Oecologia (2010) 162:175-183
DOI 10.1007/s00442-009-1445-3

COMMUNITY ECOLOGY - ORIGINAL PAPER

Spring arrival along a migratory divide of sympatric

blackcaps (Sylvia atricapilla)

Gregor Rolshausen - Keith A. Hobson -
H. Martin Schaefer

Received: 24 February 2009/ Accepted: 27 July 2009/ Published online: 27 August 2009

© Springer-Verlag 2009

Abstract The recent formation of a migratory divide in
the blackcap (Sylvia atricapilla) involves sympatrically
breeding birds migrating to different overwintering quar-
ters. Within the last 50 years, a novel migratory strategy
has evolved resulting in an increasing proportion of birds
now wintering in Britain instead of migrating to the tra-
ditional sites in the Mediterranean area. This rapid micro-
evolution has been attributed to allochronic spring arrival
of migrants from the respective wintering quarters leading
to assortative mating. Moreover, blackcaps wintering in
Britain may experience fitness advantages owing to
improved local wintering conditions. We used stable
hydrogen isotope signatures (6D) to scrutinize the degree
of temporal segregation of blackcaps upon spring arrival
and to test for carry-over effects in body condition asso-
ciated with the disparate wintering environments. Although
we found that migrants from Britain arrive significantly
earlier on German breeding grounds than migrants from the
Mediterranean region, we also found a considerable over-
lap in arrival times. In a resampling model, the mean
probability of assortative mating of birds wintering in
Britain is <28% in both years. These results suggest that
allochrony alone is not a strong isolating barrier between
the two subpopulations. Migrants from both wintering
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locations did not differ in terms of body mass, mass-tarsus
residuals or mass-tarsus ratio and arrived in a similar
reproductive disposition. Thus, blackcaps wintering in
Britain do not gain an apparent fitness advantage on spring
migration due to carry-over effects in body condition.
Future studies should explore additional factors such as
differences in song quality and habitat that might contrib-
ute to the rapid microevolution of the blackcap.
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Introduction

Adaptive divergence and speciation in sympatry are among
the most contentious topics in evolutionary biology (Die-
ckmann et al. 2004; Price 2007). The fundamental question
concerns the nature of barriers to the homogenization of
gene flow between diverging sub-groups. In the absence of
substantial spatial segregation, reproductive isolation can
only evolve and be maintained through postzygotic
incompatibilities, polyploidization (restricted to flowering
plants) or assortative mating (Coyne and Orr 2004). The
latter is a form of nonrandom pairing, where mating phe-
notypes are, on average, more similar than expected with
random pairing (Hartl and Clark 2007). Prezygotic barriers
mediating the assortment of mates in sympatry include
behavioural traits under disruptive sexual selection, distinct
resource phenology in host races and temporal isolation
(Bolnick and Fitzpatrick 2007; Coyne and Orr 2004;
Gavrilets 2003).

Temporal restriction to gene flow occurs because dif-
ferent members of a population reproduce at different
times. This divergence in timing can lead to complete
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reproductive isolation, or allochrony, if populations iso-
lated by time are outside each other’s range during the
formation of pair bonds (Coyne and Orr 2004; Dieckmann
et al. 2004). Empirical evidence for allochronic speciation
in sympatry includes the well-documented studies from
13- and 17-year periodical cicadas (Cooley et al. 2003),
spawning allochrony in pink salmon (Gharrett et al. 1988)
and divergent breeding phenology in seabirds (Friesen
et al. 2007; Monteiro and Furness 1998). Moreover,
although veritable allochronic speciation in sympatry is
undoubtedly rare, there are numerous examples where
temporal restriction to gene flow is important as one of
several barriers reinforcing population divergence (Hendry
and Day 2005).

