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Abstract Most birds and mammals learn characteristics
of conspecifics from their parents and siblings. In inter-
specific brood parasites, however, early socia learning
could lead to species recognition errors because young are
reared among heterospecifics. Conceivably, juvenile para-
sites might inspect and memorize aspects of their own
phenotype, and later match features of encountered individ-
ualsto that template. We tested for such self-referent phe-
notype matching by manipulating feather colors of hand-
reared fledglings (n = 21) of the parasitic brown-headed
cowbird (Molothrus ater). In simultaneous choicetrials (n =
6 trials/subject) between dyed and normal-colored adult
females, juvenile cowbirds (< 2 months old) approached
more quickly and associated preferentially with individuals
that were colored similar to themselves. These prefer-
ences remained even when differences between the associa-
tive behaviors of juvenile males and females were con-
trolled statistically. Our dataimply that cowbirds incorpo-
rate their own plumage color into their recognition tem-
plate. This providesthe first evidence of self-referent phe-
notype matching through experimental manipulation of a
recognition cue.
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Introduction

When people meet, they attempt to recognize each other
by comparing physical features, like height, eye color, and
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nose shape, to mental images (“templates’) formed during
previous social encounters (Sherman et a. 1997). Other
primates (Alberts 1999; Parr and de Waal 1999) and nu-
merous other vertebrates (Holmes and Sherman 1982; Heth
et al. 1998; Kendrick et al. 1998) and invertebrates (Getz
and Smith 1986) also recognize mates, social partners, and
relatives viathis process which is called “ phenotype match-
ing” (Lacy and Sherman 1983; Waldman et al. 1988).

Most birds and mammals learn characteristics of species
identity during early development, based on phenotypes
of parents and siblings (Irwin and Price 1999; ten Cate and
Vos 1999). Later on they recognize conspecific sexual part-
ners by matching their features to the remembered tem-
plate. A well-studied example of this phenotype matching
process is sexual imprinting (e.g., ten Cate et al. 1993;
Laland 1994; Grant and Grant 1997; Kendrick et al. 1998;
Salzen 1998). Socia learning from relatives is a reliable
mechanism for species recognition because parental care
is obligatory in al mammals and most birds (Clutton-Brock
1991), young typically are reared in groups, and phenotypic
similarity correlates with genotypic similarity (Sherman et
al. 1997).

However, some birds can recognize conspecifics and re-
spond to them appropriately even though they were not
reared with members of their own species (Dooling and
Searcy 1982; Marler 1997; but see Lickliter and Lewkovicz
1995). For example, juvenile white-throated sparrows
(Zonotrichia albicallis) preferentially call in response to
songs of conspecifics even in the absence of prior exposure
to adult vocalizations (Whaling et a. 1997). Such recog-
nition may develop via either (1) genetic determination,
involving restrictive architectural design of perceptua fil-
tersin the individual’s sensory processing system (Marler
1997), or (2) learning, involving self-referent phenotype
matching, where the recognition template is formed by
memorizing salient aspects of the individual’s own pheno-
type (Holmes and Sherman 1982; Sherman et al. 1997;
Hauber and Sherman 2000). Dawkins (1982) called the
latter mechanism the “armpit effect.” Self-referencingisa
feasible alternative to genetic determination because naive
and cross-fostered juveniles always are exposed to conspe-
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cific cues embodied in their own phenotype (Vidal 1975;
Graham and Middleton 1989; Petrie et al. 1999; Mateo
and Johnston 2000).

Chicks of obligate brood parasitic birds are reared by
heterospecifics (Payne 1977; Rothstein 1990; Rothstein and
Robinson 1998), so early socia learning of host pheno-
types predictably would yield misleading recognition tem-
plates (Holmes and Sherman 1982; Sherman 1991; Hauber
and Sherman 2000). How parasitic chicks come to rec-
ognize conspecifics, therefore, is an intriguing question.
Parasitic young might use self-referencing (Graham and
Middleton 1989; Sherman et a. 1997; Sherman 1999;
Hauber and Sherman 2000), or their entire recognition tem-
plate might be genetically determined (Tinbergen 1951;
Hamilton and Orians 1965; Ortega 1998). It also is possi-
ble that their recognition mechanism is a combination of
both (M.E. Hauber, SA. Russo, and PW. Sherman, un-
published work; West and King 1988).

