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Abstract
The ongoing global biodiversity loss is a major challenge of our time. It affects all groups of organisms, but is particularly 
well documented in birds. The Citril Finch Carduelis citrinella, one of the few bird species endemic to Europe, is one example 
currently suffering from substantial population declines. We here set out to document its population development over the past 
14 years (records in 2011 and 2025) in a part of the Bavarian Alps and to identify the environmental factors being crucial for 
the occurrence of the species. In our study area around Garmisch-Partenkirchen, the Citril Finch has declined by about 48% 
between 2011 and 2025. Currently occupied territories, as compared to former territories or control sites, were characterised 
by a richer supply of flowers, particularly of the Asteraceae family, higher numbers of solitary trees, and a concentration on 
south-facing slopes. Moreover, areas with stable rather than declining populations showed a shorter distance to the nearest 
water source, a higher proportion of Mountain Pine, and a longer distance to forest edges. These findings indicate negative 
impacts of reduced grazing intensity and climate change (drought periods). Our results highlight that preserving the Citril 
Finch’s alpine habitats depends strongly on traditional, low-intensity farming and appropriate pasture care to maintain the 
necessary flower-rich, open to semi-open habitats with solitary trees. Providing supplementary water sources would help 
to counteract the increasing water shortage caused by climate change. Given the documented population decline, targeted 
conservation measures in the Bavarian Alps, the species’ stronghold in Germany, are urgently needed.
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Zusammenfassung
Ein global zurückgehender Endemit unter Druck: Effekte von Habitatveränderung und Klimawandel auf den 
Zitronenzeisig in den bayerischen Alpen
Der fortschreitende globale Biodiversitätsverlust ist eines der drängendsten Probleme unserer Zeit. Er betrifft alle 
Organismengruppen, ist aber bei Vögeln besonders gut dokumentiert. Der Zitronenzeisig Carduelis citrinella, eine der 
wenigen Vogelarten, welche in Europa endemisch sind, ist eine von vielen Arten, die derzeit starke Bestandsrückgänge 
aufweisen. Wir untersuchen hier die Populationsentwicklung der Art in den vergangenen 14 Jahren (Bestände 2011 
und 2025) in einem Teil der bayerischen Alpen sowie die Schlüsselfaktoren für das Vorkommen der Art. In unserem 
Untersuchungsgebiet in der Umgebung von Garmisch-Partenkirchen nahm der Zitronenzeisig zwischen 2011 und 2025 
um ca. 48% ab. Aktuell besetzte Reviere, im Vergleich zu aufgegebenen Revieren oder zufälligen Kontrollpunkten, wiesen 
einen höheren Blütenreichtum, insbesondere von Asteraceen, sowie mehr solitäre Koniferen auf und lagen vornehmlich an 
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Südhängen. Zudem zeigten Gebiete mit stabilen gegenüber solchen mit zurückgehenden Populationen eine kürzere Entfernung 
zu Gewässern, einen höheren Deckungsgrad an Bergkiefern und eine größere Entfernung zum nächsten geschlossenen 
Waldrand. Diese Befunde weisen auf negative Einflüsse einer zu geringen Beweidungsintensität sowie des Klimawandels 
(Trockenperioden) hin. Unsere Befunde legen nahe, dass der Schutz des Zitronenzeisigs in alpinen Habitaten eng mit dem 
Erhalt der traditionellen Almwirtschaft inklusiver einer angemessenen Weidepflege verbunden ist, um die erforderlichen 
blütenreichen, (halb-)offenen Strukturen mit Solitärbäumen zu erhalten. Ein verbessertes Wasserangebot, um den negativen 
Auswirkungen des Klimawandels zu begegnen, wäre zudem hilfreich. Basierend auf den hier dokumentierten Rückgängen 
sind gezielte Schutzmaßnahmen auch in den bayerischen Alpen, dem wichtigsten Verbreitungsgebiet der Art in Deutschland, 
dringend erforderlich. 

Introduction

In the current era, often termed Anthropocene, the loss of 
biodiversity at the global scale is a severe problem of poten-
tially large impact (Seibold et al. 2019; Cardoso et al. 2020; 
Jaureguiberry et al. 2022). Biodiversity loss is ultimately 
driven by the increasing human population size, resulting 
in habitat loss and degradation, pollution, overexploitation, 
introduction of invasive species, and anthropogenic climate 
change (Jaureguiberry et al. 2022; Lees et al. 2022; Rigal 
et al. 2023). Biodiversity loss is pervasive and affects all 
life on Earth, but is particularly well documented in birds 
with almost half of all monitoring programmes targeting 
this taxon (Lees et al. 2022; Moussy et al. 2022). Their tax-
onomy, distribution, ecology and conservation status are 
better known than in any other group of animals, making 
them excellent models to better understand the interactions 
between species and their environment (Lees et al. 2022).

Monitoring data revealed that, at the global scale, 13% of 
all bird species are threatened, and another 9% nearly threat-
ened (BirdLife International 2024). In Germany, almost half 
of the species are threatened (43%), and another 8% nearly 
threatened (Ryslavy et al. 2020). One such species is the 
Citril Finch (Carduelis citrinella Pallas, 1764), a European 
endemic which is probably declining throughout its entire 
range (Handschuh et al. 2023, 2024a). Whilst the species is 
classified vulnerable in Germany (Ryslavy et al. 2020), it is 
considered of least concern in Bavaria, with about 370–650 
breeding pairs (Rudolph et al. 2016). In the neighbouring 
Black Forest (Baden-Württemberg) though, a sharp decline 
of the Citril Finch was observed over recent decades (Dorka 
1986; Förschler 2006, 2013; Förschler and Dorka 2010; 
Handschuh et al. 2023). The population size dropped since 
the 1980s from about 450 to 0 pairs in the northern parts and 
by about 97.5% (from originally 350 pairs) in the southern 
parts of the Black Forest (Förschler 2006, 2013; Förschler 
and Handschuh 2022; Handschuh et al. 2023; Förschler et al. 
2024). Overall, the conservation status of the species in Ger-
many is unclear, due to a lack of data on its recent population 
development in the Bavarian Alps, its principal stronghold 
in Germany (Handschuh et al. 2024a).

In the literature, mainly three reasons underlying the 
widespread decline of the Citril Finch are discussed: (1) 
habitat loss, (2) climate change, and (3) scaly leg mite 
(knemidocoptiasis) infestation (Förschler and Dorka 2010; 
Handschuh et al. 2023). In this species, habitat loss and 
degradation mainly result from agricultural intensifica-
tion or abandonment (Förschler 2013; Handschuh et al. 
2023). The Citril Finch is strongly dependent on open to 
semi-open landscapes with rich flower supply and solitary 
trees (Märki 1976; Dorka 1986; Handschuh et al. 2023). 
Intensification of grassland, e.g. through fertilisation and 
frequent mowing, results in changes in plant communities 
and a concomitant loss of flower-rich stands, reducing food 
availability (Fischer et al. 2008; Boch et al. 2021; Handschuh 
et al. 2023). Furthermore, intensification promotes the loss 
of forest–grassland ecotones, being of crucial importance 
for the species (Förschler 2007a; Förschler and Dorka 2010; 
Handschuh et al. 2023). Abandonment of agricultural land 
use, on the other hand, results in secondary succession and 
consequently also in the loss of (semi-) open structures and 
flower supply (Förschler 2007a; Uchida and Ushimaru 2014; 
Handschuh et al. 2023).

Anthropogenic climate change may affect Citril Finches 
through phenological mismatches between the vegetation 
development and the bird’s life cycle (Förschler 2006; För-
schler and Dorka 2010; Handschuh et al. 2023). In addition, 
drought periods may reduce water availability in the breed-
ing habitats, which is of crucial importance for the species 
(Glutz von Blotzheim and Bauer 1997; Märki 2021). Finally, 
a novel threat to the species is scaly leg mite (knemidocopti-
asis) infestation, which is thought to reduce breeding success 
and overall fitness and may even be fatal (Handschuh et al. 
2023, 2024a, 2025; Förschler et al. 2024). Handschuh et al. 
(2023) found a high proportion of pathological infestations 
(20–30% of adult Citril Finches) by this parasite in the Black 
Forest, which may have contributed to the above-mentioned 
strong declines documented for this area.