Central European blackcaps (Sylvia atricapilla) repre-
sent a model system for studying how allochrony might be
associated with differences in migratory behaviour.
Assortative mating attributed to temporal segregation has
been reported in sympatric subpopulations that differ in
overwintering areas (Bearhop et al. 2005). Since the 1960s,
blackcaps breeding in southern Germany and Austria have
established a novel migratory direction towards the British
Isles (Berthold et al. 1992). Using stable isotope analyses
as a marker of origin, Bearhop et al. (2005) documented
that birds migrating along this newly established north-
western route are more likely to mate with each other than
with migrants from the traditional south-western route with
winter quarters in the Mediterranean region. The lag in
mean arrival time from the two distinct wintering grounds
may be sufficient to diminish gene flow (Bearhop et al.
2005; Berthold et al. 1992; Terrill and Berthold 1990).
However, the delay in spring arrival has only been esti-
mated indirectly based upon flight distance and average
migration rate (Terrill and Berthold 1990) rather than based
upon observed arrival dates in spring.

Owing to the pronounced climatic and geographic dif-
ferences between the north-western and south-western
winter quarters, the arrival of sympatric blackcaps also
provides an ideal study system with which to scrutinize
carry-over effects in physical condition. First, the migra-
tion distance from the British Isles is considerably shorter
(~1,090 km) than that from the Mediterranean region
(~ 1,640 km). Second, it has been suggested that artificial
feeding opportunities in Britain during winter may result in
significant carry-over effects that enable birds wintering in
Britain to devote more resources to reproduction (Berthold
et al. 1992; Berthold and Terrill 1988). Although blackcaps
use the food resources provided by humans heavily
(Chamberlain et al. 2005), this hypothesis has not yet been
tested. Short migratory distance and improved winter
feeding opportunities have both been attributed to the rise
of the subpopulation wintering in the British Isles (see
Hewson et al. 2007). Feasibly, carry-over effects may also
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reinforce the efficacy of the allochronic barrier (Norris
et al. 2004; Saino et al. 2004).

Our objectives were to investigate: (1) temporal isola-
tion as a segregation mechanism mediating the incipient
population divide in Central European blackcaps, and (2)
the strength of carry-over effects that may affect population
dynamics. To this end, we scrutinized individual spring
arrival of south-west German blackcaps during 2 years
based on assigning birds to their respective wintering
quarters by stable hydrogen isotope (6D) analysis consis-
tent with the approach used by Bearhop et al. (2005).
Specifically, we tested whether north-western migrants
from the British Isles arrive earlier than conspecifics that
wintered in the Mediterranean. To investigate carry-over
effects in physical condition we compared morphological
and physiological (haematocrit) indicators as condition
indices between the two subpopulations. To assess mating
disposition of arriving males, we calculated the cloacal
protuberance (CP), a parameter that reflects the progress in
spermatogenesis (Gill 2007; Lombardo 2001). Finally, we
included a resampling model based on observed arrival
dates to assess the probability of assortative pairings based
solely on temporal segregation.

Materials and methods
Field procedures

We caught blackcaps upon spring arrival in Radolfzell
(47°45'N, 08°59'E) and Freiburg (48°00'N, 07°51'E) in
2006 and 2007, respectively. We were not able to collect
data at the same field site in consecutive years because the
umbrella project in Radolfzell was discontinued in 2007.

We started capture by mid-March, when the first birds
arrived from their wintering quarters, and caught birds
every day from early morning to noon until the end of
April. Blackcaps were caught along edges of forest or
copse within an area of 50 ha with mist nets using tape
recordings of their song as a decoy. Each morning we
patrolled the entire area for singing activity and captured
all newly singing males as well as non-singing individuals
at standardised sites that were dominated by ivy (Hedera
helix) which provided both food and cover. In total we
obtained data for 126 birds in 2006 and 139 birds in 2007.
Each individual was marked with a standard aluminium
ring, sexed, aged (Shirihai et al. 2001), and weighed
(digital balance +0.1 g precision) before morphological
measurements were taken (calliper with 0.1-mm precision
and ruler with 0.5-mm precision). Both sexes and age
classes (yearlings and adults) were evenly distributed in
our sample (Xz-test for deviation from balanced data; sex,
P = 0.366; age, P = 0.302).
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We caught birds in well-defined area where we recorded
daily territory establishment and presence at the main food
resources. We therefore considered the first day a bird was
caught as a proxy for arrival date and we calculated a day
score as the difference in arrival relative to the start of the
field season for statistical analysis (days from 15 March).
Given the number of non-significant tests in our study, we
used this large dataset to increase statistical power for
studying the relationship between spring arrival and
migratory direction. However, our results do not change
qualitatively as we restricted tests to birds of known
breeding status in the area that were re-sighted or re-trap-
ped either in the same year (n = 75) or in subsequent years
(four in 2006, six in 2008 which is comparable to the
published data on the weak year-to-year site fidelity in
south-west German blackcaps: ~7%; Berthold and Bair-
lein 1984). Given that both analyses yielded consistent
results which we report in the results, we trust that our
conclusions are not biased by confusing migrants on pas-
sage with resident breeders.