Interest in how brood parasitic birds recognize each
other has surged recently (e.g., Soler and Soler 1999; Payne
et al. 2000), but there are few experimental tests of the al-
ternative mechanisms. Direct confirmation of a mechanism
involving learning (and rebuttal of purely genetic determi-
nation) requires manipulating a recognition cue and induc-
ing predictable types of discrimination errors as a result
(Reeve 1989; Sherman 1999; Payne et al. 2000). We took
this approach to investigate the ontogeny of recognition in
brown-headed cowbirds (Molothrus ater; henceforth sim-
ply “cowbirds’), which are common North American
brood parasites (Lowther 1993; Ortega 1998).

Individual female cowbirds may parasitize severa host
species (Fleischer 1985; Alderson et al. 1999), so achick’s
social environment is unpredictable. Upon independence
from foster parents at about 1 month of age, cowbird
fledglings rapidly join conspecific flocks (Woodward 1983;
Lowther 1993). This indicates that species recognition
mechanisms are present by early in ontogeny (Ortega
1998). In a previous study, Graham and Middleton (1989)
found that hand-reared juveniles associated with models
of male cowbirds more than models of closely related red-
winged blackbirds (Agelaius phoeniceus) and common
grackles (Quiscalus quiscula), suggesting the import-
ance of visual stimuli in conspecific discrimination. We
therefore tested effects of manipulating feather colors of
nestlings on their subsequent social preferences. If self-
referent phenotype matching is involved in conspecific
recognition, color-manipulated juveniles should be more
attracted to similarly than dissimilarly colored adults.

Methods

Twenty-one cowbird nestlings (< 10 days old) were removed from
nests of song sparrows (Melospiza melodia) and eastern phoebes
(Sayornis phoebe) near Ithaca, New York state, in 1997-1999. The
environs and field techniques were described by Hauber and Russo
(2000). Each nestling (n = 51in 1997, n = 5in 1998, and n = 11 in
1999) was housed in its own cage. Cages were placed in an unheated
room with alight cycle that mirrored natural conditions. Cages were
separated by opaque barriers, and nestlings were reared in visual but

not auditory isolation from other cowbirds and heterospecifics.
Nestlings were hand-fed to satiation (i.e., until begging ceased)
hourly between 0500 and 2300 hours, using the artificial diet de-
scribed by Graham and Middleton (1989). When fledglings were
able to feed themselves, they were provided with clean water and
millet/game-starter mix ad lib.

Fourteen nestlings (8 females, 6 males) were chosen haphaz-
ardly over the 3 years of this study, and each feather that broke
sheath was dyed black with a non-toxic, permanent, Sharpie marker.
The seven other nestlings (4 females, 3 males) served as “con-
trols.” They were dyed only on the undersides of their wing feath-
ers, so their gray-streaked color was unaffected. Feather colors of
each chick were retouched weekly until their recognition abilities
were tested. Juveniles were not sexed until their first molt (~2—
3 months of age), at which point the sexual dimorphism in plumage
became evident (Lowther 1993).

In nature and the laboratory, juvenile cowbirds begin to associate
with conspecifics when they are 56 weeks old (Woodward 1983;
Graham and Middleton 1989). When our juveniles were about
2 months old (mean age + SE: 63.9 + 1.3 days), but prior to molting,
they were tested for their preference between two adult (> 2 years
old) female cowbirds, one that had been dyed black and the other
whose wing feathers had been dyed only on their undersides.
Stimulus birds (n = 12) came from a mixed-sex captive flock; they
were dyed < 4 days before testing. We used only females because
they are more similar to juvenile cowbirds in body size and col-
oration than are adult males (Lowther 1993).

