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ABSTRACT. Sex differences in foraging behavior have been widely reported in the ornithological literature,
but few examples are available from tropical avifaunas. Differences between males and females in foraging behavior
have been hypothesized to be a byproduct of sexual size dimorphism or a result of niche partitioning to reduce
intersexual competition for food or different reproductive roles. From 2010 to 2013, I used foraging data and
mist-net capture rates from multiple study sites to examine possible sex differences in the foraging behavior of two
New Guinean Pachycephala whistlers. I found that male Regent (Pachycephala schlegelii) and Sclater’s (Pachycephala
soror) whistlers consistently foraged in higher strata than females. It is unlikely that these differences are due to
sexual dimorphism because these species exhibit little sexual dimorphism. Sex differences in foraging behavior
were consistent across years and study sites and did not appear linked to breeding behavior, supporting the food-
competition hypothesis, but not the reproductive-roles hypothesis. Male territorial defense often occurs in relatively
high strata in Pachycephala whistlers, possibly influencing male foraging strata. However, male territorial behavior
cannot explain why females predominately forage in lower strata. Instead, intersexual competition for food resources
is likely the primary driver of differences in the foraging behavior of male and female Regent and Sclater’s whistlers.

RESUMEN. Partición del nicho entre sexos en dos especies de Pachycephala de Nueva
Guinea

Se ha reportado ampliamente en la literatura ornitológica que existen diferencias en el comportamiento de
forrajeo entre individuos de diferentes sexos, sin embargo existen pocos ejemplos de esto provenientes de la avifauna
tropical. Se ha hipotetizado que las diferencias en el comportamiento de forrajeo entre machos y hembras es un
subproducto del dimorfismo sexual en tamaño o el resultado de partición del nicho con el fin de reducir competencia
intersexual por alimento o roles diferentes en la reproducción. Desde 2010 hasta 2013, utilice datos de forrajeo
y tasas de captura con redes de niebla de múltiples sitios de estudio, para examinar las posibles diferencias entre
los sexos en el comportamiento de forrajeo de dos especies del genero Pachycephala de Nueva Guinea. Encontré
que los machos de P. schlegelii y P. soror forrajean a una altura mayor que las hembras. Es poco probable que estas
diferencias se deban al dimorfismo sexual ya que estas especies presentan bajo dimorfismo sexual. Las diferencias
sexuales en el comportamiento de forrajeo fueron consistentes a través de los años y sitios de estudio y no estuvo
asociado con el comportamiento reproductivo, soportando la hipótesis de competencia por alimentos pero no la
de los roles reproductivos. La defensa del territorio en las aves del genero Pachycephala ocurre generalmente en
estratos relativamente altos, potencialmente influenciando el estrato de forrajeo de los machos. Sin embargo, el
comportamiento territorial de los machos no explica por que las hembras forrajean predominantemente en estratos
mas bajos. En cambio, la competencia intersexual por recursos alimenticios es probablemente el precursor de las
diferencias en el comportamiento de forrajeo entre machos y hembras de P. schlegelii y P. soror.
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Differences in the foraging behavior of males
and females have been widely reported in the
ornithological literature (e.g., Selander 1966,
Ligon 1968, Morse 1968, Holmes 1986). Three
non-mutually exclusive hypotheses have been
proposed to explain such differences (Hedrick
and Temeles 1989). Sex differences in forag-
ing behavior could result from food competi-
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tion between the sexes (ecological differences;
Selander 1966), differences in reproductive roles
(behavioral differences; Morse 1968, Franzreb
1983, Holmes 1986, Petit et al. 1990, Morimoto
and Wasserman 1991), or as a byproduct of
sexual dimorphism (morphological differences;
Suhonen and Kuitunen 1991, Webster 1997).

