ORNIS SVECICA 36: 45-62, 2026 | DOI: 10.34080/05.V36.27532

RESEARCH ARTICLE

Received 28 January 2025 | Revised 11 June 2025, 14 October 2025 | Accepted 15 January 2026
Editor: Cecilia Nilsson

Ringing data reveal a significant
decline in first-year willow
warblers Phylloscopus trochilus
at Gotland, Sweden—an effect of
climate change?

Ringmarkningsdata visar att arsungar av I6vsangare
Phylloscopus trochilus minskar betydligt pa Gotland -
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One of the most widespread passerines breeding in Europe, the willow warbler Phylloscopus trochilus, has decli-
ned considerably. Here, we analyse the production of offspring in the southern subspecies of willow warbler at
Gotland, Sweden, by utilizing data on post-juvenile moult of first-year birds from standardized ringing during
1990-2024, and comparing our findings with meteorological data. The number of first-year birds ringed in post-
juvenile moult stage 0—4, which means that they are hatched in the vicinity, varied greatly, with an annual average
of 317 (range 50-591) individuals and a significant negative trend over time. During 1990-2006, the number was
relatively stable at 431 + 85 (SD), followed by decreasing numbers and higher variation 2007-2024. Compared to
1990-2006, the number of ringed first-year willow warblers in moult stage 04 decreased by 74 % (112 + 44) from
2016 onwards, and was negatively related to temperature during the incubation and the nestling period, but not
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during the fledgling period. There was no significant relationship between precipitation and the number of birds

ringed. We discuss the results with respect to increased temperature during breeding, following climate change,

involving negative effects on offspring productivity.

Keywords: population trend, offspring production, breeding success, increasing temperature

Recent climate change, coupled with other human-
induced factors such as land use, influence global
biodiversity, including birds, negatively (Sala et al.
2000, Davison et al. 2024). The milder climate has
notably influenced phenology—the timing of seaso-
nal events in animals and plants (c.f. Phillimore et al.
2016, Hallfors et al. 2020, Lomas Vega et al. 2021,
Hanmer et al. 2022). Numerous studies indicate that
long-distance migratory birds in recent decades are
arriving earlier in spring and depart earlier after bree-
ding in autumn (cf. Cotton 2003, Hellstrom et al. 2023).
Additionally, there is evidence of declining populations
in a number of passerine species in recent years and it
has been shown in North America that changes in phe-
nology have impacts on demography (Youngflesh et al.
2023). In Europe, a species that has experienced a con-
siderable decline in numbers, by 40 % since 1980, is the
willow warbler Phylloscopus trochilus, which is one of
the continent’s most common breeding birds (PECBMS
2025). In Britain, studies from the early 2000s revealed
a decline in willow warbler populations in the south,
while an increase was noted at the same time in the
north, which was primarily caused by differences in
chick survival rates (Morrison et al. 2016).

The willow warbler is a widespread species with
a breeding range that spans much of the northern
and central Palearctic, from Ireland in the west to
the Bering Strait in the east (BirdLife International
2024). In Sweden it breeds in most of the country,
with an estimated population of about 13 million pairs
(Ottosson et al. 2012). Two subspecies are recognized
in Europe: the southern subspecies, P. t. trochilus, and
the northern subspecies, P. t. acredula. Additionally,
there is a third subspecies, P. t. yakutensis, in the eastern
part of the breeding range. The willow warbler winters
in tropical Africa, with the southern subspecies migra-
ting to West Africa, while the northern subspecies win-
ters in eastern and southern Africa (Hedenstrom and
Pettersson 1987, Fransson and Hall-Karlsson 2008).
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Willow warblers breed in various open woodlands
and build the nest in close contact with the ground
(Bellamy et al. 2009).

The
Sweden has declined in recent years, both nationally

number of willow warblers ringed in
(Fransson et al. 2024) and at various bird observatories
(cf. Hellstrom et al. 2024), as well as in the Swedish Bird
Survey’s regular inventory of singing birds (Green et al.
2024). In Sweden, the southern subspecies occupies
the southern and central parts, while the northern sub-
species inhabits the northern part. This study utilizes
35 years of standardized ringing data from the south-
ernmost part of Gotland in the Baltic Sea, where the
Sundre Bird Observatory conducts ringing activity. To
explore the productivity and population trends of the
regional willow warbler population over time, we utili-
zed data on post-juvenile moult. This approach allows
us to gather information from first-year birds that are
definitively born in the vicinity, belonging to the south-
ern subspecies. We then compared the annual numbers
of first-year willow warblers with local temperature and
precipitation data.

Material and methods

THE STUDY AREA AND RINGING ACTIVITIES

The Sundre Bird Observatory (SBO) carries out ring-
ing of birds at Hoburgen, Sweden (56°55'N, 18°08'E),
located on the southwestern tip of the island Gotland
in the Baltic Sea (Figure 1). Standardized trapping using
mist nets has been performed annually since 1990 from
25 July to 15 September. Trapping starts 1th before sun-
rise and continues at least until 10:00. The number of
mist nets used is 18 and nets are checked every 30 minu-
tes. Data collection include determination of age, wing
length, body mass, amount of fat (ordinal scale 0-6;
Pettersson and Hasselquist 1985), and post-juvenile
moult stage of first-year birds (ordinal scale 0-6; see
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FIGURE 1. Location of the Sundre Bird Observatory (SBO) at Hoburgen, Gotland, Sweden, (56°55'N,

18°08'E) in the Baltic Sea.
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Bensch and Lindstrom 1992, with addition of stage o,
referring to moult not initiated).

The total number of willow warblers ringed in the
period 1990-2024 was 27,637, with an annual average
of 790, range 272-1462. The vast majority (96.2%) of
birds with information on age were first-year, on aver-
age 757 + 253 (SD) ringed per year, while adult birds
were less common with an average of 30 + 19 ringed per
year. A few birds (0.4 %) were not determined to age.

COMPILATION OF RINGING DATA

Ringed willow warblers were divided according to
age (cf. Svensson 2023) into first-year and adult birds
(second calendar year or older). First-year birds where
then divided by moult stage with o-4 representing

visar Sundre fagelstation vid Hoburgen, Gotland
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locally hatched birds performing dispersal move-
ments prior to migration, and 5-6 birds in migration
mode (Lawn 1984, Hedenstrom and Pettersson 1987,
Lindstrém et al. 1996). Locally hatched willow war-
blers in stage 0—4 belong to the subspecies P. t. trochilus,
whereas birds in stage 5-6 form a mix of P. t. trochilus,
ready to migrate, and passing Pt. acredula from the
north. Hence, we used the number of first-year birds
in moult stage o-4 per year in assessing the popula-
tion development of P. t. trochilus at Gotland, Sweden.
We applied a Spearman rank correlation test to iden-
tify if there is a trend between year and the number of
first-year birds in moult stage o-4 and 5-6, respecti-
vely, with number of birds on the y-axis and year on
the x-axis.
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On days with high numbers of trapped birds, e.g. in
connection with extensive local movements of moult
stage 0—4 birds early in the period or high numbers of
migrating birds on stopover later in the season, moult
stage and fat score may not have been recorded due
to time restrictions; in total 14 % of first-year birds in
1990-2024. During data compilation first-year birds
that were not classified to moult stage, were assigned
either stage o-4 or stage 5-6 based on the average
proportion in each moult stage for a certain date,
based on all first-year birds with a determined stage
during the period 25 July-15 September 1990-2023
(Appendix 1).

