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The role of behavioral dominance in
structuring patterns of habitat occupancy in a
migrant bird during the nonbreeding season
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Several species of territorial migratory birds exhibit sexual habitat segregation on their wintering grounds, with some habitats
containing mostly males and others mostly females. The objective of this study was to determine if in the American redstart
(Setophaga ruticilla) in Jamaica habitat segregation is due to social mechanisms or due to sex-specific habitat specialization. I
used habitat-specific patterns of arrival by young males and females, observations of territorial displacements, removal experi-
ments, and simulations of territorial intrusions to differentiate between these two mechanisms. Redstarts were studied in two
habitat types, a male-biased mangrove forest and a female-biased scrub habitat. In autumn, male and female hatch-year redstarts
initially settled in equal numbers in each habitat, and segregation of the sexes occurred gradually and mostly later in the arrival
period. This shift corresponded with an increase in density of older birds and an increase in territorial displacements. Removal
experiments showed that vacancies in male-biased habitat were filled more rapidly and with greater frequency than those in
female-biased habitat and that vacated male territories in mangrove were replaced more often by females than by males.
Simulations of territorial intrusions and analyses of body size indicated that levels of aggression and body size of both males
and females were greater in mangrove habitat, suggesting that these factors may be important in determining the outcomes of
dominance interactions. I conclude that patterns of sexual habitat segregation in redstarts are structured by the dominance
behavior of older and more dominant individuals, and these are mostly males. Key words: American redstarts, behavioral dom-
inance, habitat specialization, migratory birds, nonbreeding season, removal and playback experiments, Setophaga ruticilla,
sexual habitat segregation. [Behav Ecol 11:299–308 (2000)]

In migratory birds, many species exhibit a habitat distribu-
tion pattern in which males and females are spatially seg-

regated during the stationary portion of the nonbreeding pe-
riod. This is characterized by males and females occurring in
different proportions, either at different latitudes (e.g., Ket-
terson and Nolan, 1976, 1983; van Eerden and Munserman,
1995) or at the same latitude but in different habitat types.
This latter pattern is known as sexual habitat segregation and
appears to be a widespread phenomenon during the non-
breeding period for migratory passerines in both the New
(e.g., Lynch, 1992; Lynch et al., 1985; Ornat and Greenberg,
1990; Sliwa, 1991; Wunderle, 1992; Wunderle and Waide,
1993) and Old World (Nisbet and Medway, 1972).

Two mechanisms have been proposed to underlie sexual
habitat segregation. First, the habitat specialization hypothesis
proposes that males and females are each habitat specialists,
with males choosing to establish territories in one type of hab-
itat (hereafter ‘‘male-biased habitat’’) and females in another
(hereafter ‘‘female-biased habitat’’) (Lynch et al., 1985; Mor-
ton, 1990; Morton et al., 1987). It assumes, based on the abun-
dance of each sex, that habitat suitability is highest for females
in female-biased habitat and for males in male-biased habitat.
Second, interference behavior of dominant individuals (e.g.,
males) may lead to the exclusion of subordinate individuals
(e.g., females) from some habitats (Gauthreaux, 1978; Lynch
et al., 1985). Such social dominance can be considered a re-
sult of intraspecific competition for limiting resources and
would result in the most suitable habitats becoming male-bi-
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ased and less suitable habitats becoming female-biased. Below,
I describe several tests designed to separate habitat speciali-
zation from behavioral dominance mechanisms responsible
for structuring patterns of sexual habitat segregation in a
long-distance migrant passerine, the American redstart (Seto-
phaga ruticilla).

The first test examines the settlement patterns of migrant
birds on their wintering quarters. The habitat specialization
hypothesis predicts that naive male and female hatch-year
(HY) birds, arriving in winter habitats for the first time,
should settle preferentially into the appropriate male- or fe-
male-biased habitat when they first arrive in autumn. In con-
trast, the behavioral dominance hypothesis predicts territory
settlement patterns of HY redstarts over the first few weeks to
be either random with respect to habitat and sex, especially
if habitats are of equal suitability in autumn, or skewed toward
the male-biased habitat if this habitat is of higher suitability
relative to female-biased habitat. Under either scenario, sub-
ordinate HY males and females will begin to settle with greater
frequency in female-biased habitat, most likely due to the in-
crease of aggressive encounters and resulting territory dis-
placements by older returning redstarts (after-hatch year red-
starts; AHY). Thus, the first objective of this study was to quan-
tify the settlement patterns and the frequency of territorial
displacements of HY and AHY males and females into known
male and female-biased habitats in autumn.

In a second test, I removed individuals from female- and
male-biased habitats and examined the frequency and rate of
replacement as well as the sex and age of the replacement
birds. If sexual habitat segregation is driven by habitat spe-
cialization, the frequency and rate of replacement should be
equal between the two habitats, whereas behavioral domi-
nance predicts faster replacement in male-biased compared
to female-biased habitats because male-biased habitat is as-
sumed to be of higher suitability. The habitat specialization
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hypothesis predicts that when males or females are removed
from their territories in either habitat type, they should be
replaced by the same gender, assuming the presence of float-
ers or of neighboring individuals interested in moving. Alter-
natively, the behavioral dominance hypothesis predicts the re-
moval of individuals from male-biased habitat may result in a
shift in the sex or possibly age (older to younger) of the new
territory owner, at least in the absence of older males and
presence of excluded subordinates.

On their wintering quarters, both sexes of several species
of Neotropical migrant birds have been shown to defend ter-
ritories vigorously and exhibit stereotypical aggressive behav-
iors (e.g., Greenberg, 1986; Greenberg and Ortiz Salgado,
1994; Greenberg et al., 1994, 1996; Holmes et al., 1989; Rap-
pole and Warner, 1980). Thus, a third test designed to sepa-
rate habitat specialization from behavioral dominance hypoth-
eses involved quantifying this aggressive behavior of territorial
birds. The habitat specialization hypothesis predicts that each
sex will exhibit higher levels of aggression in the habitat type
with which it is most commonly associated. The behavioral
dominance hypothesis predicts that males and females obtain-
ing territories in male-biased habitat do so either because they
are more aggressive, have larger body size (see below), or pos-
sibly both. Increased aggressiveness by individuals in male-bi-
ased habitat would suggest an asymmetry in habitat suitability,
a finding inconsistent with the habitat specialization hypoth-
esis. To test these predictions I performed playback experi-
ments in the territories of individuals in each habitat type in
autumn and quantified the aggressiveness of their response.