For employing conservation measures, knowledge about 
any given species’ habitat requirements is essential (Carda-
dor et al. 2018; Fernandez-Bellon et al. 2021). We here set 
out to (1) document the population development of Citril 



903Journal of Ornithology (2026) 167:901–914	

Finches in a part of the Bavarian Alps, and to (2) unravel 
potential reasons for suspected declines to infer targeted 
conservation measures. Despite its prominent role for the 
Citril Finch in Germany, the current population status in 
the Bavarian Alps is essentially unknown (Handschuh et al. 
2024a). To explore the species’ habitat requirements, we 
compare in 2025 occupied territories, formerly (2011) occu-
pied but now abandoned territories, and random control 
sites. We test the following hypotheses: (1) occupied terri-
tories hold a higher flower supply, especially of Asteraceae 
as important food source, compared with former territories 
or control sites. (2) The number of solitary trees, important 
as song posts and breeding sites (Förschler 2007a; Baccarani 
2020; Handschuh et al. 2023), is higher in occupied territo-
ries than in former territories or control sites. (3) The cov-
erage by trees and shrubs is, due to secondary succession, 
higher with a concomitantly reduced grassland proportion in 
former territories than in occupied territories. (4) Owing to 
climate change with extended drought periods, water avail-
ability has gained importance resulting in occupied territo-
ries showing shorter distances to the next water body than 
former territories or control sites. (5) On average, occupied 
territories are found at higher altitudes than former ones, due 
to global warming.

Materials and methods

Study organism

The Citril Finch (Fig. 1) is one of the few European endem-
ics, occurring in some mountain ranges in central and west-
ern Europe (Märki 1976; Glutz von Blotzheim and Bauer 
1997; Förschler and Kalko 2006a; Förschler and Dorka 
2010). Its major strongholds are in France and Spain (Probst 
2012; Keller et al. 2020). The glacial refuge of the species 

was likely on the Iberian Peninsula and perhaps south-
west France, from which central Europe was colonised 
(Tyrberg 1991; Förschler et al. 2011; Märki and Adamek 
2022). In Germany, the species occurs nowadays only in 
the Alps and in the Black Forest, with the latter compris-
ing its northernmost distribution edge (Förschler and Dorka 
2010; Handschuh et al. 2023). In our study area around 
Garmisch-Partenkirchen, the species was first documented 
around 1920 in the course of an eastward range expansion 
of the species (Remold 1958). This range expansion from 
the glacial refuges may explain why, in the Alps, the spe-
cies is becoming rarer with a patchier distribution towards 
the east, with the easternmost occurrences being found in 
the Salzburg Calcareous Alps and Slovenia (Märki 1976; 
Glutz von Blotzheim and Bauer 1997; Förschler et al. 2011; 
Engler et al. 2014). The Alpine distribution follows largely 
the one of subalpine spruce and larch forests on calcareous 
bedrocks (Märki 1976; Märki and Adamek 2022). However, 
the eastern and partly northern edges of the distribution do 
not seem to be determined ecologically, but may be related 
to forest history (Märki 1976) and/or the distance to the main 
wintering grounds becoming too far (Engler et al. 2014). 
Time lags may play a role as well, as the evidence suggests 
that the eastern Alps were only relatively recently colonised 
(Märki 1976; Glutz von Blotzheim and Bauer 1997; Engler 
et al. 2014).

Citril Finches breed in richly structured, semi-open to 
open habitats with solitary trees and bushes, or in open 
coniferous forests, mainly at altitudes between 1000 and 
2000 m a.s.l. (Glutz von Blotzheim and Bauer 1997; För-
schler 2002; Förschler and Kalko 2006a; Förschler et al. 
2006; Handschuh et al. 2023). The occurrence of solitary 
trees and species-rich grassland seems to be especially 
important (Baccarani 2020; Handschuh et al. 2023). Moreo-
ver, the species is often closely associated with the Moun-
tain Pine Pinus mugo (Förschler 2001a, 2007b; Borras et al. 
2003; Förschler and Kalko 2006b; Handschuh et al. 2023).

The Citril Finch is a short-distance migrant, performing 
vertical migrations depending on weather conditions and 
food availability (Förschler 2001b; Handschuh et al. 2023). 
Overwintering at favourable locations close to the breeding 
areas occurs regularly (Bezzel and Brandl 1988; Glutz von 
Blotzheim and Bauer 1997; Probst 2012). In central Europe, 
the species arrives at its breeding grounds between Febru-
ary and April, with territories being typically established in 
April (Glutz von Blotzheim and Bauer 1997; Förschler 2002; 
Handschuh et al. 2023). Nest building typically commences 
in May, followed by a breeding period of approximately 2 
weeks (Glutz von Blotzheim and Bauer 1997; Förschler 
2002; Probst 2012). During the vegetation period, Citril 
Finches feed mainly on seeds of short-growing herbs or 
taller plants with strong stems, e.g. Asteraceae or docks, in 
which the seeds are easy to reach (Glutz von Blotzheim and 

Fig. 1   Portrait of the Citril Finch in the study area (photo: S. Buch-
wald)
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Bauer 1997; Handschuh et al. 2023). In general, the feed-
ing behaviour seems to be opportunistic with pronounced 
changes between seasons (Glutz von Blotzheim and Bauer 
1997; Borras et al. 2003; Förschler and Kalko 2006b; För-
schler 2007b). In winter, the birds feed mainly on the seeds 
of pine and spruce trees (Förschler 2007b; Handschuh et al. 
2023). In particular, pine seeds play an important role, as the 
Citril Finch is a poor climber having difficulties to reach the 
hanging spruce cones (Förschler 2001a, 2007b; Förschler 
and Kalko 2006b; Borras et al. 2003; Märki and Adamek 
2022). In addition, the availability of spruce seeds is less 
predictable due to infrequent masts (Märki and Adamek 
2022).

Study area and sites

We used 22 study sites in the Bavarian Alps around 
Garmisch-Partenkirchen (Fig. 2), a region called ‘Werden-
felser Land’ (Bezzel and Lechner 1978). The area is part 
of the Northern Limestone Alps, including parts of the 
Ammergau Alps, Wetterstein, Ester, and Karwendel mas-
sifs (LfU 2011). In the centre of the ‘Werdenfelser Land’, 
the rivers ‘Isar’ and ‘Loisach’ form wide transverse valleys. 
The predominant rock types of the mountains are Wetter-
stein limestone and main dolomite. Precipitation increases 

with increasing altitude, from ca. 1500 mm in the valleys 
to ca. 2000 mm per year at the top of the mountains (LfU 
2011). Garmisch-Partenkirchen has a mean temperature of 
3.8 °C and a mean precipitation of 1693 mm per year (period 
1991–2021; climate-data.org). On the highest mountain of 
the region, ‘Zugspitze’, the mean temperature is, in con-
trast, only − 4.6 °C and the mean precipitation is 2024 mm 
per year (period 1971–2000; www.​klima​diagr​amme.​de). 
All study sites comprise unfertilised, rough alpine pastures 
grazed by cattle, with two exceptions: one site was grazed by 
sheep, and another one was partly fertilised. Due to the high 
altitude, grazing in our study sites typically starts in June. At 
the beginning of the grazing period, the cattle stay preferably 
at lower altitudes. Consequently, during fieldwork, i.e. until 
the end of June, hardly any cattle were observed in current 
or former territories.

Data collection and field methods

Between 20th April and 12th June 2025, the 22 study sites 
were visited at least three times to map Citril Finches. Thus, 
all visits were within the period of highest singing activ-
ity (Glutz von Blotzheim and Bauer 1997) and within the 
thresholds for mapping the species according to Andretzke 
et al. (2025). Mapping always started around sunrise and 

Fig. 2   Locations of the study area in Germany (inset) and of the 22 study sites within the ‘Werdenfelser Land’, Bavarian Alps. Yellow: Ammer-
gau Alps, white: Wetterstein Alps, green: Ester Mountains, orange: Karwendel Alps. The map was generated with qGIS

http://www.klimadiagramme.de
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lasted longest for four hours. Two study sites were visited 
seven times to closely follow the progress of territorial and 
breeding activities. Citril Finches were mainly recorded 
through their conspicuous songs, either in flight or from 
song posts. In addition, flights to nesting sites, transport 
of nesting material, nest building, and feeding and warn-
ing activities were recorded. Whenever possible, birds were 
controlled for scaly leg mite infestation using binoculars. All 
observations were documented and georeferenced using the 
App NaturaList (Biolovision NaturaList v0.289). Territories 
were assigned according to Andretzke et al. (2025) if: (1) a 
male was recorded at the same location at least twice (and at 
least once singing) with an interval of at least 7 days between 
observations, (2) nest building was observed, (3) alarm calls 
were heard, (4) feeding of nestlings or (5) just fledged young 
with still developing contour feathers were observed. Ter-
ritories located close to each other were differentiated by 
the observation of simultaneously singing males (up to four 
in breeding groups). Note that the species often breeds in 
loose groups and does not strongly defend territories, which 
may complicate determining the exact number of territo-
ries (Glutz von Blotzheim and Bauer 1997; Förschler and 
Kalko 2006a). However, conspecific males are expelled in 
a radius of about 5–40 around the nest sites (Sabel in Glutz 
von Blotzheim and Bauer 1997; Förschler 2002), which was 
regularly observed during fieldwork. Still, our ‘territories’ 
reflect virtual rather than physical territories, based on the 
special breeding ecology of the species (see also below).