The ringing period (25 July-15 September) does
not fully cover the period of birds in moult stage o—4
(Figure 2). To evaluate whether the timing of breeding
has changed (e.g. started earlier) during the period
1990-2024, and thereby possibly affected the number
of trapped local first-year birds (stage 0-4), we analy-
zed median dates for first-year birds in moult stage 3
and 4 using a Spearman rank correlation test (median
date on the y-axis and year on the x-axis).

To investigate potential changes in the condition of
local first-year birds during the period 1990-2024 we
compared the body mass of first-year birds in moult
stage 4 over time, for males (with wing lengths 67 and
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68 mm) and for females (wing lengths 63 and 64 mm),
respectively, according to Svensson (2023).

In an attempt to predict the development of the bree-
ding population in the area we used the number of first-
year birds ringed and estimates of the annual survival of
first-year and adult birds, respectively across cohorts;
e.g. the number of 04 birds in year 1 (N1) X first year
survival=N2, and N3 =N2 X adult survival+the num-
ber of 0—4 birds in year 2 X first year survival, and so
on up to the fifth calendar year. The annual survival of
first-year birds was set to 25 % and the annual survival
for adult birds to 50% (Pratt et al. 1991, Fransson and
Hall-Karlsson 2008). The number of survivors per year
was then summed for the respective year 1994-2025,
and the relative number per year calculated with the
population level set to one for 1994.

ENVIRONMENTAL DATA

In order to evaluate the relationship between the pro-
duction of first-year birds and the prevailing climate
change, we compiled data of local temperature and
precipitation for the period 1990-2024 for Hoburgen,
Gotland (Swedish Meteorological and Hydrological
Institute (SMHI) 2024). We divided the breeding sea-
son into three phases, incubation (27 May-10 June),
nestling period (11 June—25 June) and fledgling period

24 Aug 29 Aug 3 Sep 8 Sep 13 Sep

FIGURE 2. The number of ringed willow warblers Phylloscopus trochilus per day; first-year birds in juvenile moult stage 0-4 (in blue) and in stage 5-6
(in orange) respectively, and adult (in black) birds, during the period 25 July-15 September at Hoburgen, Gotland, Sweden, 1990-2024.
- Antalet ringmarkta l6vsangare Phylloscopus trochilus per dag under perioden 25 juli-15 september vid Hoburgen, Gotland, 1990-2024; &rsungar i

ruggningsstadium 0-4 (blatt) respektive 5-6 (orange), och vuxna (svart).
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(1 July-25 July; start of ringing) based on female arri-
val to the area in spring (Hedlund et al. 2015) and time
for nest building, egg-laying, incubation and nestling
period, according to Arvidson and Nilsson (1983). Note
that the time periods chosen are approximate, as detai-
led data of the reproduction biology for willow warbler
from the area is lacking. We analysed potential trends
in climate data using linear regression (temperature and
precipitation, respectively, on the y-axis and year on
the x-axis). Further, we plotted the number of ringed
stage 0—4 birds per year against temperature and pre-
cipitation data of the respective period, and identified
potential trends using a Spearman rank correlation test
(number of birds on the y-axis and temperature or pre-
cipitation, respectively on the x-axis). This resulted in
a significant negative correlation between temperature
during the breeding season and the number of ringed
first year birds in moult stage o-4 at both the incuba-
tion and nestling periods (below) suggesting a negative
effect of increased temperature on offspring produc-
tion. Successively fewer first-year birds ringed may be
due to a decreasing breeding population as confirmed
by the results from the Swedish Bird Survey in the area
(Swedish Bird Survey data from fixed routes; Martin
Green, Lund University, pers. comm.). To compensate
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for the effect of the decreasing breeding population,
i.e. to reveal the potential effect of temperature on the
number of local first-year birds, we detrended data on
the number of birds ringed in moult stage 0o-4 during
the period (below), by using the residuals of the trend
(linear regression; y=-11.108 +22,610). Accordingly,
negative residuals show a lower number of first-year
birds ringed than expected from the decreasing trend.

Results

TIMING OF MOULT AND MIGRATION

The number of moulting first-year birds (moult stage
0-4), ie. considered being from the local breeding
population, decreases during the season, forming the
vast majority of individuals early in the season (July)
but very few in September (Figure 2). Consequently,
the number of first-year birds in migration phase (moult
stage 5-6) increases during the period, from almost
none at the start of the ringing period in July, to forming
the vast majority from late August onwards. The ringing
period covers the period of migration well, whereas the
period of first-year birds in post-juvenile moult, perfor-
ming local movements, is not fully covered. Adult birds

2010 2015 2020

FIGURE 3. Median date of ringed first-year willow warblers Phylloscopus trochilus in juvenile moult stage 3 (yellow) and
4 (blue) during the period 1990-2024 at Hoburgen, Gotland, Sweden. The Y-axis shows day number from start of ringing;

1=25 July. Dashed lines show the overall averages.
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occur in low numbers during the entire period, but are
more frequent in the second half of the period.

The annual median date of first-year birds in moult
stage 3 and 4 during the period 1990-2024 revealed no
trend (r,=-0.23, p=0.19 and r,=0.06, p=0.72 respec-
tively; Figure 3) suggesting that the time of hatching
and subsequent post-juvenile moult of first-year birds
is unchanged during the period. Hence, the number
of first-year birds in moult stage o-4 ringed during
1990-2024 does not seem to have been affected by a
phenological change in moult period and can thereby be
considered as an unbiased estimate of the annual num-
ber of local first-year birds.

TRENDS IN THE NUMBER OF RINGED

FIRST-YEAR BIRDS

The number of ringed first-year birds in moult stage
0-4 varied greatly during the period 1990-2024,
with an annual average of 317 (range 50-591) ringed
birds and with a significant negative decrease over
time (Spearman rank correlation; r,=-0.69, p<o.001;
Figure 4). During the period 1990-2006, the number of
stage o-4 birds was relatively stable with an average of
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431 + 85 (SD) birds, followed by decreasing numbers
and larger variation between 2007-2024. Compared to
1990-2006, the period 2007-2024 showed a decrease
of 515% (209 + 134), and 74.0% (112 + 44) from
2016 onwards. Thus, the number of local first-year
birds (P. t. trochilus) decreased considerably during the
period, in particular since 2016.

In addition, the annual number of ringed first-year
birds in moult stage 5-6 (average: 441 + 142; range
204-826) also decreased during the period (r,=-0.53,
p=o0.0010). The reduction is not as strong as for birds
in moult stage o-4, particularly there is no dramatic
decline in 2016-2024 (Figure 5). Moult stage 5-6 first-
year birds are a mixture of local willow warblers
(P t. trochilus) and passing willow warblers from the
north (P. t. acredula).

The body mass of first-year birds in moult stage 4
did not change over time (Figure 6). This applies to
both males (linear regression with body mass on the
y-axis and year on the x-axis; t=-0.34, p=0.69) and
females (t=o0.44, p=0.66) and gives no indication that
the condition of ringed local first-year birds has chan-
ged over the period 1990-2024.

h
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FIGURE 4. The number of ringed first-year willow warblers Phylloscopus trochilus in post-juvenile moult stage 0-4 in 1990-2024 at

Hoburgen, Gotland, Sweden.

- Antalet ringmaérkta arsungar av lovsangare Phylloscopus trochilus i ruggningsstadium 0-4 under perioden 1990-2024 vid Hoburgen,

Gotland.
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FIGURE 5. The number of ringed first-year willow warblers Phylloscopus trochilus in post-juvenile moult stage 5-6 in 1990-2024 at
Hoburgen, Gotland, Sweden.