Ecological, behavioral, and morphological
differences between the sexes may simultane-
ously contribute to sex differences in forag-
ing behavior, and distinguishing their relative
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roles is difficult. Nevertheless, different types
of sexual dimorphism may provide support for
different hypotheses. Sexual dimorphism in size
and shape impacts foraging behavior in many
species (Selander 1966). Because sexual size di-
morphism is generally driven by sexual selection
(Andersson 1994), sex differences in foraging
behavior are thought to be a consequence of
sexual selection for increased male body size
(Webster 1997). This generality may not apply
to predatory birds, where ecological differences
are hypothesized to drive sexual dimorphism if
sex-specific prey targeting (e.g., larger females
target larger prey) maximizes nestling provision-
ing rates (Andersson and Norberg 1981). In
contrast, sexual dimorphism in bill morphology
is thought to relate to ecological differences
between the sexes (Selander 1966) if differently
shaped bills optimize foraging on different prey
bases and reduce intraspecific competition for
resources (Temeles et al. 2000, Radford and Du
Plessis 2003, Temeles et al. 2010).

Differences between the sexes in foraging
behavior have also been noted in sexually
monomorphic species, where inferring the rel-
ative contribution of the food-competition and
reproductive-role hypotheses is challenging. In
monomorphic species, patterns of seasonal vari-
ation in foraging differences between the sexes
may provide insight. For example, sex differ-
ences in foraging that persist year-round (Aho
et al. 1997) or are exaggerated during times
of low resource availability (e.g., winter) may
be related to intraspecific competition for food
(Peters and Grubb 1983, Bell 1986, Pasinelli
2000, Recher and Holmes 2000). In contrast,
differences in foraging behavior that are appar-
ent only during the breeding season and corre-
lated with sex-specific spatial breeding ecology
(e.g., males foraging near vigilance posts in rela-
tively open microhabitats and females near nests
in relatively dense vegetation) are thought to be
a byproduct of sex-specific breeding behavior
(Morse 1968, Franzreb 1983, Holmes 1986,
Petit et al. 1990, Morimoto and Wasserman
1991).

Studies documenting sex differences in for-
aging behavior come almost exclusively from
temperate-zone species or depauperate tropical
islands, with few examples from continental
tropical avifaunas (but see Bell 1982). Continen-
tal tropical environments are relatively aseasonal
and harbor diverse avifaunas, two factors that

may promote strong interspecific competition
for resources and make intraspecific divergence
in foraging behavior less likely. I studied sex
differences in microhabitat use by two species
of New Guinean whistlers, Regent (Pachy-
cephala schlegelii) and Sclater’s (Pachycephala
soror) whistlers (Fig. 1). Other Pachycephala
species in Australia have been found to exhibit
sex differences in foraging strata, with males
typically feeding at higher levels than females
(Bell 1986, Wheeler and Calver 1996, Recher
and Holmes 2000, Boles 2007). However, fe-
males may forage higher than males at some
sites (Boles 2007), and little is known about
the foraging behavior of Pachycephala species
in the diverse tropical forests of New Guinea.
I document sex differences in foraging strata
in Regent and Sclater’s whistlers, then evaluate
the three hypotheses—food competition, repro-
ductive roles, and sexual size dimorphism—that
could explain these differences.

METHODS

The natural history of Regent and Sclater’s
whistlers is poorly known. Both species are fairly
common montane species, and the montane
Regent Whistler largely replaces the foothill
Sclater’s Whistler above �1800 m asl (Boles
2007). Both species are resident insectivores
that forage in pairs, primarily gleaning from
twigs and branches, and occasionally join
mixed species foraging flocks (Boles 2007).
Their breeding biology and territorial behavior
are largely undescribed, but both Regent and
Sclater’s whistlers are presumed to be socially
monogamous with biparental care, and actively
defend territories (Boles 2007).

I studied the foraging behavior of Regent and
Sclater’s whistlers at three study sites in Papua
New Guinea, including Mt. Karimui (approxi-
mate coordinates: 6.55°S, 144.75°E), the YUS
Conservation Area (6.00°S, 146.84°E), and Mt.
Michael (6.44°S, 145.28°E). Mt. Karimui is an
extinct volcano in Chimbu Province in New
Guinea’s Central Ranges described in detail by
Diamond (1972). Field work at Mt. Karimui
was conducted along its northwestern ridge
(1150–2520 m asl) during June and July and
from October to December 2012. The YUS
Conservation Area (hereafter YUS) is located
on the northern scarp of the Saruwaged Range
on the Huon Peninsula in Morobe Province
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Fig. 1. Sexual dichromatism in Regent and Sclater’s whistlers. In both Regent (upper panels) and Sclater’s
(lower panels) whistlers, females (left panels) are duller than males (right panels); males have bright yellow,
black, and white head markings.

(see Freeman et al. 2013 for additional details
about this site). Fieldwork at YUS took place
between 1000 and 2940 m asl during June
and July 2010 and 2011 and in May 2012.
Finally, Mt. Michael (�3750 m asl) is located in
the Eastern Highlands Province (see Diamond
1972 for further information about this site).
In January 2013, I conducted 1 week of field-
work in the Hogave Conservation Area (2200–
3000 m asl) on the southwestern flank of
Mt. Michael.

I collected foraging strata observations oppor-
tunistically while walking along ridgeline trails at
each site (approximate distance covered by each
ridgeline trail: Mt. Karimui = 4 km, YUS =
10 km, and Mt. Michael = 3 km). I made obser-
vations throughout the day, but primarily during
morning hours (97 of 141 observations were
between 06:00 and 12:00). Upon first sighting
a foraging individual, I recorded the time, eleva-
tion, species, sex, whether the individual was for-
aging as a pair, foraging height (m), and canopy
height (m) above the foraging bird. Although
many factors influence foraging behavior (e.g.,
foraging substrate and attack maneuvers), forag-

ing height is an important parameter influencing
foraging niche, especially in tropical species
(Remsen and Robinson 1990). Adult male and
female Regent and Sclater’s whistlers are readily
identified by plumage (Fig. 1); juveniles were
identified by rufous plumage on their head and
chest. I classified individuals as foraging in pairs
if the male and female birds were foraging in the
same tree or adjacent trees. I visually estimated
foraging height, standardizing my estimates by
occasional checking cut sapling poles of known
heights (3, 5, and 10 m). Canopy height varied
strongly within sites (e.g., from 7–36 m at
Mt. Karimui), primarily due to the decline in
canopy height with increasing elevation. Because
mean foraging height was influenced by canopy
height, I calculated relative foraging height
(foraging height/canopy height) to standardize
foraging data. Each foraging observation rep-
resented a distinct individual/day combination.
Because I collected foraging behavior data on
different days along the same ridgeline trails,
observations at the same elevation from different
days (�25% of observations) may have been of
the same individuals on different days.
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I collected foraging strata observations for Re-
gent Whistlers (N = 67 male and 50 female) and
Sclater’s Whistlers (N = 11 male and 11 female).
My small sample size for Sclater’s Whistlers
primarily reflects the fact that I conducted less
fieldwork at the lower elevations preferred by
this species. Most foraging observations came
from Mt. Karimui (Regent Whistler: N = 34
male and 24 female; Sclater’s Whistler: N =
8 male and 10 female). Additional foraging
observations of Regent Whistlers came from
YUS (N = 28 male and 22 female) and
Mt. Michael (N = 5 male and 4 female),
whereas a small number of Sclater’s Whistlers
observations came from YUS (N = 3 male and
1 female).

Mist-netting records were from Mt. Karimui
(2012) and YUS (2010–2012). Mist-netting
protocols differed between these two sites. On
Mt. Karimui, mist-net surveys were conducted
along a continuous trail ascending Mt. Karimui’s
northwest ridge from 1330 to 2200 m asl. By
comparison, mist-netting surveys at YUS were
conducted along 1-km trails cut along eleva-
tional contours at intervals of 120–200 m asl,
with a total of 18 mist-net surveys completed at
YUS (see Freeman et al. 2013). Mist-nets used at
both sites were 12 m long and 3 m tall, and typ-
ical netting effort was 24–36 nets deployed for
two mornings per site (see Freeman et al. 2013
for YUS mist-netting details, Mt. Karimui mist-
netting occurred in June–July 2012). Captured
whistlers were weighed and measured. Wing
chord (unflattened) and tail length (central rec-
trices) were measured using a wing-chord ruler
(±1 mm). Culmen (from the distal edge of the
nares to the bill tip) and tarsus (from the notch
of the intertarsal joint at the back of the leg to
the bend of foot) lengths were measured using
dial calipers (±0.1 mm). Mass (±0.5 g) was
estimated using a 30-g Pesola spring scale. The
distal portion of the right three outer rectrices
of captured individuals was clipped to permit
identification of within-season recaptured birds.
All morphological measurements were taken in
2011 and 2012, whereas only wing chord and
mass were recorded for individuals captured at
YUS in 2010.

