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Plasma levels of testosterone and corticosterone were
easured in free-living male bush warblers captured on

heir breeding ground at different times of the breeding
eason. Their territoriality was also estimated from their
inging response to song playbacks. The pattern of
hange detected in the levels of plasma testosterone was
ifferent from that of ‘‘typical’’ monogamous species but
imilar to that of polygynous species. In ‘‘typical’’ monoga-
ous species, plasma testosterone levels elevated during

erritory settlement and courtship behavior and then
eclined to low, stable levels during incubation. In bush
arblers, plasma levels of testosterone were already high

1–2 ng/ml) upon arrival in late March and peaked (2.5–4
g/ml) in early June. They then decreased but relatively
igh levels were maintained until early August. In late
ugust the testosterone concentration was 0.03 ng/ml or

ess. Plasma levels of corticosterone also showed a seasonal
hange, being highest in May to July and declining in late
ugust. Territoriality showed clear seasonality, reflecting the

evels of circulating testosterone. Upon arrival, latency peri-
ds for responses to song playback were long and singing
ctivity was rather low but this behavior was soon stabilized
nd a high degree of territoriality was maintained to late
ugust. These results suggest that high levels of circulating

estosterone and corticosterone allow males to pursue a
olygynous breeding strategy, to hold a territory, and to

1 To whom correspondence should be addressed. Fax: 181-47-300-

o100. E-mail: wada@tmd.ac.jp.

422
aintain breeding activity for a prolonged period, charac-
eristics which are likely to be adaptations to dense
ushes with high rates of predation and brood parasitism
f this species. r 1999 Academic Press

Key Words: testosterone; polygyny; breeding strategy;
orticosterone; male behavior; bush warbler; territoriality.

he annual breeding cycle of a bird is the result of
daptation to its habitat and is precisely regulated by
ormonal events (Wingfield and Farner, 1980). Gonado-
ropin secretion triggered by environmental stimulat-
ng cues initiates the process of gonadal maturation
nd promotes gonadal steroid hormone secretion (see
or review Wingfield and Farner, 1994). Steroid hor-

ones influence the reproductive behavior, which
hen may influence the behavior of other individuals
see for review Balthazart, 1983; Wada, 1985). How-
ver, the interrelationships among environmental
timuli, hormone levels, and behavior are not well
nderstood. In the last two decades, progress has
llowed us to monitor circulating levels of steroid
ormones in free-living birds and to associate them
ith reproductive behavior (see for review Wingfield

nd Farner, 1994). However, most such studies have
ocused on monogamous species.

Testosterone stimulates certain types of behavior,
uch as singing, and is directly related to the intensity

f short-term aggressive behavior. Testosterone may
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Hormones and Polygyny in Bush Warblers 423
ot directly trigger aggressive behavior but may facili-
ate the frequency and intensity of such behavior. In
he monogamous songbird species so far studied,
estosterone levels are high during territory establish-

ent and again during a period of mate-guarding and
hen decline sharply (Wingfield and Moore, 1986). In

ales of bigamous pied flycatchers, Ficedula hypoleuca
Silverin and Wingfield, 1982), and brood parasitic
rown-headed cowbirds, Molothrus ater (Dufty and
ingfield, 1986), the seasonal profiles of circulating

estosterone are significantly different from the typical
atterns of monogamous breeders. Testosterone levels
re elevated for a prolonged period, associated with
equential or continuous mate-guarding behavior.

The red-winged blackbird (Agelaius phoeniceus) and
ellow-headed blackbird (Xanthocephalus xanthocepha-

us) are the only polygynous species in which steroid
ormone levels have been estimated in free-living
opulations (Beletsky et al., 1989, 1990). The studies of

hese resource-defense polygynous species showed
hat in red-winged blackbirds there was no peak in the
verage value of testosterone levels early in the breed-
ng season and a 5-week-long high plateau during the
eriod when most nests were initiated and that in
ellow-winged blackbirds testosterone levels of terri-
ory owners remained high during the first 8 weeks of
he breeding season when most males established
erritories. However, more data are required before a

