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ABsTRACT.—Recent work has demonstrated that Red-winged Blackbirds (Agelaius phoe-
niceus) display food preferences as a result of observational learning. Also, individual birds
learn to avoid food the ingestion of which has been paired with sickness. Such preferences
or aversions depend on visual cues associated with the food. A related but unanswered
question is whether observational learning is sufficient for birds to associate visual cues
with sickness. In the present experiments, Red-wings observed a conspecific consume a
food paired with a color cue (CS) and toxin-induced illness (UCS). The observers were
subsequently given two-choice preference tests between a food (either the food consumed
by the gavaged bird or another food) paired with the CS or with another color. The birds
avoided consumption of any food paired with the CS (but not of the other color) during all
tests. Such results are consistent with the notion that opportunistic foragers, such as Red-
wings, readily learn to avoid conspicuous foods paired with aversive consequences. More-
over, the results support the notion that Batesian model-mimic systems could be maintained,
at least in part, by observational learning of models and subsequent generalization of that
learning to mimics. Observational learning could provide an efficient strategy to protect
against the ingestion of potentially dangerous food. Received 15 July 1981, accepted 12 De-

cember 1981.

ReceNt work has demonstrated that Red-
winged Blackbirds (Agelaius phoeniceus) readi-
ly display food preferences as a consequence
of observational learning (Mason and Reiding-
er 1981). That finding is consistent with ear-
lier work showing that other avian species im-
itate conspecifics (e.g. Duecker 1976), a factor
that could help to promote flocking. For ex-
ample, Chaffinches (Fringilla coelebs) com-
mence feeding and sample new foods when
exposed to other Chaffinches doing so. Such
behavior may permit Chaffinches to locate and
switch to new feeding sources readily. Like-
wise, Starlings (Sturnus vulgaris) probably in-
crease feeding efficiency while minimizing en-
ergy expenditure through social feeding
(Hamilton and Gilbert 1969). Overall, the feed-
ing seems to be guided by visual cues associ-
ated with the food, although tactile/gustatory
stimuli from the food and the positive, long-
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term after-effects of food ingestion may play a
role (Hogan-Warburg and Hogan 1981).

Individual birds have also been shown to
use visual cues to avoid foods the ingestion of
which has been associated with sickness. For
example, Red-wings (Mason and Reidinger
MS), Starlings (Schuler 1980), and Japanese
Quail (Coturnix coturnix japonica) (Czaplicki et
al. 1976) readily learn to associate visual cues
with sickness. The strength of such aversions
is, in part, a function of the salience of the
visual cue (Czaplicki et al. 1976).

An important assumption of the theory of
Batesian mimicry is that predators learn to
avoid unpalatable prey items and their mimics
by experiencing the consequences of attacking
the unpalatable models and developing con-
ditioned aversions (Mason et al. in press). That
assumption has been supported by observa-
tions of various caged and wild predators (e.g.
Brower 1958a, b, ¢; Duncan and Sheppard
1965; Morell and Turner 1970; Rettenmeyer
1970). In most cases, visual cues are a critical
component of the predator’s behavior.

A further question is: will birds associate
visual cues with sickness as a consequence of
observational learning? There is evidence con-
sistent with this notion (Klopfer 1959). Klopfer
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(1957) trained Muscovy (Cairina moschata) and
Mallard (Anas platyrhyncos) ducks to avoid a
particular feeding dish associated with electric
shock. The shock produced an intense alarm
response, and other ducks observing that re-
sponse subsequently avoided the feeding dish,
even though they had not experienced the
shock. Likewise, Coombes et al. (1980) have
reported that, if two rats consume a flavored
solution and one is poisoned, the unpoisoned
rat will also exhibit a flavor aversion during
later preference tests. A sufficient condition for
this aversion is that the poisoned partner be
present with the unpoisoned rat after it has
consumed the flavored solution.