- Antalet ringmaérkta arsungar av [ovsangare Phylloscopus trochilus i ruggningsstadium 5-6 under perioden 1990-2024 vid Hoburgen,
Gotland.
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FIGURE 6. Average body mass (g) of ringed first-year willow warblers Phylloscopus trochilus in moult stage 4 in 1990-2024 at
Hoburgen, Gotland, Sweden. Females (triangles); males (squares). Dashed lines show the overall averages.

- Medelvikt (g) for ringmérkta arsungar av lovsangare Phylloscopus trochilus i ruggningsstadium 4 under perioden 1990-2024 vid
Hoburgen, Gotland. Honor (trianglar); hanar (fyrkanter). Streckade linjer visar medelvarde.
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RELATIONSHIP WITH ENVIRONMENTAL DATA
Variation in temperature during the respective phases;
incubation, nestling and fledgling periods, at Hoburgen,
Sweden during 1990-2024 is shown in Figure 7, and
for precipitation as supplementary data in Appendix 2.
Although there is a tendency of increased temperature
and less precipitation during 1990-2024, there is a clear
trend only in temperature during the nestling period
(Table 1), with temperatures above average, 163 =+
1.3°C, from 2016 onwards (except for in 2024), compa-
red to 14.0 + 1.4°C during 1990-2015. The amount of
precipitation varies greatly between years, on average
78 + 34 mm (sum of the respective period), but does
not show a clear trend (Table 1).

Plotting of the number of ringed first year birds in
moult stage 0-4 against temperature data during the
breeding season revealed a significant negative corre-
lation during both incubation and the nestling period,
but a non-significant relationship during the fledgling
period (Table 2). No significant correlation occurred

(a)

Temperature (°C) Temperatur (°C)
&

1990 1995 2000 2005 2010 2015 2020

Temperature (°C) Temperatur (°C)

1990 1995 2000 2005

between precipitation and the number of ringed first-
year birds in moult stage 0-4 (Table 2).

Detrended data (residuals) of the number of
ringed birds in moult stage o-4 against temperature
(Figure 8), revealed predominantly negative residu-
als, i.e. a lower number of ringed birds than expected,
in years with high temperatures. Of the eight warmest
years, seven and eight showed negative residuals at
the incubation period (Figure 8a) and at the nestling
period (Figure 8b), respectively. Moreover, also years
with low temperature showed negative residuals, as in
1991 and 1994 (Figure 8a). The low number of ringed
birds in 1991-1992 (Figure 4) occurred during the col-
dest year followed by a year with high temperature. The
low number of ringed birds in 2007-2008 corresponds
to years with high temperatures, in which is also the
case in 2016, 2018 and 2021. Further, the high numbers
of ringed birds in 1996-1998 and 20112012 (Figure 4)
occurred at average temperatures (Figure 8). Thus, tem-
perature conditions during the incubation and nestling

(b)

Temperature (°C) Temperatur (°C)
&

1990 1995 2000 2005 2010 2015 2020

2010 2015 2020

FIGURE 7. Average temperature (°C) during (a) the incubation period (27 May-10 June), (b) the nestling period (11-25 June), and (c) the fledgling
period (1-25 July), in willow warblers Phylloscopus trochilus at southern Gotland, Sweden in 1990-2024. Data for Hoburgen, Gotland, Sweden, from the
SMHI. Dotted line shows significant trend (see Table 1) as linear regression and hatched lines the overall averages.
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juni), (b) boungefas (11-25 juni), och (c) som flygg
' SMHI for Hoburgen, Gotland. Streckade linjer visar mede

ja (1-25 juli), for 1ovs ) DUS
varde och punktlinje visar trend som linjar
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TABLE 1. Trends (linear regression statistics) in temperature and precipitation at Hoburgen, Gotland, Sweden, during 1990-2024 during the
respective period of willow warbler Phylloscopus trochilus incubation, nestling and fledgling.

Trender (linjar re mperatur och nederbérd vid Hoburgen, Gotland, 1990-2024 under I6vsangarens Phyll s faser for

ruvning, boung 3 ungféglar.

Temperature Precipitation

Temperatur Nederbord
Period coefficient SE coefficient SE
Fas koefficient standarfel t p koefficient standarfel t p
Incubation 0.057 0.033 174 0.09 -0.28 0.15 -1.81 0.08
Ruvning
Nestling 0.091 0.025 3.64 <0.001 -0.23 0.31 -0.75 0.46
Boungar
Fledgling 0.039 0.028 1.38 0.18 -0.22 0.46 -0.48 0.64
Flygga
periods appears to have a significant impact on the off- Discussion

spring production in the area. In particular years with
high temperatures, but also years colder than normal,
result in fewer birds ringed, while average temperatures
may result in higher numbers of ringed birds.

Based on the assumption of an annual mortality of
0.75 for first-year birds and 0.5 for adult birds, the esti-
mated development of the breeding population is stron-
gly affected by the number of stage 0—4 birds (Figure 9).
The population showed recovery after the first period
of higher temperatures (2007-2008) and reduced num-
ber of moult stage 0—4 birds, but remains at a low level
following 2016, with temperatures above average and
low reproduction.

TABLE 2. Correlation (Spearman rank correlation statistics) between
the number of ringed first-year willow warblers Phylloscopus trochilus in
moult stage 0-4 and the average temperature and sum of precipitation,
respectively, during the periods for incubation, nestling and fledgling, at
Hoburgen, Gotland, Sweden, during 1990-2024.

sarman rank

Temperature Precipitation
Period Temperatur Nederbord
Fas re p re p
Incubation -0.50 0.002 0.31 0.071
Ruvning
Nestling -0.45 0.006 0.26 0.14
Boungar
Fledgling -0.29 0.091 0.27 0.12
Flygga

53

The willow warbler has experienced a dramatic decline
in the breeding population across Europe since the
early 1980s (PECBMS 2025). This is evident also at
the island Gotland, Sweden, where the breeding popu-
lation of P. t. trochilus has decreased by 34 % during
1998-2022 (data from the Fixed routes of the Swedish
Bird Survey; Martin Green, Lund University, pers.
comm.). In the present study, we show that the pro-
duction of offspring, assessed as the number of ringed
first-year birds in moult stage o-4, has decreased
by 74% from the average during 1990-2006 to the
average during 2016-2024. Comparison with envi-
ronmental data in the area revealed that this decline
is related to increased temperature conditions during
the incubation and nestling periods. The relationship
between the number of first-year birds in moult stage
0-4, and temperature revealed an effect of tempera-
ture on offspring production; a decrease in numbers
of ringed birds was associated with higher temperatu-
res, whereas an increase in numbers occurred at aver-
age temperatures. In particular, temperatures above
average during the nestling period seem to have con-
tributed to the decrease in offsprings (birds in moult
stage 0—4) from 2016 onwards. In contrast, we found
no effect of temperature during the fledgling period on
the number of ringed first-year birds. Moreover, body
mass of birds in moult stage 4 has remained unchanged
over the years, suggesting that the condition of survi-
ving fledglings has not been affected over time. Hence,
the bottleneck appears to occur during the incubation
and nestling periods.
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FIGURE 8. The relationship between the average temperature during (a) incubation
(27 May-10 June), (b) the nestling period (11-25 June), and detrended data of the number
of ringed first-year willow warblers Phylloscopus trochilus in moult stage 0-4 at Hoburgen,
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First-year birds in moult stage 5-6, being a mixture
of local willow warblers, P. t. trochilus, and passing wil-
low warblers, P. t. acredula, from the north, show a less
dramatic decrease in number of ringed birds. This might
indicate that the population of passing P. t. acredula
has not decreased in the same magnitude as the local
P t. trochilus population in Gotland.

