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SONG AS PART OF HIGH INTENSITY AGGRESSIVE INTERACTIONS
OF WINTERING WHITE-THROATED SPARROWS!
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Bird song is generally considered a component of re-
productive and territorial behavior of breeding birds
(Falls 1969, Thorpe 1961). Some songbirds sing out-
side of the breeding season in defense of nonbreeding
territories (e.g., Lack 1943) yet the functions of these
songs is not always known (Saunders 1947, Thorpe
1961). In the northeastern United States, White-
throated Sparrows (Zonotrichia albicollis) occur in small
flocks and are reported to sing fall songs until the end
of November and spring songs as early as mid-January
though not regularly until mid-February (Saunders

1 Received 18 August 1989. Final acceptance 27 No-
vember 1989.

1947, 1948). Breeding birds sing spontaneously on ter-
ritory or as part of fights or boundary disputes (Falls
1969). I report here of midwinter singing by White-
throated Sparrows (WTSPs) during high intensity ag-
gressive interactions under both field and laboratory
conditions.

Song of wild WTSPs was observed incidentally dur-
ing the course of experiments on aggressive behavior
of captive flocks of WTSPs (Wasserman et al. 1984).
Several groups of six WTSPs were being held in out-
door aviaries (1.2 x 1.8 x 2.4 m) set in a clearing
amongst dense scrub vegetation between 13 December
1979 and 15 January 1980. Birds had been captured
during October and November 1979 near our obser-
vation site at the Manomet Bird Observatory, Man-
omet, Massachusetts, and then randomly assigned to
flocks composed of white-striped (WS) and tan-striped
(TS) individuals (Lowther 1961). Birds experienced
ambient photoperiods and environmental conditions
and were fed Agway mixed seed and water ad libitum.
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Periodically, while we observed these birds from a
blind, a wild flock of WTSPs would approach the front
of the cages to consume waste seed. On such occasions
captive birds would fly to the front of their cages and
although separated by 1.27-cm mesh hardware cloth,
wild and captive birds would engage in intense ag-
gressive interactions. These interactions on several oc-
castons produced whistled song (Lemon and Harris
1974) from both wild and captive birds. Songs were
surprisingly loud and clear but contained fewer notes
as compared with breeding birds. During these inter-
actions WS birds from the different flocks were the first
to engage each other in aggressive bouts and were the
only birds observed singing. Song was not heard during
our observations of caged bird aggressiveness, presum-
ably because dominance hierarchies of captive groups
were established prior to the start of our studies.

In a subsequent laboratory study on aggression and
plasma androgens in nonbreeding WTSPs (Schlinger
1987), singing was again observed so I recorded the
behavioral context associated with song under these
conditions. For these experiments, individually caged
WTSPs were held indoors under light cycles adjusted
to ambient winter photoperiod during December and
January of 1981-1982 and 1983-1984. Two groups of
birds (n = 13, n = 12) were tested as pairs to determine
dominance relationships (n = 108 tests). To record
behaviors, two birds were simultaneously released into
a cage (35 x 40 x 60 cm) and allowed to interact for
10 min. Aggressive disputes between birds were no-
ticeably intensified by adding several mealworms to a
tray in the center of the test chamber. Birds were oth-
erwise maintained on a diet of mixed seed and water
ad libitum. Six classes of behavioral interactions were
identified (Schlinger 1987). The least intense involved
avoidance of one bird by another and the most intense
involved a challenge at the food tray followed by a
prolonged chase throughout the cage. Very aggressive
bouts with a clear winner were terminated more quick-
ly and bouts with no interactions were allowed to con-
tinue for an additional 5 min. The bird more frequently
supplanted during a test was considered subordinate.
Following all testing, birds were sexed and gonadal
regression confirmed by laparotomy (males = 10WS/
5TS, females = 3WS/7TS). Plasma androgen levels
were also determined (Schlinger 1987). Total androgen
levels were slightly elevated (£ + SE = 785 + 152.5
pg/ml) in November 1 week before behavioral testing
began but declined to basal levels (372 + 18.8 pg/ml)
by mid-January 1 week after behavioral testing was
terminated. These data do not exclude the possibility
that circulating androgens were elevated in some birds
during the context of a fight (e.g., Wingfield 1985).