eaningful comparison of different breeding strate-
ies can be made.
Bush warblers (Cettia diphone) occur along the east-

rn rim of the Eurasian continent and the Japanese
slands and are one of the best known avian species in
apan. They are residents or short-distance migrants
n Honshu (main) island. In early spring, males begin
o sing an unmistakable song in wintering sites, such
s bushes, parks, and backyards of lowland areas, and
ost, if not all, birds migrate to highland areas and

reed in bamboo bushes or grass meadows. Males sing
rom late March through August in the breeding area
nd emigrate from the breeding areas in September to
ctober.
However, scientific studies on this species are very

parse and only a few papers concerning ecological
bservations, the role of songs, and adrenocortical
esponse to stress have been published (Haneda and
kabe, 1970; Hamao, 1992, 1993; Wingfield et al., 1995).

aneda and Okabe (1970) studied the breeding ecol- t
gy of a population in the Togakushi highlands in
entral Honshu and reported no participation of males
n incubation and rearing of the young, suggesting a
olygynous breeding strategy in the species. Hamao

1992) studied the species in the Myoko highlands, also
n central Honshu, confirmed the observations of

aneda and Okabe (1970), and presented convincing
ata of polygyny. He focused on one territory and
earched for nests. Seven nests of different females
ere found in the territory of one male, some simulta-

eously and the others sequentially from May to June,
f which only one nest was successfully fledged
Hamao, 1992). In his study site, he found another two
erritories that had at least two nests simultaneously.
lear sexual size dimorphism was also observed;
ales are larger than females by 18.8% in wing length

nd 70.4% in body mass (Hamao, 1992). Male bush
arblers are very territorial and keep their territory
uring the whole breeding season, defending it with

erritorial songs, but do not participate in any parental
are (Haneda and Okabe, 1970; Hamao, 1992). This
reeding strategy is presumed to be a result of habitat
daptation to bamboo bushes with a good food supply
ut a high rate of nest predation and brood parasitism
rom little cuckoos (Cuculus poliocephalus). Therefore,
he seasonal profiles of steroid hormones in this spe-
ies should be valuable for understanding the relation-
hip between hormones and mating system, especially
egarding testosterone and aggression.

Corticosterone is involved in regulating energy me-
abolism as a glucocorticoid in birds and levels are
herefore high when energy demands are high. Cortico-
terone is also thought to regulate adaptive changes in
ehavior, when individuals are exposed to stressful
nvironmental conditions. During the breeding sea-
on, even without major deterioration of weather or
utritional conditions, holding a territory may be
nergy demanding and stressful. Owners continu-
usly advertise to attract mates, guard their territories,
nd defend their nests against a variety of predators.
herefore, we predicted that corticosterone levels of

he males would be consistently higher during the
reeding season than during the nonbreeding season.
n a previous experiment (Wingfield et al., 1995), we
bserved the adrenocortical response to acute stress in
wo free-living populations of male bush warblers to

est the hypothesis that populations living in severer
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A

abitats with shorter breeding seasons are likely to
uppress the response during the nesting phase. How-
ver, the initial levels of corticosterone and the re-
ponse to the acute stress of the Furano (Hokkaido)
opulation living in the northern area were higher

han those of the Chichibu (central Honshu) popula-
ion. We concluded that stress modulation may not be

simple consequence of shorter breeding season and
everer climate, but other ecological factors not yet
nown are involved. We collected the samples only
rom June to July and did not determine the levels for
ther breeding phases. We noted in both populations
elatively high corticosterone levels compared with
hose reported in other passerine species (e.g., Asthei-

er et al., 1994 for white-crowned sparrows; Beletsky
t al., 1989 for red-winged blackbirds; Schwabl et al.,
991 for garden warblers; Silverin et al., 1997 for
illow warblers; Silverin and Wingfield, 1998 for pied
ycatchers).
In this study, we attempted to measure changes in

evels in testosterone and corticosterone during the
ntire breeding season and associated territorial behav-
or in a successfully breeding population of male bush

arblers. Hormonal data indicate that high levels of
irculating testosterone and corticosterone allow a
ale to hold a territory for a prolonged period, which
ay be an adaptation to dense bushes with high rates

f predation and brood parasitism.

