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Abstract

For birds breeding in temperate areas, territoriality and courtship co-occur during spring and are mirrored by elevated plasma
levels of luteinizing hormone (LH) and testosterone. By contrast, several tropical species show no major changes in LH and testoster-
one throughout the year and plasma levels are often low. This study describes changes in body condition, LH and testosterone levels
throughout breeding in a tropical seabird, the magnificent frigatebird (Fregata magnificens). Although bi-parental care is the rule in
frigatebirds, these seabirds are unique among seabirds in having a lek-like mating system where males perform an elaborate court-
ship display during which an extravagant sexual ornament (gular pouch) is inflated. Body condition peaked during the displaying
stage in males and declined gradually in both sexes, being the lowest during chick-rearing. LH and testosterone titers were the highest
in displaying males with a fully inflated gular pouch (means: 23.6 ng/ml for LH and 6.2 ng/ml for testosterone) and remained low
(means: 3.8 ng/ml for LH and 0.3 ng/ml for testosterone) during incubation and chick-rearing in both sexes. Body condition was pos-
itively related to testosterone levels in displaying males. In male frigatebirds, high levels of testosterone are not associated with
aggression but are probably required to display the inflated gular pouch and to perform an elaborate courtship display. Because
males invest in incubation and chick-rearing, testosterone has to return to low levels, to permit parental care. This hormonal pattern
differs greatly with that of the few tropical seabirds studied so far and is probably related to the unique reproductive strategy of fri-
gatebirds.
© 2004 Elsevier Inc. All rights reserved.
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1. Introduction

For birds breeding in temperate areas or at high lati-
tudes, where food is abundant for a short season, territo-
rial and courtship behaviors generally co-occur during a
relatively short period in spring. At the physiological
level, luteinizing hormone (LH) is secreted by the pitui-
tary gland as a response to the photoperiodic increase of
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day length in spring (Follett et al., 1985). LH, in concert
with follicle-stimulating hormone (FSH), orchestrates
gonad growth and the release of sex steroid hormones
such as testosterone. In a wide range of high latitude and
temperate avian species, testosterone plays a key role in
regulating territorial aggression and courtship (Wing-
field et al., 1990). Accordingly, territorial and courtship
behaviors are usually coupled with high concentrations
of circulating LH and testosterone (Wingfield et al.,
1987), which often decline during the period of parental
care (Ball, 1991).
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In the tropics, environmental conditions are often
viewed as rather constant with respect to photoperiod
and climate, and since food is generally available
year-round, one may expect tropical birds to breed year-
round. Two general patterns characterize tropical breed-
ing seasons: greater length of the breeding season and a
greater variability among species (and individuals) in
when breeding takes place (Stutchbury and Morton,
2001; Wikelski et al., 2000). In contrast with high latitude
and temperate birds, studies conducted on a handful of
tropical species have reported a dampened pattern of
LH secretion, regardless of whether species are seasonal,
opportunistic or aseasonal breeders (Degen et al., 1994;
Hau et al, 2000; Levin and Wingfield, 1992; Lormée
et al., 2000; McDonald et al.,, 2001; Wikelski et al., 2000).
Concerning testosterone, tropical birds also break the
rules established for temperate breeding birds (Stutch-
bury and Morton, 2001). In fact, many tropical species,
even year-round territorial ones, show no major changes
in testosterone throughout the year and plasma levels
are often low (Dittami and Gwinner, 1985; Dittami,
1987; Levin and Wingfield, 1992; Lormée et al., 2000;
McDonald et al., 2001; Wikelski et al., 2000; Wiley and
Goldizen, 2003), or barely detectable (Hau et al., 2000;
Lormée et al., 2000; Wikelski et al., 1999, 2000; Wingfield
et al, 1991, 1999).

The few tropical species studied so far have been
mainly territorial ones, because of the interest of study-
ing the apparent paradox of defending a territory year-
round with low plasma testosterone (Wikelski et al.,
1999). This endocrine pattern may however apply to var-
ious mating systems. In some tropical polygynous lek-
king passerines, testosterone levels, although slightly
more elevated than in tropical socially monogamous
territorial species, hardly exceeded 1.5 ng/ml (Wikelski
et al, 2003), much less than the 2-5.5ng/ml generally
measured in temperate species (review in Goymann
et al., 2004; Stutchbury and Morton, 2001). Therefore,
more work is clearly required on a wider range of tropi-
cal species, including non-passerines with different life-
history traits and mating systems, to establish how
broad this endocrine pattern is.