Large body size has been shown to allow some individuals
greater access to limited resources (Fretwell, 1969; Smith and
Metcalfe, 1997). Thus, an additional prediction consistent
with the behavioral dominance hypothesis is that individuals
with territories in male-biased habitat, regardless of sex,
should be larger than individuals in female-biased habitat.
Thus, I also measured wing chords and tarsus lengths of in-
dividuals occupying both habitat types to determine if body
size was a possible mechanism allowing some individuals to
win territorial disputes and exclude smaller, subordinate birds
from male-biased habitats.

The study species was the American redstart (Setophaga ru-
ticilla), a Nearctic-Neotropical migrant well suited for testing
the hypotheses and predictions outlined above. Redstarts
breed in North America and spend the nonbreeding period
in the Caribbean, Central America, and northern South
America (Sherry and Holmes, 1997). They exhibit sexual hab-
itat segregation throughout most of their winter range (Marra
and Holberton, 1998; Sherry and Holmes, 1997), and individ-
uals can be sexed and aged reliably (Holmes et al., 1989; Mar-
ra et al., 1993; Pyle et al., 1987; Sherry and Holmes, 1997).

METHODS

Research was conducted at the Font Hill Nature Preserve, 13
km west of Black River, St. Elizabeth Parish, in southwestern
Jamaica. Redstarts were studied in two habitat types with ap-
proximately equal densities but different sex ratios. In man-
grove forest, redstart density over 2 years (1994 and 1995)
averaged 20.1 � 0.9 SE/5 ha, of which 65% were male and
35% were female. Second-growth scrub habitat had 20.6 �
1.4 SE redstarts/5 ha, of which approximately 30% were male
and 70% were female.

The mangrove habitat was predominately black mangrove
(Avicennia germinans) with small amounts of white (Lagun-
cularia racemosa) and red (Rhizophora mangle) mangrove
along the periphery. The mangrove stands had continuous
canopies averaging 12 m in height, had almost no ground or
shrub level vegetation, and were flooded with up to 1 m of

water. Second-growth scrub habitat was predominated by log-
wood (Haematoxylon campechianum), a 2–8 m tall, thorny
tree, with larger, scattered trees (e.g., Bursera simarubra, Ter-
minalia latifolia, and Crescentia alata) and many vines and
tangles.

I studied redstarts on three 5-ha study sites in mangrove
and two 5-ha sites in second-growth scrub adjacent to these
mangrove sites. All sites were gridded at 25-m intervals, which
allowed me to locate and map redstart territories. The third
mangrove site was necessary to obtain larger sample sizes of
females in that habitat type. Removal experiments in man-
grove and second-growth scrub were conducted on smaller
study plots in nearby areas at Font Hill (see below).

American redstarts were captured using a song playback
technique (Holmes et al., 1989), measured (tarsus, wing
chord, body mass), aged, sexed, and given a unique set of
color-bands. I aged all redstarts as either HY or AHY using
skull ossification and then sexed them using several plumage
characters. Criteria for aging and sexing have been described
in detail elsewhere (Marra et al., 1993; Pyle et al., 1987; Sherry
and Holmes, 1997), and were confirmed by observation and
recaptures of color-banded individuals of known sex over sev-
eral years (Marra PP et al., unpublished data).

Arrival and settlement patterns

In 1994 and 1995, my assistants and I censused redstarts for
8 weeks from early September to late October. Censuses were
conducted in each site twice per week (2–3 days apart), and
alternated between observers. Censuses began at 0600 h on
alternating sides of the plot, lasted 2–4 h, and consisted of an
observer walking at a slow pace on each of five 250-m transects
that were 50 m apart. Redstarts were detected by either sight
or sound, located, identified as banded or unbanded, and
classified as female, HY male, or AHY male, or, if sex could
not be ascertained with confidence, as a female-plumaged in-
dividual. If an unmarked redstart was seen in that same area
again on the next census, it was captured within the next few
days and color-banded, aged, sexed, and measured. We re-
corded all territorial displacements, which were defined as a
territorial color-banded bird seen on two consecutive census
visits that subsequently shifted at least one full territory away
(ca. �50 m) or disappeared and was replaced by a neighbor-
ing or new redstart.

Removal experiments

Individual American redstarts were removed from one male-
biased (mangrove) and one female-biased (second-growth
scrub) site in 1994 and 1996. Because extensive removal ex-
periments had already been conducted in mangrove at this
same site (Marra et al., 1993), the major effort of these ex-
periments was to conduct removals in female-biased habitat.
I also made smaller scale removals, however, in mangrove to
control for annual differences in population density and float-
er abundance.

Before removal, I mapped territories of all individuals on
one 3-ha plot in female-biased habitat and one 1.5-ha plot in
male-biased habitat. Overall, six observers spent a total of 25
preremoval h mapping the territories of 17 redstarts on the
female-biased sites and a total of 12 h mapping the territories
of 16 redstarts on male-biased sites (less time was necessary
for territory mapping in the mangrove habitat because its
open vegetation made following birds easier than in the thick-
er second-growth scrub). Mapping of redstarts continued un-
til no further changes in the size and shape of the territories
could be detected (Marra et al., 1993). After mapping was
complete, 12 redstarts in scrub and 6 in mangrove were cap-
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tured and permanently removed from their territories on 15
October 1994 and 9 November 1996. We visited each site and
checked for the presence of redstarts 1 day, 1 week, and then
2 weeks after removal. Song playbacks were used to facilitate
finding birds and to confirm densities. In each year, 8 h after
removal were spent mapping redstarts in the female-biased
removal plot and 5 h in the male-biased plot.

Simulations of territorial intrusions

I quantified behavioral responses of redstarts using a vocali-
zation playback in both habitat types in the autumn of 1996.
Each playback experiment consisted of placing a taxidermic
mount of an AHY male redstart approximately 0.5 m above
the ground in the center of a focal bird’s territory. An ampli-
fied speaker was concealed at the base of the model with a
speaker cable leading to a remote tape recorder at a hidden
location approximately 15 m away. One person operated the
recorder, while two other observers were stationed approxi-
mately 15 m on the opposite side of the decoy and approxi-
mately 20 m apart. Each experiment consisted of a 10-min
broadcast of American redstart vocalizations at a constant vol-
ume. Three different tapes were used, each containing a mix
of AHY male song and AHY male chips in equal proportions
and from different individuals (Kroodsma, 1986). Although
chips are the most common vocalization made by redstarts
during the winter, the use of the song–chip combination in
equal proportions produced a stronger and more consistent
response from the redstarts (Holmes et al., 1989; Marra PP,
unpublished data).