ATERIALS AND METHODS

tudy Site and Capture Technique

The study site was in the ‘‘Forest areas 28, 29’’ and
heir vicinity (elevation 1100 to 1200 m) of the Univer-
ity Forest of the University of Tokyo at Chichibu (35°
58 N and 138° 528 E), Honshu (main) island of Japan.
e visited the study site from April to October, 1995

nd from March to November, 1996 (Table 1). The area
onsists of mountain forest of deciduous and conifer-
us trees in which forest beds are covered with dense
amboo grass, Pseudosasa purpurascens. The climate at
hichibu is that of the Pacific side of Japan, cool
inters with little snow fall and warm and humid

ummers. At the study site, we measured ambient

emperature at intervals. The collected data indicate s

opyright r 1999 by Academic Press
ll rights of reproduction in any form reserved.
hat, in late March and early April, ambient tempera-
ure was between 0 and 10°C (in 1996 it decreased to
elow 0°C in early April). From late April, the range of
emperature in a day became wide, from 10 to 25°C,
nd the minimum temperature gradually increased
ntil July, so that the range became narrow accord-

ngly. From late July to early August, the ambient
emperature began to decrease.

Male bush warblers were captured with Japanese
ist nets. They were attracted into a net by song

layback. In capture trials in 1995, a mist net (36 mesh,
our shelves, 12 m wide) was erected in an expected
erritory area along a work road or a walk in the woods
nd a tape recorder was placed next to the net at the
iddle of the poles. Tape-recorded songs of bush
arblers (reproduced from commercial sources and

he private collection of Dr. H. Momose) were played
or 30 min as one session. In capture trials in 1996,
ongs were played for 5 min in advance in an expected
erritory area to normalize the distance between the
ound source and the territory owner at the beginning
f a session and then a mist net was erected. Tape-
ecorded songs of bush warblers were played for 30

in as one session.
When captured, birds were removed from the net

nd blood samples were collected from the wing vein
ithin 5 min after capture. After blood sampling, body
ass was measured with a Pesola scale to the nearest

.1 g, and wing length was measured with a scale to
he nearest 0.5 mm. Fat deposits in the furculum and
bdomen were assessed using an arbitrary scale (Wing-
eld and Farner, 1978) of 0–5, in which 0 5 no fat and
5 grossly bulging fat bodies. After measurement, the
irds were color banded and released at the capture
ite.

bservation of Behavior

To estimate territoriality, singing behavior was ob-
erved and recorded after playback until capture or the
nd of the session if no bird was captured. As an index
f territoriality, the following was recorded: (1) the

atency to respond, i.e., the time before the first song
fter playback; (2) the number of songs during a
ession; and (3) the number of long calls (continuous
ongs) during a session. There are two types of songs
H and L types) distinguishable by sonagraphic analy-

is (Hamao, 1993), but in this study we did not
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Hormones and Polygyny in Bush Warblers 425
istinguish the two types but considered the song as a
hole. If there was no response by song in a session,

atency was 30 min. Numbers of songs and long calls
ere expressed as counts per min.

ampling Procedures

All birds were removed from the mist net as soon as
ossible and a blood sample (50–100 µl) was collected

rom a wing vein into a heparinized capillary tube
fter venipuncture. Capillary tubes were sealed with
olding clay and stored on ice until return to the

tation. The blood was centrifuged, and the plasma
as harvested and stored in a refrigerator. Samples
ere brought to the laboratory in an ice-cool container

nd stored at 220°C until assayed.