I used two sample Student’s t-tests to compare
relative foraging heights of male and females for
each species, and also to compare morphological
measurements of males and females within each
species. Paired t-tests were used to compare

relative foraging heights of males and females
using data of pairs foraging together (N = 23
pairs). I used sign tests to test for sex bias in mist-
net captures, comparing the number of sites
where more females than males were captured to
the total number of sites. I treated each mist-net
survey at YUS as an independent site because
survey locations were �0.5 km apart and it
is therefore unlikely that the same birds were
sampled at adjacent sites. In contrast, I treated
the entire Mt. Karimui mist-netting transect
as a single site because continuous sampling
rendered it impossible to consider different el-
evational zones on Mt. Karimui independently.
Values are presented as mean ± 1 SD.

RESULTS

Foraging strata observations. Overall,
male Regent Whistlers (0.57 ± 0.21) foraged
at significantly higher relative heights (t104 =
5.5, P < 0.0001) than females (0.35 ± 0.22;
Fig. 2). A typical New Guinean montane forest
canopy is �30 m tall; translated to such a
forest, male Regent Whistlers typically foraged
at 17 ± 6 m and females at 10 ± 6 m above
ground. The same pattern was observed across
study sites, with males foraging at higher relative
heights than females at Mt. Karimui (males:

Fig. 2. Boxplots of relative foraging heights of male
and female Regent (N = 54 males and 38 females)
and Sclater’s (N = 8 males and 10 females) whistlers.
Relative foraging heights (foraging height/canopy
height) were measured at three locations in New
Guinea and demonstrate that males of both species
foraged significantly higher than females. Boxplots
illustrate medians (dark line), quartiles (the top and
bottom of each box), and ranges (dashed lines).
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Fig. 3. Mist-net captures of female and male Regent and Sclater’s Whistlers at YUS. Sclater’s Whistlers were
captured between 1090 and 1900 m asl, and were largely replaced by Regent Whistlers (captured from 1790
to 2938 m asl) at higher elevations. Females of both species were consistently captured at higher rates than
males. Mist-net surveys were conducted from 2010 to 2012; one site, at 2180 m, was surveyed in both 2010
and 2011.

0.55 ± 0.22, females: 0.35 ± 0.26), YUS (males:
0.52 ± 0.21, females: 0.33 ± 0.18), and Mt.
Michael (males: 0.56 ± 0.25, females: 0.38 ±
0.21). These differences were significant for Mt.
Karimui (t52.7 = 3.2, P = 0.0026) and YUS
(t47.5 = 3.6, P = 0.0009), but not for the small
sample from Mt. Michael (t7 = 1.1, P = 0.29).
Differences between male and female Regent
Whistlers remained significant when limiting
the analysis to observations of paired individuals
foraging together (all sites combined, N = 23
pairs; males: 0.51 ± 0.18, females: 0.37 ± 0.20;
t22 = 3.6, P = 0.0016). Individual male Sclater’s
Whistlers also foraged higher than females,
but the difference was not significant (males:
0.39 ± 0.19, females: 0.24 ± 0.24; t18.9 = 1.7,
P = 0.11). There were too few observations of
paired Sclater’s Whistlers to compare sex differ-
ences in paired individuals foraging together.

Capture rates. Most Regent Whistlers
were captured at 11 sites at YUS (Fig. 3; N = 34
males and 69 females), with fewer birds caught
at Mt. Karimui (N = 9 males, 11 females). Most
Sclater’s Whistlers were captured at five sites at
YUS (Fig. 3; N = 7 males, 25 females), with
seven captured at Mt. Karimui (N = 1 male,
6 females). Sign tests indicated that females were
captured in mist-nets significantly more often
than males for both Regent Whistlers (11 of 12
sites; P = 0.006) and Sclater’s Whistlers (all six
sites; P = 0.031).

Morphology. Male and female Regent
Whistlers had similar masses and tarsus and
culmen lengths and differed only in the slightly
longer tails and wing lengths of males (Table 1).
In contrast, male Sclater’s Whistlers were heavier
and longer-winged, albeit based on small sample
sizes. Nevertheless, male and female Sclater’s

Table 1. Morphological traits of male and female Regent and Sclater’s whistlers. Measurements presented are
mean ± SD, with sample sizes given in parenthesis. An asterisk (*) denotes a statistically significant (P <
0.05) difference between male and female values within a species.