Body condition and reproductive disposition

The condition of blackcaps upon arrival was assessed using
body mass and two additional morphological indices as
indicators: body mass divided by tarsus length (Matthysen
1989; Moreno 1989), and the residuals of the body
mass X tarsus regression (20006, Fi104 = 19.83,
R*> = 0.160, P < 0.001; 2007, Fy o7 = 4.13, R* = 0.04,
P < 0.05). Residuals from the regression, that is observed
minus fitted values, were taken as a proxy for body con-
dition (Bize et al. 2006; Hochachka and Smith 1991). The
usage of body mass in condition estimates is contentious
because of fluctuations in weight during daytime due to
food intake or thermoregulation (Berthold 1971; Clark
1979). We therefore include the time of day a bird was
caught as a covariate in our models to control for daytime
fluctuations in weight. Moreover, we analyse haematocrit
as a proxy for condition to obtain an estimation of condi-
tion independent of morphological measurements (Cuervo
et al. 2007; Dawson et al. 2001; Potti 2007; Potti et al.
1999; Svensson and Merila 1996). To determine haema-
tocrit, we obtained a blood sample (£75 pl) from the wing
vein of each bird in 2006 using heparinised capillaries. We
centrifuged blood immediately and separated plasma from
the cells. Birds were released directly after blood sampling.
The haematocrit was assessed as the proportion of capillary
length of packed red blood cells in relation to all blood
components (0.1-mm-precision ruler).

To assess the reproductive state of males, we calculated
the CP volume (mm?) for each male in 2006 as: CPyoume =
n x height x (diameter/2)* assuming a cylindrical shape
(Kempenaers et al. 1999; Lombardo 2001).

Tarsus length and haematocrit did not differ signifi-
cantly from a normal distribution (Shapiro-Wilk’s W-test,
P > 0.15); however, body mass and CP were square-root
transformed to achieve normality before further analysis.
Residuals from the linear regression of (transformed) body
mass on tarsus length were calculated and the absolute
value of the smallest residual was added to all other
residuals to avoid negative results. We tested for differ-
ences in body condition indices using linear analysis of
covariance (ANCOVA) models entering sex and wintering
area as factors and arrival date (relative to the 15th of
March) as a covariate, as well as the interactions among
them. Comparisons of arrival time based on the hypothesis
that migrants from Britain arrived earlier on the breeding
grounds (Berthold et al. 1992) were tested with one-sided
Wilcoxon exact rank tests.

Stable isotope analyses

We obtained two to four distal claw sections from each
individual (<Imm, to avoid keratin synthesized between
departure from the wintering area and sampling). Claws
constitute a reliable source of dietary and habitat isotope
signatures and their growth rates provide evidence that the
information is integrated over a medium time scale such as
weeks to months (Bearhop et al. 2003; Carleton et al.
2008). Hence, claw tips of spring-arriving birds appropri-
ately reflect the isotopic signature of their wintering
grounds (Bearhop et al. 2005; Mazerolle and Hobson
2005).

