.2 pellets from each patch

5.durlng a sesslon At this point only two of the rats were

conslstently leavlng more than one or two pellets in each

;:patch Wlth the lntroduction of the stands and ladders, the

' mean number of pellets consumed from each patch dropped to

42, 8 a figure based on data from the day prior to. the

E;lncorporatlon of unequal prey densltles After five sessions

o with unequal prey densities. the rats were foraglng

/.

26
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consistently under’these ccnditions (leaving»similar.LOCs‘in
each patch over three consecutivehsessions) .and a
best-fitting line was fit through the data, from the
follow1ng five days for each subJect The analysis revealed
that the LOC model of foraging described the data well, with
an overall mean'y4intercect of -1.34 (range = -3.10 to 0.30)
and an overall mean sicpe of 0.88 (range = 0.53 to i.08).
Over the five-days, a mean of 47.5 pellets were’ccnsumed per
session, out of the total 60 pellets available%!There were
few instances of any of the rats failing to !jsit patches
during a session. The final change ddring the training part
of the experiment was the introdnction of sucrcse pellets.
Over the three days, the rats appeared to reatt to the
replacement of standard pellets with sucrose'ceiiets.
consuminé a mean number of only 21.3 out of the total 60
pellets available per session.

. . ‘ o - ' '
Phase 1 ‘ '

Dﬁring Phase 1, the rats were allowed eight 30- minute
foraging sessions on consecutive days. Overall the mean
total amount eaten per session was 43 out of the 60 pellets
'availabie per session There were no - instances of a rat not
_visiting a patch during Phase 1. The average nuMber of patﬁh
visits in a. session was 10 5 (range 2 5.4 to 16. 5)

, o -
.spent in a patch increased as a function of food dens1ty,

_with_a mean residence time of 7.07 minutes fcr:10~pellet -

/



28

patches and 10.12 minutes for 20-pellet patches. The mean
humber.of pellets consumedtper minute over both prey
densities was 2.4.(These behavioral measures of foraging are
summar ized in Table 3.

- e - -, -m e, e m e e m -

Insert Table 3 about here =

Search paths were highly efficient. The probability of
a repeat visit to a patch as a function of the‘oreinal
number of the vistt for the tho experimental groups is-shown
1h Figure 4. Two theeretical extremes of performance, the
cases of "peffect memohy" and “ho'memory," are also
.displayed for comparative purposes. A subject with no
memory, chobsihg patches strictly on a random basis, would
visttna previously vtsited.patch on the kbth visit with

probability R(repeat),

' Rirepeat) = 1 -\k -
: N® Co '

whehev& is the'numger of patches (Mellgren-et al.}\1984t.
The actual performance of the rats is clearly closer to the
perfect memory case; | . o ' o
Insert Figure 4 about here
.......... ;(,;-------_-------_
A least squares regression analys1s determ1ned the
»subjects utilization of the available pellets as a function -

g@ differing densities with the results shgwn in Figure 5.
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The mean y-intercept/?ven all the subjects was -1.29, while
the mean slope was O.BK (r = 0.80 between amount available

and amount consumed) .

Conditioning 1 \\\*f// .
: On the first day of the initial conditioning, all

subjects consumed the total 50 pellets offered for 10
minutes in the home cage, prior to the injections. On the
second day, the mean consumption rate was 4.2 pellets during
the 10 -minutes. Only two rats consumed any bél]ets on the .
third day, with one subject eating two pellets and the\other
eating a single pellet. |

Following the aversion cbnditioning. the subjects w%re
randomly divided ‘into two groups for the extinction
procedure. Over the coursé of the extinction trials, .'J
consumption of the pellets gradually increased to \ |
'.approximately 10 pé]iets; subsequént fo this, the
consumptioﬁ rate increased much more drasticalJyQ Group
ofw-s required a mean number of 19.3 extinction days to '
reach the criterion of 80% éf the original 50 pellets (range
= 10 to 27).'In contrast, Group 0-S-W took a mean number of .

11.8 extinction days to achieve the criterion of 20% of the
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original 50 pellets (range = 10 to 13).

5

|l

Phase 2

During Phase 2, the rats were allowed four 30-minute-
foraging sessions on consecutive days. For Group 0-W-S, the
overall average amount egtén was 38.5 pellets per session.‘l
.There were no instances of a rat not utilizing all of the
four patches in a sessioq. The average number of patch

6.5 to 15.8). Time -

visits in a session was 10.6 (range
spent in a patch increased as a function of food density,
with a mean residence time of 6.32 minutes for 10-pellet
patches-and 9.08 minutes for 20-pellet patches. The mean
ngmber of pellets consumed per minute over both prey
~ densities was 2.6.
For Group 0-S-W, the mean total amount eaten duﬁing
Phase 2 was 32.1 pellets per session. There was only one
instance of a rat4not'utilizié§ a 20-pellet patch during a
foraging session. The éverage number of batch Qisits in a
séssionvwas 7.1 (range = 5.8 to 9.8). Time spent in a patch
"increased as a function of food density, with a 5.12 minute
1,res1dence time for iO—pe]let patches, and a 6.43 minute time
for 20-pe1]et patches. The mean number of belléts consuméd
per minute over both prey densities was 2.5. Refer to Table
3 for a summary of these foraging measures organfied
“acéording to level of aversion. .
As in Phase 1, séarch paths were :8713 highl&
efficient. The brobﬁbility of a repeat visit to a patch as a
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function of the ordinal number of the visit for the two
grbups is showrf in Figure 6. As before, the performance of

the rats is very close to the perfect memory case.

