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Abstract The phenology of avian migration appears
to be changing in response to climate change. Seem-
ingly contradictory differences in the timing of these
annual cycles have been reported in published studies.
We show that differences between studies in the choice
of songbird species, as well as in the measurements of
migration phenology, can explain most of the reported
differences. Furthermore, while earlier spring arrival is
evident across these studies, trends in timing of depar-
ture show large variation between species and accord-
ing to individual timing of migration (early-arriving vs.
late-departing individuals). Much of the variation in
departure between species could be explained by each
species’ migratory status. We present a detailed analy-
sis of migrants recorded at a Danish migration site, and
reveal that although shifts in migration timing can be
demonstrated for almost all species, these shifts are
either most pronounced in the early arriving/late
departing individuals or the changes are similar. Thus
most individuals do not seem to change their breeding-
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area residence time (BART). As BART is likely to
reflect ecologically important factors, e.g. number of
clutches, we expect that only small effects have been
exerted on the breeding ecology of the studied species
in the time period investigated.
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Introduction

Large numbers of avian species migrate annually
between their northerly breeding areas and tropical
wintering regions (Moreau 1972; Rappole 1995), with
an estimated 5,000 million birds migrating to Africa
from the Palearctic ecozone alone (Moreau 1972). Pro-
nounced decreases in many populations of long-dis-
tance migratory songbirds have been recorded on both
sides of the Atlantic (see e.g. Berthold 1991; Rappole
1995). However, elucidating the causes of these
decreases is a complex task, making targeted conserva-
tion action difficult. For example, accelerating climatic
changes appear to affect the timing of seasonal events
(e.g. Easterling etal. 1997), which in turn may have
important consequences for population dynamics
(Hughes 2000; Walther et al. 2002). Also, while we are
already witnessing earlier spring arrivals among migra-
tory birds (e.g. Bairlein and Winkel 2001; Hiippop and
Hiippop 2003; Marra et al. 2005; Tgttrup et al. 2006),
both advanced as well as delayed autumn departures
have been reported for mixed groups of migrants with
various migration strategies (e.g. Bairlein and Winkel
2001; Cotton 2003; Jenni and Kéry 2003). Similarly,
reported changes in the duration of breeding-area
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residence time (BART), a factor considered to be
more directly linked to ecological performance than
migration timing, are not consistent (e.g. Bairlein and
Winkel 2001; Cotton 2003; Jenni and Kéry 2003;
Lehikoinen et al. 2004).

Here, we compare trends in the timing of migration
of European songbirds across published studies,
encompassing temporal changes derived from data
from the UK, Germany and Switzerland (Cotton 2003;
Hiippop and Hiippop 2003; Jenni and Kéry 2003), with
trends from a Danish data set. Each of these published
studies is based on a distinct subset of species, with
each subset having different migration strategies. In
addition, the time periods considered, as well as the
measures of population arrival, differ between these
studies. By selectively comparing species common to
these studies, we intend to determine whether trends in
timing of migration among European songbirds are
similar between sites. Since BART durations are corre-
lated to biologically important variables, such as the
number of clutches in 1 year or the time period avail-
able to feed young or moult, they are suitable for test-
ing the hypothesis that climate changes may lead to
extended reproductive periods on breeding grounds.
Accordingly, this hypothesis is tested by identifying
differences in BART trends among insectivorous long-
and short-distance migrants from primarily Fenno-
Scandian and Finnish breeding populations, counted at
Christiansg, an island in the Baltic Sea along a major
migration route. In addition, we investigate whether
there are differences between subsets within each pop-
ulation with respect to migration timing (earliest arriv-
ing and last departing individuals), by focusing on
BART as a measure of the duration of population sub-
sets present in the breeding area, as well as changes in
BART over time. Finally, we discuss ecological impli-
cations that these changes might have on breeding
strategies, as well as future population survival.