Behaviors of each test juvenile toward pairs of stimulus birds
were observed in ac. 5 x 5 x 5 m? chamber through a one-way
mirror. Two identical, triangular-shaped cages (0.9 x 0.6 x 0.5 m3),
each with a protruding perch, were placed in adjacent corners of
the room and used to confine stimulus birds, but they were not iso-
lated visually or acoustically. The test juveniles were not familiar
with the chamber prior to testing.

To begin atrial, the lights in the chamber were turned off and a
juvenile was placed in asmall box on the wall opposite the cages.
After 2 min., the lights were turned on and the bottom of the box
was opened by remote control, forcing the cowbird to fly. Where
and when it landed and spent the remainder of the trial were
recorded. In 1997, trials lasted 15 min (n = 30) and in 1998-1999
they lasted 10 min (n = 30 and 66). Each juvenile was tested six
times; at least four hrs. and no more than 2 days elapsed between
sequential trials of the same juvenile. Between trials, stimulus birds
were switched randomly between sides of the room,; two different
adult stimulus pairs were presented to each juvenile (n = 6 stimu-
lus pairs total).

“Proximity” was scored when ajuvenile entered one of two pre-
assigned areas, marked by lines of colored tape on the floor, com-
prising the one-quarter of the test chamber nearest to either stimulus
bird. We kept track of proximity (i.e., the amount of time spent in ei-
ther proximity area) using a laptop computer with an event recorder
program. Behavior of individua juveniles varied considerably
(i.e., the fraction of the total trial duration that individuals spent in
proximity ranged from 0 to 0.99, with a mean of 0.77 + 0.034).
Proximity time was influenced by trial order effects: as juveniles
became more familiar with the test chamber and adult cowbirds,
proximity times increased. Indeed, test juveniles spent significantly
more time near either stimulus bird during their second three trials
than their first threetrials. Differencesin proximity times averaged
acrosstrials 4-6 and trials 1-3 for each test bird were 0.079 + 0.026
of total trial duration (paired t,, = 2.9, P < 0.0082). We therefore
calculated juveniles’ preferencesin two ways.

First, overall preference (OP) was the proportion of the prox-
imity time that was spent near a class of adult stimuli (black or
control), averaged across all six trials. Trialsin which test birds did
not approach stimulus birds were omitted. Second, time-dependent
preference (TDP) was the difference between the average propor-
tions of the proximity time that was spent near a class of adult
stimuli in the first three (1-3) trials and second three (4-6) trias.
The latter measure reflected changes in spatial association as juve-
niles experience with the choice arena increased; positive values
indicated increased time spent with a particular stimulus type.



In addition, we used the time it took each test bird to first come
into the “proximity” of each stimulus bird to gauge juveniles' pref-
erences. We calculated relative latencies by dividing the time it
took each test bird to comeinto the proximity of each stimulus bird
by the trial duration. A maximum latency of 901 sin 1997 and 601 s
in 1998-1999 was assigned to trials in which the test bird did not
enter the proximity area of either stimulus bird. We then calculated
the difference between these relative latencies for black and con-
trol stimuli, and compared the averages for each bird between their
first and second three trials. A positive value meant shorter ap-
proach times to control stimuli during later trials. All our calcula-
tions compress information from the six trials per individual into
single data points, thus avoiding pseudoreplication. All statistical
tests were two-tailed and data are reported as mean + SE.

Results

Neither juveniles nor stimulus adult cowbirds vocalized
during our trials. Therefore, juvenile cowbirds' responses
were based on visual rather than vocal cues.

Combining data across the 3 years of experimentation,
a juvenile’'s own plumage color seemingly had no effect
on its overall preference for similar colored stimuli. The
OP for the adult whose color matched that of the test juve-
nile was 0.44 + 0.042, which is not significantly different
from the random expectation of 0.5 (one sample ty, = 1.5,
P > 0.14).

