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INTRODUCTION

Redwing blackbirds (Agelaius phoeniceus, Mason & Reidinger, 1983a), European
starlings (Stwrnus vulgaris, Schuler, 1980), house sparrows (Pasier domesticus:
Greig-Smith & Rowney, 1987), and a variety of other avian species (e.g., Ja-
panese quail, Corturnix japonica; Czaplicki, Borrebach, & Wilcoxin, 1976) learn
to avoid visual cues associated with sickness. For redwings, visual stimuli appear
relatively more important than taste in avoidence acquisition (Mason & Rei-
dinger, 1983a), and certain colors seem to be more effective conditioned stimuli
than others. For example, avoidance generalization is broad for hues of red, but
relatively narrow for hues of green (Mason & Reidinger, 1983b). Ecologically,
the differential effectiveness of color is predictable, since red is used frequently by
animals to advertise unpalatability (aposematic coloration; Terhune, 1977). Green
serves this function rarely, if ever, and is more often associated with the crypric
coloration used by palatable prey for concealment from predators (Brower, Cook,
& Croze, 1967; Wickler, 1968).

Besides direct acquisition of avoidance, red-wings will learn by observing
conspecifics or other birds such as common grackles (Quiscalus quiscula; Mason,
Arze, & Reidinger, 1984a). Such vicariously acquired avoidance closely resembles
avoidance acquired as a function of direct experience. For example, vicarious
learning occurs in a single trial, and resistance to extinction is usually similar to
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that exhibited when birds learn direcely. These findings have clear implications
tor theories of numicry that make che assumpuion that avian predacors learn o
avoid unpulatable prev (Alcock, 19694, 1969b: Avery, 1985; Mason & Rei-
dinger. 1983b). One implication is that not all predacors need to experience the
unplessant and potencially lechal consequences of atcacking unpalatable ap-
osematic prey in order to learn to avoid them (Mason ct al.,. 1984a).

Grven the ease with which avoidance responses are vicariously acquired, it
15 not surprising that preferences can be acquired through observacion as well. For
exampio. 1n the laboratory, redwings will prefer color-food combinations that
they have seen presented to demonstracor birds (Mason & Reidinger, 1981). In a
similar vein, chaffinches (Fringilla coelebs), white wagtails (Motucilla alba) and
Tennessce warblers (Vermizora peregrina) are more likely to sample new foods when
exposed to conspecifics doing so (Davies, 1976; Rubenstein, Barnett, Ridgely, &
Klopter, 1977; Tramer & Kemp, 1979).

One potentially important difference between vicariously acquired prefer-
ence and avoidance responding is chat, for the former, aposematic colors (eiges
orange) do not appear to be more eftective stimuli than cryptic colors (e.g.,
&reen), at least in terms of resistance to extinction (Mason & Reidinger, 1981).
Another ditference is that several training trials are often necessary to elicit
vicarious color preference responding, whereas avoidance is usually elicited in a
single trial. These findings suggest thac preferences may be acquired more slowly
or with greater difficulty than aversions. Nevertheless, the existence of reliable
observational acquisition of color preferences raises the issue of whecher observa-
tionally acquired preferences or aversions exert greater control over behavior. The
answer to this question is important wich regard to mimicry, since predators are
likely to observe atracks by conspecifics on both models and their mimics, and, in
some cases. observed atracks on the latcer may exceed observed attacks on the
former, since mimics are more numerous (Brower, 1960). In the case of observed
attacks on models, observers should learn avoidance, but in the case of arracks on
mimics, preference should accrue. If avoidance and preference were to exert equal
control over behavior, and mimics were more numerous than models, then ob-
servers should develop preferences for both models and mimics.

