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ABSTRACT

Search  Image Formation
in the Blue Jay
(Cyanocitta cristata)

August, 1977

Alexandra T. Pietrewicz, B.S., HN.S.,
Ph.D., University of Massachusetts

Directed by: Dr. Alan C. Kamil

Search image formation in the blue jay (Cyanocitta
cristata) was investigated using operant discrimination

procedures. A series of four experiments were conducted
to test Tinbergen's (1960) search image hypothesis, which
predicts that if a predator encounters the same prey type
several times in a row, his ability to accurately detect
that prey type should increase. The subjects were five
blue jays (Cyanocitta cristata), previously trained to re-
spond to the presence or absence of Catocala moths in
photographs. Seapch image formation was tested here by
presenting, within a discrimination session, a series of

slides to the birds within which the positive (containing a
moth) slides all contained the same Catocala species.

Such a series was called a run, and performance during runs
was compared with performance during non-runs, in which tvo
different prey species were intermixed. Experiments 1 and
2 investigated this problem with run lengths of 16 positive
(moth) slides intermixed with 16 matched negative (no moth)
slides imbedded within testing sessions. There were four
types of slide series in these two studies: CRYPTIC RUNS,
in which all positive slides contained the sanme species of
moth under cryptic conditions; NON-CRYPTIC RUNS, a2ll pos-
jtive slides contained the samne species of moth under non-
cryptic conditions; CRYPTIC NON-RUNS, in which positive



slides_contained either of two species of moths under
cryptic conditions; ‘and NON-CRYPTIC NON-RUNS, in which
positive slides contained either of two species of moths
under non-cryptic conditions. 1In Experiment 1, slides of
two Catocala species which are cryptic on the same back-
ground were used, and in Experiment 2, two species which
are cryptic on different backgrounds were used. The re-
sults of Experiment 1 did not provide evidence of search
image formation. However, the results of Experiment 2
showed that the jays detected cryptic moths better when
presented with runs of one prey type than with non-runs of
two species. This effect did not occur when the moths were
presented in non-cryptic conditions. Although there was
no systematic increase in ability to detect the cryptic
moths with consecutive encounters with one prey type, the
absence of such an effect may have been due to satiation
with long session lengths. Experiments 3 and 4 tested
search image formation with the same general procedures
but with shorter run‘and non-run lengths, and with the
moths appearing only under cryotic conditions. In these
two experiments, there were three types of slide series
imbedded within the discrimination sessions: RUNS of
either of two Catocala species or NON-RUNS of the two
species intermixed. These series were composed of 8 posi-
tive slides intermixed with 8 matched negative slides. In
Experiment 3, slides of two Catocala species which are
cryptic on different backgrounds were used, and in Experi-
ment 4, the two moth species used were cryptic on the same
background. The results of these experiments showed that
the jays formed a search image when presented with runs of
one prey type, as reflected by an increased ability to de-
tect the cryptic moths with consecutive encounters with one
prey type. In addition, the jays showcd an increased
ability to detect the absence of the moths in negative
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slides, concurrently with the formation of a search image.
Vhen the non-run was compsed of intermixing two moth

species which are cryptic on different backgrounds, there

was no evidence of search image formation. In addition,
this non-run condition produced lower levels of detection

accuracy than the run conditions. These results provide

a direct demonstration of search image formation, as de-
fined by a change in the ability to detect cryptic,
familiar prey following a few consecutive encounters with
that prey type. In addition, these results provide
evidence for the development of an increased ability to
detect the absence of a prey item during formation of a
search image for that time.
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A large amount of research has been devoted to the
analysis of predatorlﬁrey interactions and the response of
predators to changes in the density of prey populations.
Holling (1959) has called %he relationship between rate of
predation and the density of =a prey species the functional
response., He identified three types of functional re-
sponse, the most interesting of which is the Tyoe III
functional response, exhibited by many vertebrates. This
response is characterized by an S-shaped curve, reflecting
the number of prey consumed as a function of increasing
prey density. As prey density begins to increase, re-
dators do not initially increase the number of prey cap-
tured. However, after some threshold density is reached,
the number of prey taken rapidly increases. Finally, at
high prey densities, the predator does not respond to
further increases in density.

Many investigators have studied the behavioral mech-
anisns underlying the Type III functional response. One
nechanism suggested to account for this functional response
is the specific search image (Tinbergen, 1960). Tinbergen
studied the hunting behavior of the Great Tit (Parus major)

in a Scots pine forest in the Netherlands, by measuring
the freoguency of various species of prey in the tits' diet,
most of which were cryptic, and the density of both pre-
dator and prey populations. Tinbergen tested the assunp-
tion that prey species at higher relative densities would
be more heavily represented in the tits' diet than those

at lower relative densities. His results, however, did not
bear out this hypothesis. Rather, he found that certain
species of prey were taken less frequently than predicted
when the population density of that species was low. As
the prey population beceme more dense, that onrey species

was cantured much more frequently than expected, proviced



the prey population had reached some critical threshold
level. At high prey population densities, the prey were
taken less frequently than expected. This Type III
functional resvonse could not be accounted for by fluc-
tuations in density of other prey species, or by an in-
crease in the size of the prey. Tinbergen suggested that
the birds adopt a search image of the prey they are hunt-
ing when the prey population reaches some critical density.
Tinbergen suggested that search image involves the
performance of a highly selective sieving operation on the
visual stimuli reaching the retina (p. 332), although he
did not attempt to speculate on the mechanism involved in
this operation., Furthermore, he suggested that the adop-
tion of & search image is a conditioning process which
occurs soon after a new prey species occurs. The search
image may be used in varying intensities, Tinbergen
stated, and the intensity (or frequency) with which a search
image is used depends upon the interaction of external fac-
tors such as size, conspicuousness, palatebility, and prey
density. At low prey densities, there are few chance en-
counters with that prey, and a search image for it would
not be formed. As prey density increases, chance encoun-
ters with that prey increase, and the tit would form a
search image. The formation of a search image would con-
sequently allow for intense predation upon a single prey
species. Vhen the population reaches a high density,
Tinbergen suggested that the birds abandon the search inage
for that prey in order to maintain a mixed died, but this
suggestion has been disputed (Gibb, 1952; Royama, 1970).
There have been‘investigations bearing on Tinbergen's
search image hypothesis. However, many researchers have
catesorized @ifferent behavioral patterns as evidence of

the use of searcn imege by various predators, all of which



involve a differentigl response to different prey types.
Some studies have shovm that tre predator focuses unon one
prey species when other palatatle prey are available at
the same time. This pattern hzs been observed in the
three-spined stickleback (Beukema, 1968) and in tits
(Royama, 1970). Other studies have shovn that a predator
chooses one prey more frequently than another prey species,
as in the wood pigeon (liurton, 1971), tits (Tinbergen,
1960), and Peromyécus (Holling, 1959). A few studies

have demonstrated that some predators respond preferen-
tially to a familiar prey object before responding to an-
other, new prey (blackbirds, 2Alcock, 1973; trout, tare,
1971; carrion crows, Croze, 1370), or that there is a time
lag before a predator responds to newly introduced cryptic
prey species, as in jays and caaffinches.(deRuiter, 1352)
and trout (wWare, 1971). Such indirect evidence has tra-
ditionally been assumed to supvort the hypothesis that

many predators utilize a searcz image, or selectively
choose a single prey‘species 2%t a time, but the results of
such studies do not require tze assumption that these
behavioral patterns in diverse species necessarily repre-
sent a common mechanism. Ilany of these results may be
explained by prey preferences, differences in palatability
of the prey, ease of capture or handling time, or avold-
ance of an unfamiliar food object (Krebs, 1973). Rather
few studies, in fact, have investigated the adoption of a
search image directly, where the behavior -observed can be
explained no other way, and factors such as prey preferences
and differences in palatabiliiy are systematically
controlled.

Croze (1970) conducted one of the few studies pro-
viding reasonable evidence of search imagze. He treinec

wild carrion crows to searcn Zor.meat hidden under cryatlc



shells on a beach, varying the model prey populations,
their reinforcement value, and crypticity. He found that
the crows quickly discovered a new food source and re-
sponded specifically to the visual characteristics of the
shells. The crows reouired few encounters with a previously
ignored camouflaged prey in order to detect it efficiently,
and Croze assumed this result reflected 2 rapid formation
of the search image. In addition, the crows did not re-
spond to shells that differed from those for which they
searched. Croze also found that the birds learned charac-—
teristics of the prey's location as well as visuzl charac-—
teristics of the prey, concentrating their search in the
area where the prey were last found.

In a subsequent experiment, Croze attempted to de-
termine whether visual polymorphism would increase survivel
rate of prey, using shell types with which the crows were
familiar from the previous experiments. He first pre-
sented polymorphic (red, black, and yellow) populations of
cryptic shells for three consecutive days. He then pre-
sented a monomorphic (all red, or black, or yellow) popu-
lations of cryptic shells on alternate days, and found that
the crows responded to fewer shells in the polymorphic than
in the monomofphic populétions. However, the crows did not
appear to choose shells in runs of one tyne in the poly-
morphic population. Croze assumed that the birds did not
focus tneir search on one type of shell at a time in the
polymorphic population, but instead, looked for 21l three
types simultaneously. This suggestion is supported by the
finding that the probability of the crows finding one type
of shell in the polymorphic population was not dependent
upon the type of monomorphic population presented on the
previous dey. The overall higher capture rate in the mono-
norphic popuiations is consistent with the search image
hypothesis because detection was better when the crows were
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searching for one prey type than for three prey types.
Thus, the formation of a search image can account for the
differenqes in detection between the monomorphic and
polymorphic populations.

The finding that the crows did not take shells in
runs of one type in the polymorphic population appears con-
tradictory to the search image hypothesis. Croze reasoned
that perhaps the crows did not encounter any one shell
type w;th a high enough frequency to a2llow the formation of
a search image. This explanation appears reasonable in
view of the fact that the shell types in the polymorphic
population were presented in equal numbers. Therefore, the
density of any one prey type may have been lower then the
critical threshold density necessary for the adoption of a
specific search image. In addition, the fact that the
polymorphic population was novel to the birds, although
the individual vnrey types were familiar, may also have
suppressed the formation of a search image. Although these
studies provide little information on the conditions nec-
essary for the adoption of a2 search image, they suggest
that the crow uses a search image under at least some cir-
cumstances.

On the basis of his resuvlts, Croze postulated the fol-
lowing characteristics of search image: 1) there is a
restriction of the releasing stimulus configuration and
includes the visuzal properties of both the prey and its
background; 2) search image may be the consequence of a few
encounters and also i:.wvolves changing the path of search;
3) search image includes either a complete exclusion of
other stimuli, or not responding to other stimuli although
they are perceived; and 4) search image is mainteained by
reward and shifts quickly with change in reword cgaaciction,
Croze conceded that the predator may, in fact, percecive



other sfimulus configurations, but &ses not respond to
them. Tinbergen, on the other hand, assumed that the
search image is a sieving of the visual stimulii reaching

the retina. Croze's data, however, suggests a learning of

the prey's habitat in conjunction wizn adoption of a search
image, although Tinbergen's date does not.

Davkins (1971 a) emphasized tne need for a more
precise definition of search image, znd suggested that
situations where the predator's behzvior -can be explained
only by a change in what the predator perceives should be
considered as evidence-of search imzze. This restriction
would eliminate a number of behaviors as the cause of an
Observed change in searching behavior. In some situations,
change in search may be due to the predator's altering his
path of search as the result of learning where to hunt, a
strategy demonstrated by Alcock (1972) and Croze (1970).

A predator may also not eat a prey ooject the first time it
is encountered due to a‘failure to ettack, kill, or handle
the prey efficiently: It would be necessary to determine
if an increase in the number of a particular prey species
captured is due to an improvement in motor patterns of
handling. Dawkins further argued that a predator may
focus on a preferred prey species, or may not accent a
nevly introduced species simply because it is novel. Such
preference has been found by Croze (1370) and Allen and
Clark (1968). Dawkins stated that only those changes in
behavior shown when the predator is Taced with cryptic,
familiar food can be used as evidence for changes in the
ability of the predator to perceive 1its prey.

On the basis of this argument, Dawkins (1971 a)
conducted a study to determine the extent to which young
chiecits undergo changes in their cbility to detect cryptic

food, while feeding on green or oranse grains o1 TiCE



scattered on green or orange stones. She found that
chicks rarely took cryptic grains at the beginning of test
sessionsi However, once they had taken a few cryptic
grains, they quickly began to take them much more fre-
quently. Dawkins assumed this result was due to a diffi-
culty in detecting cryptic grains early in testing, and
that the increase in rate of finding cryptic grains later
in testing was due to the chicks' learning to detect them.
Subsequent tests showed that the birds did not retain an
abilify to find. cryptic rice.from one day to the next,
and that feeding on conspicuous grains actually decreased
the chicks' ability to detect cryontic food. Although she
concluded that chicks undergo changes in ability to detect
cryptic food, her conclusions are guestionable because
none of the chicks had experience with cryptic grains bvefore
the start of testing. Thus, her procedure does not meet
her ovm requirement that changes in searching behavior can
be consicdered as evidence of search image only when a
predator is faced with cryptic familiar food. It cannot be
determined whether the increase in the number of cryptic
grains teken was due to some perceptual change or to an
increased familiarity with a novel, cryptic food source.
In a subsecuent study, Dawkins (1971 b) investigated
the possibility that chicks switch attention to diiferent
stimulus cues when feeding on cryptic and conspicuous
grains of rice. She hypothesized that chicks feeding on
cryptic grains attend to non-color cues, such as size and
shape, and that chicks feeding on conspicuous grains
attend to color cues. She attempted to test this hypothe-
sis by menipulating types of grain upon which the chicxs
fed prior to testing with a choice between familiar color
grains and different color cryptic grains. Her results,

however, were inconclusive, and she was unable to deternine



the cues to which the chicks attended.