Whistled songs of one to four note duration and
moderate amplitude were heard during 19 of the 108
pair tests from six individual singers. Typically, songs
of breeding WTSPs include from five to 14 notes con-
sisting of a singlet of sustained frequency followed by
singlets, doublets, or triplets generally at a higher pitch
(Lemon and Harris 1974). At no time were songs of
this length heard. All singing birds (males: n = 5, fe-
males: n = 1) were WS. Recipients of song were male
(n = 7) or female (n = 7) and WS (n = 4, all male) or
TS (n = 10). Song was associated only with the most
intense behavioral encounters that involved a chal-

lenge for proximity to the food tray. In 15 of the 19
interactions in which a bird sang, song occurred si-
multaneously with a “head dance” or “bill up” display
(x® = 5.26, df = 1, P < 0.05). This display is given by
some passerines during agonistic interactions, partic-
ularly in a sexual context, but may also be a component
of winter aggressive interactions (Balph 1977). Song
was also an indication of dominance. In 15 of the 19
tests in which song was heard the singer was later de-
termined to be the dominant individual (x* = 5.26, df
=1, P < 0.05). Song was not heard in tests in which
dominance was determined without a dispute (i.e.,
avoidance by the subordinate) and not all disputes pro-
duced whistled song.

Singing behavior of passerine birds has become an
extremely rich area of study for both ethologists and
neurobiologists (e.g., Thorpe 1961, Arnold 1982) and
the observations reported here are noteworthy for sev-
eral reasons. First, they combine both field and labo-
ratory observations of song used within the context of
extremely aggressive interactions by midwinter WTSPs
suggesting that singing plays a role in determining dom-
inance status within or between flock members.

These observations also show that some birds can
sing despite having regressed gonads and basal levels
of circulating androgens. Song is ordinarily under the
control of circulating androgens (for review see Arnold
1982) and it is not unexpected that reduced androgen
levels were correlated with reduced quality (e.g., fewer
notes and apparent reduced amplitude). Under these
conditions, however, song was only heard during the
most intense behavioral encounters. During the breed-
ing season when circulating androgens are elevated,
birds sing frequently as part of territorial defense (Falls
1969). This suggests that one mechanism whereby an-
drogens increase song is to intensify the aggressiveness
of birds. In this way, birds sing more often because
they experience a greater frequency of intensely arous-
ing behavioral interactions. Another possibility is that
brain regions which control song are made more sen-
sitive by androgens. As a consequence, birds sing under
less arousing situations. In the avian brain, regions
have been identified which independently control
aggression and singing behavior: a group of intercon-
nected nuclei in the telencephelon controls song (Not-
tebohm et al. 1976), and the hypothalamus/preoptic
area (HPOA) seems most important in controlling ag-
gressive behavior (Harding 1983). Paradoxically, how-
ever, connections between the HPOA and song-related
brain regions have not been identified. Nevertheless,
because these regions both contain steroid-concentrat-
ing cells (Arnold et al. 1976, Gahr et al. 1987), steroids
acting at two or more brain regions may function to-
gether to determine the circumstances in which birds
sing.

Singing behavior was restricted to WS individuals.
This species exhibits plumage variability as a conse-
quence of a chromosomal polymorphism (Thorney-
croft 1975). Birds with a white-central stripe through
the crown (WS) in alternate plumage have an inverted
second chromosome which is not found in TS birds (a
tan median crown stripe). Lowther and Falls (1968)
and Falls (1969) previously reported that WS males
sing more frequently than TS males and that WS fe-
males sing whereas TS females do not. Although in



some species females can sing a song of similar or
reduced complexity when compared with males, and
this even in winter (Lack 1943), in most species only
males sing (see Brenowitz et al. 1986). The observa-
tions that song of breeding or nonbreeding WTSPs is
a behavior fundamentally produced by birds of a par-
ticular morph of either sex is unique and suggests that
song, and the organization of brain regions which con-
trol song, are coupled to genetic differences between
morphs rather than exclusively linked to the sex chro-
mosomes per se. It is relevant that there are no reported
differences in circulating levels of androgens between
males and females or WS and TS birds in midwinter
to account for the observed differences in singing be-
havior (Schlinger 1987, Schwabl et al. 1988). In the
Zebra Finch (Poephila guttata), only adult males sing
and male-typical song can be induced in adult females
after exposure to sex steroids during development (Ar-
nold 1982). It is possible then that developmental dif-
ferences in patterns of steroid hormone secretion be-
tween the morphs in the WTSP may account for
differences in singing behavior during adulthood.