Each of the two observers independently scored three pa-
rameters on the focal bird as soon as it appeared in the vicin-
ity (about 15–20 m) of the decoy: (1) the total number of
dives (defined as a flight over the model accompanied by a
sharp drop in flight directed toward the decoy), (2) the total
number of separate physical attacks on the decoy (defined as
a hit on the decoy), and (3) an overall response score (1 �
no response; 2 � mild response with occasional chips and
remains in vicinity but always more than 10 m away; 3 �
strong response, obviously agitated with close approaches
within 2 m of the model; 4 � very strong response, highly
agitated and attacks model). Intermediate scores (1.5, 2.5, and
3.5) were also used.

None of the focal redstarts used in these experiments had
been previously exposed to a playback that season, although
some had responded to a playback in previous years when
they were first banded. Birds banded within a season exhibit
a reduced response to song playback in that same season, but
when exposed to playbacks a year later their responses were
at preexposure strength (Marra PP, unpublished data). Ex-
periments on the same day were always conducted on individ-
uals more than 200 m apart to avoid exposing other potential
experimental birds to the sound of the playback or sight of
the decoy.

Data analysis

I used chi-square analysis to test if (1) the proportion of ter-
ritorial displacements differed between habitats, (2) males did
more displacing than females in mangrove, (3) AHYs did
more displacing than HYs in mangrove, (4) the sex ratio of
birds removed within each habitat differed from the replace-
ments, and (5) the proportion of each sex present between
habitats changed after removal. The effects of habitat (man-
grove versus scrub) and sex (male versus female) on the num-
ber of dives, attacks, and response score exhibited by redstarts
during playbacks experiments were examined by standard
two-way analysis of variance. Because sample sizes were too

small for males in female-biased habitat to include age (HY
versus AHY) in the model, a separate analysis was conducted
on females to test for the effects of habitat and age. All play-
back data were natural-log transformed to meet assumptions
of equal variance and normality.

To examine body size relationships, I first calculated the
scores of a principal component analysis based on unflattened
wing chord and tarsus length. A natural-log transformation
was performed on the scores from the first principal compo-
nent to meet assumptions of normality and equal variances,
and these transformed data were used as an estimate of skel-
etal body size. I analyzed these data using a three-way ANOVA
including sex (male verus female), age (AHY versus HY), and
habitat (mangrove versus scrub) and then analyzed the data
separately for males and females. All statistical analyses were
made using JMP (SAS Institute, 1997).

RESULTS

Behavior during the arrival period

I predicted that if sexual habitat segregation was caused by
sex-specific habitat specialization, naive HY male and female
redstarts, upon arrival in their wintering grounds, would settle
differentially into male- (mangrove) and female-biased
(scrub) habitats, respectively. In general, I found that male
and female HY redstarts initially arrived and settled approxi-
mately equally in both habitat types. In 1994, the numbers of
HY males were the same in both habitat types through the
first 4 weeks and then increased more rapidly in mangrove
habitat (Figure 1). The numbers of HY males leveled off be-
tween 3.5 and 4 individuals/5 ha in second-growth scrub and
approximately 6.5/5 ha in mangrove habitat at the end of the
censusing period. The rate of settlement did not differ be-
tween habitats in 1995, with mean numbers by week 8 of 3.5
individuals/5 ha in scrub and 3.7/5 ha in mangrove. In 1995,
the numbers of HY male redstarts were lower at the end of
October than those in the previous year (mean for week 8 of
5.4 � 1.4 in 1994 versus 3.1 � 1.5 individuals/5 ha in 1995; t
� 2.2, df � 6, p � .07; Figure 1).

In 1994, HY females settled into both habitats at similar
rates through week 6 (Figure 1). During week 7 and 8, how-
ever, numbers of HY females increased in scrub, while num-
bers remained stable in mangrove. Mean number of HY fe-
males in mangrove remained constant over the final 2 weeks
of October at 4.5 HY females/5 ha, while numbers increased
in scrub to 6.0 HY females/5 ha by the end of October. In
1995, HY females exhibited settlement patterns similar to
those in 1994, increasing to 5.0 individuals/5 ha in scrub and
only 2.0 individuals/5 ha in mangrove.

Because American redstarts exhibit strong site fidelity to
their winter territories of the previous year, testing predictions
regarding habitat choice cannot be done with older (AHY)
birds (Holmes et al., 1989; Holmes and Sherry, 1992; Marra
and Holmes, in press). Nevertheless, I quantified AHY arrival
patterns to assess changes in numbers of all redstarts. The
patterns of arrival and settlement of AHY redstarts in 1994
were similar to those of HY individuals (Figure 2). The settle-
ment patterns of AHY males by habitat diverged, with mean
numbers increasing to 8.0 individuals/5 ha in mangrove and
never exceeding 2.0 individuals/5 ha in scrub. By week 8 the
mean number of AHY males was 14.7 individuals/5 ha in man-
grove and had yet to asymptote, compared to 2.5 � 0.5 indi-
viduals/5 ha in scrub habitat. For AHY females, there were
no differences among habitats in patterns of settlement in
either year. In 1994, AHY females never exceeded 4 individ-
uals/5 ha by the end of October (week 8) in either habitat.
In 1995, AHY females exhibited similar rates of increase to



302 Behavioral Ecology Vol. 11 No. 3

Figure 1
Arrival and settlement patterns of hatch-year (HY; �1 year old) male and female American redstarts onto mangrove (male-biased) and
second-growth scrub (female-biased) habitats in 1994 and 1995 on the nonbreeding grounds in Jamaica. Values in each week represent the
mean (� 1 SE) number of American redstarts on all plots combined by habitat.

AHY males, however, in contrast to males, there were no hab-
itat-specific patterns in settlement, although by week 8 females
had not shown signs of asymptoting.

Significantly more territorial displacements occurred on
the mangrove sites (40/3 plots) compared to scrub sites (4/
2 plots) in both 1994 and 1995 (�2 � 8.0, df � 1, p � .007),
and these were mainly males displacing females (�2 � 14.4,
df � 1, p � .000) or AHYs (predominantly males) displacing
HYs (males and females; �2 � 19.6, df � 1, p � .000; Table
1). Over both years, 87% of territorial displacements took
place in mangrove, compared to only 13% in scrub, and the
majority (80%) of these displacements were by males or by
AHY individuals (85%). Displacements were by both return-
ing color-banded AHY redstarts (65%) and by new individuals
(35%) establishing site dominance for the first time.