All claw tips were cleaned of surface oils in a 2:1
chloroform:methanol solvent rinse and prepared for stable
hydrogen isotope analysis at the Environment Canada
stable isotope laboratory in Saskatoon, Canada. Stable
hydrogen isotope analyses of claw tips were completed
using the comparative equilibration method described in
detail by (Wassenaar and Hobson 2003) and through the
use of calibrated keratin isotope reference materials. Stable
hydrogen isotope measurements were performed on H,
derived from high-temperature flash pyrolysis of nails
using continuous-flow isotope-ratio mass spectrometry. All
’H/'H measurements are expressed in the typical delta
notation (6D), in units of per mil (%o), and normalized on
the Vienna standard mean ocean water-standard light
Antarctic precipitation standard scale (Fig. 1). Repeated
analyses of hydrogen isotope inter-comparison material
IAEA-CH-7 (—100%0) and keratin references yielded an
(within run) external repeatability +2.0%o.

Statistical analysis and individual assignment

To assign individuals to their wintering quarters, we
modelled distinct density functions for the distributions of
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Fig. 1 Density plot of ?H/'H measurements from blackcap claw tips
in delta notation (0D). Dashed line corresponds to the 2006 6D
distribution (mean: —73.92 + 1.24 SE), solid line corresponds to the
2007 oD distribution (mean: —71.42 £+ 1.11 SE)

oD from resident birds and wintering blackcaps, respec-
tively (Royle and Rubenstein 2004; Wunder et al. 2005).
Data were obtained from Bearhop et al. (2005), who
measured 0D in claw tips from wintering blackcaps in the
two wintering areas (Britain or Iberia), as well as from
resident birds from Britain (blue tits Parus caeruleus and
great tits Parus major) and from Spain (Sardinian warbler
Sylvia melanocaphala). Population assignment did not
differ if we used 0D data from wintering blackcaps in
Spain and blue tits and great tits in Britain from 2007 and
2008 (G. Rolshausen et al., unpublished data). Assuming
the pools of isotope values from residents and migrants to
be normally distributed, we modelled the probability den-
sity functions according to the parameters estimated from
the Bearhop et al. (2005) data. Normal probability density
of a continuous variable is given by:

1 1/x— /1)2)
X) = ——=—=exp| — ,
109 = —enp( 5
where ¢ is the SD and pu the expected value of the
distribution. With these specifications we calculated the
ratio of probabilities [p,] for each individual to belong to
either of the modelled distributions. The p, is given by:
f(x)
p(r) = :
8(x) +/(x)
where f(x) and g(x) are the modelled probability density
functions for British and Mediterranean isotope signatures
respectively, calculated for the D %o values from our claw
tip analysis. Thus we were able to assign >80% of the birds
caught in 2006 and 2007 to either one of the wintering
areas with a confidence of p(,, > 0.6 (2006 north-western
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migrants, n = 18; south-western migrants, n = 85; 2007
north-western migrants, n = 9; south-western migrants,
n = 100; Fig. 2). We obtained the same individual
assignment regardless of which reference distribution from
Bearhop et al. (2005) was used to model the probability
density (i.e. data from wintering blackcaps or data from
resident birds from the respective wintering area). More-
over, we applied a Bayesian likelihood-based approach to
assign birds with marginal signatures [p(, < 0.6] using
relative abundance data for the two subpopulations based
on posterior probabilities of origin (Royle and Rubenstein
2004). The overall proportion of assigned birds overwin-
tering in the British Isles was 17.5% in 2006 and 8.3% in
2007, which is nearly consistent with estimations of local
populations between Belgium and central Germany where
the percentage of north-west migrants among blackcaps
has increased from almost zero before 1960 to 7-11% in
1992 (Berthold et al. 1992; Helbig 1992). The source of the
between-year variation, which was not the focus of our
study, is unknown as it might be related to spatial variation
in the size of the north-western wintering population,
between-year variation in isotope distributions at the win-
tering sites or to temporal variation in population sizes (we
obtained a similar estimate of 10% of north-western
migrants in Freiburg in 2008; G. Rolshausen et al.,
unpublished data). The accuracy of our assignment pro-
cedure might be lowered because the isotope ratio
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Fig. 2 Distributions of posterior probabilities of assignment for all
birds by wintering area. a North-western (NW) migrants 2006
{n =18, mean ratio of probabilities [p()] = 0.72 = 0.02 SE},
b south-western (SW) migrants 2006 [n = 85, mean p(,, = 0.92 £
0.01 SE], ¢ NW migrants 2007 [n = 9, mean p,, = 0.70 £ 0.04 SE],
d SW migrants 2007 [n = 100, mean p(, = 0.91 £ 0.01 SE]
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reference data from Bearhop et al. (2005) were collected
several years before our study was conducted. However,
we did not expect pronounced shifts in claw oD values
between wintering locations among years due to the rela-
tively strong isotopic gradient between Britain and Spain
(Bowen et al. 2005; Hobson 2003; Hobson et al. 2004) but
controlled for this possibility by repeating our analyses
using only the extremes of both wintering ground 6D claw
distributions (i.e. 10th and 90th quantiles of the overall
distribution). Independently from the likelihood-based
assignment we correlated individual arrival time with claw
oD value (as a continuous variable) to account for birds
that might winter further south or north than expected.