This paper reports changes in plasma levels of LH
and testosterone throughout the breeding cycle in the
magnificent frigatebird, Fregata magnificens, a long-lived
tropical seabird. The courtship display of frigatebirds is
unusual and is the most spectacular of any seabirds. Dis-
playing males inflate and exhibit a red gular pouch while
spreading out the wings and tipping their head back with
the bill pointing skywards (Nelson, 1976). The gular
pouch, a likely sexually selected trait, is used only by
courting males in mate attraction (Dearborn and Ryan,
2002). These display are performed in groups at which
females can assess many potential mates at once (Nel-
son, 1976). This courtship behavior resembles that of
lekking birds in which aggregations of members of one

sex (nearly always males) are visited by the opposite sex
solely for the purpose of mating (Hoglund and Alatalo,
1995). The gular pouch shrinks and changed to skin
color after the male has obtained a mate.

Frigatebirds are socially and genetically monoga-
mous (Dearborn et al., 2001) but in contrast with most
seabirds, the pair bond lasts only for the duration of the
breeding attempt (one breeding attempt per year with no
renesting after failure in magnificent frigatebirds,
Osorno, 1996).

Contrary to true lekking birds, bi-parental care is the
rule in the 5 frigatebird species, and male and female
incubate the single egg and feed the chick (Nelson, 1976).

From this and from what is known on tropical birds
two opposite predictions can be made:

(1) As tropical birds, frigatebirds may share the possibly
general pattern of attenuated LH and low circulating
plama testosterone concentrations, as found in the
few tropical seabirds studied so far (Lormée et al.,
2000; Wingfield et al.,, 1999), a pattern possibly only
weakly influenced by variations in life-history traits
and mating systems (Goymann et al., 2004; Wikelski
et al., 2003).

(2) As male frigatebirds exhibit a lek-like mating system
but have to provide parental care as soon as the egg is
laid (Dearborn and Ryan, 2002; Osorno, 1996),
plasma testosterone levels should be elevated during
the displaying stage (Wingfield et al., 1990) whereas
LH and testosterone levels should be kept low as soon
as the egg is laid to permit parental care (Ketterson
and Nolan, 1992; Wingfield et al., 1990).

2. Methods
2.1. Study area

Field work was carried out between 19 April and 5
May, 2002, and 3-14 March, 2003, on the Grand Conné-
table Nature Reserve (4°50'N, 51°56’W), an islet situ-
ated 18 km off French Guyana. In this area, magnificent
frigatebirds (body mass: 1299 £17.3g, n=>50 for males
and 1526 +17.7 g, n =40 for females) forage over neritic
and coastal waters (Weimerskirch et al., 2003) and feed
mostly on fishes (Dujardin and Tostain, 1990). The
breeding population of magnificent Frigatebirds from
the Grand Connétable Nature Reserve (650 active nests
in March 2003) does not exhibit a clear seasonal breed-
ing pattern, displaying, incubating, chick-rearing, and
non-breeding birds being found altogether between
November and July (Dujardin and Tostain, 1990). The
incubation of the single egg lasts for 56 days and is
shared by males and females (Osorno, 1999). In the mag-
nificent frigatebird, the male will desert the chick after
19-160 days of chick-rearing, leaving the female to care
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for the chick for the remaining 9-12 months (Osorno,
1999).

2.2. Blood sampling

In 2002 and 2003, blood samples were collected on 4
reproductive stages of birds: (1) displaying males exhib-
iting the red gular pouch; (2) males and females incubat-
ing an egg, (3) males and females rearing a 10-70 days
old chick, and (4) non-breeding males and females. Dis-
playing, incubating and chick-rearing birds were cap-
tured on their displaying site or on their nest by hand or
with a noose on the end of a 5-m fishing pole. At the
Grand Connétable, all frigatebird nests are constructed
on the ground, which allows easy access to the birds
(Dujardin and Tostain, 1990). Males display on the
ground and if successful start nest-building on the same
site. Non-breeding frigatebirds (birds still retaining some
immature plumage) were captured by hand while roost-
ing on rocky ledges. When sampling displaying males,
we recorded if the gular pouch was fully inflated or par-
tially deflated (Fig. 1). Females visiting displaying males
were very difficult to catch and were not sampled.
Because of the loose seasonal breeding pattern of the
studied species, these four breeding stages could be sam-
pled at the same time. Only one bird per nest was cap-
tured, and data obtained on males and females were
considered as independent. Immediately after capture, a
blood sample (maximum: 1ml) was collected from the
alar vein with a 1 ml heparinized syringe and a 25 gauge
needle. To check for the possible effect of handling time
on hormone levels (Gratto-Trevor et al., 1991), we mea-
sured the time elapsed between capture and the end of
the blood sampling (range: 1-5min). Samples were put
into ice and centrifuged as soon as possible; afterward
plasma was stored at —20°C before hormone assays.