Between 30th May and 25th June 2025, various param-
eters to characterise the habitat preferences of Citril Finches 
were recorded in 18 out of the 22 study sites, based on their 
accessibility. We compared (1) in 2025 occupied territories, 
(2) former territories (occupied in 2011, but not in 2025 any-
more), and (3) random control sites. Former territories were 
retrieved from an earlier mapping in the study area (in 19 
of the 22 study sites), carried out by the Bavarian Associa-
tion for the Protection of Birds (Landesbund für Vogel- und 
Naturschutz, LBV) on behalf of the Bavarian Nature Con-
servation Fund (Schödl 2011), which formed also the basis 
for assessing the population development. Mapping in 2011 
included three transect walks per study site, during which all 
territorial and nesting activities were pinpointed. Random 
control sites were generated within study sites using qGIS 
(qgis.org), aiming at roughly the same number than current 
or former territories. We recorded the following parameters 
at the centres or within a radius of 50 m (= 0.785 ha) around 
the centres of current and former (‘virtual’) territories as 
well as control sites:

(1)	 Altitude above sea level (mapcoordinates.net); (2) 
compass direction (i.e. exposition of slopes in grade, 
with 0° = north, 90° = east, 180° = south etc.; using a 
compass); (3) slope (in grade with 0° = no slope/flat, 

90° = vertical; App Simple Inclinometer, Syleos ver-
sion 1.81); (4) distance to the next forest edge; (5) dis-
tance to the next water body; (6) number of living soli-
tary conifers > 5 m high; (7) number of dead solitary 
conifers > 5 m high; (8) percent ground cover by trees, 
Mountain Pine, and grassland; (9) percentage of short-
turf vegetation of the grassland (in 10% steps); (10) 
abundance of docks in classes (0 = not present, 1 = 1–10 
individuals, 2 = 11–20 individuals, etc. until a maxi-
mum of 11 = > 100 individuals); (11) abundance of 
low-growing Asteraceae (e.g. Aposeris foetida, Crepis 
aurea, and Taraxacum officinale) in classes (as above); 
(12) grassland management (pasture, meadow, none); 
(13) fertilisation (yes/no); (14) mean vegetation height; 
(15) mean number of flowers.

Parameters 4–6 and 8 were recorded using qGIS by 
always the same person, SB. Forest edges were defined as 
closed high forests or dense, extensive Mountain Pine stands. 
Waterbodies in the study area were typically small ponds, 
in some cases also small lakes or streams. Only waterbod-
ies which carried water during the study period (April–June 
2025) were considered. Solitary conifers were single trees 
or small groups of trees (up to 3) surrounded by grassland, 
whilst larger groups or solitary trees within stands of Moun-
tain Pine were not considered. To assess parameters 14 and 
15, a throwing bag was thrown 10 times overhead within 
the 50-m radius. At the place the throwing bag fell down, 
vegetation height was measured with the ‘drop-disc method’ 
(Stewart et al. 2001). Therefore, a cardboard (23 × 23 cm) 
with a slot in its centre, in which a folding ruler was inserted, 
was used. The cardboard was dropped from a height of 
100 cm, and the vegetation was measured at the height the 
board came to rest. The number of flowers was counted 
within one square metre around the place the throwing bad 
fell down. We counted inflorescences, e.g. in Asteraceae or 
Apiaceae, as one flower. Frequently occurring plant species 
in our study area were, amongst others, Anthyllis vulneraria, 
Aposeris foetida, Aster bellidiastrum, Bellis perennis, Crepis 
aurea, Dryas octopetala, Gentiana spec., Globularia cor-
difolia, Hieracium spec., Hippocrepis comosa, Leontodon 
spec., Primula farinosa, Taraxacum officinale, and Thymus 
spec. All vegetation parameters were recorded by one per-
son, KF. For all subsequent analyses, we used the means of 
the ten measurements. All parameters for territories, former 
territories, and control sites of an individual study site were 
always recorded within a day, thus ruling out an influence 
of vegetation phenology on our comparisons.

As territory centres, we selected solitary conifers on 
which at least twice a singing male was seen, into which 
nest material was transported, in which nestlings were 
fed or from which alarm calls were heard. We deliber-
ately selected a relatively small radius of 50 m, as Citril 
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Finches often breed in loose groups (see above) such that 
larger radii would result in much overlap, but still to cover 
the area defended against conspecific males (Glutz von 
Blotzheim and Bauer 1997). In case of breeding clusters, 
only territories with a maximal overlap of 22% were con-
sidered for habitat analyses (i.e. habitat parameters were 
not scored in all territories).

Statistical analyses

The number of territories in 2011 and 2025 was compared 
using the Wilcoxon matched-pairs test. Differences in the 
frequency distributions of territories, former territories 
and control sites across compass directions (circular data) 
were analysed with contingency tables. In addition, the 
data were analysed with the Watson two-sample test of 
homogeneity for circular data (R version 4.5.1, R Core 
Team 2025), as here no grouping into compass directions 
is necessary. Differences between north- and south-facing 
slopes were compared with Mann–Whitney U tests. All 
other parameters were first analysed using Kruskal–Wal-
lis ANOVAs, followed by multiple comparisons of mean 
ranks for all groups. As these analyses do not control 
for differences between study sites, additionally general 
linear models (GLMs) with category as fixed and study 
site as random factor were performed. To meet GLM 
requirements, vegetation height, the numbers of flowers 
and solitary trees, the proportion of tree cover, and the 
distance to the nearest water body were LN-transformed 
(initial value + 1 if including zero values), the propor-
tion of grassland to the power of two, and the proportion 
of short-turf vegetation to the power of three. To locate 
differences amongst categories, we used Tukey HSD 
tests. To test which variables predict the grouping into 
our categories the best, we then performed a multinomial 
logistic regression with a logit link function for all three 
categories, and generalised linear models with a binomial 
error distribution and a logit link function for (a) terri-
tories versus former territories and (b) territories versus 
controls. Finally, to test for differences between study 
sites with declining (2025 at least three territories less 
than in 2011) or stable population size (max. one territory 
less than 2011, stable or increasing territory number), 
we pooled all data across categories to assess landscape-
level effects. We analysed the resulting data set with a 
generalised linear model with a binomial error distribu-
tion and a logit link function. Throughout, best models 
were selected based on the Akaike Information Criterion 
(AIC). All statistical tests, except the Watson tests, were 
computed with Statistica 12.0 (Statsoft, Tulsa, USA).

Results

Population development

In total, 75 territories of Citril Finches were mapped in our 
study area (Table 1). In the 19 study sites with available data 
for 2011, the number of territories declined significantly 
from 91 to 47 (− 48.4%; Z = 2.77, p = 0.0056). During field-
work, no case of scaly leg mite infestation was observed.

Habitat preferences

Regarding compass directions, the frequency distributions 
of the three categories differed significantly (Chi214 = 31.09, 
p = 0.0054), with territories being found mainly on south-
facing slopes (S, SE and SW = 77.8%) but only rarely on 
north-facing ones (N, NE and NW = 5.6%). In contrast, dis-
tributions were much more uniform for former territories 
(south-facing 39.0%, north-facing 40.7%) and control sites 
(south-facing 44.3%, north-facing 34.3%; Table 2). Accord-
ingly, the Watson two-sample tests showed significant differ-
ences between territories and former territories (U2 = 0.603, 

Table 1   Number of Citril Finch 
territories in 2011 and 2025

No data are available for sites 5, 
15 and 16 for the year 2011

Study site 2011 2025

1 4 0
2 4 0
3 0 0
4 9 3
5 - 6
6 4 3
7 3 1
8 5 6
9 9 6
10 7 1
11 4 0
12 11 0
13 3 1
14 2 4
15 – 13
16 – 9
17 10 12
18 3 2
19 4 1
20 6 5
21 0 0
22 3 2
Total 91 75
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p < 0.001) as well as control sites (U2 = 0.424, p < 0.001), but 
not between former territories and control sites (U2 = 0.140, 
p > 0.10). Of the parameters given in Table 3, vegetation 
height, the numbers of flowers and solitary trees, and alti-
tude were significantly lower, whilst the distance to the next 
water body was significantly higher on north-facing slopes 
(see Supplementary Material, Table S1).