i e T T T T O g S U Iy

A least squares regression analysis deteérmined the
subjects’ utilization of available pellets as a function of
differlng densities. The results are shown in Figure 7.vThe
mean y-intercept was -0.54 and the mean §lope was 0.68 for
Grouﬁ 0-W-S (r = 0.83 between amount available and amount
lconsurhed). For Group O-S-W; the mean y-intercept Was -0.19
and the mean slope was 0.52 (r = 0.58 between amount

available and amount consumed).

LI i T T T T S N Ui S SISy
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Conditioning é\

On the fi&st day of the second‘cbnditioning to the
sucrose pelletsl the rats in Group 0-W-S consumed a mean
number of 45 7 pellets during the 10 mlnutes prior to the
first injection. Qn the second day, the mean consumption
-rate was“0.3 pellé&s. On the third day, the'rats again-
consumed an.averagé\ff 0.3 pellets. Following the aversion

\
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cond1t1on1ng.‘the‘rats in\this gboup wefe extingbished to a
20% criterion. The group required a mean of 11.7 extinction
. days to reach the criterion (range = 4 to 26).

On the first day of conditioning, the rats in Group
0-S-W consumedia mean of 46.5 pellets during'the 10 minutes
prior to the first injection. On the second day,‘the mean
consumption rate was 3.8 pellets. On the third day, the rats
consumed an average of 0.5 pellets during the 10 minutes.
FoTlowing conditioning, rats in this group were extinguished
to an 80% criterion, requiring.a mean number of 23

[ 4

extinction days (range = 14 to 45).

¥

“

se 3 : o .

During Phase 3, tﬁe r;ts were permitted four 30-minute
foraging sessions on consecutive days. For Group OFWfS. the
overall mean amount eaten was 14 pellets per session. There
were two instances of the same rat failing to utilize all
the pafﬁhes dﬁring a session. The average number of patch

visits in a session was 6.2“(rahge = 3.3-to 7.0). Time spent
-1n>a pafch increased only marginally as a function of.food
density, with a mean residence time of 5.08 minutes for
IOspellet patches, and 5.83 minutés foq 20-pellet-patches.;
- The mean'nUmbér of pellets consumed per minute err both
- prey densities was 1.3. ' ) ’

For Group O-S;W, the mean total amount eateﬁvduring

Phase 2 was 29.7'pe]lets'peE‘SQSSion.'Theré were instances
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of rats not utilizing all the available patches, with one
. rat not visiting a 20-pellet patch during a session, and a
secpnd rat faillng to.visit a 10-pellet patch in one session
and during the final session, not utilizing any patches. The
averagé number of patch visits %n a session was 5.8 (range =
4.1 to 8.6); Time spent in a patch increased as a function
of food density, with a 4.93 minute mean residence time for
10-pellet patches, and a 6.35 minutéltime for 20-pellet
patches. The mean number of pellets consumed perAminute éver
both prey densfties was 2.7. See Tablé 3. |
' As in the previous phases, search paths weré highly

efficient. The probability of a repeat visit to a path as a

function of the ordinal number of the visit for the twoy

groups is shown in Fjgure 8. Actual performance is agatg

more closely approximated by the perfect memory case.’

I T I e A e
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O A leastvsquareg?regression.analys{s determined the
subjects’ utilization of availéb{e pellets as a function of
differing densities. The.results!are Showh~1h Figure 9. For
Group 0-W-S, the méén y-intercept was ;1.88~and the meaﬁ y
slope was 0.36 (r = 0:55'between amount aVaiJébJe.ahd,amount
coﬁsumed).'qu Group O-S-w,'thé mean y-interCept‘was‘0;44
énd‘the mean. slope Qas 0.50 (r = 0.58 between amount

available and amount consumed).
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bomparison of Pre and Post Conditioning Tests

A comparison of several measures of foraging under the
vaP fous levejs of aversion was predicted to show a number of
specific effects, provided the experimental manipulations
successfully mimicked the,presentation of
‘differentially-ranked prey types. According to optimal.
foraging theory, as the energetic value of prey decreases,
the amount of the prey consumed hy the forager should also
decrease. As a result, the LOCtis’expected to increase,
while patch residence time should decrease. The fit of the
optimal foraging mode | should remain unchanged regardless;
of . the value of the food type Consequently, if aversion .
Aconditioning forms a mechanism of diet selection the same
effects sho/Qd be- present when foraging on a prey type
across different levels of.aversion Each of the indices of

_ foraginq are,describedrseparateiy for ease in presentation.

"Fit of the LOC Model
The correlation between the amount eaten and prey
o density was taken to be an ‘index of the error
';variability or ‘degree of fit" with the linear
regression mode] The fit of the foraging model should
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not vary across the different levels of aversion because
animals‘presumably forage in an optimal manner,
regardless of the types of prey available.