Although Dawkins failed to determine the cues to
which the chicks attended, she did provide a specific
testable definition of search image in terms of perceptual
changes which result in an increased ability to detect cryp-
tic, familiar prey following a few encounters with it. It
is clear that past studies on search image have nroduced
results which can be explained by the operation of factors
other than this perceptual change. In view of these stud-
ies, it is evident that research in the zrea of searching
strategies has lacked adequate exverimental technigues
which control for differences in prey preferences, pala-
tebility, handling time, and avoidance of novel prey.
However, a methodology has recently been develoned directly
from techniques of operant conditioning and discrimination
learning, which allows control of these factors and will
be used in the present study to analyze the conditions
necessary for the fo;mation of a specific search image.

Operant procedures and the assesshient of search imaze form-

ation

Pietrewicz (1975) and Pietrewicz and Kamil (1977)
used a2 technique for the study of detection of cryptic prey
by blue jays (Cyanocitta cristata), similar to procedures

used by Herrnstein and Loveland (1364) and Siegel and
Honig (1970), in studies of concept formation in pigeons.
Essentially, the procedure involved standard operant dis-
crimination training using projected images as discrim-
inative stimuli. The images were sets of slides taken in
the laboratory or in the field, some of which contained 2
moth, and some of which contained no moth. Blue jays were
treined to éifferentizlly resnond to thc vresence or ob-

- . : ) “Aavy A - R hs P
sence of moths in the slides, projected upon a large pecsin 5
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key. The birds were exposed to a large set of slides in
which Catocala moths appeared on a matching or non-matching
bark subsﬁrate, or on an artificial, non-bark substrate.
The slides were prepared in matched pairs; for each posi-
tive slide (contzining a moth), there waes 2 matched nega-
tive slide (containing no moth), identical except for the
absence of the moth. DPositive slides included azn equal
number of each of three Catocala species: C. retecta,
which has grey-brown forewings with a disruptive vattern

of grey and brovm lines, and rests head«down on trees such
as oak and maple; C. cara, which has brown forewings with
faint disruptive markings of brown lines and rests in caves,
under eaves, or head-down on dark tree trunks; and C.
relicta, which has white forewings with patches and stripes
of black and grey running horizontal to the body axis, and
rests head-up on trunks of white birch trees.

Pietrewicz tested the 2bility of the jays to detect
these moths in slides as a function of the moths' sub-
strate, orientation on the substrate, and distance from
which the photographs were taken. It was expected that, if
the photograpvhs of moths were reasonable models of natural
prey, the ability of the jays to detect the moths would
depvend upon those factors assumed to affect the deteciion
of these prey in the wild. Sargent (1966; 1963; 1969)
and Sargent and Xeiper (1969) hdve identified two aspects
of the behavior of Ca%ocala which probably affect their
crypticity. These moths select resting substirates which
match the reflectance of their forewings and adopt speciles-
typical body orientations on the substrate, which align
their disruptive marxings with those of the substrate.
Thus, matching substrate and appropriate orientation of the
moths in the slides might be expected to decrease the
ability of the jays to detect the moths. In addition, in-
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creased distance from which the slides were taken should
produce poorer detection when the moths were cryptic than
waen conspicuous. Croze (1970) found that the distance
from which prey were detected was shorter for well-
camouflaged prey than for consplcuous prey.

"In the slide sets used, each species occurred
equally often on each of three substrates (oak, birch, and
non-bark), in each of three orientations (head-up, head-
down, and horizontal), and at each of five subject to
ceamera distances (2, 4, 8, 12, 16 feet). The birds were
trained on the discrimination problem in the following
manner. sach trial began with illumination of a small,
rouna, change-over (CO) key with red light. If the jay
pecked the CO key once, a slide was projected from the
rear upon a large stimulus key, and the CO key changed to
illumination by 2 white cross on a black background. If
the projected slide was positive, 10 pecks at the stimulus
key resulted in the delivery of reinforcement (half of a
mneal-worm), followed by an intertrial interval (ITI) of 10
seconds to allow ingestion of reinforcement. Pecks at the
CO key during positive trials were followed by a 60 second
I2I. 1In the presence of negative slides, a peck at the CO
key terminated the trial, and after a 4 second ITI, the
next trial was begun. If 10 pecks were made to the stimu-
lus key during a negative trial, the 10th peck was fol-
lowed by a 60 second ITI.

The results of this study reflected several major
esfects. The jays successfully learned the discrimination
problem, responding at 75-90/5 correct on both positive
2nd negative slides. The use of matched pairs of positive
2nd negative slides assured that this level of performance
reflected the birds' resconding to the moths and not to

some other visusl components of the slides. Furthermore,
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crypticity and orien@gtion of the moths had dramatic
effects upon the jays! ability to detect the moths.
Accuracy of detection was poorest when the moths presented
on their matching backgrounds, while detection was ex—
tremely accurate when the moths were presented on a non-
matching substrate . When the moths were presented on
matching substrates, horizontal orientation produced
better detection than veriical orientations in which dis-
ruptive marking were aligned with markings of the bark.

In general, accuracy of detection decreased with increased
distance from which the slides were taken, but increased
distance produced the greatest reduction iﬂ detection when
the moths were placed on & matching substrate. These effects
of crypticity, orientation, and distance of the moths were
reflected not only in accuracy of detection, but also in
speed of responding to the slides. The conditions which
produced least accurate cdetection produced the slowest
response speeds,

Since these results indicate that detection of simu-
lated prey is affected by factors which probably operate in
the wild, these procedures represent an excellent technigue
for the study of specific search image formation. Although
this tecnnique of studyins blue Jjays hunting for a prey
item normally preyed upon in the wild (Sargent, 1973) is
artificiel in some respects, it has a number of advantages
for the study of search image. TFirst, it is possible to
control prey preferences, palatability, ease of capture
and avoidance of unfamiliar prey, because with these pro-
cedures the jays do not eat the prey they detect. Chance
encounters with a particular prey type can be simwlated by
controlling the seauence of slides presented.. By imbed-
ding a run of trials of = certain species of moth witiin
a scssion, it should be possible to determine whether
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there is an increasgd ability to detect cryptic moths
following a few encéﬁnters. In addition, it should be
possible to determine specifically those conditions under
which this increasec ability of detection occurs, by vary-
ing the length of t2e run and the crypticity of the moths.
Finally, these techniques offer excellent measures of
detection, in terms of both accuracy and speed, not pos-
sible under field or semi-natural conditions. In fact,
these procedures allow such measures of detection under
conditions of both the presence znd absence of prey. The
present research, then, was an investigzation of search

image formation usinz these operant conditioning proce-
dures.

lethod - General

Subjects. The subjects were 5 Northem blue jays (Czano—
citta cristata) obtained locally in the Amherst, lassachu-
setts area when appfoximately 10-12 days old, andéd hend-
raised in the laboratory. The subjects ranged in age
from 4 to 8 years olé. All subjects received prior exper-
ience in learning set studies in a modified Visconsin

General Test Aparatus, and were trained to differentially
respond to the presence or absence of moths in photo-
graphs. The subjecis were maintained at 80% ad lib weight
during the course oI the experiment by controlled daily
feeding.

Apparatus. The operant chamber was a Lehigh Valley
Blectronics cubicle, the subject chamber of which measured
33 x 30.5 x 35.5 e=. A food magazine was located cen-
trally on one wall, and was illuminated whenever food was
delivered. An 11.4 x 7.5 ca stinmulus key was mountecd o
the left of the magzzine, 12.7 cm above the floor. Slices
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were projected upon this key from the rear, by a program-
mable Kodak Carousel 800 projector. On the right side of
the magazine, a transparent (2.54 cm diameter) Lehigh
Valley key (change-over key) was mounted 15.2 cm above the
floor. An IZE multiple stimulus projector was mounted
directly behind this xey. Reinforcement consisted of
halves of mealworms (Tenebrio larvae) and were delivered
into the magazine by a Davis Universal feeder (hodel
UF-100) located on top of the operant chamber. A wooden
perch_was located 8.9 cm in front of the intelligence
panel, 5.1 cm above the floor, so that the subjects!' eye
level fell roughly along the horizontal midline of the
stimulus key. Vhite noise was delivered through 2 speaker
mounted on the front wall, and a ventillating fan at the
rear of the chamber also provided masking noise., A
houselight was mounted in the upper right corner of the
intelligence panel and was illuminated during =211 exper—
imental sessions. All stimulus presentations, contin-
genclies, and data recording were controlled by a Lehigh
Valley Electronics INTERACT system located in an ad jacent
room.

The stimulus slides used were taken from the set of
slides used by Pietrewicz (1975). These slides were taken
in a lightly wooded area between 10 a.m. and 4 p.m. Half
the slides were positive, containing a moth in the resting
posture, and half were identical negative slides without
the moth. These slides were preparecd in matched pairs by
pinning a dead moth into position, taking a picture of the
scene, then removing the moth and taking another picture.
Three species of moths were used in the preparation of the
slides: Catocala cara, C. retecta, and C. relicta. Zach

species was photographed from 5 distances (2, 4, 8, 12, and
16 feet), in three orientations (head-up, heocd-dovm, and
horizontal), and on three substrates (oak, white birch, and



14

non-bark). C. cara normally rests in a head-down posi-

tion and was most cryptic on the oak substrate; C
relicta normally rests in a head-up position and was most
cryptic on white birch; C. retecta normally-rests in a

head-dovn position and was most cryptic on the oak sub-
strate.

Across all slides, the guadrant in which the moth

appeared varied randomly. A more extensive description of

these slides may be foundin Pietrewicz (1975).

General Procedure. During all experiments in the present
research, the following response requirements and rein-
forcement contingencies were used. Each trial began with
illumination fo the change-over (CO) key with red light.
When the CO key was pecked once by a Jay, a slide was pro-
Jected upon the stimulus key, and the display on the CO key
changed to illumination by a white cross cn a black back-
ground. If the projected slide was positive (containing

a moth), the bird was reinforced following 10 pecks at the
stimulus key. Reinforcement was followed by a 10 second
intertrial interval (ITI) to allow ingestion of the reward
before the next trial began. A peck at the CO key on posi-
tive trials was followed by a 60 second ITI. On negative
trials (slides containing no moths), a2 peck at the CO key
terminated the trial and there was a 4 second ITI before
the next trial began. On negative trials, the 10th peck

at the stimulus key was followed by a 60 second ITI.



Experiment 1

The most basic prediction of Tinbergen's search
image hypothesis seems 4o be that if a2 predator encounters
the same prey type severzl times in a row, his ability to
accurately detect that prey type should increase. This
prediction can be tested with the current procedures by
presenting a series of slides, within a session, within
which the positive instances are 21l of the same Catocala
species. Such a series is called 2z run, and verformance
during runs can be comdared %o performance during non-runs,
in which 2 or more prey species are intermixed.

There were several expected results of this experi-
ment. It was expected that when the slides were presented
in runs of one cryptic species, there would be an increascd
accuracy of detection across trials of the runs. This re-
sult would suggest the formation of a search image, since
search image is defined as an increased ability to detect
cryptic prey after az few consecutive encounters with it.
In addition, it was exvected that this effect would occur
for cryptic conditions only. Tinbergen (1360) assumed
that a search image is formed only for cryptic prey. ‘ihen
a particular prey species 1s conspicuous against its sub-
strate, detection is much more accurate than when the prey
is cryptic (Pietrewicz, 1375), and thus, formation of a
search image would not be used to increase the abrility to
detecct the prey. Therefore, it was expected that under
conspicuous conditions, there would be no increased ability
to detect the moths across trials within the runs; con-
spciuous runs and conspicuous non-runs of the prey types
should produce similar levels of performance in terms of
accuracy of detection.

1t was expected that overall levels of verforrmznce,
in terms of accuracy of detection, should reflect better
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detection of cryptic moths when the moths were presented
in runs than when presented in non-runs, independent of an
increase in detection across trials within the run. The
RUN condition may be considered as equivalent to the pre-
sentation for a monomornhic population, since all positive
slides within the run contained the same species of moth.
The NON-RUN condition, on the other hand, may be considered
as equivalent to presentation of a polymorphic population,
since all positive slides contained either of two species
of moth. Considering Croze's (1970) finding that crows
captured more prey while hunting in monomorphic than in
polymorphic populations, it was expected that blue jays
would show better detection of cryptic moths while hunting
in a simulated monomorphic pooulation. This same effect
was not expected under conditions where the moths were con-
spicuous, since conspicuous prey should be readily de-
tected independent of the prey types presented on previous
trials.

Iiethod

A set of 128 slides was used in this experiment:

32 slides contained C. retecta, and 32 slides were matched
negatives; 32 slides contained C. cara, with 32 matched
negatives., W ithin this set of slides, each species
occurred twice at each of 4 distances (4, 3, 12, and 16
feet), in each of two orientations (head-up and head-dovm),
and on each of two substrates (oak and non-bark).

The jays were exposed to these slides, using the
response reauirements and reinforcement contingencies
described above, in sessions of 63 trials, one scssion
per day, over 16 days. Within each session, Trials 1-4
were warm-up trials, including 2 positive and 2 negaiilve
slides randomly chosen from the slide sets descrived by
Pietrewicz (1975), with the stipulation that none ol the
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warm-up slides were contained in the set described above.
Trials 5-36 were LExperimental Block l, and Trials 37-68
were Lxperimental Block 2. Within each block, there were
16 positive slides and 16 matched negative slides.