At least one experiment has addressed this issue (Mason et al., 1984a). As
conspecitics watched, individual redwings were trained to prefer or avoid food
paired with yellow. During subsequent tests, the demonstrators and half of the
observers were assessed in visual isolation. The remaining observers were tested in
visual contact with another observer thar had watched a demonstrator exhibit
behavior opposite to that exhibited by its own demonstrator. For demonstrators
and observers tested in isolation, color aversions were more resistant to extincrion
than color preferences. For the observers tested together, avoidance was again
more resistant to extinction than preference. Moreover, once preferences had
extinguished, they were replaced by avoidance. Such findings suggest chac obser-
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vationally acquired avotdance may exere relatively greacer control over behayor
than obscrv.m.nm“_\' acquired preterence.

An unanswered question s the importance of stimulus complexity as a
variable influencing direce and observacional acquisicion of responsing. In Bate-

Sar mamicry. the importance of this variable g suggested by the face thae
unpilatable or toxic models (c.g., Monarch butcerflics, 1.zmaus plexippusy and
the:s palatable mimics (.8, Viceroy buceerflies, Limenitis ar ppusy employ boch
aposemaric coloration (c.g., orange) and pateerns (e.g., stripes) as warnings to
potental predacors. Aposematic coloracion and striping may have even greater
importance in Mullerian mimicry, in which both models and “mimics” are
unpulatable (Wickler, 1968), and in Mercesjan mimicry, in which direct encoun-
ters between a predacor and a model or mimijc are usually faral for che predator
(Wickler, 1968).

The presenc €xperiments were designed to assess the relative impertance of
color and pattern cues jn food aversions and food preferences exhibited by birds.

avoidance learning, an attempt was made to manipulate the intensicy (malaise,
mere unpalatability) of che unconditioned stimulus. One assumption was that,

tion was that “complex” stimulj (colors and stripes) might not facilitate prefer-
ence learning, insofar as aposematic cues are rarely used by palacable prey (ourside
the context of mimicry).

EXPERIMENT 1

Experiment 1 was performed to test the Proposition that, togecher, color and
pattern cues would enhance the resistance to extinction of a directly acquired
avoidance response, relative to either color Or pattern cues alone.

Method

Thircy decoy-trapped experimentally najve adule male red-wing blackbjrds (mean
weight: 70.2 + 2.3 g) were individually housed (cage dimensions: 61 cm x 36
¢m X 41 cm), and a 6:18 hr light/dark cycle was used t0 maximize feeding,
without reducing the tocal qu;;ntity of food consumed (Mason et al_, 1983a,
1983b; Rogers, 1974, 1978). Water was always available. Before the experiment
began, the birds were permitted free access to food (Purina Flighe Bird Condi-
tioner {PFBC}) presented in hoppers actached to the center of the frones of the
cages.
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On cach of the 4 days prior to conditioning, food hoppers were FeMOoved
from che cages for che first 2 hr following light onset. This mduce! mild foond

deprivation, because redwings consume the greatest porzion of their datly racion
during this period (Mason, Dolbeer, Arzt, Reidinger, & Woronecki, 198 i
During the third hour of lighe. each bird was presented wich a food cup (7.5 ¢m
diameter) contarning 20 g of PFBC. After 60 min, the cups were removed trom
the cages, and the amount of PFB{. remaining was recorded. Food hoppers were
then returned to the cages, and the birds were left undiszurbed until hghr onse:
of the following day.

Birds were assigned to six matched groups (2 = S/group) on the basis of
mean pretreatmenc consumpteion. The bird with che highest consumption was
assigned to the first group, that with the next highest to the second group, and so
on. On the day of conditioning, all groups were food deprived for 2 hr, and then
presented with cups containing 20 g of PFBC. White rectangles (17.5 ¢m %
12.5 e¢m) on which four evenly spaced vertical black stripes (1 em widch) had
been drawn were atcached to the backs of the cups presented to Groups S-E
(stripe-experimental) and S-C (stripe-control). These training: stimuli are de-
picted in Fig. 5.1A. Orange rectangles (17.5 cm X 12.5 ¢m) were attached co
the backs of cups presented to Groups O-E (orange-experimental) and O-C (o
ange-control). Orange rectangles (17.5 cm X 12.5 cm) with four evenly spaced
vertical black stripes (1 cm width) were attached to the backs of cups presented to