According to the Kruskal–Wallis ANOVAs, catego-
ries differed significantly in the abundance of Asteraceae, 
flowers and solitary trees, in the percentages of trees, 
Mountain Pine, grassland and other biotope types, and 
in the distances to the next water body and forest edge 
(Table 3). Territories showed significantly higher values 
for Asteraceae, flowers and solitary trees compared to 
former territories and control sites. The cover by trees 
and other biotope types was significantly higher in former 
territories than at control sites, with territories showing 

intermediate values. Grassland proportion was lower and 
the distance to the next forest shorter in former territo-
ries compared to territories and controls. The distance to 
the next water body was significantly higher in former 
than current territories, with controls being intermedi-
ate. The proportion of Mountain Pine, finally, showed 
the same trend, though the post hoc comparison was 
non-significant.

Controlling for variation amongst study sites confirmed 
the above patterns only for Asteraceae, flowers and solitary 
trees (Fig. 3), whilst variation in the percentages of Moun-
tain Pines, grassland and other biotope types as well as the 
distances to the next water body and forest edge were not 

Table 2   Frequency distributions of territories (2025), former territo-
ries (2011) and random control sites across compass directions. Cur-
rently occupied territories are mainly found on south-facing slopes

Direction Degrees Territory Former terri-
tory

Control

North 337.5–22.5 1 10 8
Northeast 22.5–67.5 2 8 12
East 67.5–112.5 7 7 13
Southeast 112.5–157.5 12 6 12
South 157.5–202.5 21 10 13
Southwest 202.5–247.5 9 7 6
West 247.5–292.5 2 5 2
Northwest 292.5–337.5 0 6 4

Table 3   Results of Kruskal–
Wallis ANOVAs for differences 
amongst currently occupied 
territories (2025), former 
territories (2011) and random 
control sites

For each parameter and category, means ± SE are given. Values within a row followed by different super-
script letters differ significantly. Significant p values are given in bold

Parameter H P Territory Former territory Control

Slope [°] 0.40 0.8180 17.02 ± 1.18 17.97 ± 1.12 18.21 ± 1.03
Short-turf vegetation [%] 1.50 0.4736 68.33 ± 3.51 62.20 ± 3.57 66.86 ± 3.08
Docks 2.52 0.2843 0.67 ± 0.33 1.02 ± 0.31 0.50 ± 0.29
Asteraceae 27.90  < 0.0001 7.94 ± 0.47a 4.41 ± 0.45b 5.00 ± 0.42b

Vegetation height [cm] 0.91 0.6338 6.28 ± 0.35 6.85 ± 0.34 6.54 ± 0.31
Flowers [n] 37.55  < 0.0001 24.55 ± 1.46a 11.30 ± 1.39b 15.23 ± 1.28b

Dead trees [n] 5.62 0.0603 0.78 ± 0.13 0.34 ± 0.13 0.51 ± 0.12
Solitary trees [n] 31.67  < 0.0001 9.30 ± 0.81a 3.41 ± 0.77b 4.29 ± 0.71b

Tree cover [%] 9.65 0.0080 13.34 ± 1.73ab 15.72 ± 1.65a 12.18 ± 1.52b

Mountain Pine [%] 7.54 0.0230 7.04 ± 2.34 12.12 ± 2.24 10.72 ± 2.06
Grassland cover [%] 13.07 0.0015 77.85 ± 2.51a 68.78 ± 2.40b 75.42 ± 2.21a

Other [%] 9.11 0.0105 1.77 ± 0.60ab 3.39 ± 0.57a 1.68 ± 0.52b

Altitude [m a.s.l.] 0.68 0.7120 1573.9 ± 19.5 1571.9 ± 18.6 1557.5 ± 17.1
Distance to water [m] 10.32 0.0057 177.3 ± 37.8a 324.9 ± 36.1b 274.9 ± 33.2ab

Distance to forest [m] 8.73 0.0127 70.82 ± 6.86a 49.68 ± 6.56b 73.01 ± 6.02a

Fig. 3   Abundance of Asteraceae (classes), numbers of flowers and 
solitary trees across territories (2025), former territories (2011) and 
random control sites. Given are least square means + SE. Currently 
occupied territories show significantly higher values compared to for-
mer territories and controls
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significant anymore (Table 4). Tree cover was significantly 
lower in control sites compared to current and former ter-
ritories. All parameters, except from the distance to the next 
forest, showed significant variation across study sites.

The most important factors for distinguishing amongst 
the three categories were flowers, solitary trees, and Aster-
aceae (Table 5a). In addition, the distances to the next 
water body and forest edge and the proportion of Moun-
tain Pines were included in the model, but did not attain 
significance. Current and former territories differed most 
strongly in flowers and solitary trees, followed by the pro-
portion of Mountain Pine and the distance to the next water 
body. Asteraceae were also included in the model but not 
significant (Table 5b). Territories and control sites differed 

most strongly in solitary trees, flowers, Asteraceae and addi-
tionally in the proportion of grassland. Distance to the next 
water body was also included but did not attain significance 
(Table 5c).

Finally, comparing study sites with declining or stable 
population size revealed significant impacts of the distance 
to the nearest water body, Mountain Pine cover, docks, and 
the distance to the nearest forest edge (Table 6). Sites with 
declining compared to stable population size were char-
acterised by a higher distance to water (429.7 ± 34.8 m 
vs. 193.2 ± 32.5 m), a lower coverage of Mountain Pines 
(8.3 ± 2.2% vs. 16.6 ± 2.1%), higher values for docks 
(1.6 ± 0.3 vs. 0.3 ± 0.3) and a lower distance to the nearest 
forest edge (52.2 ± 6.4 m vs. 66.3 ± 6.0 m).

Table 4   Results of general linear models with category (territory, former territory, control site) as fixed and study site as random factor

For each parameter and category, least square means ± SE are given. Values within a row followed by different superscript letters differ signifi-
cantly. Significant p values are given in bold

Parameter Factor DF MS F p Territory Former Territory Control

Slope [°] Category 2, 167 13.14 0.19 0.8246 17.71 ± 1.23 16.97 ± 1.18 17.92 ± 1.02
Site 14, 167 148.24 2.18 0.0105

Short-turf vegetation [%] Category 2, 167 1.09 1.90 0.1536 64.24 ± 2.96 61.53 ± 2.86 65.55 ± 2.44
Site 14, 167 4.43 7.69  < 0.0001

Docks Category 2, 166 4.26 0.89 0.4124 1.06 ± 0.33 0.70 ± 0.32 0.52 ± 0.27
Site 14, 166 18.24 3.82  < 0.0001

Asteraceae Category 2, 166 150.02 13.48  < 0.0001 8.06 ± 0.50a 4.92 ± 0.48b 5.08 ± 0.41b

Site 14, 166 23.65 2.12 0.0129
Vegetation height [mm] Category 2, 166 0.05 1.01 0.3666 6.78 ± 0.22 7.00 ± 0.21 6.64 ± 0.18

Site 14, 166 0.88 18.94  < 0.0001
Flowers [n] Category 2, 165 6.63 15.76  < 0.0001 24.29 ± 1.40a 13.23 ± 1.35b 15.78 ± 1.15b

Site 14, 165 1.42 3.38  < 0.0001
Dead trees [n] Category 2, 167 0.69 0.89 0.4117 0.71 ± 0.13 0.53 ± 0.13 0.50 ± 0.11

Site 14, 167 3.22 4.17  < 0.0001
Solitary trees [n] Category 2, 167 11.66 19.73  < 0.0001 8.54 ± 0.71a 4.80 ± 0.67b 3.80 ± 0.58b

Site 14, 167 4.32 7.32  < 0.0001
Tree cover [%] Category 2, 167 9.41 12.61  < 0.0001 16.43 ± 1.61a 17.52 ± 1.54a 13.31 ± 1.54b

Site 14, 167 4.18 5.61  < 0.0001
Mountain Pine [%] Category 2, 167 462.59 2.18 0.1165 4.43 ± 2.17 8.47 ± 2.08 10.12 ± 1.79

Site 14, 167 1276.99 6.01  < 0.0001
Grassland [%] Category 2, 167 8.70 1.85 0.1598 76.51 ± 2.48 71.20 ± 2.37 74.51 ± 2.05

Site 14, 167 20.68 4.62  < 0.0001
Other [%] Category 2, 167 9.34 0.61 0.5457 2.63 ± 0.59 2.81 ± 0.56 2.07 ± 0.48

Site 14, 167 64.15 4.18  < 0.0001
Altitude [m a.s.l.] Category 2, 167 3.73 0.06 0.9417 1542.8 ± 11.8 1544.7 ± 11.2 1539.8 ± 9.1

Site 14, 167 1894.82 30.54  < 0.0001
Distance to water [m] Category 2, 167 0.48 0.71 0.4925 212.3 ± 28.3 281.3 ± 27.0 255.1 ± 23.3