ormone Assay

Without any extraction, plasma levels of testoster-
ne and corticosterone were estimated by a direct
adioimmunoassay. Since standard radioimmunoas-
ay methods for steroid hormones employ an extrac-
ion by organic solvents and chromatographic separa-
ion for sample preparation (for example, Wingfield
nd Farner, 1975, 1978; Wingfield et al., 1992), our
rocedures and validation are briefly described.
The assay was carried out using polypropylene vials
ith a conical tip (MILLI-3; Lumac, the Netherlands).
he buffer solution was that used for peptide hormone
ssay, i.e., 1% bovine serum albumin (BSA) in phos-
hate-buffered saline (PBS; 0.01 M phosphate, 0.14 M
aCl, 0.1% sodium azide, pH 7.5). The assay protocol
as a two-incubation double-antibody method which

s briefly described as follows.
On the first day, the following solutions were intro-

uced into the vials: 100 µl 1% BSA–PBS; 100 µl of
tandard series (testosterone: 20 to 5120 pg/ml in 1%
SA–PBS; corticosterone: 0.1 to 25.6 ng/ml in 1%
SA–PBS) or samples; 100 µl of antibody diluted to
2000 (testosterone) and to 3500 (corticosterone) in

% NRS–EDTA–PBS; 100 µl of labeled antigen,
,2,6,7[3H]testosterone (Amersham; TRK-402, 37 MBq/
l) and 1,2,6,7[3H]corticosterone (Amersham; TRK-

06, 37 MBq/ml), respectively, about 25,000 to 35,000
pm in 100 µl 1% BSA–PBS (about 1 µl of labeled
ormone into 10 ml 1% BSA–PBS). On the second day,

50 µl of second antibody in EDTA–PBS was added e
nd incubated overnight after agitation. On the follow-
ng day, all the tubes were spun, the supernatant was
iscarded, and the precipitates were dissolved in 100
l of 0.1 N NaOH. Two milliliters of liquid scintillator

Aquasol-2; DuPont) was added into the polypropyl-
ne vials and counted on a Beckman scintillation
ounter.

A series of 10, 20, 40, and 80 µl of quail control
lasma gave a parallel inhibition to the standard
urves of testosterone and corticosterone. To test the
alidity of assay without extraction, 8, 16, 32, 64, and
28 pg of testosterone was added to 10 µl of quail
ontrol plasma and volume-adjusted to 100 µl with 1%
SA–PBS. Ten microliters of each aliquot were assayed

n triplicate as mentioned above. For corticosterone,
0, 80, 160, 320, and 640 pg were added to 10 µl of
ontrol plasma. The obtained regression line for testos-
erone was y 5 0.87x 1 23.43 (R2 5 0.999) and for
orticosterone y 5 1.003x 1 149.44 (R2 5 0.991).

To test validation further using physiological param-
ters, plasma samples were obtained from Japanese
uail kept on long-day (LD) photoperiods (16L8D)
ith fully developed cloacal protrusions (295 6 25.8
m2) and on short-day (SD) photoperiods (8L16D)
ith regressed cloacal protrusions (35 6 3.0 mm2)

four birds each). The samples were assayed in dupli-
ate as mentioned above. Circulating testosterone lev-
ls were 6.4 6 0.93 ng/ml in LD birds and 0.023 6

.023 ng/ml in SD birds.
All data indicated that plasma in a small sample

olume without extraction gave specific and reliable
esults in accordance with physiological parameters.
hus, plasma concentrations of testosterone and corti-
osterone were estimated in a 10-µl plasma sample
olume in duplicate with intraassay variations of 5.7
nd 12.19%, respectively, and interassay variations of
3.0 and 23.2%, respectively.

tatistics

Where sample size was adequate and equality of
ariance criteria was met, parametric tests [analysis of
ariance (ANOVA) and Fisher’s least significant test
PLSD) as post-hoc tests] were preferentially applied
sing StatView (SAS International, Inc.) running on
indows95. Differences were considered significant
hen P , 0.05. Throughout the text, behavioral param-
ters and hormone concentrations are the mean 6 SE.
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Hormonal data of juveniles captured in September
nd October were not included in statistical analyses.