roups SO-E (striped orange-experimental) and SO-C (striped orange-control).
_ After each bird had consumed 1 g of food, or after 30 min had passed, the
food cups were removed, and Groups O-E, S-E and SO-E were gavaged (i.c.,
orally intubared) with methiocarb solution (2 mz/kg). As a control, Groups O-C,
S-C and SO-C were gavaged with propylene glycol, the carrier for the methiocarb

Figure 5.1. Diagram showing stimuli
and food cups presented to birds in Groups
S-E and $-C on the day of conditioning (A)
and during testing (B). All other groups
were treated similarly, except that scim-
ulus cards differed.




5 OBSFRVATIONAL LEARNING BY REDWINGED IH.,\(,KH’IRD\ 103

(Mason & Reidinger. 1982a; Mason & Reidinger, 1983a, 1983b). Methioc arb
(3.5-dimethyl-i-{met hylchio] phenol methylcarbamare) is a bird repellent that
reliabiy elicits one-trial avoidance learning similar to chac elicited 1n redwings by
0,15 M lithium chloride (Mason & Reidinger, 1983b). Intubation was completed
1 all cases wichin 15 min of the end of the feeding trial. Thirey minutes lacer,
tood hoppers were replaced on the cages, and the birds were left undisturbed until
light onset of the tollowing day.

On each of the -4 days immediately following conditioning. the birds were
tood b.;‘rn;d tor 2 hr, and then given two-choice tests. Testing involved the
presencation of two food cups, each containing 20 g of PFBC, spaced 5 cm apart
at the center of the front of each cage. For Groups S-E and S-C. white S+
rectangies with vertical stripes were attached to the back of one of the cups in
each pair. Atrached to the back of the other cup was a white So rectangle with
horizontal stripes. These test stimuli are depicted in Fig. 5.1B. For Groups O-E
and O-C, orange (S+) rectangles were attached to the back of one of the cups in
each pair. Attached to the back of the other cup was a red (So) rectangle. For
Groups SO-E and SO-C, verrically striped orange S+ rectangles were attached to
the back of one of the cups in each cage; horizontally striped red So rectangles
were atrached to the back of the other cup.

After 1 hr, the cups were removed from the cages, and the amount of PFBC
remaining was recorded. Food hoppers were then replaced on the cages, and the
birds were left undiscurbed until light onset of the following day.

Results and Discussion

All experimental groups (O-E, S-E, SO-E) avoided food paired with S+ stimuli
during testing (ps < .05). However, there were significant differences among
groups in resistance to extinction (ps < .05). Groups S-E and O-E extinguished
after 2 or 3 days of testing, respectively, whereas Group SO-E exhibited condi-
tioned avoidance on all 4 test days (p < .05; Figure 5.2). None of the control
groups (O-C, S-C, SO-C) exhibited differential consumption (ps > .25).

The resules of Experiment 1 are consistent with prior findings (Mason &
Reidinger, 1983a, 1983b). As in these other investigations, birds learned avoid-
ance afer a single pairing of visual cues and malaise. Also, as previously reported
for scrub jays (Aphelocoma coerulescens; Terhune, 1977), color alone appeared to
elicit relatively more durable avoidance than stripes. The present findings extend
these observations by sugggsting that complex stimuli appeared to enhance re-
sistance to extinction (Group SO-E), relative to that elicited by color (Group O-
E) or pattern (Group S-E) alone. Such differential effectiveness suggests that
increasing discriminabilicy (e.g., by use of multiple cues) offers an advantage to
aposematic prey by increasing their discriminability to potential predators
(Guilford, 19806).
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Figure 5.2, Experiment 1 two-choice test results. All experimencal groups showed
conditioned avoidance. However, Groups O-E and S-E extinguished by test day 3.
and Group SO-E exhibiced avoidance on all test days. Coatrol groups (O-C, S-C, 8
O failed ro exhibir differential behavior. Capped vertical bars represent standard errors
of the means.
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EXPERIMENT 2