Removal experiments
Territory replacement was more rapid and complete in male-
biased than in female-biased habitats. One day after the re-

movals in mangrove in 1994 and 1996, 4 of 6 (67%) of the
vacated territories had new redstarts present, compared to
only 1 of 12 (8%) of the vacated territories in scrub (Figure
3). Furthermore, on the first day after the removals, new red-
starts in mangrove were engaging in aggressive interactions
with neighbors, whereas the one redstart in scrub was a single
foraging bird seen briefly. One week after removals, 100% of
the vacated territories in mangrove had been filled, compared
to only 58% in scrub. Two weeks after removal the percentage
of replaced redstart territories leveled off to 50% in scrub,
while the sites in mangrove remained occupied.

In scrub, the sex ratio went from a 3:1 ratio of females to
males removed to 5:1 females to males after replacement, but
this change was not significant (�2 � 2.66, df � 1, p � .1;
Table 2). In these same years, I removed a total of four males
and two females from mangrove. Combining these data with
those of removal experiments conducted in mangrove in 1989
(Marra et al., 1993) shows that 13 vacated territories in man-
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Figure 2
Arrival and settlement patterns of after hatch-year (AHY; �1 year old) male and female American redstarts in mangrove (male-biased) and
second growth scrub (female-biased) habitat in 1994 and 1995 on the nonbreeding grounds in Jamaica. Values in each week represent the
mean (� 1 SE) number of American redstarts on all plots combined by habitat.

grove were filled within 2 weeks by 7 males and 7 females,
representing a 108% replacement rate. The sex ratio in this
habitat shifted from a 1:3.3 female to male ratio before re-
moval to a 1:1 ratio in the replacement birds (�2 � 3.6, df �
1, p � .06). In comparing between habitats, the proportion
of males present declined equally in mangrove (77% to 50%)
and scrub (25% to 17%) as a result of the removal (�2 � 0.14,
df � 1, p � .71). In contrast, the proportion of females in-
creased in both habitats after removal (23% to 50% in man-
grove; 75% to 86% in scrub), but significantly more in man-
grove compared to scrub (�2 � 58.12, df � 1, p � .000).

In mangrove, none of the replacement birds were observed
before removal, even though the experiments were done after
the main arrival period. It did not appear that any of the
replacement in mangrove was due to shifting neighbors. Col-
or-banded neighbors remained on territory and exhibited in-
tense aggressive interactions with new replacement redstarts.
This contrasts with scrub habitat, where approximately 50%

of the replacement birds observed were color-banded individ-
uals shifting from neighboring territories.

Simulations of territorial intrusions

American redstarts in mangrove habitat responded more ag-
gressively to tape playbacks than conspecifics in female-biased,
scrub habitat (Table 3). Both male and female redstarts in
mangrove dived significantly more often toward a stuffed AHY
male decoy during the 10-min tape playback than did redstarts
in scrub (habitat: F � 7.7, p � .009; sex: F � 0.83, p � 0.37;
habitat � sex: F � 0.02, p � .89). Only males attacked the
decoy, and this occurred in both habitats (habitat: F � 1.0, p
� .32; sex: F � 4.4, p � .04; habitat � sex: F � 1.0, p � .32).
Response scores were significantly higher in mangrove (hab-
itat: F � 8.3, p � .007), although males in scrub also respond-
ed aggressively, resulting in a marginally significant sex effect
and habitat � sex interaction (sex: F � 3.9, p � .06, habitat
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Table 1
Frequency of territorial displacements by American redstarts by
habitat, sex, and age during settlement in autumn of the
nonbreeding period in Jamaica

% Displaced

Habitat
Black mangrove 87%
Second-growth scrub 13%

Sex
Female displaced by male 40% (16/40)
Male displaced by male 40% (16/40)
Male displaced by female 10% (4/40)
Female displaced by female 10% (4/40)

Age
HY displaced by AHY 50% (20/40)
AHY displaced by AHY 35% (14/40)
AHY displaced by HY 5% (2/40)
HY displaced by HY 10% (4/40)

Habitat: mangrove was male-biased habitat, and scrub was female-
biased habitat. The number of displacements in each habitat were
adjusted to individuals per 5 ha: 40/3 plots � 13.3/5ha and 4/2
plots � 2.0/5ha. Age: AHY � after-hatch year or � 1 year old, HY
� hatch year or � 1 year old.

Figure 3
Replacement rate of American redstarts on experimentally vacated
territories in mangrove (male-biased) and second-growth scrub
(female-biased) habitat 1 day, 1 week, and 2 weeks after removal of
territorial individuals in Jamaica. Results of removal experiments in
1994 and 1996 were combined for each habitat.

Table 2
Number of American redstarts removed from and replaced in mangrove (male-biased) and scrub
(female-biased) habitats during the nonbreeding period in Jamaica

Black mangrove

Removed Replaced

Second-growth scrub

Removed Replaced

Males
AHY 7 (4) 4 (3) 1 0
HY 3 (2) 3 (1) 2 1

Females 3 (1) 7 (4) 9 5
Total 13 14 12 6

Removals were conducted in October-November, 1994 and 1996. Data from identical experiment in
mangrove conducted in 1989 (Marra et al., 1993) are also included (numbers in parentheses). AHY,
after-hatch year (� 1 year-old) males; HY, hatch-year (� 1 year-old) males.

� sex F � 3.3, p � .08; Table 3). Because of small sample
sizes of males in scrub, age effects could not be assessed in
the full model. A separate analysis conducted for just females
showed that the response scores in females were higher in
mangrove habitat (habitat: F � 19.56, p � .001), regardless
of age (F � 1.73, p � .21; habitat � age: F � 4.1, p � .07).

Body size

Male American redstarts were significantly larger than fe-
males. Within a sex, no differences were found in male body
size across habitats, but females in mangrove were larger than
females in scrub, regardless of age (Figure 4). In a three-way
ANOVA including sex, age, and habitat, males were signifi-
cantly larger than females, and there were no significant in-
teractions (age: F � 0.86, p � .35; sex: F � 66.12, p � .0001;
habitat: F � 2.39, p � .12; age � habitat F � 0.33, p � .56;
sex � habitat: F � 2.55, p � .11; age � sex � habitat: F �
0.12, p � .73). When sexes were considered separately, I
found that females in mangrove were larger than those in
scrub habitats, regardless of age (age: F � 0.02, p � .88; hab-
itat: F � 5.47, p � .02; age � habitat F � 0.48, p � .49), and
there were no differences in male body size either between

age or habitat classes (age: F � 2.03, p � .16; habitat: F �
0.001, p � .97; age � habitat F � 0.02, p � .88).