Seasonal differences in singing behavior have also
been correlated with seasonal differences in the vol-
umes of the song-control nuclei in some species (Not-
tebohm 1981, Arai et al. 1989, Kirn et al. 1989). The
observation that only WS birds retain the capacity to
produce some song elements in midwinter despite plas-
ma androgen levels similar to TS individuals suggests
that birds of different morphs may show unique sea-
sonal patterns of growth or steroid sensitivity within
brain regions that control song. Interestingly, in the
closely related White-crowned Sparrow (Zonotrichia
leucophrys), despite seasonal differences in overall song
performance, there are no seasonal changes in the size
of the song-control nuclei (Baker et al. 1984). These
birds may retain the neural capacity to produce song
for use in winter aggressive interactions.

In conclusion, this report presents evidence that song
is part of winter aggressive interactions of WTSPs and
points to this species as an interesting model in which
to investigate questions about the organization and
activation of singing in birds.

I thank Greg Adler, Fredrick Wasserman, Kathrin
Herrmann, and Arthur Arnold for helpful discussions
and thoughtful reading of the manuscript and also
Christina Dowd and the staff at the Manomet Bird
Observatory. Supported by Alexander Bergstrom Me-
morial Award of the Northeastern Bird Banding As-
sociation, a grant from Sigma Xi and NIH Grant
NS08649.
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One hypothesis for the evolution of biparental care in
species with precocial young is that two adults are need-
ed for predator defense (Pitelka et al. 1974, p. 194,
Lenington 1980). However, even when both parents
participate in predator defense, their contributions are
unlikely to be equal because of differences in selective
pressures on males and females (Trivers 1972, Mont-
gomerie and Weatherhead 1988). In a review of sexual
differences in nest protection behavior in shorebirds,
Gochfeld (1984) listed 42 species for which differences
have been reported and 40 species for which relatively
equal participation by the sexes has been reported. Nei-
ther the American Avocet (Recurvirostra americana)
nor the Black-necked Stilt (Himantopus mexicanus)
appear on the lists but their Eurasian congeners, the
Eurasian Avocet (R. avosetta) and the Black-winged
Stilt (H. himantopus), are included as species in which
the sexes have relatively equal antipredator roles.
American Avocets and Black-necked Stilts are rel-
atively monomorphic, monogamous shorebirds that
exhibit biparental care of eggs and young. They pro-
duce a wide variety of mobbing and diversionary dis-
plays, which are associated exclusively with breeding
(Sordahl 1986). The displays, which are similar for
these two members of the Recurvirostridae, have been
well described (Gibson 1971a, Hamilton 1975, Sordahl
1986). They include aerial displays such as dive-bomb-
ing or circling a predator and ground displays such as
crouch-running, false-incubation, and displays in which
the wings are extended and moved erratically. No sex-
specific displays or other sexual differences in antipre-
dator behavior have been reported in avocets or stilts.

! Received 18 August 1989. Final acceptance 2 Jan-
uary 1990.

Gibson (1971a, 1978) found no difference between male
and female American Avocets in the amount of time
spent in diversionary behavior. However, during parts
of five field seasons in which I observed many inter-
actions between recurvirostrids and natural predators
and staged hundreds more with models of eight pred-
ator species or myself as predator, males seemed more
aggressive than females. In this paper I describe quan-
titatively this sexual difference in antipredator behav-
ior.

METHODS

I spent about 1,000 hr studying American Avocets and
Black-necked Stilts in northern Utah during the 1977
and 1978 breeding seasons. Additional observations
were made in 1979, 1980, and 1987. My two study
sites, the Barrens Company Hunting Club in Cache
County and the Bear River National Wildlife Refuge
in Box Elder County, are described in Sordahl (1982).
About 85 avocet and 25 stilt pairs nested at the Barrens
(Sordahl 1981a); breeding populations at the Bear Riv-
er Refuge were much larger, probably numbering about
2,500 avocet and 1,000 stilt pairs (pers. comm. with
refuge personnel). Potential predators of eggs or young
were abundant and diverse at both sites, enabling me
to record over 500 interactions between recurvirostrids
and more than 20 predator species. Predators included
at least three species in each of the following groups:
ardeids, raptors, gulls, corvids, and mammals. For each
observed instance of mobbing, I attempted to record
the sex and number of mobbers. Although both avocets
and stilts are relatively monomorphic, the sexes usually
can be distinguished in the field (Hamilton 1975).
However, the distances at which predator interactions
were observed often precluded identification of a mob-
ber’s sex.

I further studied the antipredator behavior of avocets
and stilts experimentally, using myself as a stimulus.
Nineteen avocets (13 males, six females) and seven
stilts (four males, three females) were nest-trapped
(Sordahl 1980) and color-marked. I used a standard-
ized procedure for testing marked adults, which con-