Experiment 1 demonstrated that color and pattern cues together produce greac. -
resistance to extinction than either cue alone. Experiment 2 was designed :
investigate whether similar findings would obtain when avoidance respondin:-
was acquired vicariously. Since observational learning by redwing mirrors dircc:
acquisition of color avoidance responding in terms of resistance to extinctic
(e.g., Mason et al., 1984a) and generalization of responding (personal observ.c
tion). a reasonable prediction was that a complex stimulus might be more ¢1iv.

tive than a simple scimulus (e.g., color only) for vicariously acquired avoidance

Method

Forty decoy-trapped adult male redwings (mean weight 68.5 * 3.0 g) werc
adapted to the food deprivation regime and assigned to cight groups (» =
5/group) on the basis of consumption, as previously described.

Groups were paired, and the cages of birds in Groups O-E (orange-experi-
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mental) and O-EW’ torange-experimental warching); O-C (orange-controli and
O-CW’ torange-control watching): SO-E (striped orange-experimental) and SO-
EW (striped orange-experimental watching': and SO-C (striped orange-control)
and SO-CW (striped orange-control warching) were placed adjacent o and in
view of one another (Mason & Reidinger 1982a; Mason ec al., 1954a). Stripes per
se were not used as stimuli because they were the least eftective stimuli in
Experiment 1. :

On the day of conditioning, all birds were food deprived for 2 hr, and then
Groups O-E and O-C were given orange S+ recrangles paired with PFBC. Groups
SO-E and SO-C were given vertically striped orange S+ rectangles paired with
PFBC. The birds in the other two groups (O-C, SO-C) were given food in plain
metal cups without colored rectangles attached. When birds in Groups O-E, O-C,
SO-E and SO-C had consumed at least 1 g of PFBC, or after 30 min had passed,
food was removed from the cages and the birds were intubated. Groups O-E and
SO-E were gavaged with methiocarb (2 mg/kg), and Groups O-C and SO-C were
gavaged with propylene glycol. Birds in Groups O-EW, O-CW, SO-EW and SO-
CW were left undisturbed. One hour following gavage, food hoppers were replaced
on the cages. The birds were then visually isolated from one another with pieces of
cardboard, and left undisturbed until light onset of the following day.

On each of the next 5 days, all birds were tood deprived for 2 hrs, and then
given two-choice tests. Groups O-E, O-C, O-EW and O-CW were given tests in
which orange S+ and red So rectangles were actached to the backs of food cups.
Groups SO-E, SO-C, SO-EW and SO-CW were given tests with vertically strip-
ed orange S+ and horizontally striped red Se rectangles. After completion of each
test period, all birds were left undisturbed with free access to PFBC until light
onset of the following morning.

Results and Discussion

Groups O-E and O-EW avoided food paired with orange S+ rectangles for three
or two test sessions, respectively (ps < .01: Figure 5.3). Groups SO-E and SO-
EW also avoided food paired wicth S+ stimuli (ps < .01), but differential behav-
ior was exhibited by these groups for 5 days. No significant differential consump-
tion was exhibited by birds in the control groups (i.e., Groups O-C, O-CW, SO-
C, SO-CW). )

The results of Experiment 2 confirm prior observations (e.g., Mason &
Reidinger, 1982a). Color avoidance was acquired vicariously after a single condi-
tioning trial. Moreover, resistance to extinction of the observationaily acquired
response was similar to that of avoidance acquired as a function of direct experi-
ence. Finally, regardless of how avoidance was acquired, complex stimuli ap-
peared to enhance resistance to extinction, relative to color alone.
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Figure 5.3. Responses exhibited by Groups O-E, O-EW, O-C, O-C1, SO-E, SO-
EW, SO-C and SO-CW in two-choice tests in Experiment 2. Groups O-E and O-EW
expressed avoidance on test days 1--3 and 1-2, respectively, whereas Groups SO-E
and SO-EW expressed avoidance on all test days. Groups O-C, O-CW, SO-C and SO-
CW did not exhubic differential consumption. Capped vertical bars represent standard
errors of the means.