In Experiment 1, Red-wings observed a con-
specific consume a novel food associated with
a color cue (conditioned stimulus: CS) and tox-
in-induced illness (unconditioned stimulus:
UCS). The observers were then given two sam-
ples of the food, one paired with the CS and
the other paired with a novel color.

ExXPERIMENT 1

MEeTHODS

Subjects.—Eighteen adult male Red-winged Black-
birds were decoy-trapped during May 1981 at San-
dusky, Ohio. The birds were brought to the labo-
ratory during the last week of May and individually
housed in large (36 cm long X 61 em wide X 41 cm
high) cages in a room with an ambient temperature
of 23°C. A 6:18 light:dark cycle was used to maximize
the feeding of the birds without reducing the total
quantity of food consumed (Rogers 1974, 1978).
Water was always available, and, before the experi-
ment began, the birds were permitted to feed ad li-
bitum on Purina Flight Bird Conditioner and apples.

Procedure.—Twelve of the 18 Red-wings were ran-
domly assigned to 4 groups (n = 3). The cages of the
individual birds in each group were placed adjacent
to one another, and then each group was visually
isolated from the others with pieces of cardboard (36
cm long X 61 cm wide). During the first hour of light
on the following day, the birds in the center cage of
each of the 4 groups were given 20 g of steel-cut
rolled oats (a preferred food of Red-wings in our lab-
oratory) in a cup (7.5 cm diameter) with a red or
white plastic rectangle (CS) (17.5 cm high X 12.5 cm
wide) attached. The other birds in each of the groups
were given 20 g of their familiar food, Purina Flight
Bird Conditioner, in a similar cup with no colored
rectangle attached. To collect spillage during the nor-
mal feeding activity, each of the food cups was
placed within a larger cup (11.3 cm diameter) (Rogers
1974).
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When the 4 birds in the center cages had con-
sumed at least 1 g of oats (approximately 1 h of feed-
ing), 2 were intubated with a methiocarb solution
(2 mg/kg) and 2 were intubated with propylene glycol
(2 mg/kg) as a control for the traumatic consequences
of intubation per se. Methiocarb [3,5-dimethyl-4-
(methylthio)phenol methylcarbamate] is a bird re-
pellent that reliably produces conditioned aversions
similar to those produced by lithium chloride (Ma-
son and Reidinger MS). The stock solution of methi-
ocarb was prepared by dissolving 3 mg of methio-
carb in 25 ml of propylene glycol. The other 8 birds
(2 in each of the groups) were not intubated. Intu-
bation was completed in all 4 cases within 10 min of
the end of the feeding trial. The rolled oats and CS
were removed 1 h after intubation and the birds left
undisturbed with familiar food during the remaining
hours of light.

During the first 2 h of light on the 6 days imme-
diately following the day of gavage, all of the birds
in each group were visually isolated from one
another with pieces of cardboard (36 cm long X 61
cm wide) and given two-choice preference tests
(Dragoin et al. 1971). During preference tests, each
bird was presented with two food cups (7.5 cm di-
ameter), each containing 20 g of rolled oats. The two
food cups were located 5 cm apart at the front of the
cages, and attached to the back of one of the cups
was the CS color. Attached to the back of the other
cup was a rectangle of another color (i.e. red if white
were the CS or vice versa). At the beginning of the
third hour of light, the two food cups were removed
from each of the cages and consumption was mea-
sured. Spillage was not measured, because in all pre-
vious work it merely reflected consumption (Mason
and Reidinger 1981, Mason and Reidinger MS). For
the remaining hours of light on the test days, all
birds were permitted free access to Purina Flight Bird
Conditioner and apples.