Each experimental block of trials within the session
represented one of the following conditions: KUNS - the
16 positive slides all contained the same species of moth;
NON-RUNS - 8 positive slides contained C. retecta, and 8
positive slides contained C. cara. In addition, runs and
non-runs occurred either with all positive slides con-
taining cryptic moths, or all positive slides containing
non-cryptic moths. Thus, there were 4 ma jor types of slide
presentations in the experimental blocks: CRYPTIC RUNS
(C. retecta or C. caraz, on oak); CRYPTIC NON-RUNS (C.
retecta and C. cara, on oak); NON-CRYPTIC RUNS (C. retecta
or C..cara on the non-bark substrate); and NON-CRYPTIC
NON-RUNS (C. retecta and C. cara on the non-bark substrate).

Bach session of testing was designated a RUN session,
or a NON-RUN session. In RUN sessions, one exserimental
blocx was a cryptic run, and the other experimental block
was a non-cryptic run, cach type occuring in the first and
second experimental blocks equally often. In NON-RUK
sessions, one ecxperimental block was a cryptic non-run,
the other a non-cryptic non-run, and each type occurred in
the first and second experimental blocks equally often.
The order of presentation of session types was random;
over the 1l6-day testing period, there were 8 RUN sessions
and 8 NON-RUN sessions, with a total of 16 exgeorimental
blocks of mns, and 16 experimental blocks of non-runs.

The order of presentation of slides within each
experimental block of trials was counterbalanced in the
followin~ manner. Order of prescntation of positive slidecs

Y . - — e ‘\.
was random with the exception that each experimental block
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began with a positive slide, and no more than 3 consecutive
positive slides occurred. The positions of the 16 posi-
tive slides within the experimentzl block were designzated
Positions 1-16. Positive slides within each type of
experimental block (e.g. CRYPTIC RUNS) were counterbalanced
SO that each distance (4, 8, 12, and 16 feet) occurred
equally often in each of the 16 positions in the block.
Orientation of the motihs in positive slides (head-up or
head-down) varied randomly. Negative slides were ran—
domly intermixed with the positive slides, with the excep-
tion that no more than 3 consecutive négative slides
occurred. The positions of the negative slides were
counterbalanced so that each distance occurred equally
often in each of the 16 negative slide positions. In 2ddi-
tion, for both positive and negative slides within each
block, each distance (4, 3 12, and 16 feet) occurred once
in Positions 1-4, 5-8, 9-12, and 13-16, in order to avoid
a consecutive string of positive or negative slides of any
particular distance.
Results

Since searcnh image effects were expected on posi-
tive (containing a moth) trials, and the negative slides
were included in the experimental bloclks to control the
overall density of "prey", performance on positive and
negative slides was analyzed separately. The jays re-
sponded at a mean of 87.9,5 correct on positive trials,
and at a mean of 84.2% correct on negative trials. These
high levels of performance indicate that the birds suc-
cessfully retained their ability to discriminate the pre-
sence and absence of moths in these slides from previous
experiments.
1OV A)

n

The results of the analyses of varicnce

}-

for this and subsequent experiments are presenvea
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Tables 1-16 of Appendix A.

Performance on nositive trials of experimental blocks

ANOVA ol percentzge correct on positive trials re-
vealed no significent differences in performance between
RUN and NON-RUN conditions, under either cryptic or non-
cryptic conditions. Under cryptic conditions, the jays
responded at a mean of 82.57% correct on RUNS, and at
85.6% correct on NON-RUNS. Under non-cryptic conditions,
the jays responded at z mean of 918% correct on both RUNS
and NON-RUWNS. Although overzll performance on cryvtic
slides (84.17% correct) was lower than on non-cryptic slides
(91.87% correct), this difference was not statistically
significant, ¥ (1,4) = 6.99, p>.05.

Although there was no significant main effect of
position of the slide in the experimental block upon per-
centage correct, the jays' performance did vary as a func-
tion of position within the four experimental conditions.
Figure 1 presents percentage correct on positive slides as
a function of position of the slides within each of the four
experimental conditions. There was an increase in percen-
tage correcct across positions 1-12 in the CRYPTIC RUN and
both NON-CRYPTIC conditions, but a subseguent decrease in
performance in positions 13-16 under these conditions. In
the CRYPTIC NON-RUN condition, there was a continuous
decrease in percentage corrcct across positions. This
differential effcct across position for cryptic and non-
eryptic conditions was reflected in a significant Run type
X Crypticity X Position interaction, F (3, 12) = 5.10,
p< .025.

Pigure 2 presents percentage correct on positive
slides as a function of distance within the four experi-
mental conditions. Therc was no general erease in per-

o
centage correct with increascd distance from walcn the
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slides were taken, as found by Pietrewicz (1975). There
was a slight decrease in percentage correct with increased
distance, up to 12 feet, for both cryotic and non-cryptic
RUN conditions. In the cryptic NON-RUN condition, there
was a large decrease in percentage correct between slides
taken at 4 feet and slides taken at 8 feet, and a small
increase at 12 feet. The non-cryptic NON-RUN condition
resulted in sm2ll increases in percentage correct at 3 and
12 feet. The differential effects of distance as = func-
tion of crypticity and run type resulted in a significant
Run type X Crypticity X Distance interaction, ¥ (3, 12) =
6.20, p< .01, although there ves no main effect of distancy,
o (31 12) = 2-99; p>;05°

Performence on positive slides was also analyzed in
terms of response speed (reciproczl of latency, in seconds,
between a peck at the CO key, starting a2 trial, and the
first response to the slidée or CO key). It was expected
that factors affecting accuracy of detection of the motas
would similarly affect the speed of responding to the
slides. However, the results were not consistent with this
prediction. There was a significant effect of position of
the positive slides in the experimental blocks upon re-
sponse speed, F (3, 12) = 6.46, p< .01, but this effect was
revresented oy a decrease in response speed across vosition.
The jzys responded a2t a mean speed of .434 to slides in
positions 1l-4; at .426 for positions 5-8; at .406 for posi-
tions 9-12; 2and at .332 for pogsitions 13-16. In addition,
this decrease in respcnse speed across position was greater
on cryptic slides than on non-cryptic slides, resulting
in a significant Crypticity £ Position interaction, F (3,12)=

e

3 Y - r 1 9% o NO1 ~f0g ns
5.37, p£.025. The effects of these variables upon respons

-

speed are shovm in risure 3.
sitive zrials

The anzlysis of resvonse speci on v

: e P : - B tune X
also resulted in significant interactions of Run Tyne
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FACE PAGE FOR FIGURE 1

liean percentage correct on positive slides
. 3 & P

within experimental blocks as a function
of the position of the slides within

each of the four experimental conditions.
(Experiment 1).
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FACE PAGE FOR FIGURE 2

I.ean percentage correct on positive siides
within the experimental blocks as a function
of the distance from which the slides were
taken, (Zxperiment 1)
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Crypticity X Position, F (3,12) = 3. 68, p <. 05, and Run
type X Crypticity X Position X Distance, F (9 36) =

4.98, p<.001. Figure 4 presents response speed as a
function of the four experimental conditions, distance,

and position of the slides in the experimental blocks.
These factors produced highly variable effects upon re-
Sponse speed. The RUN conditions resulted in the most
dranatic overall decreases in response speed across posi-
tion, but within each of these conditions, the shape of the
function differed for each distance. In both RUN condi-
tions, response speed to slides teken at 4 feet was

slovier than to slides taken at 3, 12, and 16 feet, a re-
sult which is not consistent with the results of
Pietrewicz (1975). The NON-RUN conditions produced
slightly less variable effects upon response speed, but
again, there were no consistent trends across position or
distance.

Performance on negative trials of exverimental blocks

ANOVA of percentage correct on negative trials
revealed no significant difference in performance between
AUNS and NON-RUNS. Subjects responded t0 negative slides
at 83.15% correct during RUHS, and at 85.3 correct during
HON-RUNS. 1In addition, performance on negative slides
did not differ significantly between slides containing
oak substrates (intermixed with cryptic vpositives) and
slides containing the non-bark background (intermixed with
non-cryptic positives). The jeys responded at a mean of
81.254 correct to negavives containing oak, and at 2 nmean
of 87.1;6 correct to negatives containing the non-bark
packground.

Although there was no effect upon percentage correct
of presenting negative slides. in RUIIS or IIOh-2ULs, tXe
position of the negative slide in the experimental blocx
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FACE PAGE FOR FIGURE 3
Figure 3. Ilean response speed on positive slides in the
experimental blocks as a funtion of cryoticity

in the slides and the position of the slides
in the experimental blocks. (Lxperiment 1)
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FACz PAGL FOR FIGURE 4

llean response speed on positive trials

within experimental bdlocks as a function of
exverimental condition, distance, and posi-
tion of the slides in the experimental blocks.
(Experiment 1).
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had a sjignificant eIfect upon percentage correct per-
formance, F (3,12) = 6.98, p<.0l. The jays responded

at a mean of 88.4/% correct to slides in positions 1-4, =%
79.9% correct in positions 5-8, at 86.7#% correct in
positions 9-12, and at 81.9% correct in positions 13-1%.

In addition, the effect of position on percentage correct
varied with the distance from which the negative slide was
taken. Figure 5 presents percentage correct verformancs on
negative slides as a function of position and distance.

On negative slides taken at 4, 8, and 16 feet, there w=

a decrease in vercentage correct between positions 1-4

and positions 5-3, and an increase between positions 5-3
and positions 3-12. On negative slides teken at 12 fezi,
there was an increase in percentage correct beiween posi-
tions 1-4, and 5-8, and subsequent decreases in perfor—ance
at 12 and 16 feet. These differential effects of posizion
as a function of distance upon vperformance resulted in =
significant Distance X Position interaction, ¥ (9,36)

2.22, p {.05,

Positions of the negative slides in the experimzntel
blocks also affceccted response speed to the slides as wz1ll
as percentage correct. The jays responded to negative
glides at a mean speed of .213 in positions 1-4 and
positions 5-8, at .198 in positions 9-12, and &% 174 iz
positions 13-16. This decrease in response speed acCross
position was significant, F (3,12) = 6.16, p<.01l., In
addition, the effect upon response speed of distance fr-om
which the negative slides were taken varied significan=ly
as a function of the type of background in the slide,

(3,12) = 8.2, »p£.005., 7PFigurc 6 presents mean respo=ce
speed as a function of background and distaence in the
nerative slides. llean regponse soeed to nejative o TN -

containing oak backzround ves slowest at distances 22 —-
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Mean percentage correct on negative slides

as a functlon of the distance from which

the slides were taken and the position of the

slides in the experimental blocks. (Experi-
ment 1)
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FPACE PAGE FOR FIGURE 6

Figure 6. lean response speed to negative slides in the
experimental blocks as a function of the
background in the slide and the distance fron
which the slides were taken. (Lxperiment 1)
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and 16 feet, while tp? nean response szeed to negative
slides containing the non-bark background was slowest at
12 feet. The jays responded faster to negeative slides
containing the non-bark baciground (mean = .206) than to
those containing the oak background (mean = ,194); however,
this difference in response speed was not statistically
significant, F (1,4) = 1.45, > .05.

Discussion

Two important findings are evident in these resulis.
First, the jays did not form a specific search image when
presented with consecutive encounters with one cryptic
species. Second, the jays did not detect the moths more
readily when runs of one cryptic svecies were presented
than when both cryptic species were presented during non-
runs. Althouzh there was some increase in accuracy of
detection across the first 12 positive trials of CRYPTIC
. RUNS, the subsegquent decrease in accuracy of detection in
positions 13-16 suggests that a search image was not uti-
lized. . :

The fact that the jays did not show better detection
of the moths in CRYPT1C RUNIS than in CRYPT1C NON-RUNS is
consistent with Croze's (1970) finding that cryptic nprey
are detected more readily in simulated oonomorphic popula-
tions than in simulated polymorphic porulations. However,
the similarity in appearance between C. cara and C.
retecta, and the fact that these spec;es were both pre-
sented on the same vackground in the cryptic condition,
may have minimized the difference between CRYPTIC RUNS and
CRYPTIC NON-RUXMS in the current experirent.

Croze (1970), in nis investigation of the effects of
mono- and polymorphism upon rate of predation, used three
righly cryptic, but diffcrensly colored, shells: rid-
yellow (red ané grey base, blue, burnt unmber and yellow
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powder colors added), yellow (vale grey base, with yellow,
burnt sienna and black powder colors added), and black
(white base, with black and burnt amber powder colors
aéded). Because these shell types differed greatly in
coloration, they were probably auite different visuelly to
the crows. Croze was able to achieve 2 cryptic appearance
with these differently colored shells because the back—
ground upon wnich they were placed was itself variable, a
large beach shingle littered with pebbles. The sinmulated
polymorphism in the present study, on the other hand, con-
sisted of two species, relatively similar in coloration,
placed on similar trunks of oak trees. The similarity in
appearance of the two svecies, the fact thet the zresa
searched (oak trunks) was much smaller than that in Croze's
study, and the consistency of the background from trizl to
trial (as compared to Croze's pcbbled, uneven bacikground)
may have operated to produce more similarity between the
RUN and NON-RUN conditions than was oresent in Croze's study.

" The absence of an increase in accuracy of cetection
across positive trials of CRYPTIC RUNS should be considered
in view of two aspects of the procedures used. First, the
orientation of the moths varied within RUN conditions,
head-up and nead—dovm océurring equally often. Tais
variation in the stimulus configuration of the cryptic
moths within the run may have precluded search image form-
ation. These data suggest that consistency of the stimulus
configuration may be a necessary condition for search
image formation.

