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Differential migration is a widespread, but poorly understood, phenomenon in birds. In
this paper, we present the first detailed field study of differential migration in the Old
World warbler (Sylviidae) family. We studied two chiffchaff Phylloscopus [collybita]
semispecies: the common chiffchaff P [c.] collybita and the Iberian chiffchaff P [c.]
ibericus. Using data collected at several latitudes in Europe and Africa, we present
convincing evidence for differential distance migration of sexes in chiffchaffs, with
females moving further than males. Interestingly, while there was a pronounced
gradient in the sex-ratios in Europe and North Africa (with an increasing proportion of
females with declining latitude), no clear pattern was found south of the Sahara, where
sex-ratios were more male-biased than predicted by a simple latitude model. This
suggests that, amongst the chiffchaffs wintering in West Africa, a large proportion is
composed by Iberian birds, and provides support to previous suggestions that Iberian
chiffchaffs are long distance migrants. Results from detailed studies in Senegal also
show that chiffchaffs display differential timing of spring migration, with males leaving
the winter quarters considerably earlier than females. The results are discussed in the
framework of the three main (non-mutually exclusive) hypotheses attempting to explain
the latitudinal segregation of the sexes. Given the relative failure of standard
comparative studies to discriminate between competing single-factor hypotheses to
explain differential migration, it is argued that the chiffchaff species complex might be
particularly suited to study this issue using a new approach suggested by Cristol et al.
(1999): detailed (further) comparisons between closely related species (such as the
common and the Iberian chiffchaffs) could help identifying the key factors to be
incorporated into optimality models that can predict relative distance of migration of
different sex or age classes.
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Differential migration is said to occur when different migratory movements. Differential migration is an
classes of individuals (for example different age or sex- interesting phenomenon, particularly because its study
classes) display differences in timing and length of the could contribute to shed light on the evolution of
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migration in general (Ketterson and Nolan 1983). One
consequence of differential distance migration is the
geographical segregation of classes of individuals in the
winter quarters, which can have important implications
for both population dynamics and conservation (Sherry
and Holmes 1996, Rodenhouse et al. 1997, Catry et al.
2005).

Three main hypotheses have been presented to ac-
count for the differential distance migration of sexes
(Cristol et al. 1999 for a recent review). (1) The body-size
(or cold-tolerance) hypothesis suggests that the winter
segregation is linked to the differential resistance to cold
weather of differently sized classes. Briefly, smaller
individuals should preferably winter in milder climates
and larger ones can remain in harsher environments,
closer to the breeding grounds (Ketterson and Nolan
1976). (2) According to the dominance hypothesis,
subordinate individuals are forced to move to areas
further away from the breeding grounds by the dominant
classes, which tend to move shorter distances or remain
sedentary (Gauthreaux 1982). (3) The arrival-time
hypothesis states that individuals under greater pressure
to outrun potential competitors, in the timing of arrival
to the breeding grounds, should have a greater benefit
from wintering closer to the nesting areas (Ketterson and
Nolan 1976, Myers 1981). These three hypotheses are
not mutually exclusive, which makes them particularly
hard to test and refute.

Differential migration of the sexes has been demon-
strated in many bird species from various phylogenetic
and ecological groups (Cristol et al. 1999). This subject
has been little studied in the large (and mostly migra-
tory) family of the Old-World warblers (Sylviidae), and
no species has been conclusively shown to be a
differential (distance) migrant (Cristol et al. 1999). In
their recent review, Cristol et al. (1999) presented the
blackcap Sylvia atricapilla as a probable differential
migrant. However, laboratory evidence of differential
migratory behaviour in this species has yielded contra-
dictory results (Terril and Berthold 1989, Berthold and
Pulido 1994).

In this paper, we compile data from several original
field studies, in Europe and Africa, to investigate the
geographical segregation by sex of another Old World
Warbler, the chiffchaff Phylloscopus [collybita]. The
superspecies Phylloscopus [collybita] (hereafter called
chiffchaft) includes the semispecies common chiffchaff
P. collybita and the Iberian chiffchaff P. ibericus (Helbig
et al. 2002, see also Svensson 2001, Knox et al. 2002,
Salomon et al. 2003). Common chiffchaffs of the
nominate race (P. ¢. collybita; studied here) nest in the
middle-latitudes of central and western Europe and
winter chiefly in southwestern Europe, around the
Mediterranean and in West Africa, south to the forest
belt (Zink 1973, Cramp 1992). It seems likely that the
Iberian chifchaff is a long-distance migrant that winters
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primarily in tropical Africa (Svensson 2001, Pérez-Tris
et al. 2003), but definite proof is still lacking. Both
semispecies are likely to be present south of the Sahara,
in winter. Unfortunately, these cannot be easily told
apart, and only recently (after the fieldwork supporting
the present paper) apparently reliable discriminant
criteria were developed (Svensson 2001).