REsuLTs

Measurements of consumption during pref-
erence tests were assessed using three-way
analyses of variance (ANOVA) with repeated
measures on two of the factors. The indepen-
dent factor in the analyses was groups of birds,
while the repeated factors were color cue and
preference tests. The ANOVAs indicated a sig-
nificant interaction between groups and con-
sumption of oats paired with the CS or the oth-
er color cue for both intubated and observer
birds [intubated: F(1,2) = 20.2, P < 0.05; ob-
server: F(1,6) = 7.34, P < 0.05]. There were no
differences among groups in the total amounts
of oats consumed (P > 0.25) or among the six
preference tests (P > 0.25). Bonferroni post
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Fig. 1.

A. Mean consumption of oats by birds intubated with methiocarb (hatched bars) or propylene

glycol (open bars) during each of the six preference tests. B. Mean consumption of oats by observers of the
methiocarb-intubated birds (hatched bars) or propylene glycol intubated birds (open bars) during each of
the six preference tests. ® = consumption of oats paired with the CS. Standard errors of the means are

represented by capped vertical bars.

hoc t-tests (Games 1971) were used to identify
significant differences among means (P < 0.05).
The t-tests indicated that birds intubated with
methiocarb ate less from the cup paired with
the CS than from the other cup. Likewise, ob-
servers of the methiocarb-intubated birds ate
less from the cup with the CS attached. Red
and white were equally effective conditioned
stimuli (P > 0.25). Birds intubated with pro-
pvlene glycol and their observers exhibited no
differential consumption between the food
cups (see Fig. 1).

DiscussioN

The results of Experiment 1 demonstrate that
male Red-winged Blackbirds will learn to avoid
foods paired with a distinctive color cue as a
consequence of previous observations of a con-
specific’s aversive experiences. Such aversions
appear durable insofar as avoidance of food
paired with the CS remained strong over the
six preference tests. As such, the results con-
firm and extend previous demonstrations that
some birds readily associate visual cues with
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sickness (Schuler 1980, Czaplicki et al. 1976,
Mason and Reidinger MS). Also, the results are
consistent with work demonstrating that visual
cues are relatively more important than taste
cues in the formation of conditioned food aver-
sions (but not fluid aversions) by Starlings
(Capretta 1961) and Japanese Quail (Gillette et
al. 1980).

EXPERIMENT 2

An important unanswered question sug-
gested by the present results is what the rela-
tive importance of the food versus that of the
color CS is. For example, there may have been
an interaction between the novelty of the oats
as food and the conditioned stimulus that fa-
cilitated expression of the aversion. Taste cues
clearly augment the salience of color cues in
aversion learning by pigeons (Clarke et al.
1979), and novelty does enhance aversion
learning by chicks (Shettleworth 1972). Exper-
iment 2 was designed to assess the importance
of the CS when cues presented by the food
were irrelevant. Oats paired with the CS were
presented to intubated birds during condition-
ing and preference tests, while familiar Purina
Flight Bird Conditioner paired with the CS was
given to the observers during preference tests.
The familiar food alone was presented to ob-
servers on the conditioning day.

METHODS

Subjects.—The remaining six naive Red-wings
were used. The birds were maintained as described
in Experiment 1.

Procedure.—The procedure of Experiment 2 was
identical to that used on methiocarb-intubated birds
in Experiment 1, except that during preference tests,
the observer birds were presented with two 20-g
samples of the familiar food, Purina Flight Bird Con-
ditioner, and were never presented with oats.

ResuLTs

Consumption by the intubated birds during
preference tests was assessed using the exact
randomization procedure (Edgington 1972).
That procedure indicated that the intubated
birds ate less of the oats paired with the CS
than of the oats paired with the other color
(P < 0.05). Consumption of food by observers
of the intubated birds was assessed using a
two-way analysis of variance (ANOVA) with
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repeated measures on both factors. The factors
were color cue and preference tests. The AN-
OVA indicated that the observers ate less of
the Purina Flight Bird Conditioner paired with
the CS than of the Conditioner paired with the
other color cue [F(1,3) = 11.25, P < 0.05]. As
in Experiment 1, there were no differences
among measurements of consumption during
the six preference tests (P > 0.25), and red and
white appeared to be equally effective condi-
tioning stimuli (see Fig. 2).