Based on the number of ringed local first-year birds
Figure 9 illustrates the estimated development of the
local breeding population, being stable up to 2007, the-
reafter being more variable, and from 2019 substantially
reduced. Evidently, the current population has a consi-
derably lower capacity to produce offspring, irrespec-
tive of local temperature conditions. The development

under (a)
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ruvning (27 maj-10 juni), (b) boun
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adium 0-4 vid Hoburgen, Gotland,

3r (19NN/20NN) vilka diskuteras i texten; cirklar markerade

may be reversed only if the productivity increases
(cf. Morrison et al. 2016), or if first-year and adult sur-
vival improves over time (e.g. in wintering areas), coun-
terbalancing the low productivity. If nothing changes,
we can foresee a continued decrease in numbers of first-
year birds in moult stage 0—4 from 2025 onwards.
Several long-distance migrating Afro-Palearctic
passerines, and in particular species that winter in the
tropic sub-Saharan zone, display substantial population
declines as opposed to short-distance (within-Europe/
North Africa) migrants which are generally less affected
(Sanderson et al. 2006, Ockendon et al. 2012). This has
led to the conclusion that survival during migration and
in particular in wintering areas may be of significance,
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FIGURE 9. An estimate of the local breeding population of willow warbler Phylloscopus trochilus at Gotland, Sweden
based on the assumption of annual mortality of 0.75 and 0.5 for first-year and 2cy-5cy birds respectively, and calculated
from the number of ringed first-year birds in moult stage 0-4 in 1990-2024 at Hoburgen, Gotland, Sweden. Note that
the estimate onIy represents a proxy for the number of breedlng birds and popu\anon level was set to one for 1994,

especially since adult survival may vary greatly bet-
ween years (Morrison et al. 2016). The subspecies
P t. trochilus winters in forests and wooded savannah
habitats in the sub-Saharan zone of western Africa
(Salewski et al. 2002, Heldbjerg and Fox 2008). Here,
the willow warbler exhibits itinerancy over a large
area in relation to greenness in vegetation, from arri-
val in October-November until northward migration
in April (Salewski et al. 2002, Lerche-Jorgensen et al.
2017). The habitat in the region is deteriorating, due
to both human related habitat change (Vickery et al.
2014), and climate change involving increased war-
ming and increasingly variable precipitation, including
periods of draught (Niang et al. 2014, Janes et al. 2015).
These changing circumstances may influence survival
and thus population development (Vickery et al. 2014,
Telensky et al. 2020).

However, the importance of survival during non-
breeding season for population abundance has been
questioned due to within-species variation in popula-
tion trends, as for willow warbler P. t. trochilus in Britain
(Morrison et al. 2016). Morrison et al. (2016) demon-
strated that the decline in willow warbler population
in southern Britain is driven primarily by decreased
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productivity; the number of fledglings produced per
nesting attempt, which according to Hanmer et al.
(2022) is coupled to phenological shifts due to increased
temperature. The mechanism behind this is unknown.
As climate change progresses, migratory passerines not
only arrive earlier in spring but start the autumn migra-
tion earlier (cf. Cotton 2003). The initiation of spring-
migration is driven by increasing winter temperatures
in sub-Saharan Africa, and the timing of autumn depar-
ture has advanced after increased summer temperatures
at breeding sites (Cotton 2003). Decreased productivity
may be due to insufficient food resources following cli-
mate change, either as decreased food abundance or
a mismatch between the requirements for chicks and
insect availability (Both et al. 2006, Moller et al. 2008,
Martey et al. 2017). Further, Hanmer et al. (2022) discu-
sses potential temperature-related mechanisms causing
the decrease in offspring productivity in willow war-
blers, and found an association between earlier primary
moult and brood patch re-feathering in adults and nega-
tive population trends, indicating poor breeding success
with increased warming. Apart from earlier breeding,
advances in initiation of moult may be due either to
a higher proportion of nest failures in warm years,
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or alternatively, to advanced gonad regression triggered
by increased temperature, and hence earlier cessation
of breeding as demonstrated experimentally in com-
mon starling Sturnus vulgaris (Dawson 2005). This may
result in a reduced possibility of replacement broods
and diminished extent of fledgling care (Hanmer et al.
2022). Moult-breeding overlap has been shown to affect
parental care and subsequent survival/fitness of off-
spring in both European pied flycatcher Ficedula hypo-
leuca and Eurasian blue tit Cyanistes caeruleus (Hemborg
and Lundberg 1998, Svensson and Nilsson 1997).
Consistent with our results, Telensky et al. (2020),
studying migratory species that winter in sub-Saharan
Africa, including P. t. trochilus, concluded that poo-
rer breeding productivity was associated with warmer
springs at breeding sites. In addition, they found hig-
her adult survival to be related to water availability in
sub-Saharan wintering areas. Further, reduced breeding
success in years with higher pre-hatching temperatu-
res has also been shown in the pied flycatcher (Lomas
Vega et al. 2021). Moreover, Martey et al. (2017) model-
led population trends of willow warbler in Britain, and
found an optimum breeding season temperature in
population growth and abundance at 11°C (assessed
as temperature during the entire breeding season from
April to July). This is consistent with our findings; lower
offspring production at high temperatures, and higher
numbers of first-year birds at average temperatures. It
is also interesting to see that years with low tempera-
tures (1991 and 1994) resulted in lower offspring pro-
duction. Given the above, the potential for adaptation
to the global warming in terms of arrival to breeding
sites and initiation of breeding, is a key question. The
willow warbler shows a large degree of protandry,
where males arrive in advance of females to breeding
sites (cf. Hedlund et al. 2015). In a study of a breeding
population of willow warbler in central Sweden cove-
ring 38 years, it was shown that the degree of protandry
increased over time since males have advanced their
arrival time at the breeding site much more than females
(Hedlund et al. 2022). This was evident both at a popu-
lation level and within breeding pairs. This indicates, in
agreement with our findings concerning median date
for birds in moult stage 3 and 4 over time, that breeding
of willow warbler in the area has not advanced signi-
ficantly over the period. Moreover, ringing-data from
SBO at Hoburgen during spring migration (a mix of
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local and passing willow warblers) reveal significantly
earlier arrival for males since 1999 onwards, but no
change in median date for females (SBO, pers. comm.).

Obviously, more studies are required to pinpoint the
underlying mechanisms causing population declines in
long-distance sub-Saharan migrating passerines. The
picture is complex, i.e. future research needs to add-
ress conditions in wintering areas, at breeding sites and
along migration routes. With regard to our findings, we
encourage detailed studies of breeding biology, inclu-
ding the potential effect of moult breeding overlap, and
how variability in temperature might affect offspring
production. Here the pan-European ringing-initiative
‘Constant Effort Sites’ with standardized trapping at
specific sites during spring-summer (Peach et al. 1996)
may provide an important source of information to
reveal both temporal trends and regional discrepancies.

Up to now, Europe, including Scandinavia, has been
subject to an increase in temperature above the global
average and further projections from climate modelling
suggest that temperatures across European land areas
will continue to increase throughout this century (IPCC
2021). Thus, with continued increases in temperature,
the future of the southern subspecies of willow warbler
P t. trochilus population in Europe is at risk.

