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field habitat mapping and satellite remote sensing to compare occupied nest sites with
randomly selected pseudo-absence sites. In the first half of the breeding season, snow-
finches preferred nest cavities oriented towards the morning sun while they used cavi-
ties proportional to their availability later on. This preference might relate to the nest
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Introduction

Selecting the right place and time for reproduction is crucial,
especially so for species inhabiting highly variable environ-
ments (McFarland et al. 2017). For altricial birds, nest site
selection is particularly important because the nest location
influences the time-and energy budget of provisioning adults
(de Zwaan et al. 2019), as well as the growth and body con-
dition of the chicks (Johst et al. 2001, Catry et al. 2013).
Microclimate of the nest can affect the incubation cost (Rauter
and Reyer 2000), nestling development (Mueller et al. 2019)
and post-fledgling survival (Grefo et al. 2008). The quality
and composition of the habitat in the nest surroundings on
the other hand influences the foraging distance and there-
with time and energy invested in provisioning and self-main-
tenance. Increasing distance to high quality foraging habitat
can reduce the provisioning rates, chick conditions and fledg-
ling success (Catry et al. 2013). Furthermore, nest location
can influence predation risk (Rauter et al. 2002).

Mountain ecosystems are characterised by a high temporal
and spatial variability in environmental conditions. The onset
of snowmelt governs foraging habitat suitability during the
reproduction period of most mountain birds. Many ground-
foraging mountain birds rely on soil invertebrates, notably
insect larvae that develop in the meltwater, to raise their
young (Antor 1995, Brodmann and Reyer 1999, