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Long-distance dispersal can potentially have important consequences for evolutionary change, but is difficult to quantify.
We present quantitative estimates of natal dispersal between the UK and the Netherlands in a long-distance migratory
bird, the pied flycatcher. Due to over 90 000 individual ringed adults caught and 730000 ringed nestlings we are able to
estimate that dispersal of young born in the UK to breeding in the Netherlands occurs on average 43 times yr~!, and prob-
ably even more recently. We estimated that between 2000 and 2009 about 0.70% of the Dutch adult population could
be immigrants from the UK. No cases of dispersal from the Netherlands to the UK were observed. Dispersing individu-
als bring new genes to the Netherlands, as males in the UK have a darker plumage than Dutch males. We found a good
qualitative match between the proportion of dark males breeding in two Dutch populations and the estimated immigration
rate from the UK. This and potentially other genetic differences may allow for new evolutionary directions if these genes
are beneficial in the new population. The causes of dispersal are unknown, but it is striking that especially birds from the

northern range limit dispersed.

Dispersal is a key process in evolution and ecology, because
it enables genetic exchange between populations, and hence
may change levels of local adaptation, facilitate the introduc-
tion of new genes into populations, and allow individuals
to escape from sites with low reproductive potential.

Dispersal is ubiquitous in most populations, but is diffi-
cult to quantify because individuals cannot be easily tracked
when dispersing further away from their natal site, i.e. out-
side the study area (Thomson et al. 2003). Therefore most
dispersal studies focus on local dispersal between study
plots (Van Der Jeugd 2001, Doligez et al. 2002, Tinbergen
2005, Parn et al. 2009), and ignore longer distance disper-
sal (Winkler et al. 2004). Long distance dispersal can only
rarely be quantified directly (Van Der Jeugd and Litvin
2006), but new techniques like stable isotope ratios (Hobson
2005, Studds et al. 2008) or genetic markers (Hansson et al.
2004, Knudsen et al. 2011) may allow its estimation. In
this paper we make use of a well-studied species, the pied
flycatcher Ficedula hypoleuca, to quantitatively estimate
long-distance dispersal from direct observations and detec-
tion probabilities (Thomson et al. 2003, Winkler et al.
2004, Korner-Nievergelt et al. 2010) using data from the
Netherlands and the UK.

Several long-distance migratory passerines show little
geographic neutral genetic variation over vast areas (Lehtonen

et al. 2009, Santure et al. 2010), suggesting that dispersal
may be prevalent, yet mean observed dispersal distances
are typically small (Paradis et al. 1998). For pied flycatchers
the mean natal dispersal distance from UK ring recoveries
was 20 km (Paradis et al. 1998), whereas dispersal rates cor-
rected for capture probability showed that 31% of Dutch
pied flycatchers dispersed <10 km, 56% between 10 and
50 km, and 13% between 50 and 100 km (Thomson et al.
2003). Mean dispersal distances are important for estimat-
ing individual fitness or survival, but from an evolutionary
viewpoint the tail of the distribution may be more inter-
esting, as long-distance dispersers are likely to introduce
new genetic material to distant populations. In the case of
pied flycatchers we examine a single genetic trait, male
plumage colouration, that differs markedly between the
UK and the Netherlands (Lundberg and Alatalo 1992), and
therefore can be used to show the potential importance of
long-distance dispersal in changing the genetic composition
of populations.

Methods

Pied flycatchers are ringed in large numbers in both the
Netherlands (NL) and the UK, and for this reason we use
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this species to calculate dispersal rates between these two
countries. This bird is a long-distance migrant, spending
the winter in western Africa. Between 1970 and 2009 about
250000 nestling and about 30000 breeding adult pied
flycatchers have been ringed in NL and about 480000 nest-
lings and 60000 breeding adults in UK. The sex ratio of
ringed adults is only known for NL between 1991 and 2009,
with 17% of captured breeding adults being male as females
are more easily caught during incubation (databases from
Dutch Centre for Avian Migration and Demography and
the British Trust for Ornithology).