ESULTS

eneral Description

Table 1 shows the dates of visits to the study site and
he numbers of trial sessions and birds captured. In
995, when we started observations in April, birds had
lready arrived at the site and were singing. In 1996,
hen we visited the site on March 14–15, no bird

esponded to the playback, although one bird was seen
nd another’s singing was heard at a lower elevation
650 m) around the lodging station. From April in 1995
nd late March in 1996 through August, adult bush
arblers could be captured by song playback. In

eptember and October, adult birds were not captured
ut the young were. However, until at least early
ctober we heard nonreproductive short songs in
ushes and sometimes saw adult birds flying. It was

ABLE 1

ates of Visits to the Study Site and the Numbers of Playback
essions and Birds Captured

1995 1996

Date
Ses-

sions Birds Date
Ses-

sions Birds

pril 12–14 12 3 March 14–15 — 0
ay 18–20 35 7 March 28–29 7 2

une 7–9 29 3 April 11–12 15 4
une 28–July 1 26 3 April 24–26 23 10
uly 13–15 22 7 May 9–11 23 8
ugust 3–5 18 3 May 23–24 23 8
ugust 24–26 10 3 June 6–8 23 7

eptember 25–27 12 0 June 19–21 20 3
ctober 25–27 25 12a July 3–5 17 6
Total 189 41 July 17–19 17 6

August 1–2 16 9
August 20–21 17 5
August 29–30 19 2
September 12–13 16 1a

September 26–27 15 4a

October 10–11 8 8a,b

October 24–25 10 26a,b

Total 269 109

a Juveniles.
b
 zMore than one bird captured in a session.

opyright r 1999 by Academic Press
ll rights of reproduction in any form reserved.
ery difficult to capture the same individual repeat-
dly; the data presented below was collected from a
opulation living at the study site. These observations

ndicate that male bush warblers arrived at the study
ite in late March, stayed until October, and then
eparted for wintering grounds.
We did not try to find nests on the study site; we
anted to leave the territories as undisturbed as
ossible. Thus, we do not know rates of breeding
uccess and predation. Since we often observed little
uckoos flying over, brood parasitism may not be
ncommon.

ehavioral Observations

Figures 1 and 2 show three indices of territorial
ehavior of male bush warblers during the period that
e visited the study site (Table 1). The numbers of

ongs and long calls in April, 1995 are not available
ince we recorded only the latency time. Behavioral
esponses of male bush warblers to song playback
ere typical of those of other passerine species. Over

n observation session, males responded with songs
nd long calls and approached the sound source after a
ertain latency. These parameters significantly changed
ccording to time of year in 1995 (F(8, 171) 5 27.009,
, 0.01 for the latent period; F(7, 167) 5 10.897,
, 0.01 for the number of songs; F(7, 167) 5 6.081,
, 0.01 for the number of long calls) and in 1996

F(15, 430) 5 271.626, P , 0.01 for the latent period;
(15, 437) 5 39.665, P , 0.01 for the number of songs;
(15, 437) 5 7.001, P , 0.01 for the number of long
alls).

At the beginning of the breeding season, latency to
ong playback was longer with greater individual
ariation compared to the rest of the season while the
irds were responsive to playback. After an initial high

evel, the latency decreased significantly (P , 0.05
etween April 12 and June 6 in 1995, P , 0.01 between
pril 11 and April 24 in 1996) and remained low until

he end of the breeding season (Figs. 1 and 2, top). At
he end of the breeding season, latency increased
ignificantly.

In contrast, the number of songs was already 1.5
ounts/min at the beginning of the breeding season
nd gradually increased until May (Fig. 2, middle). It
egan to decrease (P , 0.01) in late August and was

ero in late September. The number of long calls was
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IG. 1. Changes in territoriality of male bush warblers measured
y latency to playback by singing (top), number of songs per minute
middle), and number of long calls per minute (bottom) in 1995. The
ample size for each plot is listed as the number of trial sessions in
Table 1 and the vertical bars give the standard error of the mean.
able 1 and the vertical bars give the standard error of the mean.
IG. 2. Changes in territoriality of male bush warblers measured
y latency to playback by singing (top), number of songs per minute
middle), and number of long calls per minute (bottom) in 1996. The
ample size for each plot is listed as the number of trial sessions in
Copyright r 1999 by Academic Press
All rights of reproduction in any form reserved.
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bout one-tenth that of songs, was more variable, and
ecreased earlier (Fig. 2, bottom).