DISCUSSION

My results support the hypothesis that dominance behavior of
older males excludes females and younger males from pre-
ferred mangrove habitat and is the primary mechanism re-
sponsible for creating patterns of sexual habitat segregation
in American redstarts during the nonbreeding period. Habitat
specialization by males and females did not appear to play a
role in driving patterns of habitat occupancy in this species.

Arrival and settlement patterns of both hatch-year males
and females in September and early October was random with
respect to habitat type, a finding inconsistent with the habitat
specialization hypothesis. Furthermore, the fact that HY red-
starts did not settle disproportionately in mangroves suggests
either that habitats were of equal suitability at the time of
settlement or that HY birds could not detect differences in
suitability. In early to mid-October, however, as older, more
dominant redstarts arrived, HY males continued to settle with
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Table 3
Responses (mean � SE) of male and female American redstarts to
10-min song-chip playback experiments conducted in October
(1996) on territories in mangrove (male-biased) and scrub (female-
biased) habitats during the nonbreeding period in Jamaica

Habitat n
No. of
dives

No. of
attacks Score

Black mangrove
Male 17 5.8 � 1.3 0.12 � 0.1 2.9 � 0.2
Female 5 4.2 � 1.7 0 2.8 � 0.2

Second-growth scrub
Male 3 1.3 � 0.9 0.3 � 0.3 2.5 � 0.9
Female 14 0.2 � 0.1 0 1.3 � 0.2

Figure 4
Body sizes (mean � 1 SE) of male and female American redstarts
occupying mangrove (male-biased) and second-growth scrub
(female-biased) habitat in Jamaica. Body size calculations are the
first principal component scores from an analysis including wing
chord and tarsus length. Data are from individuals captured in the
autumn (October and November) of 1994 and 1995.

greater frequency in mangrove, but HY females began to in-
crease in abundance in scrub. The latter of these shifts of
females was due to a disproportionate increase in displace-
ments among redstarts in mangrove habitat. Overall, 87% of
the displacements observed were in mangrove forest, and
these were predominately males displacing females and older
birds displacing younger ones, common patterns with domi-
nance hierarchies in birds (e.g., Balph, 1977; Wilson, 1975).
Furthermore, both returning color-banded redstarts and in-
dividuals arriving for the first time were responsible for dis-
placements, suggesting that both prior site dominance and
intrinsic dominance determine the outcomes of behavioral
interactions.

Dominance hierarchies form because some critical resource
is limiting, and individuals of varying abilities compete for
access to that resource (see Gauthreaux, 1978). In the case of
American redstarts in Jamaica, food is probably the limiting
resource (Lovette and Holmes, 1995; Parrish and Sherry,
1994), and individuals compete over access to territories that
will provide sufficient and consistent food levels for the du-
ration of the nonbreeding period. Therefore, if behavioral
dominance structures patterns of habitat occupancy, the most
intense competition for territories should take place in habi-
tats that are the most suitable. Removal experiments are an
effective and informative way to assess the importance of dom-
inance behavior and resource competition in driving spacing
patterns. Differential replacement by males and females in
male- and female-vacated territories provides strong evidence
for differences in habitat suitability and for the role of behav-
ioral dominance. Morton et al. (1987) removed four male
hooded warblers (Wilsonia citrina) and found that two were
replaced by new males and none by females, leading them to
suggest that sexual habitat segregation in winter might be due
to innate preferences (i.e, habitat specialization) by males and
females. This idea was further supported by laboratory studies
with hand-reared birds (Morton, 1990) and additional field
data (Morton et al., 1993). More recent removal experiments
with this species, however, in female-type habitat found that
the sex of the replacement bird could not be predicted by the
sex of the removed territory owner (Stutchbury, 1994).

When I removed redstarts from male- and female-biased
habitat types, replacement occurred in both habitats, mostly
by females and younger males, suggesting that territorial ex-
clusion was keeping individuals out of both sites. However,
significantly more territories were reoccupied in mangrove
compared to scrub, and those territories were reoccupied
more rapidly, suggesting that competition for sites there was
more intense. In addition, vacated male territories in man-
grove were occupied disproportionately by females rather
than by males, indicating that mostly females had been ex-

cluded from male-biased habitat and that these territories
were not sex specific. The more rapid and complete settle-
ment by excluded individuals in one habitat relative to anoth-
er supports the behavioral dominance hypothesis.

Simulations of territorial intruders with a stuffed decoy ac-
companied by a vocalization playback demonstrated that male
and female redstarts in mangrove responded more aggressive-
ly than females but only slightly more than males in female-
biased scrub habitats. Higher levels of aggression by redstarts
in mangrove may be due to several factors. First, aggressive-
ness of individuals in mangrove may represent a quality in-
trinsic to those redstarts, possibly regulated by circulating lev-
els of plasma testosterone (e.g., Ketterson and Nolan, 1992;
Wingfield et al., 1987). Second, differences in measured levels
of aggression may represent a frequency-dependent response.
In other words, redstarts in mangrove may have exhibited
higher levels of aggression to a vocalization playback because
they have been involved in interactions more frequently. A
third possibility is that mangrove habitat is of higher suitabil-
ity, and individuals exhibit higher levels of resource defense
because they have more to lose (e.g., Brown, 1964; Elwood et
al., 1998). Finally, higher levels of aggression may be due to
prior residence advantage of older, returning birds (Beletsky
and Orians, 1989; Holberton et al., 1990; Krebs, 1982). Al-
though my experiments do not allow for differentiation of
these four causes of higher aggression, they do demonstrate
that redstarts in mangrove exhibited higher levels of aggres-
sion than individuals in scrub, a finding consistent with the
behavioral dominance hypothesis but not with the habitat spe-
cialization model. Therefore, differences in aggression, re-
gardless of their ultimate causation, may in part be responsi-
ble for determining the outcomes of behavioral interactions
and ultimately habitat occupancy patterns.

The ability of males to dominate and exclude females and
some younger males is also associated with differences in body
size. Overall, males were significantly larger than females, and
40% of all displacements were by males displacing females
rather than males being displaced by females (10%). Despite
this fact, some females were able to persist and establish ter-
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ritories in mangrove habitats. These females were not only
more aggressive as indicated by results of playback experi-
ments (see above), but they were also significantly larger than
those in scrub habitat. This suggests that body size, at least for
females, could be partially responsible for allowing them to
persist in mangrove habitat. To test for the effect of female
body size in winning antagonistic encounters, neutral-ground
experiments between females of small and large body size
from both habitats will be required.