The actual analysis was carried out on Fisher's z
transformation of the correlation coefficient. It was
necessarxrfb transfor@ the correlations into z scores
because the sample means are correlated with the sample
- varignces. Unlike the correlation coefficient, Fisher's
z is a random variable with a normal distribution and,.
therefore, tests of hypotheses do not violate the
asgumption of homogeheity'of var%ance 1nheren{ in the F
test (Staff of Research and Education Association,

1978) . | '

Initially, t tests of the difference in group means

&

.at Phasé)2 and Phase 3 were computed to determine if the

. groups differed significantly on their z scores. Since

the gboups differed only in the order of aversion level
conditioned, /there was no reason to eipect any
systematic d(%{grénces ahd the t tests, based on the ‘
.assumplibn of a common population variance, merely
confirmed this: [t(5)=-2.55, p>.05..two-tailed] for
Phase 2, and [t(5)=0.50, p>.05, two-tailédl'for Phaéé 3.
Thus, "it was Judgeé‘aéceptable to collapée'the two
groups in order to use a more_pqwerful one-way repeafed
measureS‘anaIysis of variance.“The'analysis revealed
results cbnsisteht with the earlier prediét1on: a

nonsignificant effect due to aversion level
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[F(2,12)=2.80, p>.05]. In other words, the fit of data

S
to the LOC model of patch use did not change over the

different levels of aversijon.

Y-Intercept of the Utilization Function.

According to optimal foraging theory, utilization
of available prey as a function of food density shoutd
produce a linear function with a slope of 1.0 and a
y- intercept of -(LOC). The LOC, and its additive
inverse, amount eaten, are- indices of the amount of
resources an animal has taken from its environment.
iAlthough the average LOC should be the same for all
patches of a particular prey qoaiity, the LOC for
patches characterized by low quality prey should be
greater than the LOC for patches of. high quality prey.
Likewise in the present study, the LOC was expected to
increase with increasing level of aversion or, in other
words, the y-intercepts of the subjects"functions
should become more negative under conditions of
increasing aversion. ' SR

The t tests of the difference in group means
indicated a nonsignificant difference for Phase 2
f(t(S) 1.14, p>.05, two-tailed] and for Phase 3
{t(5)=1.35, p>. 05 two- tailed] which-was accepted‘as
justification for: collapsing the groups No significant
'effect due to aversion levels was found for the
oy intercepts [F(2.12)=1.55..p>.05]. Contrary to the |
; change predicted'by the LOC model of foraging, the
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y-intercepts did not decrease with increasing levels of

aversion to the pellets.
Y
Slope of the Utilization anction.°

The slope of the least squares regreésion line
represents an index of the amount of resources an animal
has removed from the environment in relation to the _
density of the resources._According to optimal foraging
theory, the slope of the functiob should equal 1.0%?
regardless of the type of prey present in the habitgt A
Likewise, in the present study, the~§T656§"of”—he—v‘
sub jects’ functions shoaid remain at 1. 0 under all
levels of aversion.

A t tests of the difference between group means were
. nonsignificant for Phase 2 [t(5)=-1.40, p>.05,
twgitailed] and for Phase 3 [t(5)=1.15, p>.05.
two-tailed], and the groups were,coliapsed for the
analysis of variance. As expected, any variance due to
subjects was not significant [F(6,12)=1.18, p>.05]. This
- test was_assumed to be unbiased‘because Tukey’'s test of_
additivity (Tukey, 1949} indicated there was no subject
by aversion level interaction [F(1,11)=0.33, p5,05}.

The test of the effect due to aversion level was
significant [F(2 12) =8.60, p< 005] even when aséUming.
extr heterogeneity of variance (at a probability
level of 0.05) (Box, 1954). An estimate of the relative -
effect of tpe aversion conditioning manipulation was 41%

of the total variance in the treatment poplulation A



set of three contrasts were used to detect the
significant sources ofivarjation, with the per
comparison error rate adjusted to maintain an overall
error rate for tne set at a probability levoT of O;QS.
Only the Jargest .contrast, which compared'the no '
aver;Ton mean of 0 81 with the strong avers1on mean of
0.45 was sign1ficant’[F(1 12)=16.71, p<. 005] Tne
remaining two contrasts, the no aversion versus the weak
aversion(and the weak - aver31§n‘versus the strong
aversion, were not significant [F(1,1%)=7.02, p>.0171
and [F(1,12)=2.07, p>.017], respectively. Thus, contrary
~to the original prediotions, the slooes of the
1ndividual foraging functions did not remain at 1 0 but,

rather,;dgoreased with increasing levels of aversion.

Figure f"shows a comparison of the ut111zat1on
functféns across the three aversion levels for each

individual subject.

Ll B R I et T e i

Patch Residence Time.

‘. ~ The'final hypothesis tested was’ﬂgether*time spent
in the.patohes‘i'crsased w{tn'increasing_aversion
levels. Although.patch residence time is not necessarily
~ a direct index of foraging because it can also r’eﬂect |
non-foraging activities, Mellgren et al. (1984) reported

that, in genera], residence time increased with
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increasing.prey density and decreased‘with decreasfng
E/h ratio. ?imilarly,'in‘the present study, it was
predicted that residence times should be gregtez for
- 20-pellet patches than JO-pellef patches and that these
times should decrease with 1ncréasing levels of
‘aversion.