Resampling model

We based our model on the simplified assumption that
allochrony upon arrival alone influences mating. In our
model, we assume that each female mates once and will
choose its mate randomly from a group of males that had
all arrived at least 1 day prior to the female. The results did
not change qualitatively if we changed the time interval
between males’ arrival and females’ mate choice. The
model does not account for competition since females and
males that remain unpaired are retained in the subsequent
pool of males available to later arriving females. Mating
was assumed to continue until all females were mated or
until there were no males left. We calculated the proportion
of assortative mating (according to migratory direction)
from this set of matings based upon temporal segregation
separately for 2006 and 2007. To average the probability of
assortment we ran the model 10,000 times. The aim of the
model was to incorporate the considerable differences in
the size of the two sub-populations into the analysis of the
strength of the temporal isolating barrier. All statistical
procedures were conducted using the free software package
R (R Development Core Team 2009).

Results
Arrival times

Arrival occurred from the middle of March until the end of
April. Altogether we found no effect of sex (P = 0.32) or
age on arrival times (P = 0.11) but there was an effect of
year or site (P = 0.04, ANOVA) on arrival times for the
2 years combined. Therefore we calculated arrival dates
separately for each year (and consequently for each site). In
both years, arrival dates were not related to age (Wilcoxon
rank sum test: in 2006, W = 2,196.5, P = 0.27; in 2007,
W = 2,477.5, P = 0.43). Birds isotopically assigned to
north-western wintering quarters in Britain and Ireland

(hereafter NW) arrived significantly earlier on breeding
grounds than birds from south-western Mediterranean areas
(hereafter SW; in 2006, n = 18 vs. n = 85; W = 451,
P=001; in 2007, n=9 vs. n=100; W= 182.5,
P = 0.003; analysis with resighted birds only, P < 0.01;
Fig. 3a). Only the 2006 sample allowed for testing differ-
ences in arrival times separately for the sexes. Males from
both subpopulations tended to arrive earlier than the
respective females, although there was considerable over-
lap between subpopulations and between sexes within a
subpopulation (Fig. 3b). NW males considerably preceded
SW females (n =7 vs. n = 48; W = 73.5, P = 0.03; re-
sighted birds, P < 0.01) but not NW females (n = 7 vs.
n=11; W=26, P=0.26; resighted birds, P = 0.10),
whereas there was only a marginal effect for NW males
preceding SW males (n =7 vs. n=37; W=69.5,
P = 0.07; resighted birds, P < 0.05). SW males did
overlap with both NW females (n =37 vs. n = 11;
W = 152, P = 0.11; resighted birds, P = 0.58) and SW
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Fig. 3 Comparison of spring arrival times of blackcaps with different
migratory strategies assigned via density functions of stable isotope
ratios. a Overall arrival times. NW migrants precede SW migrants in
both years (P < 0.01). b Sex-dependent arrival on the breeding
grounds in 2006. NW males tended to precede SW males (P = 0.07)
and SW females (P = 0.03). All other comparisons were non-signif-
icant (see text). The widths of the boxes correspond to the respective
sample size (boxplots show median, Ist and 3rd quartiles, 10th
and 90th quantiles and outliers; sample sizes are shown next to the
boxes)
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females (n =37 vs. n =48; W =746, P = 0.11; re-
sighted birds, P = 0.27; Fig. 3b).