The second aspect of the procedures which should be
considered is the length of the test sessions. The Tact
that percentage correct on both positive and negetvive trials
deerecccd over nositions 13-16, in addition to the facd

that response- speed Gecreased in these positions, susgests



31

that overall performgnce may have decreased by the end of
the test session. 1In'fact, the jays had never before been
tested in sessions as long as 68 trials. The slight in-
crease 1n percentage correct in positions 1-12 of CRYPTIC
RUNS suggests that search image may have begun to develoz,
but the long session length may have reduced any tendency
to maintain high levels of detection accuracy.

The next experiment was designed to test search
image formation under the same experimental conditions busg
using two species of moths which were very different visuzlly.

EXperiment 2

This experiment was a replication of the first ex—
periment, except that the species .of moth presented were
Visually dissimilar, and appeared cryntic on different
backgrounds: C. retecta, an oak mimic, and C. relicta, =
birch mimic. The use of two very differently colored
species and substrates cowld result in effects upon detec-
tion more similar to those obtained in Croze's simulated
polymorphic populations.

Croze (1370) stated that search image is not only
a restriction of the releasing stimulus situation, out
also includes visual propverties of both the vrey and its
background, involving a response based upon knoviledge of
the prey's location, in addition to filtering of irrelevani
stimuli, In this experiment, cryptic conditions consisted
of presentations of C. relicta on birch, and C. retecta on
oak.so that the type oi bark precsented predictecé the species
of moth which was potentially precsent. Therefore, the
consistency of presentation of only one moth species on one
type of bark substrate could facilitate search image forz—a-
tion. Such a finding would support the hypothesis that
visual components of the substrate cre part of the gearc..

inage.
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Method

Experiment 2 was conducted in exactly the same
manner as Lxperiment 1, except that a corresponding ses
of slides of L. relicta, cryptic on birch, was substituted
for the set of slides of C. cara, which is cryotic on ozk.

‘ Results

The jays responded at a mean of 82.9% correct on
positive trials, and at a mean of 81.1% correct on nega-
tive trials, maintaining their previous high levels of
performance. As in the first experiment, performance on
positive and negative trials in the experimental blocks
was analyzed separately.

Performance on positive trials of exverimental blocks

ANIOVA of nercentage correct on, positive trials re-
vealed that under cryptic conditions, the jays detected the
moths more accurately in RUNS than in NON-RUNS. The Jjays
responded at a mean of 79.7/ correct on CRYPTIC RUNS, and
at a mean of 70.3% correct on CRYPTIC NON-RUNS. Under
non-cryntic conditions, performance was similar on RUNS and
NON-RUNS. The jays responded at a mean of 90.0/5 correct
on NON-CRYPTIC RUIS, 2nd at a mean of 91.6,5 correct on
NOH-CRYPTIC NOMN-RUNS. These differential effects of cryp-
ticity and run type upon nercentage correct resulted in a
significant Run type X Crypticity interaction, ¥ (1,4) =
19.6, p<.025.

Figure 7 presents percentage correct on positive
slides as a function of the positioa of the slide in the
experimental blocks. The jays responded at a mecan of
81.9% correct on slides in Positions 1-4, at 82.5;5 correct
on slides in Positions'5—8 and 9-12, and at 84.7,5 correct
on slides in Positions 13-16. iWithin the CRYPTIC RUN
conditions, tacre wos clso come increase in percentage

correct across position of the slide in thae run. The jays
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FACE PAGE FOR FIGURE 7
Figure 7. llean percentage correct on positive slides as
a function of the position of the slides in the
experimental blocks within each of the four
experimental conditions. (Experiment 2)
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responded to positive slides in this condition at a mean
of 75.0/5 correct in positions 1-4, at 81.3% correct in
positions 5-3, at 78.8% correct in positions 9-12, and at
83.87% correct in positions 13-16. However, these in-
creases 1in percentage correct across position were not
statistically significant.

The effect of the position of the slides in the
experimental blocks was found to vary with the distance
from which the slides were taken. Figure 8 presents per-
centage correct on positive slides as a function of posi-
tion of the slides 2nd the distance from which the slides
were taken. There was a general decrease in percentage
correct with increased distance, F (3,12) = 7.80, p< .005.
In addition, percentage correct at cach distance varied
with the position of the slide. Performance on slides
taken at 4 feet remained relatively stable across position.
Performance on slides taken 2t 8 and 12 feet decrcased be-
tween positions 1-4 and 5-3, and increased between posi-
tions 5-8 and 3-12. On slides taken at 16 feet, per-
centage corrcct incrcased between positions 1-4 and 5-3,
decreased at positions 9-12, and increased at positions
13-16. This variation in percentage correcet as a function
of both distance and position resulted in a significent
interaction of these factors, F (9,36) = 3.08, p¢ .025.

Pigure 9 presents percentage correct on positive
slides as a function of distance from which the sliaes wviere
taken within the four experimental conditions. Under non-
cryptic conditions, thore was a gradual decrease in per-
centage correct with increased distance from which the
slides were taken. In the CRYPTIC RUN condition, taere was
a more dramatic decreasec in performance with increased dis-
tance. The CRYPTIC HNON-RUH condition produced the zoct

variable verformance with increased distance; vercentaie



Figure 8.
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FAC: PAGE FOR FIGUR: 8

liean percentage correct on positive slides

‘as a function of the position of the slides

in the experimental blocks and the distance

from which the slides were taken. (Experi-
ment 2 )
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Figure 9.

FACE PAGZ FOR FIGURE 9

blean percentage correct on vositive slides
as a function of crypticity, run type, 2nd
the distance from which the slides were
taken. (Lxperiment 2)
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correct decreased on slides taken at 8 feet, increased

at 12 feet, and decreased again at 16 feet. This differ-
ential effect of distance upon percentage correct as a
function of the experimental condition resulted in a sig-
nificant Run type X Crypticity X Distance interaction,

F (3,12) = 10.27, p¢ .005.

Response speed to positive slides was generally
slower under cryptic conditions (mean = «349) then under
non-cryptic conditions (mean = .413), 1In addition, the
effects of the position of the slide upon response speed
varied as a function of distance from which the slides were
taken. Figure 10 presents mean resvonse speed as z func-
tion of crypticity, distance, and position of the slides.
There was no consistent trend of increasing or decreasing
response speed across position as a function of distance,
in either the cryontic or non-cryptic conditions. Under
cryptic conditions, the Jjays showed a decrease in recsnonse
speed to slides taken at 4 feet, across position, but re-
sponse speed to slides taken at 3, 12, and 16 feet was
highly variable across position. Under non-cryvntic con-
ditions, the joys responded to slides taxen at 12 feet with
increased response speed across positions 1-12, but there
was no" consistent changeé in response speed across posi-
tion to slides talen at 4, 8, or 16 feet. Because cach dis-
tance produced characteristically different curves of re-
sponse speed as & function of position of the slide, there
vias a significant Crypticity X Distance X Postion inter-
action, ¥ (9,36) = 3.19, »{.0L.

Performance on nesative trials of exverimental blocss

ATIOVA of percentage correct on negative trials in
the experimental blocks revealed no significant overall

. The

differcnce in werforuance vetween RUNS and HON-RUL

jays responded at a mean of 83.0,5 correct to negative
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FACH PAGE FOR FIGURE 10
Figure 10. Iliean response speed to positive slides as
a function of crypticity, distance from which
the slides were taken, and position of the

slides in the experimental block. (Lxperi-
ment 2)
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slides in RUNS, and at a mean of 79.0% correct in NON—

RUNS. 1In addition, there was no significant effect of run

type as a function of the type of background in the nega-
tive slide. The jays responded at a mean of 74.5% correct
to negative slides of oak in the RUN condition, at 74.2%
correct to the same slides in the NON-RUN condition; at
91.7/% correct to negative slides of non-bark in the RUN
condition, and at 84.8% correct to these same slides in
the NON-RUN condition.

There was a small non-significant difference in
performance between the RUN and NON-RUN conditions. Per-
centage correct on negative slides decreased as a function
of position, F (3,12) = 6.08, p< .01, from a high of 83,0/
correct in Positions 1-4 to a low of 70.9% correct in posi-
tions 13-16. Furthermore, the effect of position upon
percentzge correct viaried with run type and distance.

Figure 11 présents the mean percentage correct on
negative slides as a function of run type, position, and
distance. In the RUN condition, there was a large decrease
in percentage correct across position on slides taken at
12 and 16 feet, while there were smaller decreases across
position on slides taken at 4 and 3 feet. In the NON-RUN
condition, there vias a large decrease in percentage correc:
across positions 5 - 16 on slides taken at 12 feet, while
there viere no consistent increases or decreases in perfor-
mance, across vosition, on slides taken at 4, 8, and 16
feet. These differential effects upon performance as a
function of these factors resulted in a significant inter-
action of Run type X Distance, r(3,12) = €.25, p £ .01;
Distance X Position, F (9,36) = 3.24, p< .0l; and Run type
X Distance X Position, F(9,36) = 3.63, < .005.

ANOVA of verformance in terms of resoonse sonecd to

negative slides revezled no effects of run {ype, back-
-
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ground in the slide, or position of the slide in the ex-
perimental block. The jays responded to negafive slides
in the RUN condition at a mean response speed of ,205, and
at .210 in the HON-RUN condition. lean response speed to
negative slides containing the ozk background was .199,
while the mean response speed to slides containing the
non-bark background was .218. This difference in response
speed was not statistically significant.

.There was a small decrease in response speed across
position of the slides. The Jays responded a2t 2 mean sveed
of .217 to slides in positions 1-4, 2t .215 in positions
5-8, at .213 in positions 9-12, and at .184 in positions
13-16. However, this decrease in response speed across
position was not significant.

Discussion

The most important finding of this experiment was
the dramatic effect of run tyve, upon accuracy of detec-
tion of the moths which occurred only in the cryptic con-
dition. The fact that the jays detected cryptic moths
better when presented with runc of one species than with
non-runs of two species is consistent with the results of
Croze's (1970) experiment. The results of these two studies
clearly suggest the operztion of some mechanism which
produces increased detection of cryptic prey when a pre-
dator searches for one prey type. However, the compnonents
of the visual stimulus configuration of the prey which
gives rise to these changes in detection accuracy are not
directly evident from the results of this experiment.

The results produced by the HNON-RUN condition in
this study indirectly provicde suggestions as to the visucl
components of the prey which may be responsible for these
changes in detection. In this study, the LOX-.lUx condi-
tion not only consisted of species which differ visually,
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FACE PAGE FOR FIGURE 11

llean percentage correct on negative slides as
a function of run type, distance from which
the slices were taken, and position of the

slides in the experimental blocks. (Zxperi-
ment 2)
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but also consisted of changes in background (birch and
oak) from trial to t}ial, Therefore, it cennot be deter-
mined , on the basis of these data, which factor was

most important in producing the decreased accuracy of de-
tection in NON-RUNS: the presentation of two Visually
different species, or the presentation of the two different
backgrounds upon which these species were cryptic. Croze
used three visually different prey types in his study, bus
all three types were cryptic on the same substrate. His
result suggests that opresentation of visually cdifferent

prey types may produce recduced detection eccuracy. How-
ever, the effect of a variable substrate cannot be
eliminated as a component of this effect upon detection.

On the basis of the results of the non-cryptic conditions,
it may be argued that the variation in background during
cryptic HON-RUIIS was the critical factor producing re-

duced detection. Under non-cryptic conditions, both species
always occurred on the same artificial background, and

there was no signifiéant difference in performence be-
tween RUN and NON-RUNl conditions.' However, since non-
cryptic conditions result in very hign levels of detection
accuracy, in both RUNS and NON-RUNS, no conclusion about

the effects of background cues can be made.

The question of winich factor was critical in pro-
ducing reduced accuracy of detection in cryptic NON-RUNS 1is
important in determining exactly how cdifferent two morphs
can be (morphologically and behaviorally) for there to be
a consequent selective advantage against predation. OF
course, the relztive densities of the morphs are undoubt-
edly critical in maintaining such an advantage, and this
factor presents cuestions that cannot be addressed in tne
present experiment. Poulton (1890) sugsested that poly-

morphisnm confers an advantage against predation 1I there
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is wide divergence in coloration. This hypothesis is
supported by the results of this experiment and by that
of Croze (1370). It seems feasible that cryptic morphs
differing greatly in coloration will have a selective
advantage against predation based on. that difference.
However, this study suggests that selection of different
resting substrates by the morphs may also be an important
facotr in the defense agazinst predation.

There is no direct evidence of search image effects
in these data, although verformance in CRYPPIC RUNS was
better than in NOH-CRYPTIC RUNS. The overall increase in
percentage correct in CRYPTIC RUNS across position of %he
slides in the run was not large enouzgnh to conclude that a
search image had been formed. In addition, the generzl
decrease in percentage correct on negative slides and the
decrease in response speed in positions 13-16 suggests, as
did the results of the first experiment, that search imacze
formation may have been inhibited by both the inconsistency
of orientation of the moths in RUN conditions and the long
length of the test sessions. -

The next experiment investigated search image for-
nation when the orientation of the moths was consistent,
and during shorter sessions, to eliminate potenticl
satiation effects.