Materials and methods
Comparing trends between studies

The data sets used for comparing trends in migration
timing of migratory European songbirds were obtained
from the UK (Cotton 2003), Germany (Hiippop and
Hiippop 2003), Switzerland (Jenni and Kéry 2003) and
Denmark (Tgttrup et al. 2006, in press; this study), and
cover a time span of three decades (ca. 1970-2000).
Only insectivorous songbirds occurred in common
between any two sites. The data from the UK, Ger-
many and Switzerland only included one population
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measure (i.e. median or first/last individual), and none
were from the same season. Trends calculated for each
species, population measure, country and season from
these data are compared with similar trends calculated
from the Danish data set covering the period 1976-
1997. To make pair-wise comparisons between study
sites, we compare mean trends of species with the same
migratory behaviour between studies using the same
population measures, over approximately the same
time period (approximately 1970-2000), including only
species common to the studies compared (see Table S1
in ESM). Differences between mean trends of species
with the same migratory behaviour are modelled using
an ANOVA on the interaction between the categorical
variables population measure (median, first/last),
migratory distance category (long, short distance) and
season (spring, autumn). The effect of Country is tested
by including an additional interaction with Country
(the UK, Germany, Switzerland, Denmark),

The Swiss data set, published by Jenni and Kéry
(2003), considers the estimated peak autumn passage
of migration at Col de Bretolet as the mean of the
three periods: 1958-1969, 1970-1982 and 1988-1999. In
their original report, a relatively large number of short-
distance seed-eaters were included, compared to other
studies. We use the trend between the two periods
1970-1982 and 1988-1999, i.e. a span of 22 years. The
German data set published by Hiippop and Hiippop
(2003) considers mean timing of spring migration at
Helgoland for the period 1960-2000. Additional data
on autumn migration at Helgoland are published by
Hiippop and Hiippop (2005). However, these autumn
data were not included in the analysis since they had a
smaller number of species in common with the Danish
data set. The data set from the UK published by Cot-
ton (2003) considers first arrival in spring and last
departure in autumn as measures of migration timing
in Oxfordshire, for the period 1971-2000.

Danish data

The Danish data are derived from the standardised
mist-netting of more than 568,000 individual birds cov-
ering 184 species in the period 1976-1997 on the Dan-
ish island of Christiansg (55°19’'N, 15°11'E) in the
Baltic Sea. The 1979 and 1980 data sets are excluded,
due to non-continuous coverage during the autumn
season (Rabgl and Rahbek 2002). The captured
migrants have their main breeding areas in Sweden and
Finland, and pass the isolated island of Christiansg
biannually during their spring and autumn migration.
Four measures of population migration timing are
calculated for each season and species, these being
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dates of first (spring) arriving or last (autumn) depart-
ing birds, as well as the day (in Julian days where
day 1 =1 January) when 5, 50 and 95%, respectively, of
the total number of individuals in a season had been
trapped (Fig.1). For each species, the value of the
slope of the least square regression is used to describe
phenological change over time. We only included a
seasonal measure for a species if visual inspection of
the cumulative arrival (or departure) showed the
migration period not to extend beyond the dates cov-
ered by mist-netting activities and was not affected by
summering or wintering birds. The methods and proce-
dures are described in more detail in Tgttrup et al.
(2000).

Detailed analysis of the Danish data set

For each species, BART was calculated as the differ-
ence between autumn departure and spring arrival
dates. We calculated four measures of BART corre-
sponding to the four measures of population timing
described above: total (first/last), as well as 5, 50
(median) and 95% BART. These estimates of changes
over time are presented in the ESM and figures for
ease of interpretation.

To test for differences in trends among BART dura-
tions between migratory categories (short- vs. long-dis-
tance migrants) as well as between different measures
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Fig. 1 Measures of timing of migration, illustrated with the song
thrush Turdus philomelos’ migration during 1985 at Christiansg,
Denmark. For each season we calculated trapping dates when
50% of the season total remained to be trapped. Breeding-area
residence time (BART) is calculated as the difference between
autumn and spring measures [earliest arriving and last departing
individual, and 50% of the total number of trapped individuals in
a season (spring/autumn, respectively)]. Similar measures were
calculated for 5 and 95% quantiles. These are not shown on the
figure to ease interpretation. Mar March, Apr April, Jun June, Jul
July, Aug August, Sep September, Oct October, Nov November

of BART, we use general linear models with Yearly
Arrival as the dependent variable and Year as the main
predictor variable of interest. Parameter estimates
throughout the text are based on this statistical model.
These estimates may differ somewhat from those
obtained using values of slopes averaged over species.

