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Fisher (1930) argued that the offspring sex
ratio is the result of natural selection for equal
investments in male and female offspring.  If no
other forces are acting, the overall offspring sex
ratio in a population should be 1:1.  Although the
extraordinary sex ratios noted mainly in inverte-
brates appear to be rare in birds (Krackow 1995),
several evidences of sex ratio biases have been
recorded during the past decade of so (Wiebe and
Bortolotti 1992, Komdeur et al 1997, Torres and
Drummond 1999).  Biased sex ratios may be
favored in species where the reproductive costs or
fitness benefits vary between sons and daughters
(Clutton-Brock et al. 1985, Weatherhead and

Teather 1991, Post et al. 1999).  Consequently sex
ratios have been widely studied in sexually dimor-
phic birds; the greater food requirements of the
larger sex makes it more costly for parents to raise
and could also render it more susceptible to food
shortages, leading to increased mortality of chicks
of the larger sex during periods of environmental
stress (Clutton-Brock et al. 1985, Weatherhead
and Teather 1991).  Additionally circumstances at
the time of breeding may affect the parental condi-
tion, and parents might manipulate the sex of the
progeny to lessen the risk of failure or maximize
fitness gains (Trivers and Willard 1973, Charnov
1982, Wiebe and Bortolotti 1992, Hardy 2002,
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lyzed sex ratios of 809 fledglings from 285 broods of Montagu
,
s Harrier (Circus pygargus) in a population locat-
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,
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Genovart et al. 2003).  Several studies have ana-
lyzed offspring sex ratios in raptors, and also in
Montagu

,
s Harrier Circus pygargus, and results

were not consistent, since some species showed a
male-biased sex ratio, in accordance with Fisher

,
s

theory (Bednarz and Hayden 1991, Zijlstra et al.
1992), whereas others showed parity in the fledg-
ing sex ratio (Dijkstra et al 1990, Burnham et al
2003, Millon and Bretagnolle 2005).  Moreover,
other species and populations showed the faculty
of biasing the progeny sex ratio to increase fitness
benefits (Smallwood and Smallwood 1998, Arroyo
2002, Millon and Bretagnolle 2005).

We studied Montagu
,
s Harrier, a medium-

sized raptor species (280-340 g), with sexual size
dimorphism, the females of which are about 15%
heavier than the males (Leroux and Bretagnolle
1996).  The study population is one of the few pop-
ulations that mainly breed in natural habitats, and
one of the few in Europe which have shown a pop-
ulation expansion during the last few years.  This
is probably due to high prey availability and suit-
able habitat for nesting, and the productivity
observed is among the highest recorded for the

species (Jiménez and Surroca 1995, Arroyo et al.
2004, Limiñana et al. 2006).

Our objective was to assess the overall sex
ratio in a population of Montagu

,
s Harrier to test 1)

whether dimorphism in this species is causing
biased fledging sex ratios, as predicted by Fisher
(1930); and 2) if different fitness levels between
sexes during years or breeding areas translate into
differences in fledging sex ratios.

MATERIALS AND METHODS

A population of Montagu
,
s Harrier nesting in

the province of Castellón (on the northeastern
Iberian Peninsula) was monitored annually
between 1996 and 2005.  The study area covered
approximately 1050 km2, and nests were clustered
following geographical information into 4 breeding
areas (Fig. 1).  Fledglings in 285 broods were
sexed by iris color, which is gray in males and
brown in females (Hammerstrom 1969, Scharff
and Balfour 1971, Picozzi 1980, Schipper 1978).
The sex ratio was expressed as the proportion of
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Fig. 1. Breeding areas for Montagu
,
s Harrier in the interior of Castellon Province.
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males in a brood.  Predation is not very important
in this population, and we detected only 21 predat-
ed or plundered nests from the 409 total nests
examined during the study.  We also controlled for
clutch size, as it may be an indicator of parental
condition at the time of breeding (Bolton 1991,
Clifford and Anderson 2001), and for the number
of chicks fledged per nest.  Since 43 nests were
visited when chicks had already hatched and we
failed to control for clutch size, hereafter we refer
to clutch size as the minimum clutch size: the max-
imum number of eggs or chicks found in a nest.
To test for differences in breeding parameters, we
built a contingency table and applied a Chi-
squared test.  To avoid cells with low frequencies,
we grouped values from each variable into 3 class-
es: lower than the mean value, equal to the mean
value, and higher than the mean value.  The mean
minimum clutch size was 4.16 ± 0.05 eggs per
nest, and the mean number of chicks fledged per
nest was 3.20 ± 0.06.

Sex ratios were analyzed with Generalized
linear models (GLMs), modeled by logistic regres-
sion with a binomial error distribution and logit link
function, using the GENMOD procedure imple-
mented in SAS 9.0 (Cary, NC); the response vari-
able was the number of males out of the total num-
ber of chicks fledged in a brood, and each brood
was treated independently.  If the sex ratio data
conform to a binomial distribution, then the null
model in a GLM with binomial errors should pro-
vide a good fit to the data (no statistically signifi-
cant departures from the 1:1 ratio).  We therefore
compared the deviance of the null model against
an χ2 distribution, with the same degrees of free-
dom, to test for deviations from parity in our data.
We defined“parity”in the sex ratio as departures
of a very small magnitude (lower than 0.1) from the
1:1 sex ratio.  Then a prospective power test was
performed to determine the sample size necessary
to detect this small effect size in the overall sex
ratio with a power of 0.8 at α = 0.05.  Explanatory
variables tested were year, breeding area, and
minimum clutch size.  Model selection was made
based on Akaike

,
s information criterion (AIC),

selecting the model with the smallest AIC as the
most parsimonious (Burnham et al. 1994 1995).