Experiment 3

The third experimeni investigated search image
formation viith shorter runs, in which the moths occurred
only in their species-typicel orientation. With consis-
tent orientation of the moths in positive trials of the
runs, a search image could be formed for the more speci-
fic stimuls configuration, and therefore, could develop
more readily than when the orientation veries., In Tais

LA

_— .
experiment, C. rctecta, an oalk mimic, ard C. relicts,

(€5

birch mimic, were used to maximize the,dlzlerence between
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prey species in the non-run conditions. In addition,

1 and 2 showed no effect
of run type uvon performance when the moths were con-

because the results of Zxperiments

Spicuous, this experiment investigeted search image for-
mation only wnhen the moths occurred under cryptic condi-
tions.

Ilethod

A set of 32 experimental slides was used in this
study: 8 slides containing C. relicta head up on birch,
with 8 matched negative slides, and 8 slides containing
C. retecta head down on oak, with 8 metched negative slides.
Zach species occurrcdéd twice onits metching Background at
each of 4 distances ( 4, 8, 12 and 16 feet).

The jays were exposed to thesec slides in sessions of
24 trials, 2 sessions a day (with 1.5 hours between
sessions) for 12 days. Zach scssion included 16 slides
from the above set, eand 38 slides (4 positive, 4 negative)
randomly chosen from the set described by Pietrewicz (1975).
Within cach scssion, therc was onc cxperimental block
conposed of 8 positive and 3 corrcsyonding matched neza-
tive slides from the set described zbove. The experimenial
blocks began equally often on Trials 3, 4, or 5 of the
session, in order to make tnc start of the experimental
block unpredictable. The cxact trial on which the experi-
mental block began was randomized with the exception that
no two experinmental blocks occurring on the same day of
training began on the same trizl number.

Bach experimental blocx of trials represented one
of the following concitions: 2WNS - the 8 positive slides
21l contained the same species of cryontic moth; NON-ZULS -
4 positive slides contained C. relicta and 4 positive
SsOes contained C. retectc. Thus, there were 3 arjor

types of sliée presentation in the experimental blocis:
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RUN of C. relicta on birch; RUIN of C. retecta on oaix:

and
NON-RUN of C. relicta and C.

retecta intermixed.
anh day of testing was designated 2 RUN day or
a.NON-RUN day. On RUN days, one session contained = run

of C. retecta, and the other ses sion. contained a run of
C. relicta in the experimental block of triels. The

orcéer
of presentation of RUN types was rendomized, so thet a run
of C. retecta and a run C. relicta occurred equally often
in Se331on l a2nd Session 2 of the 12 days of testing. On

LON-RUN days, both sessions contained the HON-RUN experi-
mental blocks. There was a total of 8 RUN Ga2ys, in which
there was a total of 3 sessions containing runs of C.
retecta and 8 sessions containing runs of C. relictz. There
were 4 NON~RUN days, in which there was a total of §
sessions containing non-runs. The order of presentetion of
RUN and NOIi-RUN days was randomized.

The order of presentation of slides within ezch
experimental block of trials was counterbalanced in +he
following manner. Order of presentation of vositive and
negative slides was random with {the exception that ezch
experimental block begen with a positive slide, and no more
than 3 consecutive positive or negative slides occurred.
The positions of the 8 positive slides within the experi-
mental block of trials were:designated positions 1-2, and
vithin each type of experimental'block (e.g. RUNS of C.
retecta) noscitive slides were counterbalanced so thai ecch
distance ( 4, 3, 12, anéd 16 feet) occurred equally often ir
each of the 8 positions. The positions of the 8 nesative
slides were counterbalanced so that each distance occurred
equally as often in each of the 8 negative slide posxtions.
In adéition, for both positive and negative slides within
any cxperimental block, each aistance (4, 6, 12, wnd 10

Teet) occurred once in positions 1-4, and once in positvions
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5-8, so that a consecutive string of positive or negative
slides from any one distance was avoided,
Results

The jays mainteined high levels of periormance
during txperiment 3, resvonding at a2 mean of 33.6/
correct on positive trials, and at 82.9% correct on nega-
tive trials.

For Experiment 3, subsequent post-hoc comparisons
(Dunnett's test) of performance are presented in Tables
17 and 18 of Appendix A. Individual data of the birds are
presented in Avpvendix B,
Performance on positive trials of exmerimentzl blocks

The condition under which the slides were presented
had a large effect upon accuracy of detection of the moihs.
The jays responded at z mean of 87.8 correct on RUNS of
C. retecta, at 38.1/6 correct on RUNS of C. relictz, and at
75.0,5 correct on LOI-RUNS. The overall efiect of condi-
tion upon percentage correct was significant, F(2,8) =

7.68, p<.025. In =2ddition, response speed was somevhat
faster in RUN conditions. The jays respondeé at a mean
spced of .431 in RUIIS of C. retecta, at .456 in RUNS of C.
relicta, and at .415 in HNON-RUNS., These difrerences,
hovever, were not large énough to produce a significant
main effect of Condition upon response speed, r(2,3) =
(il i 35200

The position of the slide in the experimental block
had a large effect upon percentage correct but only in the
RUN condition. Tigure 12 nresents the mean dercentage
correct on positive trials as a function of the position
of the slide and the condition within which The slides were
presented. There was an increase in percentcge correct

~

serogss nogition in both AUN (C. relicta ond 2. retectz)

. . = : 4~y oo
conditions. Therec was no consistent 1lncrease 1n perccnvage
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FACE PAGE FOR FIGURE 12

llean percentage correct on positive slides
as a function of the condition within which
the slides were presented, and the position

of the slide in the experimental blocks.
(Lxperiment 3)
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correct across position in NON-RUNS. The main effect of

position upon percentage correct was significant, ?(3,12)

11.42, p¢ .005, and there was a significant interaction
of Condition (RUN or NON-RUN) X Position, F (6,24) =
4.44, p£.005. Subseguent post-hoc comparisons (Dunnett's
tests) revealecd a significant difference in percentage
correct between C. retecta RUNS ané NON-RUNS at Positions
5-6, D(24) = 2.16 , p ¢.05; and Positions 7-8, D(24)
3.59, p<.005. In addition, there was a significant dif-
ference between C. relicta RUNS and NON-RUNS at Positions
| 7-8, D(24) = 3.47, p £.005.

The distance from which the slides were taken also
had a large effect upon percentége correct. The jays
‘ responded at a mean of 93.87/ correct on slides talien at 4
feet, at 83.3,6 correct at 8 feet, at 81.3% correct at 12
feet, and at 76.35% correct 16 feet. This decrecase in
percentage correct with increased éistance in the slides
was significant, F(3,12) = 11.91, p<¢ .00l. There vas &lso
a decrease in response speecd as distance in the slides
increased, ¥ (3,12) = 4.32, p<¢.05. The jays resvondecd at
a mean spced of .430 to slides taken at 4 feet, .460 at 8
feet, .431 at 12 feet, and at .366 a2t 16 feet.
Performance on nesative trials of exverimental blocis

_—H—__

The factors that affected percentage correct on
positive slides similarly affected percentage correct on
negative slides. The Jjays responded to negative slides
within C. retecta RUNS at a mean of 87.5% correct, to slides
within C. relicta RUII® at 85.0,5 correct, and to slides
within NON-RUIIS at 76.34 correct. The cffect of condition
of presentation upon percentage correct on negative slices
was significant, F (2,8) = 17.60, p¢ .005. There was also
a °ignifican* effect of condition upon resnonse gneed on

egaetive trials, ¥ (2,3) = 4.80, p< .05. UIne jays respondea
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at a mean speed of ,2381 to negative slides within C.
retecta RUNS, at .263 within €. relicta RUNS, and ;; . 288
within INNON-RUNS.

There was a general increase in percentage correct
across position of the negative slides in experinental
blocks, F(3,12) = 13.15, p < .00, which was most éramatic

within the RUN conditions. Pigure 13 presents percentage

correct on negative slides as a function of position of the
slide within each experimental condition. In the RUN
conditions, the jays responded close %o 100% correct on
negative slides in positions 7 and 8, while verfornance

on negative slides within the NON-RUN condition did not
exceed 82.5, correct in any vosition. This differential
effect of position upon percentage correct as a function
of condition (RUNS znd ION-RUNS) resulted in =z significant
Condition X Position interaction, F(6,24) = 3.04, ¢ .025.
Subsequent post-hoc comparisons (Dunnett's tests) revealed
a significant difference in percentage correct betvieen C.
retecta RUNS and NOL-RUNS at Positions 7-8, D(24) = 2.11,
p<£.05. In addition, there was a significant difference
in percentage correct between C., relicta RUNS end KON-RUNS3
at Positions 7-8, D(24) = 1.97, p< .05.

There was a decrease in vercentage correct on nega-
tive slides with increased distance from which the slides
were taken, F (3,12) = 10.96, p<.001. The jeys responded
2t 89.6,5 correct to necative sliGes taken at 4 Ffeet, 35.4)
correct at 3 feet, 80.0/5 correct at 12 feet, and 76.7
correct at 16 feet.

It snould be noted that the effects showm here of
vosition of the slides and the condition (RUN or NON-RUIT)
in which they were presented upon percentage correct, for
both positive and negative trials, were not only reflected

in the grouped deva. These erfects were also reflected in
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FACE PAG: FOR FIGURE 13

liean percentage correct on negative slides
as 2 function of the condition within which
the slides were presented and the position

of the slides in the experimental blocks.
(Lxperiment 3)
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the performance of the individual birds (See Appendix B),
Discussion

These date strongly suggest that the Jays adopted g
specific search image when presented with runs of one moth

species, The dramatic improvement in accuracy of deteotion
with consecutive encounters with one prey type, accompanied
by the absence of this effect with the same slides in NON-
RUN conditions, supports this conclusion. 1In addition,
these data suggest that consistent orientation of the
stimulus configuration represented by the moths is necessary
for the formation of 2 specific search image.

It is interesting to note, however, the similar
increase in percentasze correct across position of the nega-
tive slidc;. This result indicates that the vossible com-
ponents of the search image should be carefully considered.
It may be argued that the increase in accuracy of detecting
both the presence and absence of mothg mignt havebeen due
to an increased short-tern familiarity with one substrate,
rather than 2 focus on the stimulus configurations re-
presented by the moths. Croze(1970) argued that search
imege involves atiending to the prey type as well as the
prey's bacikground, and that the releasing stimulus situa-
tion probakly includes nroperties of the background.

These data support the hyvothesis that background cues upon
which cryptic prey rest is an important component of the
jays' gearch. IT the jays viere not attending to visuzl
characteristics of the background, but rather, were only
attending to the specific stimulus configuratinn repre-
sented by the cryptic moth, then no inecrease in performance
on negative slides should have occurred; the jays should
have detected the absence of the moths as readily in
nosition 1 as in »osition 8. Therefore, with consccutive

encounters with similar,'vacant substrates, the jays may
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have located and scanned the substrate more efficiently
each encounter.

with
Derhapu ‘then, with consecutive encounters
with one moth species, the search image itself increased in
strength, and the jays thus more accurately detected the
absence of this image on the substrate.

In this study, the composition of the RUNS condi-
tions may have facilitated the increascd detection of the
absence of the moths. Because C. retecta occurred only on
oax, and C. relicta occurred only on birch, the subsitrate
type presented in the sligde consistently predicted the
noth species for which the jays had to search. Therefore,
the development of the scarch image and the concurrent
availability of a substrate which predicted the possible
presence of the species for which the search image was
formed, may interact to increase the efficiency of the
search. In the wild, these species of moth rarely rest
on non-matching substrates. Thus, it seems reasonable %o
assume that learning the typical location of individual
prey types concurrently with formation of the search image
would be an efficient search strategy not only in this
laboratory situation, but also in the field. The fact that
tnere was no increase in performance on negative slides in
the TON-RUN condition, where substrate also predicted moth
type, suggests that learning the locetion of individual
prey tyoes alone doecs not give rise to increased accuracy
of detection. Tne importance ofi the cues provided vy the
substrate in scarch image formation were further investi-
gated in the next experiment.

Althougn these data on performance on negative slides
suggest thet search image results in an increased detection
of the absence of the moth the increased accuracy of de-
tecting the absence of 2 moth in the slides mey hove been

directly the result of these testing proceaures, ana saoult
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not be assumed to necessarily occur in the wild. These
procedures required the jays to emit a discrete response
to the absence of a moth, 2nd this response differs
qualitatively from the response required to the presence
of 2 moth. In the wild predators may not overtly respond
to the absence of 2 prey item for which they are
searching. Thus, any conclusions made on the basis of
responscs to negative slides should be tentative.

An addition2l point on the nature of the experi-
mental methods used here should be considered. Although
effects interoretable as search image were produced by
RUIl conditions a2né not by NON-RUN conditions, it cannot be
concluded that any NON-RUN condition, where two species of
prey are intermixed, would not 2lso result in search
image effects. In this experiment, RUNS consisied of 8
"encounters" with a particular prey item, but in NONI-RUNS,
this sameprey item occurred only 4 times. It is possible
that a search imaze could be formed for one prey tyve in
RON-RUNS, if NON-RUNS contained the same number of presen-
tations of one prey type as did the RUNS condition. iHow-
ever, in view of Croze's (1970) study and thet of other
studies on search image, this possibility does not seen
likely. The advantage of using a search image, it seens,
would be to increase the ability to detect cryptic nrey
within a2 relatively smell number of encounters. This re-
scarch, therefore, focused upon the formation of search
image within a fixed number of encounters'with any prey
tyoe., The possibility of search image formation for one
prey tyoe under conditions where there are numerous en-
counters with more than one prey tyme is not within the
scope of the present research, but would be an interesting
question for futurc researcn.

vy o

In sxperiment 3, two visually diffcreat specles,
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which were cryptic on different backgrounds, were used
Therefore, no conclusions could be made 2bout whi

: ch factor,
different coloration or different resting substre

te, was
most important in producing reduced detection accuracy in
NON-RUNS. The ideal experiment to investigate this ques—-
tion would involve the use of %wo differently coloreé
species which are cryptic on the same background. However,
since slides of such species were not available, the next
experiment tested search image formation with two species
similar in coloration and cryptic on the same background,
using procedures similar to those that successfully pro-
duced search image effects in the present experimens.