First, we tested for differences between two essen-
tially different measures of BART (total and 50%).
Subsequently, we analysed changes in the three mea-
sures of BART based on quantiles (5, 50 and 95%)
separately from the analysis including the total BART.
Contrary to the total BART measure, these quantile
measures are not influenced by trends in capture effort,
and a stronger autocorrelation is likely to arise
between these measures than through the use of the
first arrival/last departure measure.

Due to likely autocorrelation between the measures
of BART, individual data points cannot be considered
to be independent, and as a result of this the analysis of
temporal changes is complemented with an analysis
using: (1) ordinary least square regression applied to
the difference between measures of BART (e.g. 50%
BART minus 5% BART), and (2) repeated measures
multivariate approaches (cf. Tgttrup et al. 2006). These
analyses are used to confirm the significance of differ-
ences between measures of BART. The results of
repeated measures multivariate approaches are very
similar to the results of ordinary least square regres-
sions. Here, we only present the results of ordinary
least square regressions.

Temporal changes are tested using full statistical
models, and include Year as a predictor variable. In
models with more than three parameters, we use back-
ward elimination of parameters with probabilities
>0.05 to identify models for inference. All analyses in
this paper were generated using SAS software (version
8.2).

Results
Residence time unchanged

When restricting the analysis of the four European
studies to a comparable subset of data containing only
the species in common among the study sites, similar
trends for each species group (short- and long-distance
migrants) and measure of timing (early/late and
median) over the three-decade time span become
apparent. There are differences in trends between mea-
sures, migratory distance categories and seasons
(P <0.0001, F=15.2, df="7; Fig.2), while no differ-
ences between countries where observed (P =0.46,
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Fig. 2 Comparison of results from four, geographically diverse
European studies covering changes over three decades (ca. 1970—
2000) in arrival and departure time for different population sub-
sets of migratory, insectivorous European songbirds. Trend lines
indicate the change in arrival and departure time for different
population subsets in spring and autumn. The lines have been
parallel displaced to cross the x-axis at equal points for each

F=0.95, df = 6). Spring arrivals were generally seen to
be earlier for all species, most noticeably for the earli-
est arriving individual of short-distance migrants
(Fig. 2, lower half). In contrast, autumn departure
could be seen to vary more between group and popula-
tion subsets, leading to more varied residence times
(Fig. 2, upper half). The overall picture of first arrivals
and last departures is that of a generally small increase
in residence time for the mixed group of sub-Saharan
migrants, while the residence time for the group of
short-distance migrants is considerably more extended.
Median residence time increased slightly for sub-Saha-
ran migrants, while decreasing for short-distance
migrants.

The significance of the results in Fig. 2 is elucidated
by a more detailed analysis of data from the Danish
migration study site, situated close to the breeding
grounds of the migratory populations. Here, the aver-
age total BART (first arrival to last departure) for
short-distance migrants was 230 days (n =7, SE =2)
and 161 days (n =7, SE = 2) for long-distance migrants.
The average 50% BART for short-distance migrants
was 177 days (n=8, SE=2) and for long-distance
migrants 105 days (n = 14, SE = 2).

The Danish study
Based on the species-specific trends for earliest arriv-
ing and last departing individuals, there is a substantial

change in durations of total BART for short-distance
migrants, while differences in BART durations are
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group. The colours of the trend lines indicate which site data are
from (shown on the map). The comparison is carried out on data
collected from England (Cotton 2003), Switzerland (Jenny and
Kéry 2003), Germany (Hiippop and Hiippop 2003), and Den-
mark (Tgttrup et al. 2006, in press). For Germany and Switzer-
land, means and peaks, respectively, are shown instead of
medians

considerably less for long-distance migrants (Fig. 3).
The other measures of timing (5, 50 and 95% BART
measures, respectively) show smaller changes, with the
largest changes being for the 95% quantile of long-dis-
tance migrants (Fig. 3). Using a general linear model
with Yearly Arrival/Departure as the dependent vari-
able, and Year as main predictor variable, we find an
overall difference in the migration timing trends
between migration distance categories and population
parts (significant Yearx Distance category interaction
in the model, with differences between BART mea-
sures as the dependent variable; F=15.6, df=1,
P <0.0001). A comparison of BART durations for ear-
liest arriving and last departing individuals among
short- and long-distance migrants reveals an increase in

first/last 5% 50% 95%
1.0 1 B Short-distance
0.8 A O Long-distance

Change in BART (days/year)