ACKNOWLEDGEMENTS

We gratefully acknowledge the members of the Sundre
Bird Observatory for collection of ringing-data over the
years. Thanks also to Ian Henshaw and Kjell Larsson
for valuable comments on the draft. We are also grateful
to the reviewers; Catriona Morrison and an anonymous
reviewer who inspired us to improve the manuscript.

References

Arvidson BE and Nilsson L. 1983. Breeding biology of willow warbler
Phylloscopus trochilus, in Swedish Lapland. Var Fagelvarld 42:
81-88. (Swedish with English summary.)

Bellamy PE, Hill RA, Rothery P, Hinsley SA, Fuller RJ and
Broughton RK. 2009. Willow warbler Phylloscopus trochilus habitat
in woods with different structure and management in southern
England. Bird Study 56: 338-348. https://doi.org/10.1080/000636
50902806914.

Bensch S and Lindstrom A. 1992. The age of young willow warblers
Phylloscopus trochilus estimated from different stages of post-juvenile
moult. Ornis Svecica 2: 23-28. https://doi.org/10.34080/0sv2.23081.

BirdLife International. 2024. Species factsheet: willow warbler
Phylloscopus trochilus. Downloaded from https://datazone.birdlife.
org/species/factsheet/willow-warbler-phylloscopus-trochilus on 30
September 2024.


https://doi.org/10.1080/00063650902806914
https://doi.org/10.1080/00063650902806914
https://doi.org/10.34080/os.v2.23081
https://datazone.birdlife.org/species/factsheet/willow-warbler-phylloscopus-trochilus on 30 September 2024
https://datazone.birdlife.org/species/factsheet/willow-warbler-phylloscopus-trochilus on 30 September 2024
https://datazone.birdlife.org/species/factsheet/willow-warbler-phylloscopus-trochilus on 30 September 2024

NISSLING ET AL. (2026) | IS CLIMATE CHANGE CAUSING DECLINE OF WILLOW WARBLERS AT GOTLAND? | ORNIS SVECICA 36: 45-62

Both C, Bouwhuis S, Lessells CM and Visser ME. 2006. Climate
change and population declines in a long-distance migratory bird.
Nature 441: 81-83. https://doi.org/10.1038/natureo4539.

Cotton PA. 2003. Avian migration phenology and global climate
change. Proceedings of the National Academy of Sciences 100:
12219-12222. https://doi.org/10.1073/pnas.1930548100.

Davison CW, Rahbek C and Morueta-Holme N. 2024. Changes in
Danish bird communities over four decades of climate and land-
use change. Oikos 2024: e10697. https://doi.org/10.1111/0ik.10697.

Dawson A. 2005. The effect of temperature on photoperiodically
regulated gonadal maturation, regression and moult in starlings—
potential consequences of climate change. Functional Ecology 19:
995-1000. https://doi.org/10.1111/j.1365-2435.2005.01061.X.

European Environment Agency, 26 June 2024. Global and European
temperatures. https://www.eea.europa.eu/en/analysis/indicators/g
lobal-and-european-temperatures?activeAccordion = ecdbzbcf-b
beg-4978-bscf-ob136399dof8.

Fransson T and Hall-Karlsson S. 2008. Svensk ringmarkningsatlas.
Volym 3, téttingar. Swedish Museum of Natural History,
Stockholm.

Fransson T, Belivanov Y, Henshaw I and Steinholtz A. 2024. Svensk
ringmérkning 2023. In: Fageldret 2023. Vér Fagelvirld supplement
64: 23-36. (In Swedish.)

Green M, Haas F and Lindstrom A. 2024. Monitoring population
changes of birds in Sweden. Annual report for 2023. Department
of Biology, Lund University. 80 pp. https://portal.research.lu.se/
en/publications/%C3%B6vervakning-av-f%C3%Asglarnas-popu
lationsutveckling-%C3%Asrsrapport-f%C3%B6r-202-4/.

Hanmer HJ, Boersch-Supan PH and Robinson RA. 2022. Differential
changes in life cycle-event phenology provide a window into
regional population declines. Biology Letters 18: 20220186. https://
doi.org/10.1098/rsbl.2022.0186.

Hedenstrom A and Pettersson J. 1987. Migration routes and wintering
areas of willow warblers Phylloscopus trochilus (L.) ringed in
Fennoscandia. Ornis Fennica 64: 137-143. https://ornisfennica.jour
nal.fi/article/view/133244.

Hedlund JSU, Jakobsson S, Kullberg C and Fransson T. 2015. Long-
term phenological shifts and intra-specific differences in migratory
change in the willow warbler Phylloscopus trochilus. Journal of
Avian Biology 45: 1-10. https://doi.org/10.111/jav.00484.

Hedlund J, Fransson T, Kullberg C, Persson J-O and Jakobsson S.
2022. Increase in protrandry over time in a long-distance
migratory bird. Ecology and Evolution 12: e9037. https://doi.org
/10.1002/ece3.9037.

Heldbjerg H and Fox AD. 2008. Long-term population declines in
Danish trans-Saharan migrant birds. Bird Study s5: 267-279. https
://doi.org/10.1080/00063650809461532.

Hillfors MH, Antdo LH, Itter M, Lehikoinen A, Lindholm T, Roslin
T and Saastamoinen M. 2020. Shifts in timing and duration of
breeding for 73 boreal bird species over four decades. Proceedings
of the National Academy of Sciences 117: 18557-18565. https://do
i/10.1073/pnas.1913579117.

Hellstréom M, Andersson A, Pedersen ], Waldenstrom J and
Lindstrdm A. 2024. Fagelrakning och ringmarkning vid Ottenby
2023. Rapport, Ottenby fagelstation. 49 pp. https://cdn.birdlife.se/
wp-content/uploads/sites/35/2024/04/Arsrapport-2023-Ottenby-f
agelstation.pdf.

Hemborg C and Lundberg A. 1998. Costs of overlapping reproduction
and moult in passerine birds: an experiment with the pied
flycatcher. Behavioral Ecology and Sociobiology 43: 19-23. https://
doi.org/10.1007/5002650050462.

IPCC (Intergovernmental Panel on Climate Change). 2021. Climate
Change 2021: The Physical Science Basis. Contribution of Working

57

Group I to the Sixth Assessment Report of the Intergovernmental
Panel on Climate Change. (Masson-Delmotte V, Zhai P, Pirani A,
Connors SL, Péan C, Berger S, Caud N, Chen Y, Goldfarb L,
Gomis MI, Huang M, Leitzell K, Lonnoy E, Matthews JBR,
Maycock TK, Waterfield T, Yelekgi O, Yu R and Zhou B, eds.)
Cambridge University Press, Cambridge, UK, and New York, NY,
USA. 2391 pp. https://doi.org/10.1017/9781009157896.

Janes T, Jones R and Hartley A. 2015. Regional Climate Projections
for West Africa. UNEP-WCM Technical Report. UNEP-WCMC,
Cambridge, UK. http://parcc.protectedplanet.net/system/comfy/
cms/files/files/ooo/000/039/0riginal/PARCC_climate_report_F
INAL_EN.pdf.

Lawn MR. 1984. Premigratory dispersal of juvenile willow warblers
Phylloscopus trochilus in southern England. Ringing and Migration
5: 125-131. https://doi.org/10.1080/03078698.1984.9673842.

Lindstrdm A, Hedenstrom A, and Pettersson J. 1996. The autumn
migration of willow warblers Phylloscopus trochilus in Sweden:
results from a nation-wide co-operative project. Ornis Svecica 6:
145-172. https://doi.org/10.34080/0sv6.22980.