In this paper, we present data on the sex-ratio
composition of chiffchaff populations wintering at
various latitudes in Europe and Africa. We test the
hypothesis that male and female chiffchaffs have differ-
ent winter distributions, and the hypothesis that they
differ in their timing of spring migration. Although such
data alone are not sufficient to conclusively support or
reject any of the main hypotheses for differential
migration in birds, they are necessary as a base to
further study of this subject.

Methods
Fieldwork

We trapped chiffchaffs using mist-nets at several loca-
tions in the United Kingdom, Portugal, Morocco,
Mauritania, Senegal and Gambia. To complete these
data sets, we contacted national ringing centres and
individual ringers asking for chiffchaff biometric data
collected in winter, and succeeded in getting further
data for other Portuguese sites and for France. We only
used ringing data collected between 15 November and
31 January to avoid including birds that were caught
during the main migratory periods of these species
(Cramp 1992).

We always tried to confirm that birds used in our
analyses had been trapped without recourse to tape-
lures, because these are known to produce male-biased
samples in this species (Lecoq and Catry 2003).
Confirmation of no use of tape-lures was obtained
for all samples involving a large number (>20) of
individuals. However, confirmation could not be
obtained from all ringers that contributed with data
for the Portuguese and French chiffchaff data sets.
Given that these ringers caught only small numbers
of birds, it seems most unlikely that more than a
small minority of them would have used tape-lures,
which would make a small contribution to the overall
data sets. At some sites (e.g. Djoudj, Senegal), tape lures
were used in some occasions, but not in others. Only
birds caught on periods without tape-luring were
included.

Study areas

Chiffchaffs were trapped in the following locations: 1)
United Kingdom. Mostly in southern England (particu-
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larly in Cornwall), in sewage treatment works. Captures
made in 1999-2000. 2) France. At various mainland
locations in the Atlantic and Mediterranean coasts,
and also inland (particularly in the South). No habitat
details were obtained from the large number of trapping
locations involved (data made available by the CRBPO
Ringing Scheme). Captures made in 1990-2002. 3)
North Portugal. At various locations in coastal areas
south to the Mondego Valley, mostly in wetland margins
(data made available by the ICN Ringing Scheme).
Captures made in 1995-2001. 4) Central Portugal.
At two main locations around Lisbon, at an estuary
edge (Catry et al. 2003) and at Mediterranean scrubland
habitats. Captures made in 1995-1999. 5) Southeast
Portugal. At several locations in eastern Algarve,
including diverse habitats such as pine woodlands,
olive groves, orchards, open farmland and wetland
margins. Captures made in 1990-1996. 6) Southwest
Portugal. At mostly one location in western Algarve,
near the Alvor estuary, in dry land covered with
scrub and orchards. Captures made in 1995-2002.
7) Morocco. At one location, 8 km from Saidia, in
riparian vegetation dominated by tamarisks Tamarix sp.
and several reed and rush formations. Captures made in
1995-1996. 8) Mauritania. At the artificial oasis formed
by the city of Nouakchott, in the southern Sahara, in a
small area with vegetable gardens. Captures made in
2001-2004. 9) Senegal. At the Doudj National Park, in
the lower Senegal river. In reedbeds and other riparian
vegetation as well as in scrubland and savanna (Sauvage
et al. 1998 for more details on this site). Captures made
in 1987-1996. 10) Gambia. At Ginak Island, at the
mouth of the Gambia River, covered with savanna
(where most ringing took place) and mangrove (Hjort
et al. 1996 for more details). Captures made in 1994—
2000.

The latitude of the wintering sites was either directly
read from a map (for single locations), or estimated as
a weighed mean of the latitudes of several locations
within a region.