Mass (g) Wing chord (mm) Tail length (mm) Tarsus (mm) Culmen (mm)

Regent male 21.7 ± 1.5 (30) 82.6 ± 2.5 (30) 64.2 ± 2.6 (19) 24.3 ± 0.6 (19) 8.0 ± 0.6 (19)
Regent female 21.5 ± 1.7 (54) 80.6 ± 3.1 (55) 63.0 ± 2.8 (34) 24.5 ± 0.7 (34) 8.0 ± 0.4 (35)
Sclater’s male 25.6 ± 1.8 (8) 89 ± 3.3 (8)* 64.9 ± 2.0 (8) 22.8 ± 0.7 (8) 9.2 ± 0.5 (8)
Sclater’s female 24.2 ± 1.5 (30) 85 ± 1.9 (30)* 63.4 ± 2.2 (25) 23.1 ± 0.6 (26) 9.0 ± 0.6 (26)
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Whistlers had similar culmen and tarsus lengths,
and the magnitude of sexual dimorphism was
relatively small (males averaged �5% larger than
females in mass and wing and tail lengths).

DISCUSSION

Male Regent and Sclater’s whistlers in my study
foraged at higher relative heights than females.
At sites with sufficient sample sizes, this pat-
tern was statistically significant. Moreover, this
pattern was also observed in pairs of Regent
Whistlers foraging together, suggesting it is not
a spurious result of differing detection proba-
bilities of males and females. Finally, females
of both species were consistently captured at
higher rates than males in ground-level mist-
nets, suggesting that females disproportionately
foraged <3 m above ground. An alternative
possibility is that the two-fold (Regent Whistler)
and four-fold (Sclater’s Whistler) bias in female
captures represents strongly biased sex ratios.
This possibility is not supported by the roughly
even sex ratio of foraging observations, and
is unlikely to apply to socially monogamous,
territorial insectivores (Boles 2007). Although
field experiments would be required to directly
test the relative influence of food competition,
reproductive roles and sexual dimorphism in
driving sexual foraging differences in Regent and
Sclater’s whistlers, two lines of evidence suggest
that food competition is the likely primary driver
of microhabitat differences between male and
female Regent and Sclater’s whistlers.

First, the sexual dimorphism hypothesis is un-
likely to apply to Regent and Sclater’s whistlers
because they exhibit limited sexual dimorphism.
Sexual dimorphism in bill and culmen length
appears to be absent or minor for the birds in
my study (Table 1), but statistically significant
differences in bill and culmen length might be
apparent with a larger sample size. Males of
both species, however, have longer wings than
females. For Sclater’s whistlers, this difference
was significant (Table 1). This suggests that
males of both species are somewhat larger than
females, at least as inferred from relative wing
lengths.

Second, there is no evidence that sex dif-
ferences in relative foraging height in my
study were related to breeding, as predicted
by the reproductive-roles hypothesis. During
the breeding season, females may preferentially

forage near nests while males prefer other micro-
habitats (e.g., higher or more exposed perches)
that allow vigilant territorial behavior (Morse
1968, Franzreb 1983, Holmes 1986, Petit
et al. 1990, Morimoto and Wasserman 1991).
Sex differences in foraging strata may result if
male vigilance posts and nests (attended primar-
ily by females) consistently differ in their vertical
placement (Franzreb 1983, Holmes 1986, Petit
et al. 1990, Fogg et al. 2013). If true, then dif-
ferences between the sexes in foraging behavior
should be apparent only during the breeding
season.