Site 14, 167 4.41 6.50  < 0.0001
Distance to forest [m] Category 2, 167 372.20 1.54 0.2181 66.03 ± 7.35 56.41 ± 7.02 72.54 ± 6.06

Site 14, 167 390.69 1.61 0.0807
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Discussion

Population development

Our data suggest that the Citril Finch declined by almost 
50% within 14 years in our study area. This finding agrees 
with data from other parts of its distribution area, suggest-
ing that the species is indeed currently declining through-
out its entire range (e.g. Dvorak et al. 2017; Knaus et al. 
2018, 2021; Gigot et al. 2020; Keller et al. 2020; Märki 
and Adamek 2022; Handschuh et al. 2023, 2025; Förschler 
et al. 2024). Whilst deducing population dynamics from two 
data points only (2011, 2025) is evidently questionable, it 
is unlikely that methodological differences between both 
inventories are responsible for the lower numbers in 2025. 
Rather, we assume that fieldwork was more intensive in 
2025, such that overlooking territories was less likely in the 
current records. Thus, the species’ decline might be even 
more pronounced than our data indicate. Note in this context 
the complete (sites 1, 2, 11, 12) or nearly complete (sites 7, 
10, 13, 19) absence of Citril Finches from several formerly 
occupied sites. Whilst estimating the exact number of breed-
ing pairs at high densities is difficult in this species due to 
the lack of pronounced territorial behaviour and nesting in 
groups, Citril Finch presence is easy to record due to its 
high calling and singing activity (Andretzke et al. 2025). 
Furthermore, there is no indication that 2025 comprised a 
particularly bad year for the species, as the winter 2024/25 

was mild and exceptionally dry and sunny in the German 
Alps, reducing the snow pack by about 55% compared to the 
long-term mean (DWD et al. 2025). In addition, the spring 
2025 was unusually warm, dry and sunny (www.​dwd.​de/​
DE/​presse/​press​emitt​eilun​gen). Therefore, we suggest that 
the species has indeed undergone a substantial decline in the 
study area in recent years. Though the Citril Finch is cur-
rently considered least concern in Bavaria (Rudolph et al. 
2016), our data indicate that a revision of its conservation 
status in Bavaria and potentially beyond seems necessary.

Assuming a substantial decline of the Citril Finch in our 
study area, the central question now is what are the under-
lying reasons. Our results indicate that both, habitat and 
climate change, play a substantial role, whilst a major con-
tribution of scaly leg mite infestation seems rather unlikely, 
in contrast to the situation in some other regions (Förschler 
et al. 2024; Handschuh et al. 2024a, 2025). This is because 
we could not observe a single case of infestation with this 
parasite during fieldwork, and checking > 400 photographs 
of the species from our study area also returned no posi-
tive results (HJF). Indeed, the first proof ever of a Citril 
Finch infested with scaly leg mites in our study area stems 
from June 2025 (photo by Rebekka Kreikenbohm; Staatliche 
Vogelschutzwarte Bayern). In parallel, a first proof of an 
infestation in the ‘Allgäu’ mountains, around 70 km west of 
our study area, was observed in 2025 (Werth 2025). Thus, 
whilst this disease may exert additional pressure on the spe-
cies in the future (Handschuh et al. 2025), it is in our opinion 
unlikely to have been involved in the past declines in our 
study area based on its apparently very low prevalence so far.

Several lines of evidence suggest that habitat change is an 
important driver of Citril Finch declines in our study area. 
Our results clearly indicate that four factors are of utmost 
importance for the establishment of territories: rich sup-
ply of flowers, especially Asteraceae, and solitary trees as 
well as a position on south-facing slopes. In agreement with 
hypotheses 1 and 2, these results confirm the high relevance 
of flowers and solitary trees for the Citril Finch (cf. Förschler 
2001a, 2002, 2007a; Baccarani 2020; Handschuh et  al. 
2023). Seeds, especially of low-growing Asteraceae, are 

Table 5   Results of a 
multinomial logistic regression 
with a logit link function for 
all three categories (a), and 
generalised linear models with a 
binomial error distribution and a 
logit link function for territories 
versus former territories (b) and 
territories versus controls (c) 

(a) Three categories (b) Territory vs. former 
territory

(c) Territory vs. controls

Parameter DF Wald Chi2 P DF Wald Chi2 p DF Wald Chi2 p

Flowers 2 15.27 0.0005 1 12.64 0.0004 1 6.61 0.0102
Solitary trees 2 14.33 0.0008 1 11.87 0.0006 1 9.87 0.0017
Asteraceae 2 6.47 0.0394 1 2.56 0.1095 1 5.97 0.0145
Distance forest 2 5.51 0.0636 – – – – – –
Mountain Pine 2 4.09 0.1291 1 5.53 0.0187 – – –
Distance water 2 3.64 0.1619 1 4.22 0.0399 1 2.67 0.1023
Grassland – – – – – – 1 4.06 0.0438

Table 6   Results of a generalised linear models with a binomial error 
distribution and a logit link function for differences between study 
sites with declining or stable population size

Parameter DF Wald Chi2 P

Distance water 1 15.94  < 0.0001
Mountain Pine 1 13.17 0.0003
Docks 1 6.03 0.0140
Distance forest 1 4.96 0.0259

http://www.dwd.de/DE/presse/pressemitteilungen
http://www.dwd.de/DE/presse/pressemitteilungen
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important food sources for the species, based on the seeds’ 
high nutrient content (Förschler 2001a, 2007a, b; Teneva 
et al. 2024) and easy accessibility (Handschuh et al. 2023). 
Particularly during the breeding season, Citril Finches rely 
strongly on access to seeds rich in energy and nutrients, 
which are also fed to nestlings (Förschler 2001a; Förschler 
and Kalko 2006b; Borras et al. 2003). A high importance of 
solitary trees as singing posts and nesting sites aligns with 
other findings (Baccarani 2020; Andretzke et al. 2025) and 
is also known for other finch species (Krams 2001). The fact 
that occupied territories showed higher values for flowers 
and solitary trees compared with both, random control sites 
and former territories, suggests a strong preference for these 
features and additionally that habitat quality has deteriorated 
in former territories. Underlying reasons might be changes 
in land use such as agricultural intensification (fertilisation, 
more intensive grazing, clearing of trees) or reduced graz-
ing and abandonment, and a concomitant reduction in seed 
availability (Förschler 2007a; Uchida and Ushimaru 2014; 
Boch et al. 2021; see further below).

We found a strong preference for south-facing slopes 
as compared with control sites. In Switzerland, nests were 
also found to be often located on south- or south-east facing 
slopes (Glutz von Blotzheim and Bauer 1997) and in the 
Black forest nest and nesting tree expositions were mainly 
directed towards the south and east (Förschler 2002). Such a 
preference was not evident in former territories in our study 
area, meaning that territories on north-facing slopes were 
largely abandoned in recent years. This finding is counter-
intuitive in times of rapid global warming. Note in this con-
text that we could also not observe altitudinal shifts in ter-
ritories, in contrast to hypothesis 5. We tentatively conclude 
that increasing temperatures may, at the moment, not be a 
major threat to Citril Finches in our study area. The species 
breeds in the Massif Central in France down to altitudes 
of 1000 m a.s.l. (Glutz von Blotzheim and Bauer 1997), 
experiencing much warmer climates compared to our study 
area. Opportunistic breeding is even known from Mediter-
ranean areas in Catalonia (Borras and Senar 1991). Thus, 
our findings are perhaps not that surprising. Accordingly, a 
recent modelling study revealed that changes in rainfall have 
a stronger impact on the population dynamics of the species 
than changes in temperature (Borras et al. 2025).

In alpine environments, south-facing slopes are prob-
ably more favourable habitats, being warmer with a con-
comitantly earlier snowmelt (see also Förschler 2002 for the 
Black Forest). This results in an earlier and higher abun-
dance of flowers, seeds, and insect prey, affecting foraging 
site selection in alpine birds (Brambilla et al. 2017; Resano-
Mayor et al. 2019; Barras et al. 2020; Müller et al. 2023). 
Consequently, breeding success may be higher on south-
facing slopes, as has been found in alpine Wheatears (Rime 
et al. 2025). In the Pyrenees, a higher breeding success of 

Citril Finches was found in one study area on the north-
facing rather than the south-facing slope. As both slopes 
differed strongly in habitat quality, though, the contribution 
of exposition is unclear (Förschler et al. 2005). Interest-
ingly, nest building commences earlier in the north-facing, 
high-quality area, suggesting that differences in tempera-
ture are not of primary importance for the pattern, as nest 
building in Citril Finches is ruled by temperature (Förschler 
et al. 2006). Along the same lines, moulting was found to 
be more rapid in the north-facing area (Borras et al. 2004). 
The south-facing slopes in the Pyrenees are exposed to a 
Mediterranean influence (Borras et al. 2004), which is cer-
tainly not the case in our study area. However, note that in 
our study, north-facing slopes were of inferior quality in 
terms of flower supply, solitary trees and distance to the 
next water body, comprising an alternative explanation for 
the absence of Citril Finches. Thus, the role of temperature 
on Citril Finch population dynamics may depend on specific 
features of the study area and deserves further investigation.