Tests compariné the group means on residence time
during Phase 2 and 3 were computed separately for each
of the two prey densities, in case the groups responded
differentially to density. For the low deﬁsity patches,
mean residence time did not differ significantly in
Phase 2 [t(5)=-1 45 p>.05, two- tailed] or in Phase 3
[t(5)=0.02, p>.05, two-tailed]. Similarly, for the high

. density patches, the groups did not differ in residence -
time for Phase 2 [t(5)=-1.56, p>.05, two-tailed] or
Phase 3 [t(5)=0.35, p>.05, two-tailed]. Based on the
nonsignificant differences, thé\groupéfwere collapsed
%or a tw§-féctor analysis of residence time and prey
"density. Assuming a;nonadditivé model, both prey. density
1F(1,8)=71.36, p<.001] and level’of aversion . J
IF(2 12)=14.32, p<. 001] were highly significant sources_
of variance. Furthermore the interaction of prey
density and aversion leve] was significant
[F(2,12)=8.31,vp<.01l.»[ﬁé 1ntérqct1on effect is shown
in Figure 11. | g |

“u .
\ . < <
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‘*hree sEts of contrasts were computed to detect
differences among subset means. One set of contrasts
compared'aversion condition means at the low prey
density level. For thecto-pe]let patches, residence time
did not differ significantly for the comparison of no
aversion with strong aversion [F(1,12)=1.01, p>.017],
aversion with weak aversion [F(1,12)=0.62, p> 017],
weaK aversion with strong av sion [F(1, 12) 0.00,
p>.017]. Similarly, for the h1gh density patches, the

‘compariSOn of no aversion witﬁ’%trong aversion was not
jsignificant [F(1,12)-5.30ﬁ\p>.017], nor were the
comparisons of no\aversion‘with weak aVersioﬁﬁ’

(F(1, 12) 2.62, p> 017] or weak avers1on with strong 4
averston [F(1 12) 0.05, p>. 01%} Finafﬁy, the th1rd set
~'of contrasts compared mean resid ce tines across the |

two prey densities for each leve?qﬁk averiaon
: separately Residence times did not ﬂ1ffer scgn1ficant1y

\

between th high and low prey densitiesﬁw1th no aversion
. ) : Y N . .
?;\‘p>.017] 'with'a weak averSion

A [F(1,6)=1.28,
[F(1,6)=0.39, p>.017] or with a strong aver51on
[F(1,60=0.11, p>.017]. o,

Dverall. residence’g%Me wasvgreater for the high
 _dens1ty patches than the low denity patches, wlthough::

1 - contrasts of the means were not sufficiently powerful to L
A , . o ‘ V*;

KA
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detect the exact location of any differences. As
predicted patch residence time decreased with'
vincreaSIng aversion to the p;%l&ts bu} a significant
interaction effect indicates that the decrease was more

pronounced for time spent in the high density patches.

Number of Patch Visits.

A1though the previous analyses were sufficient to
test the ma jor hypotheses of the studv, the data
'coiiected,permitted the extraction of additjonal indioes
‘of'foraging:lOne'such measure. is the number of patch
"visits made during a session It is difficult to make a
theoretical prediction of whether the number of visits
to each patch should vary across aversion levels because
-the MVT assumes. that return visits to a patch are not ’
made . Therrats in this study did tend to make severai

¥,

return v1sits and the number of v1sits in a session |

\\

appeaﬁéd to decrease across the Jeveis of aversion,: as

is shown in Figure 12

- s e e e w e .- e e - -

Insert Figure 12 about here

| The b tests comparing group means on average number_"jt
_‘of patch visits per session were not significant for B
Phase 2 [t(S) -1.41, p>.05, two-taiied] or for Phase 3
.[t(S) =-0. 20 p>. 05 ‘two- taiiedl. and- the: groups were | L
‘,collapsed A marginaiiy significant effect due to ,_,f]-
| subjects was detected lrts 12)=3.98, p<.051, whiche o
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merely suggests ihere was individual variation in the
number of patches visited by the different subjects.
Tukey's test of addi{ivity was nonsignificant
[F(1,11)=1.96rﬁp>.051. wnjch meant the data were
additive and the F test cf the subject effect was
unbiased. 0

ine variation due to aversion levels was
‘; significant [F(2,12)=6.46, p<.025] and an estimate of
the relative effect was approximately 21% of the total
variance. The set of constrasts revealed a'significant
difference oniy‘in the number of patch visits in the no
aversion (a mean of 10.5 Qisits) versus the strong
aversion condition (a mean of 6.0 visits)
[F(1,12)=12.84. p<.005]. The no aversion versus the weak
aversion and ‘the weak aversion versus the strong
aversion comparisons were not significant [F(1,12)=2.37,
'p> 017] %nd [F(1,12)=4".18, p) 017], respectively. Thus,
”-ithe numbeb of return visits to patches du.ing a session

decreased with increasing levels of aversion.