After blood sampling, birds were weighed to the nearest
2 g using a Pesola scale and their culmen was measured
to the nearest 0.5 mm with a calliper. In both sexes adult
body size, measured as culmen length, did not signifi-
cantly correlate with adult body mass for both males
(R=023, P=0.09, n=50) and females (R=0.06,
P=0.72, n=40). Nevertheless, in order to control for
any effect of structural body size on adult body mass, we
used the residuals from the regressions between body
mass and culmen length for males and females sepa-
rately (Osorno, 1999).

2.3. Hormone assays

Plasma concentrations of LH and testosterone were
determined by radioimmunoassays at the CEBC (see
Lormée et al., 2000). For LH (sources: LH, Prf. Ishii
and Wakabayashi, Wadesa University, Japan) pooled
plasma samples produced dilution curves that paral-
leled the chicken LH standard curve (Fig. 2). Parallel-
ism between the magnificent frigatebird and chicken
curves indicates that the concentration-dependent
binding dynamics of the frigatebird LH with the anti-
body is similar to that of the chicken LH with the anti-
body and that this heterologous RIA can be used to
assess relative levels of plasma LH in the magnificent
frigatebird. The lowest detectable quantities for LH,
which were significantly different from zero at a 90%
confidence level, were 1.7 ng/ml. The intra-assay coeffi-
cients of variation for LH and testosterone were 8.7
and 7%, respectively (n=3 duplicates). Testosterone
was extracted from a 50 pl plasma sample in diethyl-
ether and determined in duplicates in one single
assay. The lowest detectable quantities for testosterone,
which were significantly different from zero at a
90% confidence level, were 0.049 ng/ml. To check for

Fig. 1. Gular pouch aspects in male magnificent frigatebirds. (A) Displaying male with a fully inflated gular pouch; (B) displaying male with a par-
tially deflated gular pouch; and (C) a chick-rearing male: the gular pouch has shrinked and changed to skin color after the male has obtained a mate.
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Fig. 2. Dilution curve for LH of chicken and magnificent frigatebirds.
LH standard is expressed in picogram/tube.

cross-reactivity between testosterone and other andro-
gens occurring in the plasma, concentrations of
testosterone (T), androstenedione (A4), and dihydro-
testosterone (DHT) were assayed in a random sub-
sample of 10 plasmas. Steroid-specific antibodies were
obtained from Dr. G. Picaper (non-commercial anti-
bodies manufactured and provided by Médecine
Nucléaire, CHU, 45900 La Source, France) for testos-
terone and from PARIS laboratories (60200-Compié-
gne, France) for A4 and DHT. Testosterone was the
most common androgen (72%) followed by DHT
(20.6%) and A4 (7.4%). There were high correlations
among these three androgens (T-DHT: r =0.95, n = 10,
P<0.001; T-A4: r=0.98, n=10, P<0.001; A4-DHT:
r=0.938,n=10, P <0.001). Cross reactivity was 35 and
1.88% between T and DHT and between T and A4,
respectively. Given that testosterone was the androgen
with the highest concentrations of the three and that
the concentrations of three androgens were correlated,
we are confident that results from our assay correctly
reflects variations in testosterone among plasmas.

2.4. Statistics

All breeding stages were sampled in 2002 and 2003.
We ran General Linear Models (GLM) to study the
effects of year, breeding stages, and body condition on
hormone levels for males and females separately.
Because birds were sampled between 07:30 and 23:00h,
we included time of the day as a factor in the GLM to
control for possible diel variations in hormone levels.
Date of sampling and handling time were also included
as factor to control for possible effects on hormone lev-
els. Comparisons of body condition and hormone levels
between stages were conducted using post hoc Tukey

tests. LH and testosterone data were log;, transformed
to meet assumptions required by a statistical test accord-
ing to Sokal and Rohlf (1981). Statistical analyses were
performed using SYSTAT 7.0 (Wilkinson, 1997). All sta-
tistical tests are two-tailed, and probability levels <0.05
were considered significant. Values are presented as
means + standard error.