For Citril Finches, which occupy territories relatively 
early in the season, it is essential that habitats are largely 
free of snow during the breeding season, enabling access to 
flowers and seeds (Förschler 2007a; Andretzke et al. 2025; 
Handschuh et al. 2023). Our findings of a preference for 
south-facing slopes agree with a study from the Black For-
est, showing that Citril Finch abundance was higher in areas 
with earlier snowmelt (Förschler 2007a). The abandonment 
of north-facing slopes in our study area also supports the 
notion of strongly declining population size. At high densi-
ties, also sub-optimal habitats, even when comprising a pop-
ulation sink, are occupied, whilst in declining populations, 
an increasing concentration on high-quality source habitats 
is typically observed in animals (Pulliam 1988; Brawn and 
Robinson 1996; Murphy 2001; Pfeiffer and Schaub 2023). 
In this context, it is noteworthy that in Citril Finches, inex-
perienced subadult birds are often forced to settle in poorer 
habitats when population pressure is high, with these habi-
tats being quickly abandoned if population pressure is low 
(Förschler and Kalko 2006a, b, c).

Other factors of additional importance, when compar-
ing territories, former territories and control sites, were the 
proportions of tree cover, Mountain Pine, grassland and 
the distances to the next water source and forest edge. That 
these were not significant in all analyses is probably due to 
pronounced differences amongst study sites, meaning that 
patterns apply to some but not all sites (cf. Tables 3 and 4). 
Anyway, these results seem to indicate that former territo-
ries exhibit higher coverages of trees and Mountain Pine, a 
concomitantly lower proportion of grassland, and a shorter 
distance to the next forest edge (hypothesis 3). These find-
ings indicate increasing secondary succession and shrub 
encroachment, which is a common phenomenon in alpine 
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grassland (Laiolo et al. 2004; Braunisch et al. 2016), in turn 
reducing habitat quality for the Citril Finch.

In accordance with hypothesis 4, the distance to the next 
water source tended to be higher in former than in currently 
occupied territories. Thus, whilst we could not show detri-
mental effects of increasing temperatures on Citril Finches 
in our study, climate change does seem to be important by 
changing precipitation patterns, resulting in extended peri-
ods of drought (Hänsel et al. 2022; Qiu et al. 2023; Yuan 
et al. 2023). Water availability is of crucial importance for 
the species (Glutz von Blotzheim and Bauer 1997; Märki 
2021), and may have become limiting in abandoned terri-
tories in recent years, caused by ponds and small streams 
drying out during the breeding season, as has been observed 
during field work. A recent study indicated that reduced 
rainfall in the course of climate change will likely cause a 
decline in Citril Finch populations in the Pyrenees, support-
ing our notion (Borras et al. 2025).

The above conclusions are strongly supported by our 
landscape-level analysis, comparing areas with stable or 
declining population size (Table 6). Areas with declin-
ing rather than stable populations were characterised by a 
higher distance to the next water source, a lower coverage 
of Mountain Pines, higher values for docks and a lower dis-
tance to the nearest forest edge. Regarding Mountain Pine, 
the result probably indicates that the occurrence of this spe-
cies, being an important winter and spring food source for 
Citril Finches (Förschler 2001a, 2007a, 2007b; Förschler 
and Kalko 2006b; Handschuh et al. 2023), in the surround-
ings of territories is important, whilst high coverages within 
the territories reduce grassland and thus flower availability 
essential during breeding. The detrimental effects of docks, 
here Rumex alpinus, point towards eutrophication reducing 
flower availability at some locations with high density of 
cattle (Ellenberg and Leuschner 2010). The shorter distances 
to the next forest edge, finally, again indicate negative effects 
of succession on Citril Finch habitats.

Conclusions and conservation implications

Our study fills a major gap regarding the population develop-
ment of Citril Finches in Germany, as recent studies on the 
situation in the Bavarian Alps, the species’ principal strong-
hold in Germany, were missing thus far. Though Bezzel 
and Brandl (1988) showed evidence for population declines 
around Garmisch-Partenkirchen, this could be confirmed 
more recently (Schödl 2011). In line with studies from other 
areas (e.g. Kilzer et al. 2011; Knaus et al. 2018, 2021; Gigot 
et al. 2020; Keller et al. 2020; Märki and Adamek 2022; 
Handschuh et al. 2023; Förschler et al. 2024), we found 
indications for a strongly declining population size, with 

implications for its conservation status in Bavaria and Ger-
many, which should be adjusted as soon as possible. Con-
sequently, implementing conservation measures to stabilise 
the populations of this European endemic is urgently needed. 
Our results indicate negative effects of habitat and climate 
change, and scaly leg mite infestation will likely worsen the 
situation in the future (see also Handschuh et al. 2025).

In our study area, we found very little evidence that agri-
cultural intensification caused the observed declines. All 
except (parts of) one areas were not fertilised, and indica-
tions for eutrophication (docks) were spatially very limited 
and only visible at some resting places of cattle. Although 
in some areas grazing intensity might be a bit high thereby 
reducing flower supply, several lines of evidence indicate 
that the principal problem in our study area is that grazing 
intensity and pasture care are too low. Low grazing intensity 
may result in fallow-like structures reducing flower richness 
and promote tree/shrub encroachment and densely closed 
rather than open forests (Laiolo et al. 2004; Förschler and 
Dorka 2010; Uchida and Ushimaru 2014; Ellenberg and 
Leuschner 2010; Braunisch et al. 2016), for all of which 
we found evidence. Such developments will also reduce the 
number of solitary trees, becoming surrounded by trees or 
undergrown by shrubs, namely Mountain Pine. With regard 
to climate change, it seems that increasing temperatures, 
which may cause phenological mismatches between plants 
and birds and also promote secondary succession, are not 
yet of primary importance in our study area. More important 
seem extended periods of drought and concomitant water 
shortage in the habitats. The impact of heavy rainfall, which 
may also affect Citril Finches, is currently unknown.

We conclude that promoting traditional alpine farming 
(grazing) is the key to conserve Citril Finches in the study 
area (see also Glutz von Blotzheim and Bauer 1997; För-
schler 2007a; Förschler and Dorka 2010). Especially the loss 
of forest pastures, resulting in a strong division between for-
ests and pastures, was long assumed to be important drivers 
of population declines (Märki 1976; Glutz von Blotzheim 
and Bauer 1997). Grazing intensities should aim to success-
fully combat bush and tree encroachment, but at the same 
time to preserve flower-rich pastures. Whilst the latter is 
achieved in our study area by a late start of grazing, this 
may benefit bush encroachment, highlighting the need for 
an appropriate pasture care by cutting back trees and Moun-
tain Pines. Of course, solitary trees should be protected and 
should even be planted in treeless areas. In this context, for-
est pasture, i.e. including the forests surrounding the pas-
tures, to preserve or restore light forests and forest–grass-
land ecotones will be of utmost importance. Such measures 
will not only promote the Citril Finch, but also countless 
insects, plants, and co-occurring and neighbouring bird spe-
cies such as Mountain Pipit Anthus spinoletta, Ring Ouzel 
Turdus torquatus alpestris, Black Grouse Tetrao tetrix, 
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Capercaillie Tetrao urogallus, and Three-Toed Woodpecker 
Picoides tridactylus (see also Förschler 2007a; Handschuh 
et al. 2024b). In addition, measures to enhance water avail-
ability (artificial ponds, cisterns) will be important in some 
areas, benefitting conservation and farmers alike. Traditional 
alpine pastures are important strongholds for a wealth of 
species and should therefore gain a high priority in future 
conservation planning.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s10336-​025-​02359-0.

Acknowledgements  This study was mainly financed by the Bavarian 
Nature Conservation Fund (Bayerischer Naturschutzfonds), a legal 
foundation under public law (Art. 50 para. 1 of the Bavarian Nature 
Conservation Act—BayNatSchG). We especially thank Ulrike Strohm-
eier, head of the Bavarian Nature Conservation Fund, for making this 
project possible. We are indebted to two anonymous reviewers for 
providing helpful and constructive criticism on a draft version of our 
manuscript.

Author contributions  Conceptualisation: Klaus Fischer, Michael 
Schödl; methodology: Klaus Fischer, Michael Schödl; formal analysis 
and investigation: all the authors; writing—original draft preparation: 
Klaus Fischer, Stella Buchwald; writing—review and editing: Hans-
Joachim Fünfstück, Peter Holmeier, Fabian Unger, Michael Schödl; 
funding acquisition: Michael Schödl.