In summary, results of removal experiments, combined with
data on autumn settlement patterns, territory displacements,
and aggressive behavior, support the hypothesis that behav-
ioral dominance is responsible for structuring winter habitat
segregation in American redstarts. Patterns of sexual habitat
segregation, at least in Jamaica, appear to be formed by adult
males settling into high suitability habitats and excluding sub-
ordinates, which are predominately females and some HY
males. Factors other than sex and age may affect the ability
of some individuals to acquire territories in male-biased hab-
itat. In winter, both sexes of redstarts exhibit overt agonistic
behaviors involving vocalizations, aerial displays, posturing,
and physical contact (Ficken, 1962; Holmes et al., 1989; Sher-
ry and Holmes, 1997), and this behavior eventually results in
displacement or at least territory boundary adjustments (Mar-
ra, 1998). Differences among individuals in these aggressive
behaviors may be partially responsible for the outcomes of
dominance interactions and may explain why some females
can acquire territories in male-biased habitat.

A predicted outcome of behavioral dominance is that birds
forced into less suitable habitat will have lower survival or de-
cline in physical condition. Marra and Holberton (1998) mea-
sured circulating levels of corticosterone, a hormone associ-
ated with behavioral and physiological changes in energy de-
mand (Harvey et al., 1984; Wingfield, 1994) in redstarts oc-
cupying these Jamaican mangrove and scrub habitats in
autumn just after territory establishment and then again in
these same individuals in spring. Their results demonstrated
that in autumn, regardless of sex and age, redstarts had sim-
ilar baseline corticosterone concentrations across both habitat
types. However, 6 months later, in March at the end of the
tropical dry season, redstarts in the female-biased, scrub hab-
itat had significantly higher basal corticosterone concentra-
tions, whereas redstarts with territories in mangrove had cor-
ticosterone concentrations similar to those in autumn. High
levels of corticosterone suggest that these birds were in rela-
tively poor energetic condition. Corticosterone is thought to
increase foraging effort in an attempt to increase or maintain
energy reserves (Astheimer et al., 1992; Gray et al., 1990;
Wingfield, 1988; Wingfield and Silverin, 1986). Redstarts with
territories in scrub also lost significantly more body mass com-
pared to birds in mangrove, had lower annual survival rates
(Marra and Holmes, in press), and departed later on spring
migration (Marra et al., 1998), regardless of sex or age. Taken
together, these results demonstrate that population conse-
quences can arise from sexual habitat segregation.

Gauthreaux (1978, 1982) proposed that behavioral domi-
nance and its consequences, such as the ones I have described
here, are important factors regulating patterns of dispersal
and migration within species. He argued that differential mi-
gration in the fall, as birds settle onto their wintering quarters,
results from dominance interactions and can explain patterns
such as latitudinal (Ketterson and Nolan, 1976, 1983, 1985;
Myers, 1981) and altitudinal (Diamond and Smith, 1973) seg-
regation of age and sex classes. He reasoned that subordinate
individuals are forced to occupy more southern areas farther
from breeding areas and as a result arrive back to breeding
areas later than dominant individuals wintering closer to the
breeding grounds. Empirical evidence, however, has thus far

failed to provide clear support for this hypothesis (Ketterson
and Nolan, 1983, 1985; Rogers et al., 1989; but see Lundberg
et al., 1981). In the case of American redstarts, intraspecific
competition and resulting segregation among habitats occurs
within a site at the same latitude and elevation and can affect
the timing of spring migration (Marra et al., 1998). In this
way, the data presented here for redstarts, a species exhibiting
habitat segregation, support Gauthreaux’s theory (1978,
1982) that behavioral dominance and resulting despotic dis-
tribution on the nonbreeding grounds may play a part in in-
fluencing dispersal and migration.

Behavioral dominance has been shown to be the underlying
mechanism driving habitat occupancy patterns during the
breeding season in many bird species (see Gauthreaux, 1978).
Furthermore, its role in structuring winter social systems in
birds forming flocks has been well documented (e.g., En-
strom, 1992; Holberton et al., 1990; Ketterson, 1979; Lahti et
al., 1997, 1998; Nakamura et al., 1996; Piper and Wiley, 1989;
Rohwer, 1977; Slotow and Paxinos, 1997; Smith and Metcalfe,
1997), and several studies have also shown that, within flocks,
behavioral dominance results in lower overwinter survival for
subordinates (Desrochers et al., 1988; Fretwell, 1969; Kikkawa,
1980; Smith et al., 1980). Little information, however, exists
regarding the role that intraspecific dominance behavior plays
in regulating habitat use during the nonbreeding season for
territorial long-distance migrant passerines (Greenberg,
1986). My findings appear to be the first to identify and eval-
uate the potential effects of dominance behavior among sex
and age classes in any territorial migrant passerine in winter.
More research on additional species is needed to better un-
derstand the pervasiveness of behavioral dominance and its
associated influences on individual condition and ultimately
population dynamics. Habitat segregation is found through-
out most of the winter range of American redstarts, and be-
havioral dominance may be the underlying mechanism struc-
turing this habitat segregation throughout that distribution.
Identification of the fundamental mechanisms involved in
habitat choice, such as was done here, can lead to a better
understanding of the factors that drive the population dynam-
ics of these birds (Bernstein et al., 1991; Sherry and Holmes,
1996).

This research was made possible by a Doctoral Dissertation Improve-
ment Grant from the National Science Foundation, an Albert Cass
Fellowship, a Grant-in-Aid of Research from The Society of Sigma Xi,
and a Frank M. Chapman Memorial Fund Grant from the American
Museum of Natural History. Additional financial support was provided
by the National Science Foundation through grants awarded to Ri-
chard T. Holmes (Dartmouth College) and Thomas W. Sherry (Tu-
lane University). This work was only possible thanks to the excellent
assistance of several people in the field, especially R. Dobbs, J. Goetz,
J. Knight, J. Prather, R. Holmes, A. Strong, J. Barg, and M. Johnson.
I would especially like to thank Deb and Richard Holmes, and Pam
(Williams) Becsy for their help with logistics in Jamaica. This paper
was greatly improved from comments by R. T. Holmes, M. Ayres, D.
Bolger, J. Faaborg, R. Ydenberg, P. D. Hunt, and two anonymous re-
viewers. I am grateful to the Petroleum Corporation of Jamaica for
allowing us to conduct this research at the Font Hill Nature Preserve
and Yvette Strong and the Natural Resources Conservation Authority
for their support of our research in Jamaica. Finally, Robert Sutton,
Ann Haynes-Sutton, Pam (Williams) Becsy, Steve and Sue Callaghan,
and Peter Williams have provided support and hospitality during my
frequent trips to Jamaica. All bird removals were conducted under
permits issued by the U.S. Fish and Wildlife Service and the Natural
Resources Conservation Authority of Jamaica. Removal protocols were
approved by the Institutional Animal Care and Use Committee of
Dartmouth College.