3. Results
3.1. Body condition

Time of the day (males: F| 4=0.37, P=0.55; females:
F\ 3,=3.34, P=0.08) and date of sampling did not influ-
ence body condition (males: F;4=0.05 P=0.83;
females: F; 3,=0.36, P=0.55). Body condition did not
differ between years (males: F)4,=0.005, P<0.95;
females: F} 3,=7.01, P=0.001) but varied significantly in
relation to breeding stages (males: F; 40 = 18.85, P<0.001;
females: F,3,=9.12, P=0.001). There was no between-
factor interaction (yearxbreeding stages, males:
F; 49=0.62, P=0.61; females: F,;,=2.70, P=0.09). Body
condition peaked during the displaying stage in males
and during incubation in females and declined gradually,
being the lowest during chick-rearing (Fig. 3).

3.2. LH and testosterone

In males, plasma LH titers were not influenced by
handling time (F) ;,=1.82, P=0.19), date of sampling
(F1.3,=0.12, P=0.73), time of the day (F;;,=0.70,
P=0.41), nor by body condition (F} 3,=0.69, P=041).
Male plasma levels of LH did not differ between years
(Fy.3,=0.21, P=0.65) but varied significantly in relation
to breeding stages (F;3,=13.33, P<0.001). There was
no between-factor interaction (year *breeding stages:
F; 3,=0.80, P=0.50). LH titers were the highest in dis-
playing males (Tukey tests all, P<0.004) and remained
low during incubation and chick-rearing, similar to that
of non-breeding birds (Fig. 3). Among displaying males,
LH titers (range: 4.10-37.41 ng/ml) were not influenced
by body condition (¥ ¢=0.67, P=0.43) but were signifi-
cantly higher in birds with a fully inflated gular pouch
(Fi.9=722, P=0.007, Fig. 4).

In females, plasma LH levels were not influenced by
handling time (F; 54=0.01, P=092), date of sampling
(F\24=0.76, P=0.39), time of the day (F),,=043,
P=0.52) nor by body condition (F; ,4=0.15, P=0.70).
Female plasma levels of LH did not differ between years
(F,24=0.20, P=10.66) and showed no significant variation
across breeding stages (F, ,,=0.37, P=0.69, Fig. 3). There
was no between-factor interaction (year x breeding stages:
F, 54=2.04, P=0.15). On average, plasma levels of LH did
not differ between males and females in incubating, chick-
rearing, and non-breeding birds (F 53=3.37, P=0.07).
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Fig. 3. Body condition (residuals), plasma levels of LH and testoster-
one in male and female magnificent frigatebirds in relation to repro-
ductive stage. Shown are means + SE. Sample sizes are given above the
bars.

In males, testosterone titers were not influenced by
handling time (F) 33=0.23, P=0.63), date of sampling
(Fi33=001, P=092) nor by time of the day
(F33= 131, P=0.26). Male plasma levels of testoster-
one did not differ between years (Fy 33=0.03, P=0.86)
but varied significantly in relation to breeding stages
(F3.33=17.39, P<0.001). There was no between-factor
interaction (year * breeding stages: F3 33 =2.40, P=0.09).
Testosterone titers were the highest in displaying males
(Tukey tests, all P<0.008) and remained low during
incubation and chick-rearing, similar to that of non-
breeding ones (Fig. 3). Among displaying males, testos-
terone levels (range: 0.82-11.5ng/ml) were significantly
and positively influenced by body condition (F, g =4.07,
P=0.044) and by gular pouch aspect (F)q=7.36,
P=0.007): testosterone levels were significantly higher
in birds with a fully inflated gular pouch (Fig. 4). Testos-
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Fig. 4. Plasma levels of LH and testosterone in displaying male mag-
nificent frigatebirds in relation to gular pouch aspect. Shown are
means + se. Sample sizes are given above the bars.

terone and LH levels were positively correlated in dis-
playing males (R =0.80, P <0.002, n=12).

In females, testosterone titers were not influenced by
handling time (F) 3,=0.11, P=0.74), date of sampling
(F1.3,=180, P=0.19) nor by time of the day
(F.3,=2.83, P=0.10) but were positively and signifi-
cantly influenced by body condition (F);,=6.66,
P=001). Female testosterone levels did not differ
between years (F) 3, =1.55, P=0.22), remained low and
did not significantly vary across breeding stages
(Fy3,=198, P=0.15, Fig. 3). On average, male and
female frigatebirds showed no difference in plasma levels
of testosterone during incubation, chick-rearing and
non-breeding stages (F ;o= 149, P=0.23).