EXPERIMENT 3

An unanswered question is whether complex stimuli are generally more eficceis
than simple stimuli, or whether they enhance avoidance responding alone. Justu
aposematic colors (e.g., orange) are no more efféctive than cryptic colors (¢.y.
green) in preference learning, it may be thac complex stimuli are no mor.
effective than simple stimuli ourside aversive contexts. Experiment 3 was de-
signed to assess this possibility.

Method

Twenty decoy-trapped adult male redwings (mean weight: 70.2 % 2.0 g v
adapted to the food deprivation regime, and assigned to four groups (.
5/group) on the basis of consumption.

Birds in Group O-EW (orange-experimental waiching) were placed
cages adjacent to birds in Group O-E (orange-experimental). Birds in Group SO-
EW (striped orange-experimental wacching) were placed in cages adjacent t
birds in Group SO-E (striped orange-experimental). At the beginning of tiw
third hour of light on each of the next 4 days, Groups O-E and SO-E were cive:

106
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PEBC 1n cups with orange or vertically striped orange recrangles attached. Birds
v Groups O-EW and SO-EW were given PFBC in platn metal cups. After 60
s, the amount of PFBC remaining was recorded. After each erial, the birds
were lett undisturbed with free access to PFBC until the following morni
immediately following craining, all birds were visually isolated rrom one

another, and
Birds in Groups O-E and O-EW were given food in ewo cups with orange S+ or

wiven two-choice tests during the third hour of fizhe for & duvs

cod So recrangles attached. Birds in Groups SO-E and SO-E\V were given food in
cups wich vertically striped orange S+ or horizontally striped red So recrangles
ctached. After 60 min, the cups were removed from the cages and consumption
was measured. After each test, the birds were left undisturbed witch free access to
PFBC undil light onset of the next day.

Results and Discussion

During testing, all groups preferred PFBC paired with their respective S+ (ps
< .05; Figure 5.4). However, differential consumption extinguished rapidly. By
the third test session, only Group O-EW continued to exhibit color preference
responding. No group exhibited difterential consumption during the fourth or
fifth test session.
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The results of Experiment 3 are consistent with other cbservations. Reg
wings (Mason & Reidinger, 1981), wood pigeons (Columb palumitus: Murcon,
197 1) and European searlings (Williamson & Grey, 1975) are capublc of develop.
ing food preferences, eicher as a resule of direct experience or observation. Howey.
er, unlike the resules of Experiments 1 and 2, no evidence was obramed ¢
suggese thar color and pattern cues togecher facilitated preterence, relarive
color alone. Alchough it is arguable chac complex stimuli mighe have been more
eftective than simple scimuli if an “appropriate” color such as green had been
used, previous work (e.g., Mason & Reidinger, 1981) has suggesred chat ap-
osematic colors are no more effective than cryptic colors for resistance to extine-
tion of a color preference response. ’

When Experiments 2 and 3 are compared, visually mediated avoidance
appears more resistant to extinction than visually mediated preference. This
impression is consistent with previous work (Mason et al. » 1984a). Not only are
direct and vicariously acquired avoidance IESpONSes mMore resistant to extinction.
but in addition, avoidance responses are more likely to affect the behavior of
conspecifics.