307Marra • Behavioral dominance in a migrant bird

REFERENCES

Astheimer LB, Buttemer WA, Wingfield JC, 1992. Interactions of cor-
ticosterone with feeding, activity and metabolism in passerine birds.
Ornis Scand 23:355–365.

Balph MH, 1977. Winter flock behaviour of dark-eyed juncos: com-
munication, social organization, and ecological implications. Anim
Behav 25:859–884.

Beletsky LD, Orians GH, 1989. Territoriality among male red-winged
blackbirds. III. Testing hypotheses of territorial dominance. Behav
Ecol Sociobiol 24:333–339.

Bernstein C, Krebs JR, Kacelnik A, 1991. Distribution of birds amongst
habitats: theory and relevance to conservation. In: Bird population
studies: relevance to conservation and management (Perrins CM,
Lebreton J-D, Hirons GJM, eds). New York: Oxford University Press;
317–345.

Brown JL, 1964. The evolution of diversity in avian territorial systems.
Wilson Bull 76:160–169.

Desrochers A, Hannon SJ, Nordin KE, 1988. Winter survival and ter-
ritory acquisition in a northern population of black-capped chick-
adees. Auk 105:727–736.

Diamond JM, Smith RW, 1973. Altitudinal variation in a resident and
a migrant passerine on Jamaica. Auk 90:610–618.

Elwood RW, Wood KE, Gallagher MB, Dick JTE. 1998. Probing mo-
tivational state during agonistic encounters in animals. Nature 393:
66–68.

Enstrom DA, 1992. Delayed plumage maturation in the orchard oriole
(Icterus spurius): tests of winter adaptation hypotheses. Behav Ecol
Sociobiol 30:35–42.

Ficken MS, 1962. Agonistic behavior and territory in the American
redstart. Auk 79:607–632.

Fretwell SD, 1969. Dominance behavior and winter habitat distribu-
tion in juncos (Junco hyemalis). Bird Banding 40:1–25.

Gauthreaux SA Jr, 1978. The ecological significance of behavioral
dominance. Perspect Ethol 3:17–54.

Gauthreaux SA Jr, 1982. The ecology and evolution of avian migration
systems. In: Avian biology (Farner DS, King JR, Parkes, KC eds).
New York: Academic Press; 93–168.

Gray JM, Yarian D, Ramenofsky M, 1990. Corticosterone, foraging be-
havior, and metabolism in dark-eyed juncos, Junco hyemalis. Gen
Comp Endocrinol 79:375–384.

Greenberg R, 1986. Competition in migrant birds in the nonbreeding
season. Curr Ornithol 3:281–307.

Greenberg, R, Ortiz Salgado J, 1994. Interspecific defense of pasture
trees by wintering yellow warblers. Auk 11:672–682.

Greenberg R, Ortiz Salgado J, Caballero Macias C, 1994. Aggressive
competition for critical resources among migratory birds in the
Neotropics. Bird Conserv Intl 4:115–127.

Greenberg R, Reitsma R, Cruz Angon A, 1996. Interspecific aggres-
sion by yellow warblers in a sun coffee plantation. Condor 98:640–
642.

Harvey S, Phillips JG, Rees A, Hall TR, 1984. Stress and adrenal func-
tion. J Exp Zool 232:633–646

Holberton RL, Hanano R, and Able KP. 1990 Age-related dominance
in male dark-eyed juncos: effects of plumage and prior residence.
Anim Behav 40:573–579.

Holmes RT, Sherry TW, 1992. Site fidelity of migratory warblers in
temperate breeding and neotropical wintering areas: implications
for population dynamics, habitat selection, and conservation. In:
Ecology and conservation of Neotropical migrant landbirds (Hagan
JM, Johnston DW, eds). Washington, DC: Smithsonian Institution
Press; 563–578.

Holmes RT, Sherry TW, Reitsma L, 1989. Population structure, ter-
ritoriality, and overwinter survival of two migrant warbler species in
Jamaica. Condor 91:545–561.

Ketterson ED, 1979. Aggressive behavior in wintering dark-eyed jun-
cos: determinants of dominance and their possible relation to geo-
graphic variation in sex ratio. Wilson Bull 91:371–383.

Ketterson ED, Nolan V Jr, 1976. Geographic variation and its climatic
correlates in the sex ratio of eastern-wintering dark-eyed juncos
(Junco hyemalis). Auk 96:532–536.

Ketterson ED, Nolan V Jr, 1983. The evolution of differential migra-
tion. Curr Ornithol 1:357–402.

Ketterson ED, Nolan V Jr, 1985. Intraspecific variation in avian mi-
gration: evolutionary and regulatory aspects. In: Migration: mech-

anisms and adaptive significance (Rankin MA, ed). Port Aransas,
Texas: University of Texas Press; 553–579.

Ketterson ED, Nolan V Jr, 1992. Hormones and life histories: an in-
tegrative approach. Am Nat 140:S33–62.

Kikkawa J, 1980. Winter survival in relation to dominance classes
among silvereyes Zosterops lateralis chlorocephala of Heron Island,
Great Barrier Reef. Ibis 122:437–446.

Krebs JR, 1982. Territorial defense in the great tit (Parus major): Do
residents always win? Behav Ecol Sociobiol 11:185–194.

Kroodsma DE, 1986. Design of song playback experiments. Auk 103:
640–642.

Lahti K, Koivula K, Orell M, 1997. Dominance, daily activity, and win-
ter survival in willow tits: detrimental cost of long working hours?
Behaviour 134:921–939.

Lahti K, Koivula K, Rytkonen S, Mustonen T, Welling P, Pravosudov
VV, Orell M, 1998. Social influences on food caching in willow tits.
Behav Ecol 9:122–129.

Lovette IJ, Holmes RT, 1995. Foraging behavior of American redstarts
in breeding and wintering habitats: implications for relative food
availability. Condor 97:782–791.

Lundberg P, Bergman A, Olsson H, 1981. On the ecology of wintering
dippers (Cinclus cinclus) in northern Sweden. J Ornithol 122:163–
172.