hanges in Body Weight and Circulating Hormones

Latency from the start of song playback until capture
as different in each session. However, duration from

ong playback to capture had no significant effect on
ormonal levels (Spearman rank correlations: z 5 0.586,
5 0.558 for corticosterone 1995; z 5 0.037, P 5 0.9708

or corticosterone 1996; z 5 1.088, P 5 0.2768 for testos-
erone 1995; z 5 21.112, P 5 0.2662 for testosterone
996). Thus, no correction according to the duration
as made in the analysis below.
Figures 3 and 4 show changes in body mass and in

irculating levels of testosterone and corticosterone
n male bush warblers during the study period
Table 1). Body mass and plasma levels of testoster-
ne and corticosterone in adult birds changed sig-
ificantly during the observation periods in both
995 (F(6, 21) 5 3.141, P , 0.05 for body weight; F(6,
2) 5 4.071, P , 0.01 for testosterone; F(6, 21) 5 5.751,
, 0.01 for corticosterone) and 1996 (F(11, 56) 5 18.627,
, 0.01 for body weight; F(11, 58) 5 2.127, P , 0.05

or testosterone; F(11, 58) 5 3.572, P , 0.01 for cortico-
terone).

The body mass was lowest upon arrival at the study
ite (breeding ground) and had increased significantly
P , 0.01), by 20% in early May and by 35% in early
une in 1996. Even in 1995, when the data on arrival

ere not available, body mass increased significantly
rom April to May (P , 0.01). These high values were

aintained from May to July, and in August the body
ass decreased significantly (P , 0.01 between July 13

nd August 24 in 1995 and P , 0.01 between August 1
nd August 20 in 1996).
Plasma levels of testosterone changed seasonally,
ere already high upon arrival at the breeding ground,

nd had further increased by June in 1995 (P , 0.05
etween May 18 and June 7) and by late May in 1996
P , 0.05 between April 11 and May 23). Circulating
estosterone levels then decreased sharply in 1995 and
radually in 1996 until early August (Figs. 3 and 4,
iddle). The circulating levels of testosterone were

.65–0.97 ng/ml at that time. The testosterone levels
ad significantly decreased to less than 0.2 ng/ml by

ate August (P , 0.01 between June 6 and August 24 in

995 and P , 0.05 between July 4 and August 20 in i

opyright r 1999 by Academic Press
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996). In young birds captured in September and
ctober, circulating testosterone was at the basal level.
Plasma levels of corticosterone also changed clearly

ccording to season (Figs. 3 and 4, bottom). Upon
rrival, the levels were already high (around 30 ng/ml)
nd further increased to 70 to 80 ng/ml in April–May.
hen, plasma levels of corticosterone decreased gradu-
lly, reaching the arrival levels by July and a low in late
ugust (P , 0.05 between July 13 and August 24 in

995; P , 0.05 between July 18 and August 20 in 1996).
he corticosterone level peaked in April, earlier than

he testosterone level. In juveniles, plasma corticoste-
one levels were low in September and had increased
o 25 ng/ml by October.

ISCUSSION

A 2-year study of circulating hormone levels and
ehavior of male bush warblers indicates that the
easonal profile of plasma testosterone levels differed
rom that of a typical monogamous species in which
here is an early peak associated with territory establish-

ent. In bush warblers, plasma testosterone levels
ere already high on arrival at the breeding grounds

nd had increased further by May–July. They tended
o remain at high levels through the end of July to early
ugust and then decreased to basal levels in late
ugust. Reflecting this sustained high level of plasma

estosterone, territorial behavior estimated by re-
ponses to simulated intrusion was observed through-
ut the entire breeding season.