EXPERIMENT 4

In the preceding experiments, avoidance responding was mediated by the experi-
ence or observation of malaise in association with visual cues. Experiment 4 was
designed to assess whether a merely unpalatable flavor (one not associated wich
sickness) would elicit color avoidance learning as a function of direct experience.
On the basis cf other evidence (e.g.. Alcock, 1970), avoidance acquisition was
predicted, although it also was expected that differential responding would be
less durable than that elicited by sickness (Barker, 1976). As in Experiment 1,
different groups of birds were trained and tested with color cues only, or with
color and parttern cues together.

Method

Twenty decoy-trapped adult male redwings (mean weight 69.2 + 2.¢ g) were
adapted to the food deprivation regime, and assigned to two groups (n =
10/group) on the basis of consumption. Both groups were then given five crain-
ing trials (one trial/day). On each day of training, birds were food deprived for 2 .
hr, and then given scimulus rectangles paired wich dimethyl anthranilace (DMA)
adulterated food (0.85% w/w). DMA is widely used as a grape flavoring in human
foods, but is unpalazable to birds in the laboratory (Mason, Arze, & Reidinger,
1984b) and in the field (Mason, Glaha, & Reidinger, 1985).

For Group O-E (orange-experimental), food adulterated with DMA was
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nresented in a cup with an orange S+ recrangle attached. Group SO-F tseriped
oranze experimental) was treated similarly. except that vertically striped orunge
o+ rectangles were attached to tood cups. On each of the 5 davs following
craining, both groups were food deprived for 2 hr, and then giver two-choiwce
cests Group O-E was given food cups with orange S+ and red So recrangles
atcached, and Group SO-E was given cups with vertically striped orange S+ and
norizontally striped So recrangles attached. All tood cups contained plain (un-
adulzerated) PFBC. After 2 hr, consumprtion was measured. PFBC was returncd
to the cages in plain meeal cups, and the birds were left undisturbed uncil light
onset of the following day.

Results and Discussion

Both groups exhibited avoidance of PFBC paired with their respective S+ (s
< .05; Figure 5.5). However, as in Experiments 1 and 2, color and pattern
together (Group SO-E) elicited avoidance that appeared more resistant to extinc-
tion than avoidance exhibited toward color alone (Group O-E). »

That DMA was as effective as methiocarb was not expected, and this result
is inconsistent wich previous reports. Alcock (1970) found chat chickadees (Parus
atricapillis) showed stronger avoidance of mealworms when ingestion was paired
wich malaise, than when ingestion merely was associated with an unpleasant taste
(i.e.. an unspecified concentration of NaCl). Possibly, the discrepancy between
avoidance elicited by NaCl and that elicited by DMA reflects the sensory
modzlities stimulated by the latter compound. Dimethyl anthranilate is an olfac-
tory and trigeminal stimulanc for birds, and it also may have gustatory properties
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by Groups O-E and SO-E in two- 3
choics tests in Experiment 4. Group
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(Mason. Adams, & Clark, 1987). Sodium chloride is primarily a tasce stimuli,
In our laboratory, DMA has been tound to be 20097, 150% . and 125¢; mor:
eftective than 0.1 Al NaCl, 0.0001 M quinine HCI, and 0.001 M SUCTOs,
octaacetate in reducing or eliminating consumprion of foods by redwing black-
birds (Mason, unpublished observation).

EXPERIMENT 5

Because DMA elicited color avoidance responses that were as resistant to excinc-
tion as those elicited by mechiocarb, Experiment 5 was designed to test whethe:
observers of birds given DMA paired with a visual stimulus would also exhibir
visually mediated avoidance. As in previous experiments, different groups of
birds were trained and tested with color cues only, or with color and pattern cues
together.

Method

Twenty decoy-trapped redwings (mean weight: 69.2 + 2.0 g) were adapred to
the food deprivation regime, and assigned to four groups (» = S/group) on the
basis of consumption. Groups O-E (orange-experimental) and SO-E (striped or-
ange-experimental) were given training (4 days) identical to that described in
Experiment 4. Birds in Groups O-EW (orange-experimental watching) were
placed in cages adjacent to those of group O-E, and birds in Group SO-EW
(striped orange-experimental watching) were placed in cages adjacent to those of
Group SO-E. After conditioning, all birds were visually isolated. and given two-
choice tests identical to those described in Experiment 4 for 5 days.