However, tendencies of juveniles to associate with stim-
ulus birds whose colors matched their own increased sig-
nificantly acrosstrials. The TDP for the adult whose color
matched that of the test juvenile was 0.12 + 0.055,
whereas random expectation was 0 (one sample t,, = 2.2,
P < 0.039). Association also was influenced by the test
bird’s sex: males preferred control (brown) stimulus birds
more than females did. The TDP for control adults by
juvenile males was 0.079 + 0.091 versus —0.16 + 0.068
for juvenile females (two sample t,, = 2.1, P < 0.046).
Considering these two factors simultaneously (Fig. 1), dis-
crimination depended significantly and independently on
a juvenile cowbird’'s manipulated plumage color and sex
(TDP for control adults: color Fy ;7 = 5.2, P < 0.037, sex
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Fig.1 Time-dependent preferences (TDP, mean = SE) of control
(sham-dyed) and black-dyed, hand-reared juvenile brown-headed
cowbirds (n = 21, n for each condition in parentheses) for control
(natural-colored) versus black-dyed adult female cowbirds in si-
multaneous choice trials. Negative values represent increased pref-
erences of juveniles for black-dyed stimuli. Within each sex,
black-dyed juveniles consistently preferred black-dyed stimuli
more than did control juveniles
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Fig.2 Relative latency of control (sham-dyed) and black-dyed,
hand-reared juvenile brown-headed cowbirds (n = 21, n for each
condition in parentheses) to approach control (natural-colored)
versus black-dyed adult female cowbirds in simultaneous choice
trials (6 trials/test bird). Negative values represent shorter latencies
to approach black-dyed stimuli during trials 4—6 than during trials
1-3. Within each sex, black-dyed juveniles consistently preferred
black-dyed stimuli more than did control-colored juveniles

F117 = 6.5, P < 0.021, respectively; interaction of color x
sex Fy17,= 1.1, P>0.31).

Over dl trias, relative latencies to approach similar-
colored adult females did not vary between male and fe-
male juveniles or between dyed and control birds (P > 0.46
and P > 0.97, respectively, unpaired t-tests). However, rel-
ative latencies to approach similar-colored stimulus birds
increased significantly across trials (t,o = 2.3, P < 0.032).
This indicates that juvenile cowbirds approached similar-
colored stimuli more quickly than dissimilar-colored stim-
uli during later trials. Considering sex and color simulta-
neously (Fig.2), relative latencies to approach stimuli de-
pended significantly on juveniles manipulated plumage
color (Fy,7=4.7, P <0.046), and juveniles sex had anin-
dependent, marginally significant effect (F;,7 = 3.0, P <
0.099; interaction of color x sex F; ;7 = 0.097, P > 0.75).

Discussion

We assessed social preferences of naive brown-headed
cowhbirds by quantifying two response variables. On the
one hand, coloring fledglings' feathers had no effect on the
overall proportion of time (OP) juvenile cowbirds subse-
quently spent near experimentally manipulated and con-
trol (natural-colored) adults among al trials. On the other
hand, test birds' preferences for adults colored like them-
selves increased over the course of the experiment both
among female and male juveniles (TDP, Fig.1). In addi-
tion, color manipulation affected the relative latencies of
juvenile birds to approach color manipulated and control
adult stimuli: juveniles approached like-colored stimuli
more quickly (Fig.2).

OP isthe conventional method of testing for preferences
(Wagner 1998). However our TDP and relative latency
measures take into account something that OP misses: in-
experience of hand-reared test birds with both the appara-
tus and adult birds during the initial trials. Also, time-de-
pendent measures of spatial association may better reflect
the ontogeny of behavior because the accuracy of cowbird
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species recognition improves through social experience
with adults (Freeberg et al. 1995; O’ Loghlen and Rothstein
1995). Thus we are inclined to accept the results based on
TDP over those based on OP.

Previous experiments on self-referent phenotype match-
ing were inconclusive because they did not eliminate the
possibility of social learning (Alexander 1990; Sherman et
al. 1997). Recently, Mateo and Johnston (2000) reported
that female golden hamsters (Mesocricetus auratus) use
their own odors as atemplate to recognize relatives. While
their results strongly suggest learning via self-referencing
the possibility that the hamsters' template is genetically
determined was not eliminated, for example by manipu-
lating the odor cue and inducing predictable recognition
errors (Hauber and Sherman 2000). Others have attempted
to discriminate between genetic and self-referent explana-
tions of species recognition by manipulating the puta-
tive recognition cues, but results again were inconclusive
(Salzen and Cornell 1966; Vidal 1975).