Lynch JF, 1992. Distribution of overwintering Nearctic migrants in the
Yucatan Peninsula. II. Use of native and human-modified vegeta-
tion. In: Ecology and conservation of Neotropical migrant land-
birds (Hagan JM, Johnston DW, eds). Washington, DC: Smithsonian
Institution Press; 178–196.

Lynch JF, Morton ES, Van der Voort ME, 1985. Habitat segregation
between the sexes of wintering hooded warblers (Wilsonia citrina).
Auk 102:714–721.

Marra PP, 1998. The causes and consequences of sexual habitat seg-
regation in a migrant bird during the nonbreeding season (PhD
dissertation). Hanover, New Hampshire: Dartmouth College

Marra PP, Hobson KA, Holmes RT, 1998. Linking winter and summer
events in a migratory bird using stable carbon isotopes. Science 282:
1884–1886.

Marra PP, Holberton RL, 1998. Corticosterone levels as indicators of
habitat quality: effects of habitat segregation in a migratory bird
during the nonbreeding period. Oecologia 116:284–292.

Marra PP, Holmes RT, in press. Consequences of dominance-mediat-
ed habitat segregation in a migrant passerine during the non-breed-
ing season. Auk.

Marra PP, Sherry TW, Holmes RT, 1993. Territorial exclusion by a
long-distance migrant warbler in Jamaica: a removal experiment
with American redstarts (Setophaga ruticilla). Auk 110:565–572.

Morton ES, 1990. Habitat segregation by sex in the hooded warbler:
experiments on proximate causation and discussion of its evolution.
Am Nat 135:319–333.

Morton ES, Lynch JF, Young K, Melhop P, 1987. Do male hooded
warblers exclude females from nonbreeding territories in tropical
forest? Auk 104:133–135.

Morton ES, Van der Voort M, Greenberg, R, 1993. How a warbler
chooses its habitat: field support for laboratory experiments. Anim
Behav 46:47–53.

Myers JP, 1981. A test of three hypotheses for latitudinal segregation
of the sexes in wintering birds. Can J Zool 59:1527–1534.

Nakamura M, Matsuzaki, Y, Ootaka H, 1996. Social unit of the alpine
accentor Prunella collaris in the nonbreeding season. Jpn J Ornithol
45:71–82.

Nisbet ICT, Medway L, 1972. Dispersion, population ecology, and mi-
gration of Eastern Great Reed Warblers (Acrocephalus orientalis)
wintering in Malaysia. Ibis 114:451–494.

Ornat AL, Greenberg R, 1990. Sexual segregation by habitat in mi-
gratory warblers in Quintana Roo, Mexico. Auk 107:539–543.

Parrish JD, Sherry TW, 1994. Sexual habitat segregation by American
redstarts wintering in Jamaica: importance or resource seasonality.
Auk 111:38–49.

Piper WH, Wiley RH, 1989. Correlates of dominance in wintering
white-throated sparrows: age, sex and location. Anim Behav 37:298–
310.

Pyle P, Howell SNG, Yunick RP, DeSante DF, 1987. Identification
guide to North American passerines. Bolinas, California: Slate
Creek Press.

Rappole JH, Warner DW, 1980. Ecological aspects of migrant bird



308 Behavioral Ecology Vol. 11 No. 3

behavior in Veracruz, Mexico. In: Migrant birds in the Neotropics
(Keast A, Morton ES, eds). Washington, DC: Smithsonian Institu-
tion Press; 353–394.

Rogers CM, Theimer TL, Nolan V Jr, Ketterson ED, 1989. Does dom-
inance determine how far dark-eyed juncos, Junco hyemalis, migrate
into their winter range? Anim Behav 37:498–506.

Rohwer S. 1977. Staus signaling in Harris sparrows: some experiments
in deception. Behaviour 61:107–129.

SAS Institute, 1997. JMP. Version 3.2.1 [Macintosh OS]. Cary, North
Carolina: SAS Institute.

Sherry TW, Holmes RT, 1996. Winter habitat quality, population lim-
itation, and conservation of Neotropical-Nearctic migrant birds.
Ecology 77:36–48.

Sherry TW, Holmes RT, 1997. American redstart (Setophaga ruticilla).
In:Birds of North America, no 277 (Poole A, Gill F, eds). Philadel-
phia: American Ornithological Union; 1–32.

Sliwa A, 1991. Age and sex specific habitat and geographic segrega-
tion patterns of two New World wood warblers (Parulinae) winter-
ing in Jamaica (masters thesis). Berlin: Freie Universitat.

Slotow R, Paxinos E, 1997. Intraspecific competition influences food
return-predation risk trade-off by white-crowned sparrows. Condor
99:642–650.

Smith JNM, Montgomerie RD, Taitt MJ, Yom-Tov Y, 1980. A winter
feeding experiment on an island song sparrow population. Oecol-
ogia 47:164–170.

Smith RD, Metcalfe NB, 1997. Why does dominance decline with age
in wintering snow buntings. Anim Behav 53:313–322.

Stutchbury BJ, 1994. Competition for winter territories in a Neotrop-
ical migrant: the role of age, sex, and color. Auk 111:63–69.

van Eerden MR, Munserman MJ, 1995. Sex and age dependent dis-
tribution in wintering cormorants Phalacrocorax carbo sinensis in
western Europe. Ardea 83:285–297.

Wilson EO, 1975. Sociobiology. Cambridge, Massachusetts: Harvard
University Press.

Wingfield JC, 1988. Changes in reproductive function of free-living-
birds in direct response to environmental pertubations. In: Pro-
cessing of environmental informations in vertebrates (Stetson MH,
ed). Berlin: Springer-Verlag; 121–148.

Wingfield JC, 1994. Modulation of the adrenocortical response to
stress in birds. In: Perspectives in comparative endocrinology (Dav-
ey K, Peter R, Tobe S, eds). Ottawa: National Research Council of
Canada; 520–528.

Wingfield JC, Ball GF, Dufty AM, Hegner RE, Ramenofsky M, 1987.
Testosterone and aggression in birds. Am Sci 75:602–608.

Wingfield JC, Silverin B, 1986. Effects of corticosterone on territorial
behaviour of free-living male song sparrows, Melospiza melodia.
Horm Behav 20:405–417.

Wunderle JM Jr., 1992. Sexual habitat segregation in wintering black-
throated blue warblers in Puerto Rico. In: Ecology and conservation
of Neotropical migrant landbirds (Hagan JM, DW Johnston eds).
Washington, DC: Smithsonian Institution Press; 299–307.

Wunderle JM Jr, Waide RB, 1993. Distribution of overwintering Ne-
arctic migrants in the Bahamas and Greater Antilles. Condor 95:
904–933.