Rate of Return.

| A'final indication of foraging extracted from the
date'was.é-rate of returnxmeesur;. As both residence
1ime and amount eaten decregsed across the levels of
.avebcicn. fhe question afises'whether changes in
'foraging efficiency occurred. Dividing amount eaten by
residence time yields a nate of return measure. The

‘”’difference in group means was not significant for Phase
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2 [t(5)=0.05, p>.05, two-tailed] but for Phase 3, a
group difference in mean rate of return was highly
significant [£(5)=5.98, p(;a02, two;tailed].
Consequently, the groups/w;re not collapsed‘and the
analysis, using the metﬁod of unweighted means, revealed
that aversion level was not a significant' source of
variance [F(2,10)=3.07, p>.05]. However, there was a
significant effect due to groups [F(1,5)=10.80, p<.025] :
and a significag} interaction of groups with level of
aversion [F(2,10)=5\.40, p<.05]. The interaction effect
is shown in Figure 15. A visual inspectibn of the graph
reflects the results of the initial t tests that the
groups priharily differed in the rate of return obtgined
during Phase 3.‘Perhaps the combination of being tested
with a strong aversion following the second, conditioning
‘had a more(powerful effect on rate of return than either
a strong\aversion following thé first conditibning-or é ‘
weak éveréion foliowing Fhe second condjtioning.’lf sO,
it is puziling why the 0-W-S order would afféct only the

rate of-return'and not the: previous measures of

foraging. \\\

W eh A We G G M G e D CE MR A G S W S W ML L M e e s e e e o
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IV. DISCUSSION
The expériment presented in this report was designed to
assess the role of taste aversion learning as a mechanism
for diet sélection. It was expected that the foraging
patterns of animals observed under .various levels of

aversion would obey the same laws as those derived for;?rey

—M{;;;s of differing quality. Thus, four specific hypoth(ses
corresponding fo four measures of foraging, were generated
from the LOC model of patch use. fhe'fit of the behavioral
data to the model did not‘change across levels of aversibn,~
but an examination of the utilizatioR of available food as a
function of differing densities indicated that the specific
prédictions of the LOC model were not met. The slope of the
uti]ization function was predicted to be 1. 0 in all phases
of the experiment, while the y-intercept was expected to
decrease with increasing aversion to the food..In the
present expegimept, the slopes of the utilization functions
decreased with increasing aversion, while the y-intercepts
ﬁemained unchanged. Thus, the subjects ;howed a tendency\to
decrease consumption of the pellets across levels of |

| aversion but the reduction was not .in accord with the
optimal §olution generated by the LOC mode]l. An anélysis of
patch residence time indicated that this fourth measure of
foraging also decreased with increasing aversion but,
-contrary to the orig1nal prediction, the effect was greater
for the high density patches. In addition, the number of

patch visits during.a'sessibn decreased as a result of the

44
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aversion conditioning. The'effect of aversion on rate of
return is not entirely clear, since the rate of return
obtained by one group tended to decrease, while for the
other group, the measure remained unchanged. In sumhary,
with increased aversion to the pellets, patch visits, patCh
residence time, and'pellet consumption decreased. Since
these chénges were not entirely in accord with the
predictions of the LOC model, the original hypotheses were

7 not suppérted.

Are the experimental results to be takén as evidence
that rats forage suboptimally when tested with varying
levels of aversion to a prey type? Before concluding this,
certain alternative poss}bilities“need to he considered.
There may have been limitations in the.design.of the -
experiment. For instance, it isifeasible that the
measurement of aversion}level used in the study was not
sufficiently sensitive. A general frend'observed in the
'con$umption rate across extinction days sugges}s that over
the first few days following thé injections (; mean of 9.1
days for Conditioning 1)'thé raté'characteristically ate
only one or two pellets a .day. Supsequent to this period,

| consnmption rate tended to increase dramatically, with the
rgts usually re?ching criterion within a day or two.
UnﬁortunateTy; it is nof readily apparent how this
'comblication could be avoided. If the‘extinction criteria -

were set to loyer levels, it is likely that any systematic

v ‘ . ‘
changes in foraging would be too difficult to detect amid
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.the "noise™ caused by subject variability.

The deviations from opthimality reported by Mellgrgn et
al. (1984) under canditions of small interpatch distance
point to a second possible limitation in the design of the
eaperiment. Mellgren et)al. (1984) found substantial °
deviations between the behavioral data and the optimal
solution generated from the LOC model at 1ow travel costs.
As cost increased, ?oragingvpatterns moved closer to
optimality. The cost of\travelling between patches is a
measure of the amount of energy a forager must expend in
_ order to obtain food. In the Mellgren et‘al. (1984) study,
deviations fron optimality were observed under conditions of
.low‘energy éxpenditure in relation to gain. Similarly, in
_the present experiment, deviations occurred following the
.replacement of standard pellets with sucrose pellets during
the preliminary training. Switchind from a low E/h prey type
to a'relatively higher E/h type can be'viewed as an increase
in energy gain, while the ‘energy expended through trave}\and
handling remained unchanged Thus, with a similar alteration

in the ratio of expenditure to gain, the suboptimal patterns

observed by Mellgren et al. (1984) may have also complicated

the\EFesent analyses.