Lxperiment 4

Lxperiment 4 tested search image formation in the
Same mammer 2s cxperiment 3, but using two species, C. re-
ftecte and C. cara, which are cryptic on the same ozci-
ground.

In this experiment, C. retecta was presented consis-
tently head-dovn on ook, and C. cara was consistently pre-
sented hecad-up on oak. Thus, the NON-RUN condition here
differed from the NOI-RUN condition in ~Xperiment 3 in the
following ways: {fhe same subsirate appearcd in all slides,
thus elimineting suostrate as a predictor oi prey type;
the two moth species were visually similar in coloration,
glthough orientation of the moth still varied.

1f the HON-RUN condition in this experiment, com-
pared viith the RUN condition, reduced accuracy of detection,
this would suggest that differences in coloration ané rest-
ing substrate of prey items inhibit formation oi the secarch
image, and that cifferences in body orientation are not
critical for search image formation., Thercfore, such a
result would susseset thetd some similarity in coloration

en@ resting substrate betvicen two species would facilitate
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detection accuracy, and presumably, search image forma-
tion. If, on the other hand, the NON-RUN condition here
resulted in reduced detection accuracy compered to the RUN
conditioﬁ, this result would suggest that differences in
orientation and slight differences in coloration between
two species, despite similar substrate choice, are
sufficient to inhibit search image formation, z2nd thus
searching consistently on one substrate zlone is not
sufficient to produce search image effects.

' Method ‘

Bxperiment 4 was conducted in exactly the same
nenner as Zxperiment 3, except that a corresponding set of
slides of C. cara, head-up on oak, was substituted for the
set of slides of C. relicta. The same set of slides of
C. retecta, head-down on oak, fronm Lxperiment 3 was used in
this experiment.

Results

The jays retained overall high levels of perfor-
mance in Lxperiment 4, responding at a mean of 83.5%
correct on positive slides, and at 82.0/ correct on nega-
tive slides.

Performance on positive slides of exmerimental blocis

The type of condition, C. retecta RUIS, C. caorz
RUNS, and NOII-RUNS, had no significant effect uvon zer-
centage correct on positive slides. The jays responced
at a mean of 85.0/5 correct on C. retecta RUNS, at 85.3)
correct on C. cara RUNS, and at 80.3,4 correct on KOX-RUKNS.
The most important factor affecting percentage correct in
the experimentzl bplocks was the position of the slice.
There was an overall increase in percentage correct &cross
position of the slides, ¥ (3,12) = 11,88, » <.001.

~e

ag~3itisre
Figure 14 prescnts percentage corrcct on 2dzitlive

0,

slides as a function of position of the slides within the
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three experimental conditions,

Although percentage cor-

rect in the RUN conditions was higher on slides in posi-
tions 6, 7, and 8 than in the NON-RUNS, there was no
significant interaction between condition and vo
F(6,24) = 1.83, 0 >.10. -
Response speed to positive slides increased zs a
function of position of the slides in the experimental
block. The jays responded at a mean speed of ,417 to slides
in positions 1-2, at .425 in positions 3-4, at .456 in
positions 5-6, and at .453 in vositions 7-8. However,
the effect of position upon response svypeeé was not
significant, F(3,12) = 2.27, p>.10.

Performance on negstive trials of experimental blocks.

sition,

There was no significant effect of condition
(RUN or NON-RUN) upon percentage correct on negative
slides, although percentage correct was slightly lower in
NON-RUNS than in the RUN conditions. The jays responded =zt
a mean of 86.3/4 correct to negative slides within C. cara
RUNS, at 81.9/% correct in C. retecta RUNS, and at 77.8,
correct in NOII-RUNS.

Figure 15 presents percentage correct on negative
slides as a function of position within the three exveri-
mental conditions. There was an overall increase in
percentage correct across position in the experimental
block, F(3,12) = 18.77, 0 .001. This increase in per-
centage ‘correct across position was similar in both RUNS
and NON-RUNS, as there was no significant Condition X
Position interaction, F(6,24) = .72, p >.10. VNeither
position of the slide or condition had an effect uvon
response speed to negative slides.

As in nxperiment 3, the effects of position of
slides was reflccted not only in the grouped data, but

also in the performance of the individuel birds, on both



Figure 14.

57

FACL PAGEH FOR FIGURE 14

I’ean percentage correct on positive slides
as a function of condition of presentation

and position of the slides in the experimental
blocks. (Lxperiment 4)
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FACE PAGL FOR FIGURE 15

llean percentage correct on negative slides
as a function of condition of presentation

and position of the slides in the experimenteal
blocks. (Zxperiment 4)
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Positive and negative slides (see Appendix B).
Discussion
These data indicate that the Jjays formed a specific
searcn image under both the RUN and NON-RUN condition.
Since the overall position effect wags significent, this
result indicates that the jays formed a search imazge
under both these conditions. These data, and the data from

Experiment 1, suggest that C. cara on oak 2nd C. resecta
on oak may have stimulus components in common to which the
birds respond, and for which 2 search image may cevelop,
in spite of their presentation in different orientations.
These data indicate, then, that detection is facilitated
when one cryntic prey type is consistently vresented in
one orientation. However, if two prey species, similar
in appearahce and cryotic on the same background, are
presented, a weak search image may be formed for the sti-
mulus configuration common to these two species, or 2
search image formed for one species may generzlize to a
similar colored species, even on a different orientation.

On the basis of the data from this experirment, the
absence of search image effects in RUIN conditions of
Lxperiments 1 and 2 cannot be attributed to the variation
in orientation of the moths within runs of one prey tyoe.
Rather, the absence of such effects suggests thet other
aspects of the procedure, such as the long sessions,
viere responsible for these results. In addition, these
results suggest that consistency of orientation is not
absolutely necessary for the formation of search imasge.
Although it appears likely that consistency of orientation
©ill facilitate search image formation, it apparently is
not ‘a necessary condition,

It may be arsued that the results of the NON-RUN

condaition in tais experiment are inconsistent with the
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results of the NON-RUN condition in Experiment 1. In both
experiments, NON-RUNS. cantained C. cara and C. retecta on
oak; under this condition, Experiment 3 showeg_evidence

of search image formation, while Experiment 1 did not.
However, it should be noted that the positive slides in
NON-RUNS of Experiment 1 actually represented 4 stimulus
configurations: (. cara head-up, C. cera head-dowvm, C

retecta head-up, and C. retecta head-down. Positive

slides of NON-RUNS in Lxperiment 4 actually represented

2 stimulus configurations: C. retecta head-dovmn, and C.
cara head-up. Detection of cryptic prey may be best
facilitated when: coloration is consistent, there is little
variation in body orientation, and choice of resting sub-
strate is consistent. Search image formation, as evi-
denced by an increase in detection accuracy, may also
occur, but may be weaker when there is some variation in
coloration and orientation is variable. Such effects do
not occur when therec is wide divergence in coloration be-
tween prey types and -substrate choice varies between
speccies. . , :

The results of this experiment 2lso show an increased
ability of the jays to detect the 2bsence of the moths
across position in the experimental blocks., Again, it
cannot be determinec, on the basis of these data, whether
the increases in accuracy of detection of the absence of
the moths occur with a mechanism similar to that operating
in positive slides. As stated carlier, the,incrcased
accuracy of detecting the 2bsence of a moth may oc due to
a retention of the search image while negative slides are
presented, or, it may be due to a separate mechanisn
forced into use by the response reguirements in these pro-
cedurcs. If the former hypothesis is the case, then these

data would suggest tnot the stimuvlus cucs provieca L L.ic
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substrate are a2
and allo
slides,

critical component of the search image

W retention of the search image during negative

General Discussion

The results of this research vrovide the first
direct demonstration of search image formation as defined
by Dawkins (1971a): en increased 20ility to detect cryotic,
familiar prey following a few consecutive encounters with
that prey item. This evidence for search image in the
blue jay is not confounded with prey preferences, differ-
ences in palatability of the prey, ease of cepture or
handling time, or avoidance of zn unfamiliar prey item.
Such factors, in the past, have interfered with the
interpretation of data vurpvorting to provide evidence for
search image formetion (Xrebs, 1973). This resecrcn
also provides evidence that visual cues proviced by the
substrate upon which cryvtic prey rest are important in
search image formation, a factor which has been relatively
ignored in previous research. Furthermore, these results
demonstrate that blue jays develop an increzsed ability to
detect the absence of a moth, concurrently with secarch
image formation for that moth, although this result may
be specific to the procedures utilized here. However, the
development of an increased ability to detect the 2bsence
of a prey item during search image formation suggests an
additional way in which runs of single prey types may
increase predator efficiency. The more quickly =z predator
can recognize the absence of prey, the more guicikly he can
begin to examine potentially more profitable areas.

This research has also demonstrated that overcnt
procedures can be used to simulate the nresentation of

nonomorphic and polymorpaic nrey wvonulcotions, by contralliine:
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the prey types presented in a sequence of slides presented
to the birds. The data generated with this proccdure, in
addition, support the hypothesis that visual polymorvhisms
confer an advantage upon cryptic prey, meking each norgh
less likely to be detected by a predator. However, these
data have also raised a number of questions on exactly how
different two morohs must be in order %o interfere with
their detection by jays. These data do suggest that wide
divergence in coloration and substrate choice are inmportant
factors in mainteaining a defense against predation.

Characteristics of search imaze formation

With these procedures, search image -formation
occurred when the jays were presented with runs of slides
containing a single moth species, intermixed with natching
negative slides. The increased accuracy of detection with
consecutive encounters with one prey tyne, however, was not
evident until at least the fifth presentation of a2 paerticu-
lar specics of mofh, indicating that five or more encounters
were necessary before a search image was formed. It may Te
argued that interjection of negative slides between vosi-
tive slides resulted in the rather gradual formation of the
searca image. However, this explanation seems unlikely to
have been the cause of the seemingly slow search inage
formation. In the present research, each positive slide
in a RUN of one prey type was counted as an "encounter",
whether or not the moth in the slide was detected, and
indeed, some of the moths in the first few incounters went
undetected. Since an undetected moth cannot technically
be considered a true "encounter", it 1s rcasonadle To
assume..that changes in the ability to detect the moths in
RUNIS occurrcd more quickly than reflected by the data. 1T
the undetected moths in positive slides were counted cs

w a - o

negatives, the data would show more raplc 10rmatiol. 2%
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of the search inage.

There are several aspects of the present data whic
suggest that with formation of the search imapge, the

fal

search image itself increases in strength, or becomes more
refined, to allow better accuracy of detection of the
motis, a process which nay occur thnrough increased atten—
tion to the stimulus configuration represented by the
moth. First, the absence of 2 sharp increase in percen-
tage correct from one position to the next in RUNS of one
prey type suggests that search image does not suddenly
appear in any one particular encounter. Rather, the
search imagse seens to gradually develop, or-become refined,
from encounter to encounter. Second, the gradual increcse
in percentage correct across negetive trials within RUN
conditions lends supvort to this hypothesis., It seems
plausible that such effects would be due to an increased
attention to some portion of the stimulus configuration
associated with the presence of the moth.

The suggestion' that with develonment of a search
image, the jays responded with increased ettention to the
stimulus configsuration of the moth can account for the
effects of RUNS upon response speed in wxperinments 3 and 4.
In these exverinents, the meen response sveed on vositive
slides corresponds to a response latency of 2.3 seconds.
The mean response spccd on negative slicdes corresponds to
& response latency of 3.8 seconds. This difference in
response speed on positive and negative slides indicates
that the jeys may have been linifting the time spent
searching for moths in the slides. On vpositive slides,
the joays may have teminated their searcn when a moth was
not detected within a2 specific time intervel. This same
difference in resvonce speed beitween nositive and nena-

tive slides was found by Picitrewicz (137:), and occurrce -
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the present experiments in both RUN and NOI-RUN conditions.
However, some intereéting effects of RUNS and NON-RUNS
upon response speed on negative slides occurred in

nsXperi-
ment 3.

Bxperiment 3 was the only experiment vwhich pro-
duced a difference in detection accuracy on RUNS and IiON-
RUNS which could be attributed to search image formation.
RUKS resulted in search image formation, while NON-RUNS
did not. On negative slides in this experiment, response
speed'was significantly slower in NON-RUNS than in RUNS.
Thus, search image formation in RUNS resulted in faster,
in addition to more accurate, detection of the absence of
the ‘moths. It seems likely, then, that the search image w
retained during the presentation of negative dides, and
operated to increase the speed with which the jays detected
its absence. i/ithout search image formation, then, the

as

Jays apparently nust scan the substrate for = longer veriod
of time before deciding to terminate the search.

in summary, scarch image formation seems to be 2
somewhat gradual increase in attention to some aspect of
the stinmulus configuration which represents the resting
moths, or in other words, an increase in the strength or
specificity of the search image. ‘hen a search imege is
formed, it is subsegquently retained in the moth's absence,
and results in faster and more accurate detection of the
absence oi this image.

It should be noted, however, thazt in these experi-
ments the search image was retained during oresentation of
negative slides containing the same substrates that were
present in positive slides. Search images might not oe
retained during negative trials which displayed o substrate
markedly different from that which the prey normally rests
upon. 1t would be importent, in the future, to test

; © ; i des +ainin~ an in-
wnether presentation of negative slides convalnlng an 1in
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appropriate background would disrupnt search image forma-
tion.