Sexing chiffchaffs

Chiffchaffs are sexually dimorphic with respect to wing-
length (males larger) and there is little overlap between the
sexes (Ticehurst 1938, Geen 1988, Salomon et al. 2003).
We used a maximum likelihood mixture model to separate
the strongly bimodal distributions of wing-lengths. Mix-
ture models are routinely used in fisheries research to
separate sex and age classes (e.g. MacDonald and Pitcher
1979). We used program MIX3.1a (© 1995 Ichthus Data
Systems) to estimate the proportion of males in each
chiffchaff sample and associated standard errors.

Although adult chiffchaffs have slightly longer wings
than juveniles, as found in most passerines, we did not
attempt to include this parameter in the mixture models
or to do separate analyses of adults and juveniles. This is
because chiffchaffs are notoriously difficult to age in
autumn and winter, and the increased precision gained
by taking this variable into account would be counter-
balanced by reduced degrees of freedom and in an
increased number of errors resulting from misclassifica-
tions. Age differences in wing-length are small ( <2 mm)
when compared to sex differences (ca. 6 mm; P. Catry
and M. Lecoq, unpubl. data).

Although there are very minor differences in the wing-
length distribution of male and female common and
Iberian chiffchaffs (Ticehurst 1938, Svensson 2001), it is
still possible to detect the bimodality caused by sexual
size dimorphism, and estimate sex-ratios, in samples
where the two species are pooled. Generally, there was a
very good fit of the mixture models to the observed data
(see Results). Some small, but significant, deviations
were observed in the Senegal data set (Table 1). This was
to be expected, given the very large sample sizes and the
impossibility of a perfect match between models and
field data. Possible reasons for an imperfect match are
variations on wing-length with age and the fact that two
different semispecies were almost certainly present in
Senegal. However, the examination of histograms in
Figs. 1 and 2 clearly support the results from the
analyses, as the patterns are clear and well defined. It
should be noted that the analyses performed did not aim

Table 1. Estimated chiffchaft Phylloscopus [collybita] sex composition of populations wintering in different geographical areas.

Study site/region Latitude N (degrees)

% males+SE

Sample size Fit of mixture model

Europe and N. Africa (P. collybita)

England 83.2+5.3 85 Y2 =172, P=0.30

France 45 69.5+4.7 156 xé =1.5, P=0.96

N. Portugal 40.5 53.7+4.5 262 v =8.9, P=0.35

C. Portugal 39 32.743.0 311 Y2 =49, P=0.77

SE Portugal 37 39.243.8 200 x% =7.6, P=0.48

SW Portugal 37 21.6+3.5 157 x§:8.1, P=0.23

Morocco 35 14.74+6.3 65 2 =3.6, P=0.61
Sub-Saharan Africa (P. collybita+ P. ibericus)

Mauritania 18 28.7+4.0 105 X% =3.8, P=0.58

N. Senegal 16.5 488413 2,608 1} =37.6, P <0.001

Gambia 13 30.0+4.0 161 xé =13.4, P=0.10
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to sex individual birds, just estimate the proportion of
each sex in a sample. Therefore, the results cannot be
affected by the disproportionate influence of a few
wrongly sexed birds, as might be the case in an
individually based analysis.

A small proportion of the birds caught in the United
Kingdom in winter appeared to belong to the Scandi-
navian common chifchaff subspecies P. ¢. abietinus that
winters mostly in the eastern Medditerranean and East
Africa (Cramp 1992), the presence of a few such birds in
the UK sample should not affect our analyses in any
meaningful way, given their similar body size to P. c.
collybita.
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Estimates of means and proportions are presented
with associated standard errors. Data on sex-ratios
(presented as the proportion of males in samples) were
arc-sine transformed before statistical testing.

Results

Considering the chiffchaff superspecies, Phylloscopus
[collybita], we found no correlation between the propor-
tion of males in samples taken in Europe and Africa and
the latitude at which those samples were obtained (r* =
0.25, N=10, P=0.14; Table 1). However, when we
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Fig. 2. Distribution of wing-
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samples caught in several
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restrict the analysis to locations north of the Sahara
(excluding by this process most or all of the Iberian
chiffchaffs from the data), the proportion of males in
(common) chiffchaff samples becomes strongly and
highly significantly positively correlated with latitude
(1> =0.94, N =7, P <0.001, see also Fig. 1).