Our observations that juvenile cowbirds' social prefer-
ences were influenced predictably by changes in their
own phenotypic cues eliminates the possibility that their
recognition template was genetically determined. Any po-
tential effects of experience with conspecifics prior to ex-
perimental removal (e.g., prenatal exposure: Lickliter and
Lewkovicz 1995; adults returning to parasitized nests or
parasitic nestmates. Soler and Soler 1999) seem to have
been outweighed by effects of the experimental manipula-
tion. Although it is possible that the behavior of the stim-
ulus birds influenced the association patterns of the test
birds, in another set of experiments using the same test
chamber we found no differences in the rate at which stim-
ulus adult female cowbirds directed behaviors toward dyed
and control juveniles (H.E. Pearson and M.E. Hauber, un-
published work). We are left with the likelihood that a
cowbird's own plumage color affected its social prefer-
ences.

Our results do not mean that an individual’s own color
is the only cue young cowbirds use to recognize con-
specifics in nature. Additional cues may be learned from
mothers if females predictably return to nests they para-
sitized, or from parasitic nestmates when multiple para-
sitism is predictable. Recognition of still other species-spe-
cific characteristics, such as vocal signals (King and West
1977; West and King 1988; M.E. Hauber et al., unpub-
lished work) or behavioral displays (Rothstein 1977), may
develop without social exposure to conspecifics.

Multiple recognition mechanisms may be especially
beneficial to juvenile parasites for two reasons (Sherman
et a. 1997; West et al. 1998). First, multiple mechanisms
and cues can establish amore restrictive (i.e., discriminat-
ing) recognition template than would be possible using
just one cue. In turn, this reduces errors when conflicting
cues are presented simultaneously. For example, a fledg-
ling cowbird may use chatter calls to locate flocks con-
taining cowbirds (Dufty 1982; M.E. Hauber et al., unpub-
lished work), but other species such as red-winged black-
birds often are associated with these flocks (Lowther
1993). Picking out conspecifics may require the use of ad-

ditional cues, such as plumage color or a display, learned
via self-referencing.

Second, multiple recognition mechanisms provide a
fail-safeif onetype of cueisunavailable. For example, fe-
male cowbirds may usually return to nests they have par-
asitized (Hahn and Fleischer 1995) and identify themselves
to their offspring viaa“password” (e.g., a parasite-specific
vocalization, behavior, or physical characteristic: Hauber
et al. unpublished data). This induces the young to learn
the entire cowbird-specific phenotype (e.g., plumage color,
bill morphology) from an unambiguously appropriate
model. However, if afemale does not return (e.g., if sheis
killed by a predator), her chick could use its own plumage
as atemplate to identify conspecifics. We are presently un-
able to discriminate among these possibilities because so
little is known about the ontogeny of cowbird species
recognition in the field (Woodward 1983) and because
most studies of the behavioral ontogeny of conspecific
recognition in brood parasitic birds (King and West 1977;
Graham and Middleton 1989; Payne et al. 2000), includ-
ing the present work, have not considered multiple mech-
anisms and cues simultaneously (but see West and King
1988; Hamilton et al. 1998).

Our results also do not indicate if free-living cowbirds
use phenotype matching in contexts additional to species
identification. For example, self-referencing also might
enable young cowbirds to associate with conspecifics of
similar age, dominance status, or sex (Freeberg 1999).
Nonetheless, it is clear that visual cues do play an impor-
tant role in recognition by juvenile cowbirds and that an
individual’s own feather coloration modifiesits social pref-
erences (Figs. 1, 2). In general, color isimportant in avian
social and mating interactions, birds' necks are highly mo-
bile, and preening (which would facilitate self-inspection)
is common during plumage development. For these rea-
sons, and in view of our results, we suspect that plumage-
based self-referent phenotype matching will turn out to be
important in species recognition of parasitic birds gener-
aly.
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