Part of population in breeding area

Fig. 3 Mean temporal changes in BART (+SD) for different
population subsets of migratory, insectivorous European song-
birds (see Table S1 in ESM for details). Based on data from mi-
grants mist netted during the period 1976-1997 at Christiansg,
Denmark. Species are categorised according to timing of arrival/
departure
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duration for short-distance migrants (0.68 days year!,
SE =0.34, t = 2.00, P = 0.046), whereas smaller changes
are apparent for sub-Saharan migrants (—0.08 days
year’l, SE =0.20, t = —0.39, P = 0.69; see also Fig. 3).
This temporal difference is not evident when BART is
estimated based on 50% of the passing migrating popu-
lation (Fig. 3). However, a tendency toward reversed
changes in the time spent on the breeding grounds for
the 50% BART measure is apparent, with 50% BART
being largely unchanged for short-distance migrants
(—0.20 days year™!, SE=034, t=-0.59, P=0.56),
while long-distance migrants exhibit extended 50%
BART (0.21 days year~!, SE =0.20, t = 1.01, P = 0.31;
see also Fig. 3).

The observed BART durations were not symmetri-
cal around the 50% quantile (the median), i.e. there
was a difference between 5/50 and 50/95% BART mea-
sures (P < 0.0001, F=16.89, df = 1). For the three mea-
sures based on 5, 50 and 95% quantiles, the trends
differed between migration-distance categories and
quantiles (significant Yearx Distance category interac-
tion in the model, with differences between BART
measures as dependent variable; F=11.85 df=2,
P <0.0001). Overall, BART has generally become
extended for the majority of the long-distance migrants
(50 and 95%; 0.21 days year’l, SE =0.17, t=1.20,
P=0.23 and 0.32 days year’l, SE =0.24, t=1.33,
P =0.18, respectively), whereas far less change is evi-
dent for short-distance migrants (<0.17 days year™'; see
also Fig. 3).

Discussion

Our analysis of a subset of the published passage time
data containing only the species in common among the
study sites reveals that insectivorous songbirds do in
fact show similar trends among sites (Fig. 2). Accord-
ingly, spring arrival can be seen to be progressively ear-
lier, whereas the timing of autumn departure varies
between group and population subsets. Thus, the ear-
lier reported differences can be assumed to be the
result of varying time scales, species groups, as well as
indicators of migration timing used in these studies.
Differences in the timing of autumn departure are
indicative of varying durations of BART. The largest
change observed in BART durations on the Danish
migration site is the considerable extension in the dura-
tion of short-distance migrants in the breeding area
(first arrival to last departure), while substantially
smaller changes in BART durations are evident among
sub-Saharan migrants. Earliest arriving and last
departing individuals do not necessarily reflect the tim-

ing of the entire population, and many of these individ-
uals could be abnormal birds that are unable to
reproduce properly. Accordingly, the median resi-
dence time can be seen to change much less over time,
and it may be assumed that most birds probably follow
an advanced annual schedule, with little change in the
time spent at the breeding grounds.

Using ringing data in order to deduce the migration
timing for the population, our analyses rely on the
assumption that the samples are representative for the
population. Ringing data collected during autumn
migration is dominated by large numbers of first-year
birds, while in the spring young birds may also be over-
represented in data sampling (Rabgl and Rahbek
2002). Sex- or age-differentiated migration strategies
within migratory species have been also been docu-
mented (e.g. Ottosen etal. 2002; Catry etal. 2004,
2005). However, such intraspecific differences are gen-
erally smaller than interspecific differences and it
seems likely that the large-scale changes reported here
also apply to the actual breeding population. In consid-
ering the timing of different population parts (quan-
tiles), we also assume that the migration timing of each
bird reflects its breeding strategy, and that random var-
iation (around a common mean) is less than variation
due to the different population parts (a factor which we
also take into account in this paper). Studies showing
that individuals within a population follow different
strategies in migration timing (e.g. Béty et al. 2004),
heritability in migration timing (Berthold and Pulido
1994) as well as fitness consequences related to arrival
(e.g. Lozano etal. 1996) support this view. A con-
founding factor could also be that some of the data on
some species could involve more than one population.
However, at least for the Danish data set this is pre-
sumably only the case for very few species. There is lit-
tle evidence regarding how timing in spring is related
to timing in autumn for individual birds, i.e. whether
the early-arriving birds are those leaving late. Since
presence on the breeding grounds is likely to be impor-
tant for keeping good territories and early-arriving spe-
cies are generally also those leaving late, it may not be
unreasonable to assume such a relationship. However,
this is not implicit in our BART analysis, which is con-
cerned with the time the population is present on the
breeding grounds.