Funding  Open Access funding enabled and organized by Projekt 
DEAL.

Data availability  Data are available from the corresponding author 
upon request.

Declarations 

Conflict of interests  The authors have no competing interests to de-
clare that are relevant to the content of this article.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Andretzke H, Schikore T, Schröder K et al (2025) Artsteckbriefe. In: 
Südbeck et al (eds) Methodenstandards zur Erfassung der Brut-
vögel Deutschlands. Pp. 98–665. 1. DDA, Münster

Baccarani MM (2020) Vorkommen des Zitronenzeisigs (Carduelis cit-
rinella) an exemplarischen Standorten in Tirol: Habitat, Anwesen-
heit, Brutbiologie, syntop vorkommende Vogelarten. MSc thesis 

University of Innsbruck, 138 pages. https://​ulb-​dok.​uibk.​ac.​at/​
ulbti​rolhs/​conte​nt/​title​info/​56463​10

Barras AG, Marti S, Ettlin S et al (2020) The importance of seasonal 
environmental factors in the foraging habitat selection of Alpine 
Ring Ouzels Turdus torquatus alpestris. Ibis 162:505–519

Bezzel E, Lechner F (1978) Die Vögel des Werdenfelser Landes. 
KILDA: Greven

Bezzel E, Brandl R (1988) Der Zitronenzeisig Serinus citrinella im 
Werdenfelser Land. Anz Orn Ges Bayern 27:45–65

BirdLife International (2024) The IUCN red list of threatened species: 
birds. Version 2024. https://​www.​iucnr​edlist.​org

Boch S, Kurtogullari Y, Allan E et al (2021) Effects of fertilization 
and irrigation on vascular plant species richness, functional com-
position and yield in mountain grasslands. J Environ Manage 
279:111629

Borras A, Senar JC (1991) Opportunistic breeding of the Citril Finch 
Serinus citrinella. J Ornithol 132:285–289

Borras A, Cabrera T, Cabrera J, Senar JC (2003) The diet of the Citril 
Finch (Serinus citrinella) in the Pyrenees and the role of Pinus 
seeds as a key resource. J Ornithol 144:345–353

Borras A, Cabrera J, Cabrera T, Senar JC (2004) Interlocality varia-
tion in speed of moult in the Citril Finch Serinus citrinella. Ibis 
146:14–17

Borras A, Conroy MJ, Cabrera J, Cabot J, Senar JC (2025) Predict-
ing citril finch Carduelis citrinella response to climatic change: 
an analysis of survival and recruitment probabilities in relation 
to meteorological covariates. Anim Biodivers Conserv 48:e0010

Brambilla M, Cortesi M, Capelli F et al (2017) Foraging habitat 
selection by Alpine White-winged Snowfinches Montifrin-
gilla nivalis during the nestling rearing period. J Ornithol 
158:277–286

Braunisch V, Patthey P, Arlettaz R (2016) Where to combat shrub 
encroachment in alpine timberline ecosystems: combining 
remotely-sensed vegetation information with species habitat mod-
elling. PLoS ONE 11:e0164318

Brawn JD, Robinson SK (1996) Source-sink population dynamics may 
complicate the interpretation of long-term census data. Ecology 
77:3–12

Cardador L, Díaz-Luque JA, Hiraldo F et al (2018) The effects of spa-
tial survey bias and habitat suitability on predicting the distribu-
tion of threatened species living in remote areas. Bird Conserv 
Int 28:581–592

Cardoso P, Barton PS, Birkhofer K et al (2020) Scientists’ warning to 
humanity on insect extinctions. Biol Conserv 242:108426

Dorka U (1986) Der Zitronengirlitz (Cerinus c. citrinella) im Nor-
dschwarzwald - zur Verbreitung und Habitatwahl. Ornithol Jh 
Bad-Württ 2:57–71

Dvorak M, Landmann A, Teufelbauer N et al (2017) Erhaltungszustand 
und Gefährdungssituation der Brutvögel Österreichs: Rote Liste 
(5. Fassung) und Liste für den Vogelschutz prioritärer Arten (1. 
Fassung). Egretta 55:6–42

DWD, MeteoSchweiz & GeoSphere Austria (2025) Alpenklima Win-
terhalbjahr 2024/25: Klimazustand in den Zentral- und Ostalpen. 
www.​dwd.​de

Ellenberg H, Leuschner C (2010) Vegetation Mitteleuropas mit den 
Alpen, 6th edn. UTB, Stuttgart

Engler JO, Rödder D, Stiels D, Förschler MI (2014) Suitable, reachable 
but not colonised: seasonal niche duality in an endemic mountain-
ous songbird. J Ornithol 155:657–669

Fernandez-Bellon D, Lusby J, Bos J et al (2021) Expert knowledge 
assessment of threats and conservation strategies for breeding 
Hen Harrier and Short-eared Owl across Europe. Bird Conserv 
Int 31:268–285

https://doi.org/10.1007/s10336-025-02359-0
http://creativecommons.org/licenses/by/4.0/
https://ulb-dok.uibk.ac.at/ulbtirolhs/content/titleinfo/5646310
https://ulb-dok.uibk.ac.at/ulbtirolhs/content/titleinfo/5646310
https://www.iucnredlist.org
http://www.dwd.de


913Journal of Ornithology (2026) 167:901–914	

Fischer M, Rudmann-Maurer K, Weyand A, Stöcklin J (2008) Agricul-
tural land use and biodiversity in the Alps: how cultural tradition 
and socioeconomically motivated changes are shaping grassland 
biodiversity in the Swiss Alps. Mt Res Dev 28:148–155

Förschler MI (2001a) Brutzeitliche Nahrungswahl des Zitronengirlitzes 
Serinus citrinella im Nordschwarzwald. Vogelwelt 122:265–272

Förschler MI (2001b) Witterungsbedingte Ausweichbewegungen des 
Zitronengirlitzes Serinus citrinella im Nordschwarzwald. Ornithol 
Beob 98:209–214

Förschler MI (2002) Brutbiologie des Zitronengirlitz Serinus citrinella 
im Nordschwarzwald. Ornithol Beob 99:19–32

Förschler MI (2006) Starker Bestandsrückgang beim Zitronenzeisig an 
nachbrutzeitlichen Sammelplätzen im Nordschwarzwald. Vogel-
warte 44:17–21

Förschler MI (2007a) Microgeographic variation in citril finch Cardu-
elis citrinella abundance as a consequence of resource availability 
and ancient landscape cultivation. Eur J Wildl Res 53:29–34

Förschler MI (2007b) Seasonal variation in the diet of citril finches 
Carduelis citrinella: are they specialists or generalists? Eur J 
Wildl Res 53:190–194

Förschler MI (2013) Auf verlorenem Posten? Der Zitronengirlitz im 
Schwarzwald. Der Falke 60:453–455

Förschler MI, Dorka U (2010) Citril finch faces extinction at the north-
ern edge of its distribution. Alauda 78:13–136

Förschler MI, Handschuh M (2022) Ein Alpenvogel am Abgrund? Der 
Zitronenzeisig. Der Falke, Sonderheft 2022:48–51

Förschler MI, Kalko EK (2006a) Breeding ecology and nest site selec-
tion in allopatric mainland Citril Finches Carduelis [citrinella] 
citrinella and insular Corsican Finches Carduelis [citrinella] cor-
sicanus. J Ornithol 147:553–564

Förschler MI, Kalko EKV (2006b) Macrogeographic variations in food 
choice of mainland citril finches Carduelis [citrinella] citrinella 
versus insular Corsican (citril) finches Carduelis [citrinella] cor-
sicanus. J Ornithol 147:441–447

Förschler MI, Kalko EKV (2006c) Age-specific reproductive perfor-
mance in Citril Finches Carduelis [citrinella]. Ardea 94:275–279

Förschler MI, Borras A, Cabrera J, Cabrera T, Senar JC (2005) Inter-
locality variation in reproductive success of the citril finch Serinus 
citrinella. J Ornithol 146:137–140

Förschler MI, Borras A, Kalko EKV, Cabrera J, Cabrera T, Senar JC 
(2006) Inter-locality variation in breeding phenology and nesting 
habitat of the Citril finch Carduelis citrinella in the Catalonian 
pre-Pyrenees. Ardeola 53:115–126

Förschler MI, Senar JC, Borras A, Cabrera J, Björklund M (2011) Gene 
flow and range expansion in a mountain-dwelling passerine with a 
fragmented distribution. Biol J Linn Soc 103:707–721

Förschler MI, Bickel M, Handschuh M (2024) Schleichender Abschied 
Ornis 2(24):36–39