We estimated detection rates of dispersing individuals
based on the proportion that a young bird is ringed in one
country and is recaptured as a breeding adult in the other
country (Pyine « X Precaps, ) Ringing probability of nestlings
was the number of nestlings ringed in any year divided by
the breeding population estimate in that year multiplied by
the mean brood size of five fledglings. Population estimates
were taken from the most recent breeding atlases (Gibbons
et al. 1993, SOVON Vogelonderzock Nederland 2002)
incorporating trends from annual common bird census
data (Table 1). For the Netherlands we used the common
bird census data as indexed by SOVON (< www.sovon.nl/
soorten.asp?euring = 13490&lang =nl>) from 1990 to
2009 and the most recent estimate of the breeding popu-
lation of 16000 pairs in 1999 (SOVON Vogelonderzoek
Nederland 2002). For the UK we used the Breeding Bird
Survey data from 1994 to 2009 (Baillie et al. 2001) and the
population estimate of 31 600 pairs in 2000 (Wernham et al.
2002). The yearly population size in year t was the index
of t divided by the index in the reference year, times the
number in the reference year. The probability of a breeding
adult being caught in its lifetime was based on the number
of newly ringed breeders every year, and assuming an adult
survival rate of 50% (Sanz 2001). This may be on the high
side, but this makes our estimates of dispersal conservative
(Chernetsov et al. 2009). Given these data, we calculated
the annual number of ringed adults still alive (= newly
ringed + survival X number of ringed breeders from previ-
ous years), and divided this by the estimated population
size to arrive at the proportion of the total population for
which the adult identity was known. For each year we cal-
culated the proportion of ringed adults still alive, and aver-
aged these proportions for all years for which we had good
estimates on both population sizes and number of ringed
adults (1990-2009). We assume that this proportion was
not dramatically different before this period, but we lack
good estimates of population sizes for this period. The esti-
mated number of dispersers is the actually observed number
divided by the detection rate. The uncertainty in these esti-
mates is not due to ringing and catching effort because these
are high in comparison to most other species, but in the low

chance of actually capturing an individual that dispersed
between countries. To give some notion about the effect of
chance, we also calculated annual estimates of dispersal rate
with —1 or +1 number of actually observed dispersers.

We also estimated the proportional contribution of UK
birds to the Dutch breeding population by assuming that
half of the adult breeders must be replaced by young indi-
viduals each year (given the survival rate of 50%), and divide
the annual estimated number of UK recruits by the annual
number of new recruits. This calculation was only done for
2000-2009, because estimates before 1990 of population
sizes were less reliable, and between 1990 and 1999 no UK
recruits were reported.

A comparison between the observed Dutch plumage
colour scores (named: Drost scores) and the UK scores is
based on a population in Cumbria (Lundberg and Alatalo
1992, their Fig. 68; most UK birds found in NL originated
from that region) and on two populations in NL (Hoge
Veluwe (2000-2003) and Drenthe (2007—2010)) where UK
male dispersers have been caught. Colour scores run from
1 for males with completely black dorsal parts to 7 with
completely brown dorsal parts (Drost 1936).

Results

Eight cases of natal dispersal from UK to NL have been
recorded, but none in the opposite direction despite similar
proportions of young and adult birds being ringed (Table 1).
The mean distance between ringing and recapture was
628 km (range 574-660 km). Five of the eight cases refer
to live recaptures of adults (three males, two females) dur-
ing the breeding season in a nest box. The remaining three
birds were found dead during the breeding season in suit-
able habitat, and their sexes were unknown. Below we only
consider live recaptures in our estimations, because only for
those we can calculate capture probabilities. One of dispersal
cases was recorded in the 1970s (live), three in the 1980s
(one live, two death) and four in the 2000s (three live and
one death). One case of breeding dispersal was observed: a
female bred in 1987 in Scotland near Stirling, and was recap-
tured in 1989 breeding in the NL near Nunspeet (793 km).

The likelihood of detecting natal dispersal based only
on live recaptures from the UK to NL was 0.29% (i.e.
proportion of nestlings being ringed in the UK (0.0948)
multiplied by the proportion of caught adults in NL being
ringed (0.0306), Table 1). This results in an estimated 1724
(=5/0.0029) dispersed individuals between 1970 and 2009:
43 individuals yr~. To give some confidence interval around
this estimate, the annual number of dispersers would have
been 35 if we had caught four dispersing individuals, and
52 if we had caught six. Three of the five recaptured birds

Table 1. Estimates of numbers and ringing proportions for pied flycatchers in the UK and in the Netherlands. All estimates are yr=1.

Breeding Estimated Avg num ringed Avg num newly Proportion Proportion
population number fledglings yr-1 ringed adult yr=1 juveniles adults
Country size yr-1 fledglings yr=1 (1970-2007) (1970-2007) ringed ringed
UK 31650 (88-91) 158250 15000 1698 0.0948 0.0450!
NL 16500 (98-00) 82500 6491 522 0.0787 0.0306!

1This is the average of the annual proportions of ringed adults estimated to be alive in a year.
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occurred in the period 2000-2009, which would rather
imply 1124 cases in total, or 112 individuals yr~! and may
suggest an increased dispersal rate (with two observed disper-
sal events this would be 765, and with four 1530 individuals
yr~1). Given the Dutch population size, this would account
for 0.7% of the breeding population with an UK origin (for
2000-2009).

The detection rate for a young bird ringed in NL to be
caught breeding in the UK would be 0.35%. The appar-
ent lack of natal dispersal from NL to the UK is not due
to a lower detection rate, but possibly be due to the smaller
(source) population size in NL.