It is generally acknowledged that early arrival at
breeding grounds is crucial for successful reproduction.
Even though the first (and presumably most fit) migrants
arrive earlier, both long- and short-distance migrants
show a similar change in autumn departure, resulting
in unchanged duration of reproduction. However, even
though the first and presumably most fit individuals of

@ Springer



702

Ocecologia (2007) 151:697-703

short-distance migrants arrive earlier (Kokko 1999;
Smith and Moore 2005), both long- and short-distance
migrants show a corresponding change in autumn
departure, and the reproductive period for the vast
majority of individuals remains unchanged (Fig.3).
From Helgoland, Hiippop and Hiippop (2005)
reported the mean time spent north of the site to be
significantly extended for both long- and short-distance
migrants. At Helgoland, autumn departure has gener-
ally been stable for both groups. At Christiansg
median departure has also been stable for long-dis-
tance migrants, whereas it has advanced slightly for
short-distance migrants. This autumn departure pat-
tern is similar to the pattern that Jenni and Kéry (2003)
reported from Col de Bretolet for the songbird species
occurring at Christiansg (but quite different from that
reported for all species including species feeding pre-
dominantly on seeds).

Since the median BART only showed small changes,
the impact of the phenological changes found at the
Danish site is expected to be small. Nevertheless, a ten-
dency toward an extension of the median and short-term
residence time of long-distance migrant populations can
be discerned. This indicates that late-arriving long-dis-
tance migrants may experience longer breeding periods.
This could change the timing of annual events giving
more time for e.g. moult, or ultimately to an increase in
the number of offspring or brood numbers per season—
a phenomenon normally pertaining strictly to short-dis-
tance migratory species (Jenni and Kéry 2003).

Three factors could be responsible for earlier spring
arrival (Noordwijk 2003): (1) conditions in the winter-
ing area, (2) speed of migration, and (3) conditions in
the breeding area. The lack of significant change in
BART for the majority of the populations indicates
that changes in reproductive tactics are constrained by
either: (1) the endogenous migration programme, or
(2) environmental prerequisites in the wintering or
breeding area or along the migratory route. The
extended BART for late-arriving long-distance
migrants suggests that these birds are time-con-
strained, and that some individuals are able to extend
their breeding season.

The observed spring trends of earlier arrival to the
breeding grounds correspond to a general increase in
spring temperatures in temperate regions (Easterling
et al. 1997). Autumn temperatures in Europe have not
increased accordingly (Easterling et al. 1997), and only
small changes in the timing of autumn migration are
observed for all species. Together with the earlier
arrival of long-distance migrants, it seems reasonable
to assume that overall temperature increases in the
breeding area will mean that more long-distance
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migrants will be able to start their migration in time.
Earlier winter area arrival for the last departing long-
distance migrants is indicated by the advanced autumn
departure time (Fig.2), which also shows unchanged
total BART (first to last individual; Fig. 3). Since con-
ditions in the stop-over sites immediately south of the
Sahara become harsher soon after the rains which usu-
ally fall June—August (e.g. Ottosson et al. 2005), these
may be restricting the extension of BART.

Generally, migration timing is found to be under
strict genetic control in long-distance migrants,
whereas variation in migration timing in short-distance
migrants has been demonstrated to be dependent on
phenotypic variation (Berthold 1996). A long-distance
migrant, the pied flycatcher Ficedula hypoleuca,
showed little change in arrival dates over time even
though laying dates advanced (Both and Visser 2001).
Long-distance migrants may be constrained in chang-
ing their timing in response to stronger climate change
in the breeding area. We found a non-significant
advancement of 0.16 days year ™! in this species. Hiip-
pop and Hiippop (2005) found a significant change of
the same magnitude at Helgoland. Additionally, we
found overall significant changes in both groups of
migrants (see Table S1 in ESM, Fig. 1) similar to the
changes reported by Hiippop and Hiippop (2003), indi-
cating that both groups, regardless of strategies, are
able to adjust migration timing according to the
weather/climate they experience before the onset of,
and during, migration.