hanges in Circulating Testosterone

The profile of circulating testosterone in male bush
arblers resembles those of polygynous red-winged

lackbirds (Beletsky et al., 1989) and brown-headed
owbirds, a brood parasite (Dufty and Wingfield,
986). Males of these two bird species do not partici-
ate in parental care but guard female partner(s) while
uilding nests and/or from other males. Levels of
lasma testosterone remained elevated throughout the
reeding season. The prolonged peak in male bush
arblers can be explained by the multiple, sequential

est initiations in male territories which are dispersed

n time and by the fact that males must guard mates
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IG. 3. Changes in body mass (top) and plasma levels of testoster-
ne (middle) and corticosterone (bottom) in 1995. The sample size
or each plot is listed as the number of birds captured in Table 1 and
he vertical bars give the standard error of the mean. Solid circles

esignate data of adults and solid squares those of juveniles.
IG. 4. Changes in body mass (top) and plasma levels of testoster-
ne (middle) and corticosterone (bottom) in 1996. The sample size
or each plot is listed as the number of birds captured in Table 1 and
he vertical bars give the standard error of the mean. Solid circles
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uring their fertile periods, which is also the case for
ale red-winged blackbirds. This interpretation is

upported by data from pied flycatchers. Monoga-
ous males exhibited seasonal profiles of plasma

estosterone concentrations similar to those found in
ther monogamous breeders, but bigamous males,
ating sequentially with two females, maintained

igh testosterone levels until the second female was
ncubating (Silverin and Wingfield, 1982).

Research suggests that elevated testosterone concen-
rations are physiologically incompatible with parental
are activities, such as feeding young (Silverin, 1980;
egner and Wingfield, 1987). Yellow-headed black-

irds, another polygynous species, showed high levels
f plasma testosterone at the beginning of the breeding
eason but the levels had declined to near basal by

ay to early June because the males of this species
eed nestlings in the nest of their primary female
Beletsky et al., 1990). The extended high levels of
lasma testosterone are characteristic of polygynous
ales who do not participate in parental care but only

uard the territory. This was directly demonstrated by
n experiment in which testosterone was administered
o monogamous white-crowned sparrows and song
parrows to maintain high levels during the parental
hase. The treatment induced polygyny in these spe-
ies, influencing males to have more than one mate in
n expanded territory (Wingfield, 1984). Testosterone-
mplanted male pied flycatchers and white-crowned
parrows spent much time singing and patrolling the
erritory (Silverin, 1980; Moore, 1984).

The present physiological data are consistent with
he ethological observations that bush warblers em-
loy a polygynous breeding strategy and do not
articipate in parental care. Hamao (1992) observed
even nests of different females built on one territory in
is study site, some simultaneously and the others
equentially. The difference in behavior from that of
ed-winged blackbirds and yellow-headed blackbirds
as a prolonged breeding activity. Bush warblers
aintain breeding activity until early August, but

ed-winged blackbirds terminate it in June. Prolonged
igh testosterone levels may affect social relations with

he females and the young in the territory and in
dvertising ownership for the next year. In many avian
pecies, including passeriformes and anseriformes,

here is a transitory rise of circulating testosterone and p

opyright r 1999 by Academic Press
ll rights of reproduction in any form reserved.
exual activity such as singing without an increase in
estes weight (Campbell et al., 1978; Donham, 1979;

irschenhauser et al., 1999; Lincoln et al., 1980; Paulke
nd Haase, 1978; Peczely et al., 1993). The role of these
ncreases are not well studied but are suggested to be
reparatory for reproduction and sexual behavior
uring the early phases of the next breeding season.
ost birds terminate breeding activity in June due to

hotorefractoriness and show transitory elevation of
exual activity in autumn in advertisement for the next
reeding season. Bush warblers may have evolved to
void photorefractoriness and sustain breeding activ-
ty as long as possible, resulting in the continuation of
exual activity to an autumnal preparatory activity.
urther studies are required to validate this notion.
The question arises as to what environmental cues

nduce the termination of breeding activity in late
ugust in this species. As described under Materials

nd Methods, ambient temperature decreased to 20°C
n August to September, when testosterone plasma
oncentrations decreased (Figs. 3 and 4). Temperature
ay be a possible environmental cue which acts as

upplementary information to daylength. In Japanese
uail kept under natural outdoor conditions, tempera-
ure was also suggested as an environmental cue for
ermination of the breeding activity (Wada et al., 1992).
xperimentally, temperature decrease together with
hort days induced termination of breeding activity in
apanese quail (Tsuyoshi and Wada, 1992; Wada, 1993).