Our results remained unchanged when we restricted this
analysis to the 10th and 90th quantiles of the isotope dis-
tribution. Again, birds migrating from the north-west
arrived earlier (Wilcox rank sum test in 2006, n = 11 vs.
n=11,W=375 P =0.05in 2007, n = 11 vs.n = 11,
W = 16.5, P = 0.02). Due to insufficient sample sizes for
the reduced quantiles, we did not run discrete tests for
sexes. Correlation analysis also revealed a strong rela-
tionship between winter area and spring arrival, as in both
years there was a positive correlation between the day
score and the individual isotope ratio (Pearson product-
moment correlation in 2006, t = 291, P < 0.01, r = 0.28;
in 2007, t = 4.04, P < 0.001, r = 0.36) providing evi-
dence that birds wintering farther north tended to arrive
earlier.

Carry-over effects

Neither time of arrival nor wintering origin affected the
body condition of blackcaps upon arrival at the breeding
grounds. In both years, we did not find an effect of arrival
date (all P > 0.4) or wintering origin (all P > 0.15) on
body mass, body mass divided by tarsus or body mass
residuals. Females were constantly heavier upon arrival
than males: body mass (ANCOVA; means, female,ys =
172 £ 0.16 g SE vs. maleyys = 16.7 £ 0.19 g SE;
female,gg; = 17.3 £ 0.21 g SE vs. maleygg; = 16.5 +
0.15 g SE, P <0.03) and body mass residuals (means,
female,ggs = 0.46 £ 0.02 SE  vs. maleygos = 0.41 £
0.0 2 SE, P < 0.1; female,pg; = 0.28 £ 0.02 SE vs. mal-
€007 = 0.20 £ 0.02 SE, P < 0.02). However, there was
no interaction effect for sex x arrival date or sex x win-
tering area, suggesting that birds from the two subpopula-
tions had altogether a similar physical condition upon
arrival on the breeding grounds. We corrected for daily
fluctuations in body mass by including the time of day a
bird was caught in the models. There was a marginal effect
of daytime on body mass and body mass residuals in 2007
(0.08 < P < 0.1) but no significant interaction of daytime
with sex or wintering area, respectively (ANCOVA, day-
time x sex, P > 0.4; daytime x wintering area, P > 0.6).

Haematocrit, as an additional index for body condition
in 2006, did not differ between birds from different win-
tering areas either, and was not affected by time
(ANCOVA; winter area effect, F = 0.89, P = 0.35; effect
of arrival time, F = 1.59, P = 0.21; sex effect, F = 6.90,
P = 0.01). Overall, females had higher haematocrit values
(mean, 48.61 4 0.63 SE) than males (mean, 46.07 £
0.70 SE). Our results remained unchanged when we only
analysed the 10th and 90th quantiles of the isotope distri-
bution (ANCOVA all model factors, P > 0.14).
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Reproductive disposition

There was no difference in the reproductive disposition,
measured as CP on arrival, for males coming from distinct
winter quarters (ANCOVA; winter area effect, F = 1.16,
P = 0.29). Although there was an overall effect of arrival
time on CP (F = 7.67, P = 0.01), there was no significant
interaction effect for winter area and arrival time
(F = 0.07, P =0.79), suggesting that the reproductive
condition of NW males was comparable to that of SW
males. In addition, there was no difference in reproductive
disposition for the birds from both ends of the distribution
(winter area effect, F = 0.01, P = 0.92; winter area X
arrival time, F = 2.14, P = 0.19).