A theoretical explanation of'such deyiations from the
B ‘optii solution is provided by Real’s (1980)

-variance model of activity allocation Real

hypothesized that under conditions of fitness uncertainty, a |

forager should initially be conservative because familiar

<

7
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behaviors result in a greater contribution to fitness per
unit of activity than exploratory behaviors. However, once
thé animal’s minimal energy requirements are metd it is
often more adaptive to divgrsify behavior. Specifically, as
more timeAand/or'energy Becomes avaiiable for foraging, an
animal shéﬁld be willing to take greater risks in its
behavior and tend to deviate from the optimal solution.
Since the hypotheses tested were generated from the LOC
‘model of patch use, an extension of Charnov’s MVT, it may be
enlighteningﬁtb assess how well the theory’s constraining
'aésumptioﬁs were met in the present study. For examp1e, in
‘order for the LOC model to be applicable .to the foraging
simulation, it is necessary to assume thaﬁfzgg\?Bqulggh::om
is‘viewed as an entire habitat'containing discrete paté
of food. It is possible that the rats behaved as if the r;om
was one large patch, with food unevenly distributed within.
While it would be exceedingly d1ff1qu1t to determine if the
as§umption of the thebbém is valid, certain findings in the
data prov}de suggesti?e evideﬁCe. For 1nstan¢é..the
.effﬁéiént search paths indicate that the_ratsAwere easily
able to discriminate thé four patches of food. Furthermore,
the foraging patterns observed during the‘prélimjnary
training matéhed very clqsely with the oﬁtimal squtfon
generated by the LOC modé1 Thus. it is likely that the rats
did - forage as if the room were e a _habitat containing four

discrete food patches.
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A second concern that arises when interpreting the
results of the present study is the obvious violation of t
constraint of no return visits to a patch. In its current
state, the MVT assumes perfect memory with no return visit
If no memory for preyiously visited patches were assumed,
the forager would'behave as if the habitat contained an
infinite number of patches with a multitude of densities,
dependlhg on the amount of preQious foraging. Under such h
conditions, derivation of the optimal foragingApattern would
be overwhelmingly complex. The efficient search paths
displayed by the rats in the present study indicate that an
assumption of perfect memory is much more realistic than an
| assumption of no memory for already visited sites. This
inference also'has support from studies of spatial memory,
in which it has been shown that rats are capable of |
remembering up to 32 spatial locations (Olton, 1978). Thus,
it seems reasonable to conclude that, at least for this
species, thedihcorporation‘of return visits into the MVT
would produce only slight changes in the pred1cted opt1mal
-foraging patterns. Nevertheless, the extension of the MVT to
situations wh1ch violat¥ the assumption of single patch
' vlsits is necessary and poses an interest1ng problem for
theorists . . N

The finding that the utilization function slopes tended
to decrease with increasing aversion to the pellets suggests
a flnal 1nterpretation of the experimental results.
According to the LOC model when the slope is 1. 0, a

i :‘"1%)
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constant amount of food is left in each of the patches,
regardless of initial prey density. But if the slope is not
1.0, then the amount Iett in each patch is not a constant
and the animal is not foraging optmimally. Meligren et

al. (1984) provide a formula for estimating the optimal LOC

for each patch of a habitat:

Loc = § - P
TN

where N is the number of patches,.R is the total prey
available per bout, and P is the mean number of prey
obtained per bout . The mean prey obtained per bout is
calculated over all patches in the habitat and all foraging
bouts under a particular level of aversion. When optimal
LOCs are estimated from the data of the present experiment,
a consistent trend of overutilization of the 10-pellet
patches and'endehutilization of the 20-pellet patches exists
for each subject. Further evidence of this deviation‘from
oo%imality comes™ from an analysis of the actual amounts left
in the patches The interaction of prey density with
aversion level was found to be a highly significant source.
of variance [F(2,12)=7.29, p<. 008] This interaction effect
shown in Figure 14, suggests that not only were the
left-over-amounts 51gn1f1cantiy different for the two prey
density values, but also the left-over increased more across
level of aversion for the high density patches than the low |
density patches. For the low density patches, the mean
left-over-amount increased from 3.2 with no aversion ‘to 4 4,

with a weak aversion and finally. to 6 2 with a strong
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aversion. In contrast, for the high density paches, the
mean ‘left-over-amount increased from 5.2 with no aversion,
to 8.9 with a weak aversion, &hd to 11.5 with a strong
aversion. Thus, while the subjects did leave more pellets
with increasiég/aversion, the‘ieft-over-amount was not a
constant across all patches.and the magnitude of the
increase was not the same for both prey density vaiues \
With unequal prey density conditions, Mellgrén et
al. (1984) also reported the overutilization of low density'
patches and underutilization of high density patches These
researchers attributed the tendency to overutilize patches
as being due to the rats “sampling” from the enVironment If
'the density of prey in a patch cannot be determined by
direct sensory cues, a forager must estimate patch quality
with the amount obtained at the start of a patch VISit In
other-words, the forager attempts to maximize energy intake
over the total foraging time by sacrfiicing short term gain
and acquiring information about the relative’quaiity of the-
patches. The primary result of us1ng such a strategy is that‘
a forager would on average eXp]oit patches to a greater
‘extent than predicted by optimality models because optimal
foraging theory assumes that foragers maximize rate of food
intake at every moment in time. | U
Krebs Kacelnik and Taylor (1978) }ested for the .
existence of sampling behav1or by observing great tits
hopping on perches for food delivered on variable ratio

schaduies With two perches concurrently available,‘the

o
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birds initially distributed the number of hops on each perch *
roughly eqdally, followed by a period of pure exploitation

of the schedule associated with the higher re%ard rate. The
length of time 1nvested in sampling the two schedules varied