Gigot G, Jeusset A, Comolet-Tirman J (2020) La Liste rouge des 
espèces menacées en France–Chapitre Oiseaux nicheurs de France 
métropolitaine. https://​mnhn.​hal.​scien​ce/​mnhn-​04251​564/​docum​
ent

Glutz von Blotzheim UN, Bauer KM (eds; 1997) Serinus citrinella – 
Zitronengirlitz. In: Handbuch der Vögel Mitteleuropas, 14/1:501–
532. Wiesbaden: Aula

Handschuh M, Bickel M, Apel R, Günther D, Harry I, Martin R, Reese 
L, Reinschmidt M, Rinder M, Rücker P, Schnaible K, Stadler A, 
Wichmann F, Wuhrer J, Förschler MI (2023) In-situ and ex-situ 
measures to save the Citril Finch Carduelis citrinella, a European 
endemic mountain bird on the edge. Vogelwarte 61:27–45

Handschuh M, Anger F, Förschler M (2024b) Naturnahe Beweidung 
mit großen Pflanzenfressern als Schlüsselfaktor für den Erhalt 
der Bergvogelwelt: insbesondere in Zeiten des Klimawandels. 
Monticola 114:49–76

Handschuh M, Apel R, Bickel M, Harry I, Höfler J, Martin R, Rein-
schmidt M, Reese L, Rinder M, Stadler A, Wichmann F, Förschler 
M (2025) Pathologischer Parasitenbefall mit der Grabmilbe Kne-
midokoptes jamaicensis verstärkt die globale Gefährdungslage des 
Zitronenzeisigs Carduelis citrinella. Monticola 115:5–16

Handschuh M, Bickel M, Förschler MI (2024a) Zitronenzeisig - 
anspruchsvoller Endemit der Gebirge Südwest- und Mitteleuropas. 
In: Dröschmeister R, Busch M, Fink A et  al (eds) Vögel in 
Deutschland - Alpenvögel. DDA, BfN, LAG VSW, Münster

Hänsel S, Hoy A, Brendel C, Maugeri M (2022) Record summers in 
Europe: variations in drought and heavy precipitation during 
1901–2018. Int J Climatol 42:6235–6257

Jaureguiberry P, Titeux N, Wiemers M et al (2022) The direct driv-
ers of recent global anthropogenic biodiversity loss. Sci Adv 
8:eabm9982

Keller V, Herrando S, Voríšek P et al (2020) European breeding bird 
atlas 2: distribution, abundance and change. Lynx Nature Books, 
Barcelona

Kilzer R, Willi G, Kilzer G (2011) Atlas der Brutvögel Vorarlbergs. 
Bucher Verlag, Hohenems-Wien

Knaus P, Antoniazza S, Wechsler S et al (2018) Schweizer Brutvogelat-
las 2013–2016: Verbreitung und Bestandsentwicklung der Vögel 
in der Schweiz und im Fürstentum Liechtenstein. Schweizerische 
Vogelwarte, Sempach

Knaus P, Antoniazza S, Keller V et al (2021) Rote Liste der Brutvögel. 
Gefährdete Arten der Schweiz. Bundesamt für Umwelt (BAFU) 
/ Schweizerische Vogelwarte (eds). Umwelt-Vollzug 2124, 53 p.

Krams I (2001) Perch selection by singing chaffinches: a better view of 
surroundings and the risk of predation. Behav Ecol 12:295–300

Laiolo P, Dondero F, Ciliento E, Rolando A (2004) Consequences of 
pastoral abandonment for the structure and diversity of the alpine 
avifauna. J Appl Ecol 41:294–304

Lees AC, Haskell L, Allinson T et al (2022) State of the world’s 
birds. Annu Rev Environ Resour 47:231–260

LfU (Bayerisches Landesamt für Umwelt) (2011) Steckbrief zur 
Kulturlandschaft Werdenfelser Land. https://​www.​lfu.​bayern.​
de/​natur/​kultu​rland​schaft/​glied​erung/ doc/55.pdf

Märki H (1976) Brutverbreitung und Winterquartier des Zitron-
enzeisigs Serinus citrinella nördlich der Pyrenäen. Orn Beob 
73:67–88

Märki H (2021) Wasser als wichtige Ressource für den Zitronen-
zeisig Carduelis citrinella. Orn Beob 118:46–57

Märki H, Adamek G (2022) The distributional range of the Citril 
Finch Carduelis citrinella - unsolved riddles and possible expla-
nations. Orn Beob 119:366–375

Moussy C, Burfield IJ, Stephenson PJ et al (2022) A quantitative 
global review of species population monitoring. Conserv Biol 
36:e13721

Müller TM, Meier CM, Knaus F et al (2023) Finding food in a chang-
ing world: small-scale foraging habitat preferences of an insec-
tivorous passerine in the Alps. Ecol Evol 13:e10084

Murphy MT (2001) Source-sink dynamics of a declining Eastern 
Kingbird population and the value of sink habitats. Conserv Biol 
15:737–748

Pfeiffer T, Schaub M (2023) Productivity drives the dynamics of a red 
kite source population that depends on immigration. J Avian Biol 
2023:e02984

Probst R (2012) Warum brütet der Zitronenzeisig (Carduelis citrinella) 
in Kärnten genau am Dobratsch? Carinthia II 202(122):493–504

Pulliam HR (1988) Sources, sinks, and population regulation. Am Nat 
132:652–661

Qiu J, Shen Z, Xie H (2023) Drought impacts on hydrology and water 
quality under climate change. Sci Total Environ 858:159854

https://mnhn.hal.science/mnhn-04251564/document
https://mnhn.hal.science/mnhn-04251564/document
https://www.lfu.bayern.de/natur/kulturlandschaft/gliederung/
https://www.lfu.bayern.de/natur/kulturlandschaft/gliederung/


914	 Journal of Ornithology (2026) 167:901–914

Remold H (1958) Ein Beitrag zur Verbreitung des Zitronenzeisigs 
(Carduelis c. citrinella Pall.) in den bayerischen Alpen. Anz Orni-
thol Ges Bayern 5:45–48

Resano-Mayor J, Korner-Nievergelt F, Vignali S et al (2019) Snow 
cover phenology is the main driver of foraging habitat selection 
for a high-alpine passerine during breeding: implications for spe-
cies persistence in the face of climate change. Biodivers Conserv 
28:2669–2685

Rigal S, Dakos V, Alonso H et al (2023) Farmland practices are driving 
bird population decline across Europe. Proc Natl Acad Sci USA 
120:e2216573120

Rime Y, Korner P, Helm B et al (2025) Drivers of nest site selection 
and breeding success in an Alpine ground-nesting songbird. J 
Ornithol 166:357–370

Rudolph BU, Schwandner J, Fünfstück HJ et al (2016) Rote Liste und 
Liste der Brutvögel Bayerns. Landesamt für Umwelt, Augsburg

Ryslavy T, Bauer HG, Gerlach B et al (2020) Rote Liste der Brutvögel 
Deutschlands. 6th edition. Ber Vogelschutz 57:13–112

Schödl M (2011) Zitronenzeisige (Serinus citrinella) in NATURA 
2000-Gebieten im Landkreis Garmisch-Partenkirchen. Unpub-
lished report for the Bayerischen Naturschutzfonds, 10 pages

Seibold S, Gossner MM, Simons NK (2019) Arthropod decline in 
grasslands and forests is associated with landscape-level drivers. 
Nature 574:671–674

Stewart KEJ, Bourn NAD, Thomas JA (2001) An evaluation of three 
quick methods commonly used to assess sward height in ecology. 
J Appl Ecol 38:1148–1154

Teneva O, Petkova Z, Dobreva A et al (2024) Centaurea benedicta - a 
potential source of nutrients and bioactive components. Plants 
13:3579

Tyrberg T (1991) Arctic, montane and steppe birds as glacial relicts in 
the West Palearctic. Orn Verh 25:29–49

Uchida K, Ushimaru A (2014) Biodiversity declines due to abandon-
ment and intensification of agricultural lands: patterns and mecha-
nisms. Ecol Monogr 84:637–658

Werth H (2025) Erster Fall von Kalkbeinräude beim Zitronenzeisig in 
den Bayerischen Alpen nachgewiesen. Der Falke 8:46

Yuan X, Wang Y, Peng J et al (2023) A global transition to flash 
droughts under climate change. Science 380:187–191

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	A globally declining endemic under pressure: effects of habitat and climate change on Citril Finches in the Bavarian Alps
	Abstract
	Zusammenfassung
	Introduction
	Materials and methods
	Study organism
	Study area and sites
	Data collection and field methods
	Statistical analyses

	Results
	Population development
	Habitat preferences

	Discussion
	Population development

	Conclusions and conservation implications
	Acknowledgements 
	References