Resampling model

In both years, the resampling model yielded a low proba-
bility of assortative mating (P) in NW migrants, mainly
because they were diluted in the much larger SW migrating
population (mean Pnw-2006 = 0.28 = 1e-03 SE; mean
Pnw-2007 = 0.24 £ 2e-03 SE; 10,000 resampling runs;
Fig. 4). However, the probability for assortative mating in
migrants from the south-west was relatively high (mean
Pswo006 = 0.86 + 3e-04 SE; mean Pgw.o07 = 0.95 £
2e-04 SE; 10,000 resampling runs; Fig. 4). Consequently
there was a high overall probability of assortment
(including both SW-SW and NW-NW pairings; mean
Poverai-2006 = 0.68 + 4e-04 SE;  mean

0.84 + 3e-04 SE; 10,000 resampling runs).

Poverat-2007 =

Discussion

Within a few decades, a fraction of the central European
blackcap population has evolved a new migration route to
the British Isles, a strategy that is apparently maintained by
assortative mating, while most central European blackcaps
still winter in the Mediterranean (Bearhop et al. 2005). The
rapid evolution of this new migration strategy has been
attributed to temporal segregation in arrival times as well
as to carry-over effects in physical condition (Berthold
et al. 1992). Below we discuss these factors separately.

Spring arrival

We found evidence that central European blackcaps dif-
fered significantly in spring arrival depending on the
migratory route they followed. This result was obtained in
both years and for both sites and was independent of
whether we analysed the isotope data as a continuous or
discrete variable. This finding was also supported when
analysis was restricted to birds originating from both ends
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of the overall distribution of claw dD values (10th and 90th
quantiles, respectively). In all analyses, NW migrants
(birds from the lower end of the distribution) preceded SW
migrants (birds from the upper end).

NW migrants arriving from the British Isles returned,
on average, 10 days earlier to the breeding grounds in
southern Germany than their conspecifics arriving from
the Mediterranean region. There was also a trend for
males preceding females within both the NW and the SW
migrants. Our results therefore suggest that wintering
areas affect arrival on the breeding grounds, emphasizing
the connectivity between both seasonal habitats (Bearhop
et al. 2005; Berthold et al. 1992). Our population
assignment is based upon isotope analysis of claws,
although we did not measure the growth rates of the
claws. Interestingly, however, our observed time delay in
the arrival pattern of birds from the two subpopulations
corresponds to the estimated time lag of 14 days that
Terrill and Berthold (1990) calculated. Their estimation
was based on the observed shifted start of migratory
activity in captive blackcaps combined with the average
migration rate for covering the distinct flight distances
between groups. However, although our field data cor-
roborate the staggered arrival pattern there was consid-
erable overlap in the arrival time of birds from both
subpopulations, as NW males only marginally preceded
the SW males, and there was no time difference between
NW females and SW males (Fig. 3b).

Allochrony and assortative mating

Given the overlap in arrival times observed in our study,
we asked whether allochrony alone is a strong isolating
barrier that results in assortative mating. Our mate choice
model revealed that assortative mating occurs in over 85%
of the SW migrants and in more than two-thirds of the
overall population, but assortment among NW migrants is
much rarer (probability < 0.3). This discrepancy can be
explained by a dilution effect where the relatively small
proportion of NW migrants is diluted within the overall
population. In other words, even though the birds from the
Mediterranean region arrive on average later, some birds
from that area returned relatively early. These birds out-
number NW migrating birds and lower the probability of
assortative mating, based upon temporal segregation, in
NW migrants notably.