-d1rectly with the length of the session. With long sessions,

N the b1rds spent a constderable amount of time sampling to

ensure that on]yuthe‘richer schedule would‘be exploited.
With shcrter'sessions, though, the birds sacrificed less
from the maximum intake rate but also increased the
probabi]ity of making a mistake‘ahd choosihg the poorer
schedule; Thus, the birds in the Krebs et al. (1978) study
behaved as if they were acquiring 1nformation'during the
sampling period to achieve a longer-term optimum.

In the present .-foraging simulation, initial sampling
from the patches wcold be necessary to discriminate high
dens1ty from low densxty patches because density location
..‘was sw1tched with every session. .An inspection of the pa%ch
residence t1me data suggests this initial period of samp]ing
. may have occurred The rats consistently displayed a
tendency to visit one or two patches for very brief periods
(under one m1hute) before spend1hg‘cons1derable time tn
'-each patch (usually 2‘3'minutes\per vjsit). Fdrthermcre,_in
severalqcases,,the optimal LOCS here estimateddto be values
which exceeded the initial amount available from the_lcw
density“patches..Under_such conditions, the LOC model would
predfct'theSe patches would not have'been foraged in at all

because the rate of return is already lower than the average

/
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rate of >eturn of the habitat (refer to Patch C of Figure

1). Yet in every instance, at Ieast one or two pellets wehe
taken from each 10-pellet p;tch. Thus, it appears feasible
that the rats in the present study were engaging in a shori'}
period of sampling at the beginning of each session.

The incorpohation of a sample-then-exploit strategy ’
into optimal foraginhg théory has been restricted to very
simple models that predict how the forager ought[to est1mate
the quality of‘a patch (e.g. Lima, 1984, 1985; McNamara,
1982; Oaten, 1977). Taking a somewhat qifferent approach,
Iwasa, Higashi, and Yamamura (1981) heve tried to establish
the utilfty o} specif?c foraging strategies ﬁnder var jous
phey distribution conditions. They comparéd the immediate
maximization strategy with two alternatives: a fixed-time
rule, which predicts that a‘?orager will search for a fixed
period of time in each patch before leaving, and a
fixed-number rule, which phedicts that a forager will leave
a pafeh afteb a fixed number of prey have been consumed. In
a hab1tat where a high density patches cannot be 1mmed1ately
distinguished from low density patches. such as in the
foraging room, a pure maximization stnategy only provides
the greatest rate of return when the between- patch variance
1n prey abundanceA1§ﬁTérge ‘éince ‘the distr1but1on they
examinedm\hVOJVed patches of either zero or 10 jtems of
fooe. the f i xed-number strategy_was automatice]lyvruled out.

A pdtentielly more informative‘approach would_haveibeen o

»‘tq contrast combinations of thefthree strategies because a
. A ‘ . ) g
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sample-then-exploit strategy is most closely approximated by
oL

an integration of the fixed-number and immediate

maximization rules. A pure fixed-number strategy would

produce a utilization function with a slope of 0, while a

pure maximization strategy would produce a slope of 1.0. A

coﬁbination of the two pules would predict foraging patterns
more akin to those obsfrved ip thé study. Thus, the
particular pattern-of fresults obtained may be due to the
occurrence of an initial period of sampling in each session
combined with' the design limitation of only having two prey
density values. With the optimal time allocation to }he Tow
density patches equalling zero on several occasions, the
utiiizatidn function wou]d not be"expectéd to have a slope
G.9f 1.0 because the low density patches should not have been
exploited. - :
in dealing with the underutilfzétion of high density
patches, ‘Mellgren et al. (1984)'sUggestvthat errors in the .
judgement of time spent foraging hay have been the cause.
Witq patches'containfng'large amounts of food, the total
time spent in a patch would include more time for \t\\
nonforaging activities than wifh patches containing small"_
'ambunts_of food.‘ConSequgntly.vthelforagerfs 1nterhél c]bck
would be biased toward reading too much time relative to the
actual time spent fqréging'and the forager would
tﬁdnderestimate the rate of return and leave too soon. On the
other hand, a more parsimonious explanation would be that
undeﬁutiliiation ispaiso a.conéequence‘of sampling'Bé%auﬁé ;

!
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the forager must sacrifice some of the maximum intake rate
available. In other words, if an initial period of sampling
occurs, then underutilization of ‘high density patches is a
necessary repercussion. Obviously, the most efficient
foragertmust strike an optimum baiance between exploration
and exploitation of the environment.