DiscussioN

The results of Experiment 2 confirmed and
extended the results of Experiment 1. Again,
the Red-wings exhibited aversions to the CS
as a result of observational learning. Unlike the
results of Experiment 1, however, the results
of the present experiment demonstrated that
the type of food associated with the CS was
relatively unimportant for the aversion learn-
ing. Aversions for the Purina Flight Bird Con-
ditioner were observed only in the presence of
the CS. As such, while taste or other cues as-
sociated with the oats may have contributed
slightly to the aversion learning in Experiment
1, the conditioned aversions exhibited in Ex-
periment 2 seemed as robust as those dis-
played in the initial experiment.

GENERAL DiscussioN

In previous work with Red-wings, observa-
tional learning of food preferences dissipated
over the course of four preference tests (Mason
and Reidinger 1981). In contrast, the present
experiments demonstrate that observational
learning of food aversions is more durable,
because robust differential behavior was re-
corded on each of the test days. Such findings
are consistent with evidence suggesting that
observational learning is facilitated when food
resources are constricted (Hamilton and Gil-
bert 1969, Wilson 1975) or uncertain (McMillian
1974). As such, the present results support the
notion that opportunistic foragers, such as
Red-wings (Dolbeer 1980, Orians 1980), readily
learn to avoid foods associated with aversive
consequences (Klopfer 1958).

More broadly, the present work is consistent
with the notion that Batesian model-mimic
systems could be maintained, at least in part,



552 MASON AND REIDINGER [Auk, Vol. 99
3.0 A
T
T
2.0 T ad N N
°
1.0 [ PY d °
{
8 1 2 3 4 5 6
=
=
Z
(8]
[2]
=
< —
5 50|
= 3.0 B
P
oh T o1
[ ® [ J
1.0 ? b
: {
1 2 3 4 5 6

PREFERENCE TESTS

Fig. 2.

A. Mean consumption of oats by birds intubated with methiocarb during each of the six preference

tests. ® = consumption of oats paired with the CS. B. Mean consumption of Purina Flight Bird Conditioner
by observers of methiocarb-intubated birds during each of the six preference tests. ® = consumption of
Purina Flight Bird Conditioner paired with the CS. Standard errors of the means are represented by capped

vertical bars.

as a consequence of observational learning of
models and subsequent generalization of that
learning to mimics. In the present experi-
ments, Red-wings that observed methiocarb-
intubated conspecifics subsequently avoided
foods paired with the appropriate color cue
(CS), even though consumption of the food
paired with the CS was not followed by aver-
sive post-ingestional consequences. Specifical-
ly, during the tests for observational learning
of aversions, the food paired with the CS

“mimicked” the “model” food associated with
methiocarb intubation. For such learning to be
maximally effective for Batesian mimicry, the
cues used by models and mimics would prob-
ably have to be simple, as were those used
here. Many investigators have demonstrated
that simple, easily generalized cues are the
most effective stimuli in Batesian model-mimic
systems (e.g. Duncan and Sheppard 1965, Mo-
rell and Turner 1970, Terhune 1977), and evi-
dence suggests that avian predators learn to
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avoid conspicuous prey more readily than
cryptic prey (Gittleman et al. 1980). Had com-
plex (e.g. pattern) stimuli been used in the
present work, the aversions might have been
weaker or might not have occurred. In addi-
tion, the particular color cues used in the pres-
ent experiments may have influenced the re-
sults. Red-wings do attend to some colors more
than others (e.g. red) (Royall et al. 1974), and,
in other species, some colors (e.g. red) result
in more efficient observational learning (Reese
1975). On the other hand, the results of the
present experiments suggest that white was as
effective as red as a CS, and white is not a color
typically used by Batesian models and mimics
(Wickler 1968). Regardless, observational
learning of food aversions could protect Red-
wings, and other species, from ingestion of
new but potentially dangerous prey items.
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