ehavioral Observations

Since bush warblers adapt to bamboo bushes and
re always hidden or on the move, it is difficult to
tudy their behavior, other than singing. Latency
hould be measured by the initiation of both exploring
nd singing behavior, but here we designated latency
s time to the first song and not to exploring behavior
or the reason given above. Actual latency may be
horter than what we presented. We also did not
rovide the closest approach to the sound source here

or the same reason mentioned above.
The longer latency at the beginning of the breeding

eason may be due to mobility before stabilization of
he territory boundaries. Differences in latent periods
n 1995 and 1996 are due to the methods of measure-

ent. In 1995, we started song playback without

replayback but in 1996 we recorded behavioral re-
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ponses after 5 min preplayback. The preplayback
ttracted the owner and this resulted in measured
atencies in 1996 that were shorter and more stable
han those in 1995. We also did not incorporate
xploratory behavior after song playback. Song play-
ack sometimes induced exploratory behavior without
inging. We often observed birds flying over the mist
et without any song. Therefore, the numbers of songs

hat we counted and present here may underestimate
he actual singing activity in spontaneous states. Some
irds also jumped into the mist net without any songs
nd long calls after song playback. These birds were
ot counted in this study and this is the reason why the
ample size is different in the statistical analysis from
ormonal ones.

hanges in Plasma Corticosterone and Body Weight

Plasma corticosterone levels also showed a clear
hange according to season. This supports the predic-
ion that territory owners were probably under greater
nergetic demands and continuous stress. A rise in
verage corticosterone levels in late April and consis-
ently high levels through July was notable, because
his was the period when territorial challenges prob-
bly declined in frequency and obtaining food became
asier. One stressful activity in which all territorial
ales engaged regularly was nest defense. Nest preda-

ion rates might be high throughout the breeding
eason, although we did not measure this. The relation-
hip between plasma hormone levels and antipredator
ehavior is largely unknown. However, Beletsky et al.
1989) suggest that the positive relationship between
reeding success and relative concentration of this
ormone may influence breeding success in red-
inged blackbirds.
It is also interesting to note the clear seasonal

hanges in body mass. The profiles shown in Figs. 3
nd 4 reflect actual changes in body mass in this
ree-living population, since other physical param-
ters, such as wing length, are stable. Fat scores (data
ot shown) upon arrival were 0 to 1 and had increased

o 1 to 2 by May to July. This profile indicates a
onsiderable increase in body mass after arrival in the
reeding grounds, suggesting that the area provides
ood quantity and quality of food for this species.
ince possession of a good quality territory is a

rerequisite for breeding success, holding such a terri- f
ory for as long as possible and advertising it may be
dvantageous to the owner in returning the next
eason.

ther Technical Considerations

Since we captured the birds by song playback, there
s a possibility that the results on seasonal hormonal
hanges obtained in this study do not reflect the actual
irculating levels in the field but instead indicate a
esponse to simulated intrusion. In song sparrows,
hallenging by song playback with a live decoy in-
uces an acute testosterone increase (Wingfield and
ada, 1989), but male bush warblers did not show any

ncrease in plasma levels of testosterone in response to
he playback of tape-recorded songs (Wingfield et al.,
995). The degree of response may vary according to
he mating system and breeding strategy. It was
roposed that monogamous species in which males
rovide most of the parental care would be most
esponsive in terms of testosterone increase to song
layback and the responses of males that show no
arental care would be least (Wingfield et al., 1995). It is
ossible that the increase is too acute to detect the basal

evel with this capture method. If this is the case, our
esults reflect the changes in difference in sensitivity to
ong playback challenge. Beletsky et al. (1989) captured
ed-winged blackbirds with grain traps in which birds
re not stressed until approached to remove them and
et still found seasonal changes in hormonal levels.
his may indicate that our results also reflect actual

evels in circulation. Further studies are required to
larify this issue.
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