Lomas Vega M, Fransson T and Kullberg C. 2021. The effects of four
decades of climate change on the breeding ecology of an avian
sentinel species across a 1,500-km latitudinal gradient are stronger
at high latitudes. Ecology and Evolution 11: 6233-6247. https://do
i.org/10.1002/ece3.7459.

Lerche-Jorgensen M, Willemoes M, Tottrup AP, Scotchburn Snell K
R and Thorup K. 2017. No apparent gain from continuing
migration for more than 3000 kilometres: willow warblers
breeding in Denmark winter across the entire northern Savannah
as revealed by geolocators. Movement Ecology s: 17. https://doi.
0rg/10.1186/540462-017-0109-X.

Martey B, Brewer MJ, Elston DA, Bell JR, Harrington R, Brereton
TM, Barlow KE, Botham MS and Pearce-Higgins JW. 2017.
Impacts of climate change on national biodiversity population
trends. Ecography 40: 1139-1151. https://doi.org/10.1111/ecog.02411.

Morrison CA, Robinson RA, Butler SJ, Clark JA and Gill JA. 2016.
Demographic drivers of decline and recovery in an Afro-
Palaearctic migratory bird population. Proceedings of the Royal
Society B 283: 20161387. https://doi.org/10.1098/rspb.2016.1387.

Moller AP, Rubolini D and Lehikoinen E. 2008. Populations of
migratory bird species that did not show a phenological response
to climate change are declining. Proceedings of the National
Academy of Sciences 105: 16195-16200. https://doi.org/10.1073/
pnas.0803825105.

Niang I, Ruppel OC, Abdrabo MA, Essel A, Lennard C, Padgham J
and Urquhart P. 2014. Africa. Pp 1199-1265 in Climate Change
2014: Impacts, Adaptation and Vulnerability. Part B: Regional
Aspects. Contribution of Working Group II to the Fifth
Assessment Report of the Intergovernmental Panel on Climate
Change (Barros VR, Field CB, Dokken DJ, Mastrandrea MD,
Mach KJ, Bilir TE, Chatterjee M, Ebi KL, Estrada YO, Genova
RC, Girma B, Kissel ES, Levy AN, MacCracken S, Mastrandrea
PR and White LL, eds). Cambridge University Press,
Cambridge, UK, and New York, NY, USA. https://www.ipcc.ch/
report/ars/wgz/.

Ockendon N, Hewson CM, Johnston A and Atkinson PW. 2012.
Declines in British breeding populations of Afro-Palaearctic
migrant birds are linked to bioclimatic wintering zone in Africa,
possibly via constraints on arrival time advancement. Bird Study
59: 111-125. https://doi.org/10.1080/00063657.2011.645798.

Ottosson U, Ottvall R, Green M, Gustafsson R, Haas F, Holmqvist N,
Lindstrom A, Nilsson L, Svensson M, Svensson S and Tjernberg
M. 2012. Faglarna i Sverige: antal och forekomst. Sveriges
Ornitologiska Forening. (In Swedish.)


https://doi.org/10.1038/nature04539
https://doi.org/10.1073/pnas.1930548100
https://doi.org/10.1111/oik.10697
https://doi.org/10.1111/j.1365-2435.2005.01061.x
https://www.eea.europa.eu/en/analysis/indicators/global-and-european-temperatures?activeAccordion = ecdb3bcf-bbe9-4978-b5cf-0b136399d9f8
https://www.eea.europa.eu/en/analysis/indicators/global-and-european-temperatures?activeAccordion = ecdb3bcf-bbe9-4978-b5cf-0b136399d9f8
https://www.eea.europa.eu/en/analysis/indicators/global-and-european-temperatures?activeAccordion = ecdb3bcf-bbe9-4978-b5cf-0b136399d9f8
https://portal.research.lu.se/en/publications/%C3%B6vervakning-av-f%C3%A5glarnas-populationsutveckling-%C3%A5rsrapport-f%C3%B6r-202-4/
https://portal.research.lu.se/en/publications/%C3%B6vervakning-av-f%C3%A5glarnas-populationsutveckling-%C3%A5rsrapport-f%C3%B6r-202-4/
https://portal.research.lu.se/en/publications/%C3%B6vervakning-av-f%C3%A5glarnas-populationsutveckling-%C3%A5rsrapport-f%C3%B6r-202-4/
https://doi.org/10.1098/rsbl.2022.0186
https://doi.org/10.1098/rsbl.2022.0186
https://ornisfennica.journal.fi/article/view/133244
https://ornisfennica.journal.fi/article/view/133244
https://doi.org/10.1111/jav.00484
https://doi.org/10.1002/ece3.9037
https://doi.org/10.1002/ece3.9037
https://doi.org/10.1080/00063650809461532
https://doi.org/10.1080/00063650809461532
https://doi/10.1073/pnas.1913579117
https://doi/10.1073/pnas.1913579117
https://cdn.birdlife.se/wp-content/uploads/sites/35/2024/04/Arsrapport-2023-Ottenby-fagelstation.pdf
https://cdn.birdlife.se/wp-content/uploads/sites/35/2024/04/Arsrapport-2023-Ottenby-fagelstation.pdf
https://cdn.birdlife.se/wp-content/uploads/sites/35/2024/04/Arsrapport-2023-Ottenby-fagelstation.pdf
https://doi.org/10.1007/s002650050462
https://doi.org/10.1007/s002650050462
https://doi.org/10.1017/9781009157896
http://parcc.protectedplanet.net/system/comfy/cms/files/files/000/000/039/original/PARCC_climate_report_FINAL_EN.pdf
http://parcc.protectedplanet.net/system/comfy/cms/files/files/000/000/039/original/PARCC_climate_report_FINAL_EN.pdf
http://parcc.protectedplanet.net/system/comfy/cms/files/files/000/000/039/original/PARCC_climate_report_FINAL_EN.pdf
https://doi.org/10.1080/03078698.1984.9673842
https://doi.org/10.34080/os.v6.22980
https://doi.org/10.1002/ece3.7459
https://doi.org/10.1002/ece3.7459
https://doi.org/10.1186/s40462-017-0109-x
https://doi.org/10.1186/s40462-017-0109-x
https://doi.org/10.1111/ecog.02411
https://doi.org/10.1098/rspb.2016.1387
https://doi.org/10.1073/pnas.0803825105
https://doi.org/10.1073/pnas.0803825105
https://www.ipcc.ch/report/ar5/wg2/
https://www.ipcc.ch/report/ar5/wg2/
https://doi.org/10.1080/00063657.2011.645798

NISSLING ET AL. (2026) | IS CLIMATE CHANGE CAUSING DECLINE OF WILLOW WARBLERS AT GOTLAND? | ORNIS SVECICA 36: 45-62

Peach WJ, Buckland ST and Baillie SR. 1996. The use of constant
effort mist-netting to measure between-year changes in the
abundance and productivity of common passerines. Bird Study 43:
142-156. https://doi.org/10.1080/00063659609461007.

PECBMS. 2025. EBCC/BirdLife/RSPB/CSO’ Pan-European Common
Bird Monitoring Scheme. https://pecbms.info/ (accessed 10
January 2025).

Pettersson ] and Hasselquist D. 1985. Fat deposition and migration
capacity of robins Erithacus rubecula and Xgoldcrests Regulus
regulus at Ottenby, Sweden. Ringing and Migration 6: 66-76. https
://doi.org/10.1080/03078698.1985.9673859.

Phillimore AB, Leech DI, Pearce-Higgins JW and Hadfield JD. 2016.
Passerines may be sufficiently plastic to track temperature-
mediated shifts in optimum lay date. Global Change Biology 22:
3259-3272. https://doi.org/10.1111/gcb.13302.