Given that the novel migratory direction towards the
British Isles has a genetic basis, it must have evolved
through rapid microevolution (Berthold et al. 1992). Studies
on the mode of inheritance of this behaviour are inconsis-
tent with the spread of a dominant allele or sex-linked
inheritance (Helbig 1996; Helbig et al. 1994). Assortative
mating appears to be a better explanation for the rapid rise
of the new migratory behaviour in blackcaps. Based upon
stable isotope analysis, Bearhop et al. (2005) concluded that
assortative pairings between NW migrants and SW
migrants were 2.5 times more likely than random pairings.
So far, the prevailing hypothesis explaining the spread of
the novel migratory route has been that temporal segrega-
tion upon arrival is sufficient to maintain assortative mating
and therefore might constitute an incipient isolating barrier
to gene flow (Bearhop et al. 2005; Berthold et al. 1992).
Moreover, theory predicts that assortative mating following
group formation (i.e. formed in time or space) is more
conducive to the evolution of complete assortative mating
than assortment based on female preference (Otto et al.
2008). Since the level of selection against the offspring of
non-assortative mating is unknown, it should thus be kept in
mind that the actual minimal threshold of assortative mating
to maintain distinct migratory strategies in sympatry is
unknown. Further, although we found a low probability of
assortment it might still contribute to ongoing divergence.
Based on our arrival time data, however, we suggest that
allochrony alone is not a strong isolating barrier and that
further factors may contribute to assortative mating.

Carry-over effects
Males wintering in Britain and in the Mediterranean area
did not differ in CP, suggesting that both NW and SW males

arrived in a similar reproductive state (see Kempenaers
et al. 1999; Lombardo 2001). This can be explained, in part,
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by common triggering mechanisms because the onset of
migratory activity, and therefore arrival times, and gonadal
development are triggered by the vernal shift in photoperiod
(Gwinner 1996; Terrill and Berthold 1990). Consistent with
this conjecture, we found an overall time effect on CP,
independent of winter quarters.

Individual blackcaps from both winter quarters arrived
on German breeding grounds in equal body condition in
terms of body mass, mass-tarsus residuals, mass-tarsus
ratio or haematocrit. We point out that these results rely
chiefly on condition proxies that include body mass, a
parameter subject to short-term fluctuations due to food
intake and thermoregulation (Berthold 1971; Clark 1979).
However, we controlled to some extent for diurnal fluctu-
ations by integrating the time of day a bird was caught and
did not find significant interactions effects challenging our
conclusions. Still we found a marginal effect of daytime on
condition, suggesting the use of alternative condition esti-
mates in future studies. Again the results remained unal-
tered even if we tested only 10th and 90th percentiles of the
claw oD distribution.

Blackcaps wintering in Britain are known to use feeder
resources heavily (Chamberlain et al. 2005) and effects of
supplemental winter feeding can be carried over to the
subsequent breeding season (Brown and Sherry 2006;
Robb et al. 2008). Yet, supplemental winter feeding in
Britain and the shorter flight distance did not result in a
better condition upon arrival. Yet, migrants from Britain
arrived earlier with the same condition on the breeding
grounds. If early arrival leads consistently to fitness bene-
fits, migrants from Britain might still gain a selective
advantage.

Sex-dependent differences

Females arrived heavier and with higher haematocrit val-
ues than males independent of their wintering origin. We
found these sex-dependent differences only when all birds
were analysed and not for birds pertaining to the 10th and
90th percentile of the 6D distribution. This difference may
be explained by the smaller sample size involved when
only the extremes were considered.

The sex-dependent differences in body condition are
consistent with protandrous migration. Males are likely
selected for early arrival, whereas females are primarily
selected for arriving in good condition (the insurance
hypothesis; Sandberg and Moore 1996). Since females
invest more in the production of gametes than males, they
may derive more benefits than males from arriving in good
condition for breeding (Drent et al. 2003; Newton 2006;
Smith and Moore 2005).

To conclude, our data confirm the predicted temporal
segregation upon spring arrival in blackcaps. However, we

@ Springer

suggest that allochrony alone might not be a strong isolating
barrier due to temporal overlap of the two subpopulations.
Moreover, we did not observe significant carry-over effects
that could be related to ecologically disparate winter habi-
tats. We emphasize that additional proximate factors
accounting for the establishment and maintenance of the
new migratory divide, such as differences in microhabitat
use or sexually selected traits, may provide alternative and
stronger isolating mechanisms in the blackcap.
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