Many populations of long-distance migrants have
experienced pronounced decreases in numbers (Bert-
hold 1991; Terborgh 1992; Fuller et al. 1995; Rappole
1995; Siriwardena et al. 1998, but see also Rabgl and
Rahbek 2002 for other trends in Fenno-Scandian popu-
lations). In contrast, temperate zone sedentary species
as well as short-distance migrants may benefit from a
warmer winter climate, due to decreased winter mor-
tality and an increased number of successful offspring
per brood (Bairlein and Winkel 2001). Given that all
the songbird species included in this analysis are able
to reproduce in their first summer, rapid effects of
changes in fitness due to climate change can be
expected to be seen in these species. However, corre-
lating population indices at Christiansg (Rabgl and
Rahbek 2002) with median BART did not reveal any
significant effect of BART, but this would not have
been expected due to the overall lack of change in
median BART. Clearly, density-dependent factors
influencing population sizes, as well as inter-specific
interactions from increased competition and species
expansions may prove to be important factors affecting
the timing of the annual cycle of migratory birds. The
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identification of consistent patterns in migration tim-
ing, as revealed here for both short- and long-distance
migratory species, may help to elucidate the implica-
tions and consequences of accelerating climate change
on avian populations.
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Table S1. Changes in timing of migration (days year™). The data presented are

compiled from Tattrup et al. (2006, in press), Cotton (2003), Hippop & Hiippop (2003)
and Jenni & Kéry (2003). DK Denmark, UK United Kingdom, DE Germany, CH

Switzerland

Spring Autumn
First 50% 50% Last

DK UK DK DE DK CH DK UK
Tree Pipit Anthus trivialis -0.01 0.05
Whinchat Saxicola rubetra -0.32 0.07
Redstart Phoenicurus phoenicurus -0.35  -0.09 -0.17  -0.25 -0.33 -0.17 -0.39 0.12
Blackcap Sylvia atricapilla -0.25 -0.32 -0.60 0.14
Garden Warbler Sylvia borin -0.01  -0.03 -0.18  -0.19 -0.10 -0.29 -0.14  -0.39
Whitethroat Sylvia communis -043  -0.23 -0.17  -0.15 0.34 0.28 -0.41 0.18
Lesser Whitethroat Sylvia curruca -0.30 0.02 -0.20 -0.29 -0.09 -0.54
Reed Warbler Acrocephalus scirpaceus -0.32  -031 -020 -0.10 -0.13 0.06 0.06  -0.46
Icterine Warbler Hippolais icterina -0.05 0.01 0.30 0.31
Willow Warbler Phylloscopus trochilus -0.23  -0.07 -0.23 -0.24 0.40 0.10 -0.16  -0.34
Chiffchaff Phylloscopus collybita -0.13  -0.26 0.11 0.03
Wood Warbler Phylloscopus sibilatrix 0.52 -0.24
Spotted Flycatcher Muscicapa striata -0.16  -0.25 -0.26  -0.15 0.05 -0.21 -0.48  -0.08
Pied Flycatcher Ficedula hypoleuca -0.16  -0.02 0.17 -0.04
Red-backed Shrike Lanius collurio 0.29 -0.38
Long-distance migrants -0.25 -0.15 -0.18 -0.15 0.21 -0.04 -0.17  -0.36
Wren Troglodytes troglodytes -0.88 -0.35 -0.22
Dunnock Prunella modularis -0.68 0.06  -0.13 -0.51 -0.34 0.02
Robin Erithacus rubecula -0.72 -0.22 -0.17 -0.44 -0.10 -0.09
Blackbird Turdus merula -0.89 -0.59  -0.28
Redwing Turdus iliacus -0.61 -0.23 -0.17
Song Thrush Turdus pilaris -0.58 -0.22  -0.16 -0.25 -0.01 0.01
Goldcrest Regulus regulus -0.84 -0.20 -0.78 0.28
Reed Bunting Emberiza schoeniclus -0.75 -0.36 0.11 0.13
Short-distance migrants -0.74 -0.26  -0.19 -0.35 -0.22 0.07
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