If such a result occurred, it would indicate that
a restriction of the area searched might be a necessary

condition for search image formation. This result would

also suggest a connection between patch selection (krebs,

1973) and search image under field conditions.
Svecificity of the search image

The present research found that search image is
formed with consecutive encounters with one cryptic prey
species, and this result suggests that a search image is
formed for a very specific stimulus coniiguration. On the
other hand, search image formation was 2lso observed when
two species, similar in coloration but occurring in dif-
ferent orientations, were successively presented on the
same background. Although search image effects occurred
under this condition, this search image did not produce
levels of detection accuracy as high as those when the
search image was formed for one species. These resulis
suggest that . a search image may vary in specificity. The
more specific the stimulus configuration for which the
search imzgzge is formed, the better the accuracy of detec-
tion. ‘hen the search image is formed for a less specifiec,
or more variavle, stinulus configuration, accuracy of
detection is reduced. This conclusion is also supported by
the results of performance on negative slides. Detection
of the absence of the motahs was more accurate when a
search image was formed for one species than when a search
imcge was formed with the presentation of two similer
species. However, detection of The absence of the noths
under these conditions was better than when no scarch inage
was formed.

The conclusion that the specificity of a search

image czn vary, and subsequently rcsults in o vari2elon Lo
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detection accurecy, has important implications for the
effects of polymorphism upon & predator's ability to
detect cryptic prey. Since, in this study, differences
in appeerance between two cryptic prey consequently
weakened search image Tormation, 2nd resulted in lowvier
levels of detectability of the prey, it can be concluded
that the more divergent the visuel polymorphism, the
greater the defense against predation.

Effects of nolymornhism uvon the detection of cryntic nrev

The present research has produced results consistent
with those of Croze's (1970) experiments on the effects of
visual polymorphisn upon predation. The overant condi-
tioning procedures provide a useful simulation of mono-
morphic and nolymorphic populations in the field, by the
variation of prey types presented in sets of slides. How-
ever, these data do not provide informetion on the effects
of naturally occurring volymorvhic forms upon the ability
of blue jays to detect them. The simulated polymorphic
populations in thesc ezperiments were consiructed with
slides of diffcrent species. Reduced detection of the
moths resulied from presentation of two visually differens
species, cryptic on different backsrounds. It cannot be
determined fron the presént data whether similar effects
viould occur, with these procedures, with natural polymorphic
forms of prey. In addition, the frequency of the different
"morphs" was coual in the scts of slides presented to the
jays. liorphs of polymorphic Catocala species naturally
occur with various freauencies in the field (Sargent,
1976) and, undoubtedly, the frequency with which a parti-
cular nmorph occurs in the wild, relative to the most
conmon Iorn, plays an important role in the advantage
ageinst nrecation vhich nolymorphism confers upon a2 parvi-
cular form (Clarke, 1962). The oresent research, however,
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provides an excellent technique for the study of the
effects of visual polymorphism upon detection of the
morphs by blue jays. Vith these procedures, slides orT
various polymorphic forms can be presented and the
frequency of occurrence of each morph can be carefull
controlled to investigate the interactiﬂg effects of
visual divergence upon detection by jays.

¥
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Tables 1-16:

Tables 17-18:

ANOVA of verformance of percentage

correct and response speed (Lxperiments
1-4)

Dunnett's tests of percentage correct
on positive slides (Experiments 3-4)
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7800.78
125.00
1261.72
4882.81
2792.97
1945.31
2605.47
1539.06
1996.09
125.00
1046.88
'5339.06
1140.63
2289.06
2570.31
890.63
1390.63
2562.50
4039.06
363.28
769.53
3582.03

4035.16
11785.16

4097.66

574.22
1089.84
7496.10C
9339.84
1843.75
7160.16

93673.70
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1950.20
125.00
315.43

4882,81
698.24
648.44
217.12
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166.34
125.00
348.96
179.69
380.21
763.02
285.59
296.88
463.54
448.78

90082
64.12
298.50
336.26
327.37
341.47
47.85
90.82
208.22
259.44
204.86
198.89
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.40
6.99
2.99
3.08

1.38
5.44

.60
1.13
2.23
6.20
5.10

1.37
1.73

1.03
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of percentage"éorrect on positive trials (EXPERI-

NS
NS

NS
0<.025
NS
NS
N
NS
0<¢.01
0L .025
NS
NS

NS
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Table 2

ANOVA of response speed on positive trials (EXPERIMENT 1)
SV af S8 Jits} i SIG
SUBJECTS (S) 4 7.315 1,953
Runs (R) 1 .001 .001 .10 NS

S XR 4 .036 .009
Crypticity (C) 1 .008 .088 1.08 Ns

SLE C 4 .328 .082

Distance (D) 3 .104 .035 .87 NS

Sl E D 12 .480 .040
Position (P) 3 .517 172 6.46 D .01

S XP 12 .320 .027
RXC 1 .000 .000 .01 NS
RXD 3 .026 .009 .52 TS
C XD 3 .283 .094 3.07 NS
RXP 3 .052 .017 1.78 NS
GO P 3 .201 .067 5.37 < .025
DXP 9 eio .023 1.56 NS
RXCXD 3 .073 .024 3.09 NS
RXCXP?P ) .092 .031 3.68 p« .05
[ A M & P 9 .091 .010 .81 NS
B DS P 9 .196 .022 1.27 NS
SXRXC 4 .034 .009
SXRXD 12 . 200 .017
SXCXD 12 .370 .031
S A R X P 12 .118 .010
Bl X P 36 537 .015
Bla g X P 12 .149 .013
SlER AC XD 12 .095 .008
SXARAXCXP 12 .101 .008
SXRXDXP 32 .238 .8i%
SXCILDZXTPT 3 . . :
RXCXDXP 9 .404 .045 4.98 p<.001
SXRXCXDIXP 36 .324 .009
Total 319 14,315



ANOVA of

MENT 1)

sv

SUBJECTS (S)
Runs (R)
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2173.64
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6528.14
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2485.40
3814.43
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1967.48
4292.68
4545.01
5347.96

11773.77

3799.01
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4970.64
10616.04
9441.27

150235.52

us

4659.16
365051
80.75
2761.25
6858.74
1677.50
713.89
1277.15
182.90
2-45
119.95
738.66
T726.55
850572
abl. 35
106.51
232.98
276.15
423,83
249.22
163.96
357.72
378.75
445.66
327.05
316.58
107.69
138.07
294.89
248.79
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4.53

.40
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.01
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.93
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.34
2.63
2.00
1044

.95
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NS
NS

p< .01

NS
NS
R
IS
NS
pL.05
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Table 4

ANOVA of response speed on negative trials (EXPERIKENT 1)

sv &€ 58 WS P sic
SUBJEC?S (s) 4 1.0839 .2710

Runs (R) 1 0077 .0077 .89 NS
S % R 4 .0347 .0087

Background (3B) 1 .0113 .0119 1.45 NS
SESNE 4 .0330 .0082

Distance (D) 3 .0388 .0129 2.30 Us
S XD 12 0672 .0056

Position (P) 3 .0814 .0271 6.16 1p<.01
SXP 12 .0534 .0044

R XB 1 .0206 .0206 1.93 NS

R XD 3 .03983 ,0133 1.12 NS

B X D 3 .0493 .0614 8.20 ©p< .005

RS P 3 .0352 .,0117 1.17 NS

BXP 3 0272 .0091 1.44 NS

DXP 9 0710 .0079 1.16 NS

A B X D 3 .0381 .0127 1.74 NS

IRV IBIE 1P 3 .0269 .,0090 2.57 NS

A X P 9 1545 ,0172

BXDIXP 9 .0917 .0102 2.22 NS

S XRAB 4 .0426 .0107

SIS IRINE i) 12 .1433 ,0119

S €18 C ) 12 .0245 ,0020

SRR ENBEEP 12 0760 .0063

S XRXP L2 .1138 .0100

SXDXP 36 .2456 ,0068

S XA 2 B JC Iy 12 L0877 .0073

S LB s B TG 12 12 .0415 ,0035

SARXDILP 36  .3038 .0084

SXBXDIP 36 1672 .0046 ]

RXBXDIXP g .1594 .0177 2.53 NS

SXRXBXDXP 36 .2506 .0070

Total 319 3.6283
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Table 5

ﬁgggAzgf percentage correct on positive trials (EXPERI-

sV a  ss Ms P SIG
SUBJECTS (S) 4 11355.47 2838.87

Runs (R) 1 1220.70 1220.70 5.81 NS
SXR 4 839.84 209.96

Crypticity (C) 1°19923.83 19923.83 7.62 IS
SXC 4 10457,03 2614.26

Distance (D) 3 13177.03 4392.58 7.80 1 .005
SXD 12 6753.90 562.83

Position (P) 3 365.23 121.74 .28 NS
SXP 12 5269.53 439.13

R X C 1 2392.58 2392.53 19.60 v« .025

2 XD 3 474.61 158.20 1.86 1S

G D 3 1146.48 382.16 .95 TS

RXP 3 2505.36 835.29 4.57 W

CXP 3 583.98 194.66 .93 NS

DXP : 9 4564.45 507.16 3.08 p« .025

e CXD 3 2396.48 798.83 10.27 pL .005

B C % P 3 802.73 267.58 47 TS

RE DK 7P 9 4330.08 481,12 1.23 NS

CR¥ D) K P 9  3001.95 333.55 1.30 NS

SXRXD 4 488,28 122.07

5'E R K'D 12  1019.53 84.96

S & C.X D 12  4839.84 403,32

SXRXP 12 2191.41 182.62

Gl D X P 36 5933.59 L, e

SXCcXPp 12 2511.72 209.31

S ®ERXCIKD 12 933.59 77.80

SXRXCXP 12 6824.22 568.68

SXRIXIDXP 36 14136.72 392.59

SXCXLDXP 36 S L O 257.05

RXCZXDXP 9  4064.45 451,61 1.52 IS

SXRXCZXDIX?P 36 10691.41 296.98

Total 319 154451.13
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Table 6

ANOVA of response speed on positive trials (EXPERIMENT 2)

SV af SS IS} F SIG
SUBJECTS (8S) 4 5.286 1.322

Runs (R) 1 031 031 3.60 NS
S R 4 .034 .003

Crypticity (C) 1 .319 .319  1.58 NS
5 KaC 4 .809 . 202

Distance (D) B .062 .021 .98 NS
S XD L1 «255 .021

Position (P) 3 .038 .013 ..81 NS
S XP 12 .188 .016

RAC il .011 .011 .62 NS

RXD 3 .075 025  3.54 p<.05

CXD 3 .129 .043 2T NS

RXP 3 073 .024 1.92 NS

CXP B .064 .021 1.64 NS

DXP 9 .359 .040 2.32 pg .05

RXCXD 5 071 .024 3.43 NS

RXCXP g .026 .009 .61 NS

RILDXP 8 .291 .032 2 Ll NS

& ' 2 P 9 .310 034 3.19 p .01

e 'R ¥ C 4 073 .018

SE RXD 12 .085 .007

% C KD 12 .186 .016

SLE . R ¥ P .12 151  .013

SXDXP 36 .619 017

SE C K P 12 P LS5 .013

SXRIXCXD 12 .0382 .007

SIEARAX C X P 12 .163 .014

S ER K DILP 36 .552 .015

SXCXDXP 36 .388 .011

BE CKEDX?P 9 .128 Jos .90 NS

DIESRYX C KX D X P 36 . 567 .016

Total 319 11.58%5
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ss
16057.53
1256.11
2248. 23
14661.11
24710. 29
506.73
11484.74
14594.08
9595.39
1051.25
2517.61
4218.21
483.06
4192.36
5031. 20
2055.48
723.63
7250.01
2386.51
1302.53
1612, 23
12525.33
16340.93
4752.78
6214.33
4675.49
4045.59
7981.83
7902.14
4690.85
16205.18

207272.26

IiS

© 4014.38

1256.11
562.07

14661.11

6177.57
166.91
957.06

4864 .69
799.61

1051.25
839.20

1406.07
161.02

1397.45
559.02
685.16
241.21
805.56
265.17
134.35

1043.78
861.75
396.07
172.62
389.62
337.13
221.72
219.50
521.21
450.14

F

2.23
2037

L)
6.08
3:23
6.25
1.35

041
1.62
1.76
072
.63

1.16
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Table 8
ANOVA of response speed on negative trials (EXPERILENT 2)
SUBJECTS (S) 4736  .1184