Results and Discussion

Groups O-E and SO-E (i.e., demonstrators presented with DMA adulterated
food) showed less consumption during training than did Groups O-EW and SO-
EW (i.c., observers presented with unadulterated food) (ps < .05). During test-
ing, all groups avoided food paired witch their respective S+ stimul: ps < .05;
Figure 5.6), and as in the previous experiments, complex stimuli appeared to
elicit avoidance that was more resistant to extinction than thar elicited by color
alone. >

The present results confirm those of Experiment 4. DMA served as an
effective unconditioned stimulus, and complex stimuli produced learning that
was more resistant to extinction than learning elicited by color cues alone. In
addition, observers of birds given DMA paired with visual scimuli exhibited
avoidance, alchough the cues used by observers remain unclear. Demonscrators
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exhibited few signs of discomfort (only bill wiping was observed occasionally).
Possibly, the demonstrator’s decreasing consumption of DMA adulterated food
during training provided sufficient information to observers. Alrernatively, it
may be that “vicarious” learning in the present experiment was actually learning
through direct experience. Observers may have detected DMA volatiles from the
demonstrators’ food and associated the volatiles with the S+ cue.

GENERAL DISCUSSION

Various passerine species learn to avoid visual cues associated with sickness.
Moreover, prior investigations have demonstrated thac the breadth of response
generalization depends, in pare, on the intensity (Czaplicki et al., 1976; Duncan
& Shepherd, 1965) and color (Mason & Reidinger 1983b) of the conditioned
stimulus. The present experiments extend these observations by suggesting that
stimulus complexity influences the resistance to extinction of an avoidance re-
sponse. Experiments 4 and 5 further suggest that this facilitacive effect may not
depend on malaise. ;

That complexity should facilitate learned avoidance is predictable on an
ecological basis, because black stripes against an aposematic background (e.g.,
red, orange) are used by animals to advercise unpalatability (Cott, 1940). In chis
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regard, the observation char malaise may not be a precondition for learned avoid-
ance is teresting, because. in mimicry, some model prev (e.g.. Monarch buys.
tertlies) sequester toxicancs from plants char ditfer considerably in the amount ot
toxicant contained (Fink & Brower, 1981, One outcome of this variation is thar
models range from being palatal

to beng lechal. Ditterential LOXicity may
result in greater predacion on toxic individuals, but che present resules sogrvege

_ thar chis may not necessarily be che case. Strong learned avoidance of merely
unpualatable individuals may occur.

There are no ready explanations for the lack of effect of complex stimuli og
tood preference extinction, although one plausible speculation is that the extent
to which some passerines acrend to visual stimuli depends on the contexe (aversive
or appetitive) in which the cues are presented. This speculation is at least con-
sistent wich laboratory demonstrations that redwings learn more about what to
avoid than what to approach in some teeding situations (Mason & Reidinger,
19825). Regardless, the finding thac aposematic colors selectively facilitace
avoid.nce responding highlights the possible role of “unlearned” facrors in the
development and maintenance of a conditioned response.

Beyond learning as a funcrion of direct experience, the preseat results
contirm and exrend previous observations of vicariously acquired avoidance. As in
other work, one training trial was sufficient for avoidance acquisition. Once
established, conditioned responses were as resiscant to extinction as those ac-
quired directly, and complex cues appeared to be more effective conditioned
stimuli than color alone. One implication of such durable vicariously acquired
avoidance is that social interactions among predators (even predators of dificrent
species; Mason et al., 1984a) may influence the frequency of atcacks on ap-
osematic prey. A second implication is that the use of redundant aposematic cues
(i.e., pattern, color) by prev could provide extra protection from predators by
enhancing resistance to extinction of the avoidance response. In the simplest case,
fewer observed attacks on unpalacable prey would be needed to mainzain avoid-
ance of both model and mimic organisms.