Interestingly, all UK immigrants since 2000 originated
from a rather small area near the northern edge of the
range for which recoveries occur, and dispersal distances
for these birds were about 650 km between natal and breed-
ing sites (Fig. 1, difference in latitude alone is ca 160 km).
This concentration does not match the ringing or breeding
distribution of the species, which is biased towards Wales
(Gibbons et al. 1993, Wernham et al. 2002). If we com-
pare the ringing latitude of pied flycatcher chicks ringed
in the UK and recovered in the Mediterranean region during
spring migration (assuming this is a random sample of the
population) (mean 52.57°, SE 0.13, n = 120) with the birds
that dispersed to NL (mean 53.96°, SE 0.36, n=38), there
is a clear difference (Wilcoxon Rank sum test, U=778,
p=0.003).

Male breeding birds in NL have a predominantly brown-
ish plumage, contrasting with the predominantly blackish

plumage of UK breeding birds (Fig. 2). The two UK males
breeding in NL with known plumage score resembled UK
colour scores (i.e. Drost 2 and 3). Since colour score is highly
heritable (h2=0.50 for UK (Lundberg and Alatalo 1992)),
and the Dutch population carries mostly genes for males at
the brown end of the spectrum, one could speculate that
males with colour scores 2 and 3 may have a UK origin:
they would only arise from pairs for which both members
would carry these dark alleles, an unlikely event in the
resident Dutch population. If so, about 3% of the current
Dutch (male) population might be of British origin. We esti-
mated the immigration rate for UK flycatchers in the Dutch
population for 2000-2009 as being 0.7% for both sexes
together (see above), but if we restrict the estimate for males
this rises to 2.4% because of the lower recapture rate of
males. This percentage is surprisingly close to the percentage
of 3% of dark male colour morphs breeding in recent years.

Discussion

Pied flycatcher natal dispersal between UK and NL is
not commonly observed, but, taking detection rates into
account, is likely to occur frequently. We acknowledge
our estimates must have large confidence intervals, because
they are based on few recaptures (but with enormous sample
sizes). Nevertheless, these data strongly suggest that long-
distance dispersal is more common than often thought, and
may be biased from the island population to the mainland
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Figure 1. Dispersal of pied flycatchers ringed in UK as nestlings (filled symbols) or breeding adults (open symbols) from UK to NL during
the period 1970-2000 (squares) and 2000—-2009 (triangles). Both death and live reports of dispersing individuals are plotted. Small crosses
indicate ringing locations of birds recovered during spring migration in the Mediterranean. No cases of dispersal from the NL to UK were

reported.
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Figure 2. Frequency distribution of pied flycatcher male plumage
score according to Drost (1936) in two populations in NL
(light) where males of UK origin have been found (n=863), and
in Cumbria (dark, n =489, (Lundberg and Alatalo 1992)). The
two immigrant males in NL had scores of 2 and 3. Scores range
from 1 (completely black dorsal parts) to 7 (completely brown
dorsal parts).

rather than in opposite direction. These high levels of disper-
sal are consistent with low (but significant) levels of neutral
genetic differentiation between UK and NL (Lehtonen et al.
2012), although dispersal may introduce new functional
genes on which selection can act (see below).

Dispersal is mostly female-biased in passerines, but our
data on long-distance dispersal suggest the opposite: 83%
of all NL captures were females, but three dispersing UK
males were caught in NL and only two females. A poten-
tial capture bias through ringers focusing on rare dark males
in the population, hence selectively catching UK males,
seems unlikely however, since two of the three males were
captured as part of an intensive population monitoring
scheme, where all males were caught.

The reported high rates of immigration may result in a
change in gene frequencies, at least for male plumage colour-
ation. Limited historical data on plumage colour from the
Dutch population in the early 1970s found a single dark
male (Drost 2) among 77 males of colour scores 5 and higher
(Haverschmidt 1973). At present, we find more dark males,
and this change has mostly occurred since the mid-1990s
(Both unpubl.). It is suggestive that the proportion of dark
males (Drost 2-3) in our populations and the calculated
proportion of UK immigrant males match quite well, which
could mean that a change in colour morphs reflects increased
immigration rates (gene flow), rather than a selective advan-
tage of dark males.

Long-distance dispersal in long-distance migrants can
easily be explained by settlement following slight navi-
gational errors, especially in the case of birds missing the
passage to an island. However, also on the mainland long-
distance dispersal may be a general phenomenon which
can explain the observed low levels of neutral genetic diver-
sity in this and other migrant species (Lehtonen et al. 2009,
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Santure et al. 2010). In times of large-scale environmen-
tal change, species may need to adapt by an evolutionary
response and at present the potential for this is mostly inves-
tigated by considering the additive genetic variation within
populations (Visser 2008). As we have shown, dispersing
individuals add new genetic variation to distant populations,
and thereby allow for new evolutionary directions (Both 2012).
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