The large numbers of chiffchaffs caught at the Djoudj,
Senegal, during winter and early spring, allowed us to
investigate if male chiffchaffs depart earlier than females
from the wintering grounds. This hypothesis of differ-
ential timing of migration is clearly supported by the
data (Fig. 2), as the proportion of males in chiffchaff
samples declines steadily and sharply from early January
to late March (r*> =0.88, N =6, P =0.006).

Discussion

In a recent revision, Cristol and colleagues (1999),
managed to find robust published evidence for latitudi-
nal segregation by sex in only 18 passerine species. Our
study provides the first unequivocal evidence of differ-
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ential migration distance in Old World warblers. Female
common chiffchaffs migrate further than males, a
pattern similar to all known passerine differential
migrants.

Habitat segregation by sex could confound our results
if there was some latitudinal trend in the habitats
sampled. However, our data were collected from birds
wintering in multiple habitats at most latitudes, and no
obvious trends were detected (see brief habitat descrip-
tions in the Methods section). Little is known about
habitat segregation in chiffchaffs, although common
chiffchaffs ringed at UK sites during autumn migration
show even sex-ratios, irrespective of habitat (Reynolds
1978, Geen 1988). In central and southern Portugal,
female-biased sex ratios can be found in a range of
habitats, from wetland margins to scrub and orchards
(own unpubl. data). Therefore, we find it unlikely that
sex-specific habitat selection could have influenced the
results of this study in a significant way.

In many passerines, males arrive ahead of females at
stopover sites and to the breeding grounds (Izhaki and
Maitav 1998, Kissner et al. 2003). Our study shows that
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male chiffchaffs depart much earlier than females from
African wintering grounds. Hence, departure time, and
not (only) differential migration speed, is the cause for
early male arrival (Marra et al. 1998, and Stouffer and
Dwyer 2003 for similar conclusions concerning two
North American migrants). On the other hand, male
common chiffchaffs start autumn migration latter than
females (Geen 1988), thus spending an overall longer
period on the breeding quarters.

The contrasting patterns of sexual segregation of
chiffchaffs found north and south of the Sahara, and
particularly the high proportion of males found in the
important Senegalese wintering grounds, suggest (with-
out proving) that there is a high proportion of Iberian
chiffchaffs among the chiffchaffs wintering in West
Africa, which is in agreement with recent suggestions
that Iberian chiffchaffs are mostly, if not exclusively,
trans-Saharan migrants (Svensson 2001, Pérez-Tris et al.
2003). We should also point out that, the typical Iberian
chiffchaff call and song are never heard during winter in
Portugal, and we know of no recoveries indicating
that some birds are resident, further supporting the
hypotheses that Iberian chiffchaffs are (long-distance)
migrants.

Given that the chiffchaff is a strongly dimorphic
species with larger males, the pattern of sexual segrega-
tion in the winter quarters described here supports both
the body-size (or cold tolerance) hypothesis as well as
the dominance hypothesis (because it seems most likely
that the much larger males can easily establish dom-
inance over females; e.g. Piper 1997). Considering that in
most migratory passerines, including the chiffchaff,
males are the territory defenders and that they generally
arrive ahead of females to the breeding territories
(Cramp 1992), the arrival-time hypothesis is also sup-
ported by the current data. However, our data do show
that there is at least one other mechanism (early
departure from wintering grounds) by which the sex
more pressed to arrive early to the breeding grounds
(generally assumed to be the males) can advance their
arrival dates.

As pointed out by Cristol and colleagues (1999), when
discussing differential migration, the problem in hand
seems to be too intricate to be solved by testing single-
factor hypotheses. The three hypotheses discussed here
are not mutually exclusive, and often make similar
predictions. However, comparisons of closely related
species, such as the Iberian chiffchaff and the common
chiffchaff, will ultimately prove to be essential for the
resolution of this problem. Such comparisons will help
identifying the key factors to be incorporated into
optimality models that can predict relative distance of
migration of different sex or age classes (Cristol et al.
1999). The chiffchaff superspecies might be a particu-
larly suited model for such study, given the extreme
morphological and ecological similarity between Iberian
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and common chiffchaffs. However, to further research
the migratory systems of these birds, new techniques will
probably be needed, such as the tracking of migrants
using stable isotopes and genetic markers (Rubenstein
and Hobson 2004).
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