Pratt A and Peach W. 1991. Site tenacity and annual survival of a
willow warbler Phylloscopus trochilus population in Southern
England. Ringing and Migration 12: 128-134. https://doi.org/10.1
080/03078698.1991.9674005.

Sala OE, Chapin FS, Armesto JJ, Berlow E, Bloomfield J, Dirzo R,
Huber-Sanwald E, Huenneke LF, Jackson RB, Kinzig A, Leemans
R, Lodge DM, Mooney HA, Oesterheld M, Poff LN, Sykes MT,
Walker BH, Walker M and Wall DH. 2000. Global Biodiversity
Scenarios for the Year 2100. Science 287: 1770-1774. https://doi.
org/10.1126/science.287.5459.1770.

Salewski V, Falk KH, Bairlein F and Leisler B. 2002. Numbers,
body mass and fat scores of three Palearctic migrants at

constant effort mist netting site in Ivory Coast, West Africa.
Ardea 90: 479-486.

Sanderson FJ, Donald PF, Pain DJ, Burfield IJ and van Bommel FPJ.
2006. Long-term population declines in Afro-Palaearctic migrant
birds. Biological Conservation 131: 93-105. https://doi.org/10.1016/j
biocon.2006.02.008.

Swedish Meteorological and Hydrological Institute (SMHI). 2024. https
://www.smhi.se/data/meteorologi/ladda-ner-meteorologiska-observat
ioner/airtemperatureMean24h/68560 (accessed 24 October 2024).

Svensson L. 2023. Identification guide to European passerines. Fifth
edition. Lullula Forlag, Stockholm.

Svensson E and Nilsson J-A. 1997. The trade-off between molt and
parental care: a sexual conflict in the blue tit? Behavioral Ecology
8: 92-98. https://doi.org/10.1093/beheco/8.1.92.

Telensky T, Klvatia P, Jelinek M, Cepak J and Reif J. 2020. The
influence of climate variability on demographic rates of avian
Afro-palearctic migrants. Scientific Reports 10: 17592. https://doi.
0rg/10.1038/541598-020-74658-w.

Vickery JA, Ewing SR, Smith KW, Pain D], Bairlein F, §k0rpilovéj
and Gregory RD. 2014. The decline of Afro-Palaearctic migrants
and an assessment of potential causes. Ibis 156: 1-22. https://doi.
org/10.1111/ibi.12118.

Youngflesh C, Montgomery GA, Saracco JF, Miller DAW, Guralnick
RP, Hurlbert AH, Siegel RB, LaFrance R and Tingley MW. 2023.
Demographic consequences of phenological asynchrony for North
American songbirds. Proceedings of the National Academy of
Sciences 120: €2221961120. https://doi.org/10.1073/pnas.2221961120.

Svensk sammanfattning

Lovsangaren Phylloscopus trochilus dr en av Europas
vanligaste fagelarter med en utbredning som stricker
sig over stora delar av norra och centrala Palearktis
(PECBMS 2025, BirdLife International 2024). I Europa
forekommer tva underarter; den sydliga P. t. trochilus
och den nordliga P. t. acredula. Lovsangaren hdckar i
olika typer av skogs- och buskmarksmiljoer och bygger
boet pa marken (se Bellamy m.fl. 2009). Overvintring
sker i tropiska Afrika soder om Sahara; den sydliga i vés-
tra Afrika och den nordliga underarten i 6stra och sodra
Afrika (Hedenstrdm och Pettersson 1987, Fransson och
Hall-Karlsson 2008). I likhet med flertalet andra lang-
distansflyttare (Sanderson m.fl. 2006, Ockendon m.fl.
2012) har l6vsdngaren minskat, med 40% sedan 1980,
i Europa som helhet (PECBMS 2025). I Sverige, dir
den sydliga underarten forekommer i de sédra och cen-
trala delarna, och den nordliga i den norra, har minsk-
ningen konstaterats bade i svensk ringmarkning och
genom Svensk hickfageltaxering (Fransson m.fl. 2024,
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Green m.fl. 2024). Undersokningar i Storbritannien har
visat att 16vsangaren minskade i s6der samtidigt som
den okade nagot i norr, framfor allt pa grund av skill-
nader i hickningsframgdng/produktivitet (antal flygga
ungar per hickning; Morrison m.fl. 2016). Fortsatta
studier i Storbritannien har visat pd forskjutningar
i olika livscykel-handelser som hidckning och rugg-
ning, kopplat till temperaturforhallanden under hack-
ning, vilket paverkat populationsutvecklingen negativt
(Hanmer m.fl. 2022).

Denna studie omfattar resultat fran 35 ar med
standardiserad ringmarkning vid Sundre fagelstation,
Hoburgen, Gotland (56°55'N, 18°08'E). Ringmirk-
ning har skett under perioden 25 juli-15 september
1990-2024, med 18 slojnét, frdn en timme innan sol-
uppgang till minst 10:00. Datainsamling omfattar
3lder, vinglingd, vikt, fettstatus (skala 0-6) och pull-
ruggning (skala 0-6). Arsungar blir flyttningsbensgna
forst ndr ungfagelruggningen nétt ruggningsstadium
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5-6 (Lawn 1984, Hedenstrom och Pettersson 1987,
Lindstrdm m.fl. 1996), dvs rsungar i pullruggnings-
stadium o-4 har lokalt ursprung. For att skatta popu-
lationsutvecklingen for I6vsangaren pa sodra Gotland,
foljdes den arliga ungfagelproduktionen i form av an-
talet ringmérkta drsungar i pullruggningsstadium o-4.
Sambandet mellan antalet ringmarkta drsungar i pull
0-4 per ar och temperatur respektive nederbord under
hackningsperioden analyserades med data fran SMHI,
Sveriges meteorologiska och hydrologiska institut, for
Hoburgen, Gotland, dar hdckningen delades upp i tre
faser, ruvning (27 maj-10 juni), boungar (11-30 juni)
och flygga ungfdglar (1-25 juli); se figur 7 respektive
appendix 2. Totalt ringmérktes under perioden 27 637
16vsdngare, i genomsnitt 790 (272-1462) per ar, varav
96,2% utgjordes av arsungar. 14 % av de ringmarkta
arsungarna saknade klassning av pullruggningsstadium.
Dessa gavs antingen pullruggningsstadium o-4 eller
5-6 baserat pa fordelningen av de som bedomts vid det
datum de fingats (se appendix 1).

Ringmaérkningsperioden 25 juli-15 september tacker
flyttningsperioden for Ivsangare vid Hoburgen, Got-
land vil (&rsungar i pullruggningsstadium 5-6), medan
perioden da de lokala arsungarna genomfdr sa kall-
lade ungfagelrorelser (stadium o-4) bara delvis ticks
(figur 2). T och med den pagdende klimatforandringen
anlander flyttfaglar allt tidigare till hdckningsomradena
(Cotton 2003, Hellstrom m.fl. 2023). Tidigareldggning
av hiackningen skulle kunna innebéra att &ven perioden
for pullruggning forskjuts, dvs paverka fangsten av ars-
ungar i pullruggningsstadium o-4 over tid. Analys av
mediandatum for ungfaglar i stadium 3 och 4 under
1990-2024 visade dock ingen trend (figur 3), dvs antalet
arsungar i pullruggningsstadium o-4 kan antas utgora
ett tillforlitligt matt pa ungfagelproduktionen under pe-
rioden.