From the perspective of an zvian predator, socially acquired avoidance,
albeic imperfect (e.g., the occasional rejection of a palatable mimic of an un-
palatable model) could lead to more efficient foraging than learning by direct
experience. In the case of Batesian mimicry (unpalatable model, palatable mim-
ic), observationally acquired avoidance would allow the predator to reject models
without wasting limited foraging time. Of course, mimics would also be avoided
at the cost of rejecting harmless prey. Presumably, the disadvantages of mis-
takenly rejecting mimics is outweighed by the advancages of avoiding models. In
the case of Mullerian mimicry, the advanrage of observational learning to the
predator is more clear, since both models and mimics are unpalatable. However,
vicariously acquired avoidance would be of the greatest advantage to predartors in
Mertesian mimicry (deadly models and mimics), because any direct encounter
between a predator and a model or mimic is lechal to the predator. Indeed, in the
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heence of observational learning, 1c is ditticule to conceive how Mertesian mimi-

~ vm:“.r evolve.
roadly. the present experiments suggest that a knowledge of srrmulus
ctrecriveness in laboratory studies of direct and vicarious avoidance learming will

+.-2ner understanding of aposematic signals used in model-mimic systems. Pro-
vided thae laboratory experiments of visually mediated avoidance learning tit
witiun a broader ccological context, onc might predict that the stronger the
awordance response (¢.g., the greater the resistance to extinction) in the laborato-

_¢the more eftective (and, perhaps, the more common) the stimulus complex in

_ This prediction is consistent with the observation that aposemartic ani-

mals use both color and pattern cues to deter potential predators (Cote, 1940).
Scrong avoidance acquisition atter experience w ith-a model prey (or after observa-
tion of prey sampling by a conspecifici could deter even brief sampling excursions
by birds, thus decreasing the likelihood of mcountenng a mimic (and weakening

mimics to exceed the number of mmds without damage to the mimetic mmplex
(Brower, 1960).

SUMMARY

Learned avoidance and preference by birds for some foods is mediated by visual
cues. Learning can occur either through direct experience or observation. For
avoidance, aposenatic colors such as red are more effective conditioned stimuli
than eryptic colors such as green. For preference, both red and green appear to be
equally effective. Ecologically, the ditferential effectiveness of color is predict-
able. because the aposematic colors are used frequently by animals to advertise
unpalatability, whereas the cryptic colors serve this function rarely. An un-
answered question is the importance of pattern cues as a variable influencing
diréct and observationally acquired- preference and avoidance. The potential sig-
nificance of striping is suggested by the observation that aposematic animals
otzen are striped as well as brightly colored. The present experiments were
designed to address this issue using redwinged blackbirds as subjects. Experi-
ments 1 and 2 assessed whether complex stimuli (pattern and color cues) elicited
greater resistance to extinction than simple stimuli (pattern or color cues) in
avoidance learning. Experiment 3 investigated whether complex stimuli might
facilitate resistance to extinction of color preference responding. Experiments 4
and 5 assessed whether complex stimuli would enhance learned avoidance of
visual stimuli associated with merely unpalatable food. Both direct and vicari-
ously acquired avoidance were more resistant to extinction when complex stimuli
weré¢ employed. Resistance was enhanced regardless of whether the unconditioned
stimulus was malaise or unpalatability. Conversely, resistance to extinction of
color preferences was not affected by the use of complex stimuli. These results
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sugvest) that the serencch of visually mediated tood avoidance learning Q
fep?id on the number of available discriminative cues. Ecologicalty, such ting-
ings are consistenc with the observation thae the use of mulciple aposematic cye,
(Z::?mnﬂ-r greater protecaion from predutors chan the use of simple cues, such |

r. alone.
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