4. Discussion
4.1. A tropical bird with an unusual endocrine pattern

In tropical bird species, low testosterone levels, involv-
ing low-amplitude cycles have been associated with a
greater length of the breeding season (Goymann et al.,
2004). The fact that tropical birds show plasma levels of
testosterone that are 2-3 times less than those found in
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temperate or high latitude ones (Goymann et al., 2004;
Stutchbury and Morton, 2001) has been interpreted as a
means to avoid the potential detrimental consequences of
maintaining elevated testosterone over prolonged breed-
ing seasons (Stutchbury and Morton, 2001; Wikelski et al.,
2003). Sustaining continuously high levels of testosterone
may depress the immune system and jeopardize adult sur-
vival (Folstad and Karter, 1992).

As tropical seabirds, frigatebirds are characterized
by a very long breeding season, consequence of a slow
chick growth, protracted period of parental cares, and
poorly synchronized breeding (Ashmole, 1971; Dujar-
din and Tostain, 1990; Nelson, 1983). In male magnifi-
cent frigatebirds, however, LH and testosterone were
high during the displaying stage and showed marked
variations across the breeding cycle being 4 and 10
times higher in displaying males, respectively, than dur-
ing incubation and chick-rearing during which levels
were low and similar to those of non-breeding birds.
Thus, contrary to our first prediction, in males of this
tropical seabird, LH and testosterone secretions follow
a pattern typical of temperate and high latitude seabirds
where breeding occurs over a short season (Cherel et al.,
1994; Groscolas et al., 1986; Hector et al., 1986; Mauget
et al., 1994; Scanes et al., 1974; Williams, 1992). In our
study, we did not sample females visiting displaying
males and this puts some limit on our conclusions. In a
study of female magnificent frigatebirds, Osorno (1996)
reported slightly elevated testosterone levels (0.8—1ng/
ml, Osorno, 1996) prior to egg-laying; after what, levels
returned to low values (0.3 ng/ml; Osorno, 1996; this
study).

4.2. LH, testosterone, and the reproductive strategy of
frigatebirds

The pattern of testosterone secretion of magnificent
frigatebirds resembles the pattern predicted for species
where males interact aggressively for part of the breed-
ing season, but where the frequency of aggression abates
once the parental phase is under way (the “Challenge
Hypothesis,” Wingfield et al., 1990). In frigatebirds,
operational sex ratio is often male-biased (Dearborn
et al., 2001) and therefore there is a potential for intense
competition between males for the access to females.
However, the “ Challenge Hypothesis” (Wingfield et al.,
1990) cannot be invoked for frigatebirds since displaying
males show virtually no aggression toward each other,
tolerating even physical contact during display (Dear-
born and Ryan, 2002; Nelson, 1976). Furthermore, the
territory (restricted to the nest) is only established once
the pair has been formed (Nelson, 1976). Even then,
birds show almost no aggressive behavior.

Contrary to temperate species, a decoupling of
aggression and testosterone has been established in sev-
eral tropical species (Levin and Wingfield, 1992; Wing-

field and Lewis, 1993; Wiley and Goldizen, 2003, but see
Wikelski et al., 1999) with only behaviors involved in
courtship being under the control of testosterone
(McDonald et al., 2001; Wiley and Goldizen, 2003). Fri-
gatebirds depart even further from the temperate birds’
model by showing almost no aggression and territorial
behaviors while having high testosterone levels (up to
11.5ng/ml), which are probably mainly devoted to a
complex and elaborate courtship. In several bird species
males raise unfeathered areas of the head and neck such
as combs, wattles, lappets or esophageal pouches that
are used in mate attraction (Ligon, 1999). These brightly
colored, fleshy ornaments that can be inflated and
deflated rapidly in some pheasants and grouses are often
directly controlled by testosterone (Ligon, 1999). It is
therefore possible that in male frigatebirds, high levels of
testosterone are required to display the inflated gular
pouch. During the displaying stage, males alternate
intense gular pouch displays with resting periods during
which the gular pouch is more or less deflated but never
returns to the totally deflated and skin-colored aspect
found in non-displaying males (Chastel et al. unpub-
lished data). Even during these resting periods, display-
ing males show testosterone levels that are still six times
higher than during the parental and non-breeding stages
when the gular pouch has shrinked and changed to skin
color. This supports the idea that this fleshy, highly vas-
cularized sexual ornament is likely to be controlled by
testosterone. The fact that males with a fully inflated
gular pouch show the highest testosterone titers also
suggests that the intensity of the gular pouch displays
mirror testosterone levels.