Antalet ringmaérkta arsungar i pullruggningsstadium
0-4, dvs lokala ungfaglar av P. t. throchilus, varierade
avsevirt under perioden, 50-591 (i genomsnitt 317) per
ar, med en signifikant negativ trend dver tid (Spearman
rank-korrelation; r,=-0,69, p<o,001; figur 4). Antalet
var relativt stabilt, 431 + 85 (standardavvikelse) per
ar under 19902006, foljt av minskande antal och ho-
gre variation under 2007-2024; frdn 2016 och framat
noteras en minskning med 74,0% (112 + 44). Vikten
for arsungar i ruggningsstadium 4 var konstant under
perioden for savil hanar (linjar regression; t=-0,34,
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p=0,69) som honor (t=0,44, p=0,66) (figur 6) vilket
indikerar att tillgdngen pa foda for verlevande flygga
ungfaglar varit oférandrad. Analys av sambandet mel-
lan antalet ringmarkta drsungar i pullruggningsstadium
0-4 och temperaturforhallanden under hackningsperi-
oden visade pa en signifikant negativ korrelation under
bide ruvnings- (Spearman rank-korrelation; r,=-0,50;
p=0,002) och boungefasen (r,=-0,45; p=0,006), men
inte under perioden som flygga ungfiglar (r,=-o0,29;
p=0,091), dvs forhdjd temperatur under tiden i bo
resulterade i firre ringmarkta arsungar. En fordjupad
utvdrdering av forhéllandet mellan temperatur och
antalet ringmarkta arsungar i pullstadie o4 visade pa
temperaturens betydelse pa ungproduktionen i omra-
det (figur 8). Hdgre temperaturer, som t. ex. 2007-2008
samt under 2016, 2018 och 2021, resulterade i firre
ringmadrkta arsungar, medan genomsnittliga temperatu-
rer innebar fler arsungar; t. ex. under 1996-1998, och
2011-2012. Kompenserat for att hackningspopulationen
i omradet minskat (se figur 9) ringmirktes under perio-
den 2016-2024 firre drsungar dn forvéntat i samband
med hdga temperaturer under framfor allt boungefasen
(figur 8).

Orsaken till Iovsangarens tillbakagéng &r oklar, och
sannolikt komplex, da forhallandena under saval hack-
ning, dvervintring som utmed flyttvigar, t. ex. passagen
6ver Sahara, kan paverka 6verlevnaden och darmed po-
pulationsutvecklingen. Dessutom kan utvecklingen for
den nordliga och sydliga underarten se olika ut i och
med att de har olika hécknings- och &vervintringsom-
raden. Mot bakgrund av att flertalet langdistansflyttare
som Overvintrar i tropiska Afrika uppvisar minskande
populationer har det antagits att forhallandena i dver-
vintringsomréadet och/eller under flyttningen har stor
betydelse for populationsutvecklingen (Sanderson
m.fl. 2006, Ockendon m.fl. 2012), speciellt som Sver-
levnaden kan variera betydligt mellan &r (Morrison
m.fl. 2016), t. ex. beroende pé varierande temperatur
och nederbérd i 6vervintringsomradet i vastra Afrika
(Vickery m.fl. 2014, Telensky m.fl. 2020). Detta har
ifragasatts i och med skillnader i populationsutveckling
inom arter, t. ex. lovsangare, med samma &vervint-
ringsomrédde. Snarare kan forhéllanden under hack-
ningssdsongen spela roll for utvecklingen, dar produk-
tiviteten, dvs antal flygga ungar per hickningsforsok,
avgdr om populationen dkar eller minskar (Morrison
m.fl. 2016). Vad som paverkar produktiviteten &r inte
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klarlagt. Minskad 6verlevnad kan bero pa otillrickliga
fodoresurser till foljd av klimatférandringen, antingen
som minskad tillgang pa insekter i sig, eller en obalans i
tid mellan ungarnas behov och férekomsten av insekter
(Both m.fl. 2006; Moller m.fl. 2008; Martey m.fl. 2017
och referenser diri). Vidare kan enligt Hanmer m.fl.
(2022), minskad produktivitet hos 16vsangare kopplas
till temperaturforhallanden genom paverkan pé forhal-
landet mellan hackning och den adulta ruggningen. En
tidigareldggning av ruggningsfasen pga. dkad tempe-
ratur (se Dawson 2005) kan inverka negativt pa t. ex.
ungomvérdnad, med minskad 6verlevnad som resultat
(Hanmer m.fl. 2022). Martey m.fl. (2017) modellerade
populationstrenden for l6vsangare i Storbritannien och
fann ett optimum for populationstillvixt vid 11°C (rak-
nat pa hela hickningssdsongen fran april till juli). Detta
Gverensstimmer med vara resultat; lagre ungfagelpro-

h ‘ submission at os.birdlife.se.
h
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duktion vid speciellt hdga temperaturer, och hogre antal
arsungar vid mer genomsnittliga temperaturer (figur 8).

Skattad utveckling av hidckningspopulationen av
l6vsangare pa sodra Gotland utifrdn antalet ringmaérk-
ta ungfiglar per ar (figur 9) visar pa kraftigt minskad
hackfagelpopulation i och med den minskade ungfagel-
produktionen fr o m 2016. For att vinda utvecklingen
krévs antingen hogre dverlevnad av adulta faglar och/
eller 6kad ungfagelproduktion. Béade Overlevnaden
under &vervintring och flyttning (Vickery m.fl. 2014)
och produktiviteten (Hanmer m.fl. 2022, Telensky
m.fl. 2020) tycks paverkas negativt av Skande tempe-
ratur som en f6ljd av den pagdende klimatforandringen.
Prognoserna for framtiden &r att temperaturen kommer
att fortsitta att Ska (IPCC 2021) varfor populations-
utvecklingen, atminstone for den sydliga rasen av 16v-
sangare (P. t. trochilus), i Europa ir oroande.
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APPENDIX 1. The average proportion (%) of first-year willow warblers in different stages of post-juvenile moult (0-6) per day during the ringing period 25 July-15 September
at Hoburgen, Gotland, Sweden, 1990-2023. Stage 0 means that post-juvenile moult has not started and stage 6 that moult is completed. The proportion of the respective
moult stage per day was used to assess the stage of undetermined first-year birds.

- Andelen (%) arsungar i olika pullruggningsstadier (0-6) per dag under ringméarkningsperioden 25 juli-15 september vid Hoburgen, Gotland. Stadium 0 inn
ruggningen (den postjuvenila ruggningen) ej ar paborjad och stadium 6 att ruggningen ar fullt genomférd. Andelen for respektive pullruggningsstadium per dag
for att skatta stadium for ungfaglar for vilka stadium inte bestamts.

att pull-
nvandes
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APPENDIX 2. The amount of precipitation (mm), and linear regression-statistics, during
(a) the incubation period (27 May-10 June; t=-181, p=0.080), (b) the nestling period
(1-25 June; t=-0.75, p=0.46), and (c) as fledglings (1-25 July; t=-048, p=0.64), in
willow warblers at southern Gotland, Sweden in 1990-2024. Data for Hoburgen, Gotland,
Sweden, from the SMHI. Hatched lines show the overall averages

- Mangd nederbdrd (mm) under (a) ruvning (27 maj-10 juni; t=-1,81, p=0,080), (b) boun-
gefas (11-25 juni; t=-0,75, p=0,46), och (c) som flygga (1-25 juli; t=-0,48, p=0,64), for
|ovsangare pé sodra Gotland 1990-2024. Data fran SMHI for Hoburgen, Gotland. Streck-
ade linjer visar medelvarde.
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