’ In conclusion, the results of the present experiment
appéar compatible with the notion that foragers do not
necessarily use an immediate maximization strategy when
foraging. The incorporation of a Sample—thenfexpioit
strategy into the LOC model wouid‘iikeiy"geherate
predictions that describe the observed foraging catternst
more accurately than'a model that assumes a maximization
rule. If the assumption that animais forage purely to
minmize effort relatiVe to payoff is ihvalid. then the
results of the study cannot be used as a basis for
determihing the roie of taetefayersiontiearning as a
mechaniSm for diet selection. Before a mechanism for

. discriminatinq food types can be identified further
research must be directed toward establishing the exact
nature of the foraging strategy(s) used by the species under
‘study Eiucidation of the various foraging strategies and AZ‘
the proximal rules that permit their use will no doubt be an

'important aspect of future research in the deveiopment of-
modeis of foraging behavior.' ' '

-
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Experimental design and order for each group.

~

Table 1.

Group Phase 1 Conditioning 1 Phase 2 Conditioning 2 Phase 3

0-W-8 8 Foraging Extinction 4 Foraging * Extinction " 4 _Foraging
Sessions , to 80% Sessions to 20% Sessions

0-S-W .8 Foraging Extinction 4 Foraging "Extinction a.monmmwsm
Sessions ©  to 20% Sessions Sessions

to 80%

.



-Table II,

mm:mmcwm Om&mommmw=m and no:aHnMQSM:m for each mcmumnn. .The first
four subjects represent Group 0-S-W, while the men.n:nmm subjects
are Group 0-W-S. (F = Foraging Days, C = Conditioning Days, E =:
Extinction Daysg R = Rest Days)

. .

¢} . .
Subject Phase 1 Conditioning 1 Phase 2 Conditioning 2 - -Phase 3
<

R1 . 8F 2C/12E 4F/5R S 2C/14E 4F
R3 8F > 2¢/10E 4F/TR Y 2C/14E 4F
R4 T 8F 2¢/13E | 4F/4R 2C/45E 4F
R6 8F 2C/12E - 4F/SR 2C/19E 4F

@ &ﬂﬁ 4 - ) ) C . :
R2 8F 2C/21E 4F/18R . 2C/SE 4F
RS 8F 2C/27E 4F/12R 2c/26E - . . 4F .

R7 ‘ 8F "2C/10E . 4F/29R 2C/4E , . 4F

g
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-Table IIT. )
Measures of foraging behavior as a mc:nn»os.Om.wcmanon level. , @
Aversion Level ) : Behavioral Measure
Average amount No. patches ' Residence time Rate of return
eaten visited o (in min) Avmﬁwmmmxsnsg
) ¢ : . 10 item 20 item .QJK
) patch patch S
No aversion 43.0 . 10.5 7.07 - 10012 1 2% g
Weak aversion™ . 36,1 8.2 , 5.63 7.72 . 2.7
Strong aversion 23.1 6.7 m.pc_ " 6.13 : 1.9 N
Note. The data from Phase 2 and 3 were collapsed across groups for the weak m:a.mmnOlw

-

aversion levels.

. : _ . ) -6 : - o o
) ﬁw . - T .
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Figure 1.

67

1

Cumdative net onergy gom

The marginal value‘theorem for time allocation to ; set

of patches. The curves labelled A, B, and C plot the -
instantaneous marginal capture. rates for three different
patches during a foraging bout. The line of slope R
represents the average .capture rate for the entire sef

of patches, including time spent traveling between

patches (T). The optimal time allocation to each patch
can be determined,by constructing the highest line

tangent to the return rate curve|for.that patch that is
parallel to R (the broken lines). A line from his
point of tangihcy perpendicular to the time §
intersects this axis at the’ opt imal time allocation Eor '
“that patch (dotted lines to Toand ). A patch whose

return rate curve does not pass above the mean return

. ratggiurve (e g. Patch C) should not be utilized, since

the point of tangency is at the origin and the optimal
time allocation would be zero. Note. From’ ' : _
"Anthropological Applications of Optimal Foraging Theory'
A Critical Review" by E. A. Smith, 1983, Current
Anthropology, 24, p. 632. Copyright 1983 by the
Wenner-Gren Foundation for Anthropological Research.

'Reprinted by permission.



(1)

Energy intake while in a poteh

Figure,Z.

PATCH TYPE ¢

+

PATCH TvYP( 2

- . o wh e -
- -
-

Time in porEh (1)

The energy incake for time (T) spent in .a pacch
of type i is given by h(T). The function is
assumed to rise to an asymptote. ‘Noee From
"Optimal Foragxng, the Matginal Value Theorem
by E. L Charnov. 1976, Theoretical Populacion

68

‘Biologz, 9, p; 130. Copyright 1976 by Academic
Presa, Iﬁc. Reprinted by permission. o 3
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Flgure 3. The re!atiVe changes predlcted to occur in. the energg intake-

over-time function of o prey type, under different levels of

~conditioned aversfon. The form of the fanction is essumed to
7 remain the same while the height of the asymptote 1s ossumed

to lower
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