4

Runs (R) 1 .0019 .0013 1.5 NS
SXR 4 05148 .0123

Background (B) 1 .0263 .0263 1.07 NS
SXB 4 .0983 .0246

Distance (D) 3 .0540 .0180 1.82 NS
S XD 12 .1191 .0099

Position (P) 3 .0453 - GRS 2.25 NS
B X P 12 .0809 .0067

RXB 1 .0419 .0419 2,46 NS

R XD 3 .0072  .0024 .+34 NS

o) 3 .0179 .0060 .54 NS

RXP 3 .0154 © ,0051 1.50 NS

BXP 3 .0045  ,0015 .29 NS

DXP 9 .0715 .0079 1.18 NS

RXBXD 3 .0450 .0150 2.17 NS

BRI P 3 .0023 .0003 .25 NS

- 9 .1334 .01483 2.31 NS

BXIDXP 9 .0976 .0108 1.48 NS

SEQ R B B 4 .0679 .0170

She & e D 12 .0349 .0071

SXBXD 12 .1327 L0111

SXBXP 12 .0625 .0052

SEL R ME P 12 L0412 .0034

SXDZXP 36 .2416 .0067

SR ® % B LD 12 .0822 .0069

SXRABIXP 12 .03380 .0032

SXRADXP 36 .2307  .0064

SXBAXDIXP 36 . 2642 .0073

R B'EDXP 9 .0833 .0093 2.16 NS

SXRXBXDXP 36 .1531  .0043

Total 319 2.8637
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. Table 9
| ANOVA of percentage correct on positive trials (EXPERI-
' VENT 3)
SV af S5 148 E SIG
SUBJECTS (S) 4 2515.63 628.91
Condition (C) 2 8973.96  4486.98 7.68 p<.025
S XC 38 4671.88 583.98
Distance (D) 3 9757.81  3252.60 11.91 p ¢ .001
S %D 12 3276.04 273.00
Position (P) 3 5486.98 1828.99 11.42"° p¢ .001
SXP 12 1921.88 160.16
! 8D 6 2296.88 382.81 1.61 NS
CKP 6 6192.71  1031.12 4.44 1 £.005
DXP 9 3356.77 372.98 ~1.67 NS
| CRZNT 3 P 18 3369.79 187.21 .76 NS
1 SIEC XD 24 5723.96 238,50
SXCXP 24 5578.13 232.42
SEDEP 36 8036.46 83 12/
SXCXDXP 72 17776.04 246.89
Total 239 88934.92
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Table 10

ANOVA of response speed on positive trials (EXPERIMENT 3)
sv &€ 58 M P sic
SUBJECTS (S) 4 7.310 1.828

Condition (C) 2 .074 .037 1.48 NS

S XC 8 . 197 .025

Distance (D) 3 .452 151 4.31  p<.o5

S XD 12 424 .035
Position (P) 3 .044 .015 A7 NS

5 X P 12 .388 .032
CXD 6 o247 .024 1.41 NS
Cx P 6 .044 .007 .78 S
DXP el 187 op2nt 1.62 NS
CXDXP 18 .238 013 1.30 NS

58 £ CX D 24 .418 SN
S XCXP 24 .203 .009

SXDXP 36 456 .013
SXCXDIXP T2 743 .010
Total 239  11.325
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ss

2015.63
5583.33
1265.63
5895.83
2151.04
13437.50
4088.54
5187.50
1541.67
4083.33
1 2942.71
6817.71
10411.46
16307.29

83458.34

negative trials

us

503.91
2791.67
158.20
1965.28
179.25
4479.17
340.71
121.53
864.58
171.30
226.85
122.61
284.07
289.21
226.49

z

17.60
10.96
13.15
-99
3.04

.59
1.00
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(EXPERI-

rn
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fop)

D L .005
p £ .001
p ¢ .001
NS

0 £.025

NS
NS
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Table 12

ANOVA of response speed on negative trials (EXPERILENT 3)

SUBJECTS (S) 4 1.303 .326

Condition (C) 2 096 .048 4.80 p .05
S X C 3 .079 .101

Distance (D) 3 115 .038 2.11 NS
S XD 12 .219 .018

Position (P) 3 .113 .038 2.00 NS
S X P 12 224 .019

CXD 6 .123 021 2.33 NS

o & P 6 132 .022 2.20 NS

B N B 9 .054 .006 1.00 NS

CrE D ¥ P 18 .210 012 2.00 NS

o 42 CcCBD 24 .093 .009

o a8t E P 24 .247 .010

5 8 DXP 36 .216 .006

DRISREEH ) X P 72 .411 .006

Total 239 3.640
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S XP
© o4 )
CREY 1B
DXP
CXDXP
SXCXD
S XCXP
SXDXP.
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Table 13

sS

6864.58

1255.21
1401.04
2302.08
4052.08
12468.75
4197.92
1119.79
4140.63
2385.42
5567.71
10494.79
9036.46
11052.03
26151.04

102489.58

NS

1716.15

627.

60

175.13

767.
137.
4156.
343,
136.

630
265

36
67
25
83
63

.10
.05
309.
437.
376.
307.
363.

32
23
212
00
21

b3

11.88

.43
1.83
.86
.85

83
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SI

NS
p £.025
0/ .001
NS
NS

NS
NS
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Table 14

ANOVA of response speed on positive trials (EXPERILENT 4)

i & 88 ¥ P sIo

SUBJECTS (S) 4 2.548 . 637
Condition (C) 2 - 055 .027 1.93 NS
S X C 8 .109 .014
Distance (D) 3 .067 .022 .61 NS
S 2D 12 .433 .036
Position (P) 3 .150 .050 2.27 NS
XP

S 12 . 262 .022
CXD 6 .046 .008 53 NS
G P 6 125 021 1.50 NS
1w R 9 . 229 025  1.79 NS
CXDXP 18 .582 .032 1.60 IS
SXCXD 24 . 354 .015
S XCXP 24 .328 .014
S XDXP 36 .498 .014
SXCXDXP 72 1.451 .020

Total 239 7.237
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Table 15
ANOVA of percentage correct on negative trials (EXPERI-
MENT 4)
sV af ss s P sic
SUBJECTS (S) 4 1578.13 394.53
Condition (C) 2 2848.96 1424.48 3.63 NS
S X6 8 1578.13 392.27
Distance (D) ) 9403.65 3134.55 18.19 p<.o001
5 XD 12 2067.71 e, il
Posgition (P) 3 26028.65 8676.22 18.77 pe .001
S XP 12 5546.88 462.24
CXD 6 1651.04 275.17 1.64 NS
CXP 6 1463.54 243.92 .72 NS
DR P 9 2752.60 305.35 1.11 NS
CNESD B P 13 3036.46 168.69 .57 NS
S @ X D 24 14026.04 167.75
S (C UE P 24 8171.88 340.50
gD XP 36 9890.63 274.74
SXCXDX?P 172 21390.63 297.09
Total 239 101434.93
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Table 16

ANOVA of response speed on negative trials (EXPERILENT 4)

SUBJECTS (S) 4 1.750 .438

Condition (C) 2 .031 .016 2.23 NS
S X C 8 .060 . 007

Distance (D) 3 .081 .027 2.46 NS
S XD 12 - L2 011

Position (P) 3 .023 .008 1.14 NS
S XP 12 .080 .007

CXD 6 .062 .010 2.00 NS

C 3P 6 .038 .006 1.20 1S

DXP 9 .030 .003 .43 NS

CXDXP 13 .170 .010 1.43 NS

S A e kD 24 .110 .005

SXCXP 24 .108 . 005

SXDXP 36 241 .007

SXCXDXLP 72 .316 h (i

Total 239 3.227
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Table 17

Post-hoc comparisons of percentage correct
on positive slides in Experiment 3
(Dunnett's tests) '

Comparisoﬁ
C. retecta RUNS- C. relicta RUNS-
NOI-RUNS NON-RUNS
Position of Position of
Slide D SIG Slide D SIG
1-2 .47 NS 1-2 47 NS
3=-4 .16 NS . 3-4 .47 NS

7-8 3.59 p£.005 7-8 3.47 p( .C05
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Table 18

Post-hoc comparisons of percentage correct
on negative slides in Experiment 3
(Dunnett's tests)

Comparison
C. retecta RUNS- C. relicta RUNS-
NON=-RUNS NON=-RUNS
Position of Position of
Slide D SIG Slide D S81G
1-2 .77 NS 1-2 <41 NS
3-4 .25 NS 3-4 .95 NS
5-6 1.25 NS 5-6 1.17 NS
7-8 2.11 p&..05 7-8 1.87 0¢.05

af=24 af=24



Appendix B:
Table 1-4:

Percentage correct on
tive trials for indivi
(Experiment 3-4)

positive and nega-
dual subjects
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Table 1

90

Percentage correct on positive trials (Zxperiment 3)

Subject
Posit;on

o=\ pHiwpp -

Subject
Position

0= A\ o N H

Subject
Position

oo\ -

g9l

87.5
75:0
62.5
75.0
75.0
100.0
100.0
100.0

91

©100.0

62.5
100.0

75-0
100.0
100.0
100.0
100.0

11

87-5
8705
87.5
100.0
100.0
100.0
100.0
100.0

11

100.0
100.0
100.0

8705
100.0
100.0
100.0
100.0

NON-RUNS
11

100.0
75.0
75.0
62.5
62.5

100.0
75.0
62.5

C. retecta RUNS

29

100.0
62.5
75.0

100.0

100.0

100.0
87.5

100.0

C. relicta RUNS

29

62.5
75.0
37.5
87.5
75.0
87.5
100.0
100.0

29

100.0
62.5
75.0
87.5

100.0
37.5
62.5
87.5

70

100.0
62, 2
62.5
87. 5

100.0

100.0

100.0

100.0

70

87-5
7500
62.5
7590
62.5
100.0
87.5
100.0

70

75.0
75.0
37.5
75.0
75.0
87'5
75.0
50.0

15

62.5
87.5
62.5
62.5
62.5
100.0
100.0
100.0

15

87.5
62.5
87.5
87.5
100.0
100.0
100.0
100.0

15

87.5
50.0
87'5
62.5
87.5
87.5
87.5
62.5



Table 2

91

Percentazge correct on negative trials (ExPeriment 3)

Subject
Posit;on

oo

Subject
Position

ook w -

Subject
Position

O3 VU W H

91

15.0
7500
62.5
8705
7500
87.5
100.0
100.0

91

- 75.0

25.0
75.0
75.0
100.0
100.0
100.0
100.0

\O
=

=
~N O OO\ OV

VIOl ) O Ut
QOO oOoOWUmoO

C. retecta RUNS

11 29
87.5 87.5
100.0 100.0
62.5 75.0
62.5 100.0
100.0 100.0
87.5 100.0
100.0 100.0
100.0 100.0
C. relicta RUNS
11 29
87-5 62.5
62.5 87.5
75.0 87.5
62.5 87.5
87.5 87.5
100.0 87.5
100.0 37.5
100.0 100.0
NON-RUNS
11 29
100.0 75.0
75.0 87.5
87.5 75.0
87.5 75.0
75.0 87.5
75.0 62.5
THEI0 75.0
75.0 75.0

70

87.5
62.5
15.0
75.0
100.0
100.0
100.0
100.0

70

87.5
87.5
100.0
75.0
87.5
87.5
87.5
100.0

70

87.5
62.5
87.5
50.0
100.0
75.0
100.0
75.0

15

15.0
87.5
50.0
75.0
87.5
100.0
100.0
100.0

15

62.5
37.5
62.5
62.5
B2 )
100.0
e
62.



Table

3

92

Percentage correct on positive trials (Exveriment 4)

Subject
Pos1t10n

oo\ -

Subject
Position

Subject
Position

oo\ N

(LN Wo )N - UVE VN o

91

75.0
75.0
75'0
6205
50.0
100.0
100.0
100.0

ol

50.0
75.0
15.0
7500
100.0
100.0
100.0
100.0

91

75.0
100.0
3705
6205
75.0
87.5
87.5
100.0

11
87-

RUNS

75.0

37.5
100.0
100.0
100.0
100.0
100.0
100.0

NON-RUNS

11

87.5
100.0
87.5
87.5
100.0
100.0
100.0
87.5

g; retecta RUNS

29

50.0
62.5
100.0
75.0
50.0
100.0
87.5
87.5

29

62.5
87.5
75.0
50.0
87.5
100.0
100.0
87.5

29

75.0
62.5
62.5
62.5
75.0
87.5
75.0
75.0

70

87.5
87'5
75.0
100.0
7500
100.0
100.0
87.5

70

87.5
7500
87.5
62.5
87.5
100.0
87.5

100.0

70

75.0
87.5
75.0
62.5
87.5
87.5
81.>
75.0

15

87.5
87.5
62.5
62.5
100.0
75.0
100.0
100.0

100.0
50.0
75.0

100.0

100.0
75.0
87.5

100.0

15

75.0
62.5
75.0
87.5
87.5
75.0
87.5
75.0



93

Table 4

Percentage correct on negative trials (Experiment 4)

C. retecta RUNS

Subject g1 11 29 70 15

Position :
1 87.5 87.5 62.5 75.0 87.5
2 100.0 62.5 62.5 62.5 75.0
3 100.0 75.0 75.0 87.0 75.0
4 100.0 75.0 75.0 62.5 50.0
5 87.5 100.0 87.5 100.0 87.5
6 87.5 100.0 100.0 100.0 87.5
7 100.0 100.0 100.0 100.0 100.
3 87.5 100.0 87.5 100.0 100.0

C. cara RUNS

Subject 91 11 29 70 15

Position
1 87.5 87.5 87.5 87.5 75.0
2 87.5 62.5 87.5 75.0 25.0
3 50.0 - 62.5 75.0 75.0 62.5
4 62.5 75.0 50.0 75.0 87.5
5 62.5 75.0 62.5 87.5 62.5
6 100.0 100.0 100.0 - 100.0 100.0
T 37.5 100.0 100.0 100.0 100.0
8 100.0 ©100.0 100.0 100.0 100.0

NON~RUNS

Subject 91 11 29, 70 15

Position
1l 100.0 75.0 87.5 62.5 75.0
2 75.0 50.0 50.0 75.0 75.0
3 50.0 75.0 5. © 62.5 62.5
4 75.0 37.5 62.5 75.0 50.0
5 8 .5 100.0 75.0 75.0 87.5
6 75.0 100.0 87.5 100.0 75.0
7 62.5 100.0 75.0 100.0 100.0
8 100.0 100.0 75.0 100.0 87.5
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