In our study, plasma levels of LH paralleled those of
testosterone. Although a causal relationship between tes-
tosterone and sexual ornamentations has been estab-
lished (e.g., comb of male red junglefowl Gallus gallus;
Zuk et al., 1995), a potential causal role for LH is less
clear. As LH promotes testosterone secretion (Follett
et al., 1985), it is probable that the high LH levels found
in displaying males reflect mainly a sustained secretion of
testosterone. The red inflatable gular pouch is only part
of an elaborate courtship display, which includes erecting
the iridescent ruff feathers, extending and shaking the
wings, and vocalizing (Dearborn and Ryan, 2002; Nel-
son, 1976). During display, male magnificent frigatebirds
produce a characteristic drumming sound with their bill
and the inflated gular pouch may function as a resonance
chamber that could be used by females as a cue to assess
gular pouch size (Madsen et al., 2004). It is well known
that in many temperate and in some tropical passerines
testosterone regulates song (Hau et al., 2000; Wingfield
et al, 1987). In the magnificent frigatebirds, however,
vocalizations (drumming) are only performed in the pres-
ence of a visiting female (Madsen et al., 2004). We sam-
pled all but one male with a fully inflated gular pouch
when they were passively (not vocalizing) attending the
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lekking area while having elevated testosterone levels.
This suggests that the correlation of testosterone with the
gular pouch is not a side effect of vocalizations but that
high testosterone levels are actually associated with the
inflation of the gular pouch. However, the male with the
highest testosterone concentration (11.5ng/ml) was
actively displaying in front of a female when captured. It
is therefore possible that the highest testosterone levels
are necessary to express the whole sequence of complex
and elaborate courtship behaviors of male frigatebirds.

In our study, body condition was positively related to
testosterone levels in displaying males, suggesting that
courtship display might be condition-dependent. Body
condition was the highest in displaying males and
declined sharply thereafter. Because male frigatebirds
spend a significant part of their time performing court-
ship displays (Dearborn and Ryan, 2002), this probably
reduces foraging opportunities and leads body to deteri-
orate. Males may have to accumulate a certain amount
of body reserves to sustain a potentially energy-demand-
ing courtship display while fasting at the colony.

Male testosterone levels were low during incubation
and chick-rearing, and similar to those of females and
non-breeding birds. Male magnificent frigatebirds invest
heavily in incubation and in a variable fraction of the
chick-rearing (Osorno, 1999). Because the high testoster-
one levels required for mate attraction are likely to be
incompatible with parental behavior (Ketterson and
Nolan, 1992), male LH and testosterone have probably
to return to low levels as soon as the egg is laid.

In other tropical true lekking species, like manakins
(Pipridae), males attend the arena and display over a
relatively prolonged season. In these birds, low testos-
terone levels (Wikelski et al., 2003) coupled with many
testosterone receptors in specialized motoneurons
(Schultz and Schlinger, 1999) may permit elaborate
acrobatic courtship displays while avoiding the costs of
elevated testosterone. For male frigatebirds, the period
of displaying and hence high levels of testosterone is
relatively short (depending on success, males may dis-
play for 1-15 days in a given season), compared to the
period of parental cares (several months) when testos-
terone are kept at very low levels. Male frigatebirds
may therefore afford to raise temporarily high testos-
terone levels. It is not yet clear whether the gular
pouch, although a necessary component of courtship, is
in itself the basis of female choice (Dearborn and Ryan,
2002). However, according to the “Handicap Hypothe-
sis” of sexual selection (Folstad and Karter, 1992), it is
possible to imagine that variations in the gular pouch
or in the intensity of the courtship display convey to
female frigatebirds information about the intrinsic
quality of a given male through its ability to secrete
and hold elevated testosterone levels (Zuk et al., 1995).
Future studies should focus on the implication of tes-
tosterone on sexual selection in frigatebirds and on the

potential trade-offs between testosterone secretion,
immunocompetence and sexual ornamentations (Ver-
hulst et al., 1999).
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