Evaluating the reproductive-roles hypothesis
for Regent and Sclater’s whistlers requires data
on nest-site selection and the timing of breed-
ing. However, the nests and nest locations of
Regent Whistlers are undescribed, and the few
described Sclater’s Whistler nests were located
in the understory (Boles 2007). The latter pro-
vides tenuous support for the prediction of the
reproductive-roles hypothesis that breeding fe-
males may preferentially be found in the under-
story. Information about the timing of breeding
by Regent and Sclater’s whistlers is also limited.
Unlike temperate species, breeding by many
tropical species is typically protracted (Wikelski
et al. 2003). At an extreme, some equatorial
species may breed in every calendar month with-
out marked population-level seasonal breeding
peaks (Class et al. 2011). Some captured Regent
and Sclater’s whistlers in my study (�10%–30%
per site) exhibited signs of breeding (i.e., brood
patches in females and cloacal protuberances
in males) at both YUS and Mt. Karimui, but
most captured birds did not. This suggests that
most whistlers observed during my study were
not breeding and, therefore, differences between
the sexes in relative foraging heights were likely
not related to breeding. However, differences
could have been influenced by male territorial
behavior.

Many tropical species defend year-round ter-
ritories (Stutchbury and Morton 2001, Class
and Moore 2010). Although little is known
about the territorial behavior of Regent and
Sclater’s whistlers, they likely defend territo-
ries year-round. I frequently observed counter-
singing males, suggesting they were defending
territories, and also found that males engaged in
apparent territorial behavior (e.g., responding
to playback of conspecific songs and counter-
singing) appeared to prefer subcanopy perches
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(relative height �0.5–0.75, BGF, pers. obs.).
Although not quantified, these observations sug-
gest that male Regent and Sclater’s whistlers may
frequent subcanopy perches during territorial
vigilance behavior, which may predispose males
to forage higher above ground. However, even
a year-round male preference for foraging at
relatively high levels cannot explain why females
would forage at lower heights than males when
they do not have active nests.

I suggest that differences between foraging
strata used by male and female Regent and
Sclater’s whistlers are consistent with the hy-
pothesis that sex differences in foraging strata
result from year-round intraspecific competition
for food. These foraging-strata differences likely
represent spatial niche partitioning, reducing
competition between males and females for
insect prey. Two possible behavioral mechanisms
could promote spatial niche partitioning. First,
higher strata may be the optimal foraging strata
for my two focal species, with behaviorally
dominant males causing females to use less-
preferred strata. Such niche partitioning has
previously been reported in Downy Wood-
peckers (Picoides pubescens; Peters and Grubb
1983), Eurasian Treecreepers (Certhia famil-
iaris; Aho et al. 1997), and American Kestrels
(Falco sparverius; Ardia and Bildstein 1997).
Large size commonly predicts dominance in
individuals competing for resources (Dhondt
2011). Although sexual dimorphism in Regent
and Sclater’s whistlers is limited, males averaged
slightly larger than females in some morpho-
logical measurements, suggesting they may be
behaviorally dominant to females. Second, both
lower and higher strata may provide equivalent
foraging opportunities for these whistlers, with
sex differences in foraging strata occurring in the
absence of behavioral dominance and possibly
resulting from territorial behavior predisposing
males to forage at higher strata. Removal experi-
ments would be necessary to test the mechanistic
basis of sexual foraging differences in Regent and
Sclater’s whistlers (e.g., Peters and Grubb 1983,
Aho et al. 1997).

The sex differences in foraging behavior of
Regent and Sclater’s whistlers observed in my
study provide one of the few examples of such
behavior in a tropical species. The only other
reports of sex differences in foraging behavior
from a continental tropical avifauna that I am
aware of also come from New Guinea (Bell 1982,

Frith 1997), even though the New Guinean
avifauna remains largely unstudied (Beehler
et al. 1986, Freeman et al. 2013) compared
to other tropical (e.g., Neotropical) avifaunas.
Spatial niche partitioning driven by interspecific
competition for resources is hypothesized to be
an important mechanism influencing interspe-
cific distributional patterns in the New Guinean
avifauna, including in the genus Pachycephala
(Diamond 1986). Many Pachycephala species
inhabit exclusive elevational distributions (e.g.,
Sclater’s Whistlers occur at lower elevations than
Regent Whistlers), whereas syntopic species for-
age in different strata (Diamond 1986). My
results demonstrate that spatial niche partition-
ing occurs within Pachycephala species as well,
suggesting that competition for resources may be
especially strong in the New Guinean avifauna
at both inter- and intraspecific levels. Evaluating
this speculative possibility at the intraspecific
level will require greater information detailing
sexual variation in foraging behavior from other
tropical avifaunas, an important avenue of future
research.
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