RESULTS

From 285 broods analyzed over the 10 yr of
this study, 809 fledglings were sexed by iris color,
detecting 404 males and 405 females with an

overall sex ratio of 0.50 (males/chicks fledged).
Accordingly, the null model distribution of the logis-
tic regression provided a good fit to the data indi-
cating that brood sex ratios did not depart from
parity.  The total sample size required to be capa-
ble of correctly accepting the null hypothesis of
“parity”in the sex ratio was 785 fledglings.

The minimum clutch size and number of
chicks fledged per brood showed variations
between years and areas (Figs. 2, 3), although
only the minimum clutch size exhibited a signifi-
cant difference among years (χ2 = 37.51, p < 0.01),
probably reflecting differences in breeding condi-
tions among years.  Offspring sex ratios did not
show the same trend in different years or breeding
areas (Fig. 4).  However, none of the variables of
interest had a statistically significant effect on
brood sex ratio determination, and the most parsi-
monious model that better fit our data was the null
model (Table 1).  The model that included the
breeding area had a rather similar AIC value to
that of the null model, so we could not exclude the
possibility that different breeding areas actually
played a role in the resulting offspring sex ratios.
There was no extra-binomial dispersion in the
model.

DISCUSSION

According to Fisher
,
s theory (1930), a bias in

the secondary sex ratio towards the cheaper
(smaller) sex should be expected, i.e., that
Montagu

,
s Harrier should produce more males

than females (which are 15% larger in size).
However the overall brood sex ratios in the study
population did not deviate from parity, and males
were not found to be in excess.  This result differs
from the male-biased offspring sex ratio previously

Table 1. Model selection for analyzing the rela-
tionship of offspring sex and year with breeding
area and minimum clutch size.  The deviance,
number of parameters (k), and Akaike,s informa-
tion criterion (AIC) of each model are also shown.
The additive model is indicated by a plus sign (+)

Model Deviance k AIC

Null 403.59 1 405.59
Breeding area 399.22 2 407.22
Year 395.39 10 415.38
Year + breeding area 390.18 13 416.18
Minimum clutch size 400.56 7 414.55
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found in the same species (Leroux and Bretagnolle
1996) or in similar species such as Harris

,
s Hawk

Parabuteo unicinctus and the Marsh Harrier Circus
aeruginosus (Bednarz and Hayden 1991, Zijlstra et
al. 1992), all of which support Fisher

,
s theory.

However, parity in fledging sex ratios was also pre-
viously detected in other raptor species with sexual
dimorphism (Burnham et al. 2003 in the Peregrine
Falcon F. peregrinus, and Dijkstra et al. 1990 in

the Kestrel F. tinunculus).  This inconsistency
among results may have resulted from different
non-mutually exclusive explanations: a) the growth
of greater females might not necessary imply
greater energy requirements locally (Newton 1979,
Richter 1983) so deviations from parity may be
due to other differential future reproductive values
between sexes; and b) environmental and demo-
graphic variables, such as food availability or age

Fig. 2. Minimum clutch size per brood of Montagu
,
s Harrier

depending on the (A) breeding area and (B) year.  Sample
sizes are shown above the 95% confidence interval (CI) bars.
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Fig. 3. Number of chicks fledged per brood of Montagu
,
s

Harrier depending on the (A) breeding area and (B) year.
Sample sizes are shown above the 95% confidence interval
(CI) bars.
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at first reproduction, may differ among local popu-
lations.  Thus geographical variations in sex ratios
within species may occur as previously found for
other raptors such as the Sparrowhawk Accipiter
nissus (Newton and Marquis 1979, Daan et al.
1996), Harris

,
s Hawk (Mader 1975, Bednarz and

Hayden 1991, Dean et al. 1996), Lesser Kestrel
(Tella et al. 1996) and also Montagu

,
s Harrier

(Millon and Bretagnolle 2005).
Additionally, different costs and future fitness

gains between sexes could lead to parental manip-
ulation of offspring sex ratios (Charnov 1982,
Trivers and Willard 1973, but see Ewen et al.
2004).  Arroyo (2002) found that the fledging sex
ratio of Montagu

,
s Harrier was related to food

availability during the pre-laying period, as more
females were produced in years with higher food
availability (but see Leroux and Bretagnolle 1996).
Nager et al. (1999), working with gulls which also
show sexual dimorphism, found that females in
good condition produced progeny with a non-
biased sex ratio, whereas those in a lower condi-
tion produced offspring with a skewed sex ratio
towards the less-expensive sex.  Our results actu-
ally show that although not all years or breeding
areas showed the same trend in fledging sex
ratios, differences were not statistically significant.
As the species seems capable of manipulating the
offspring sex ratio (Leroux and Bretagnolle 1996,
Arroyo 2002), this parity in offspring sex ratio might
be explained by an absence of pressures in this
environment that overcomes the costs of manipu-
lation.  Nevertheless, although the sample size in
the overall sex ratio was large enough in our study,
it was reduced when analyzing this parameter in
different years or breeding areas, and such power
constraints may possibly have precluded detection
of sex ratio deviations from parity in space and
time (Hardy 2002, see example in Rosenfield et al.
1996), and larger sample sizes are required to
confirm that no biased sex ratio occurs with differ-
ent breeding conditions in this population.
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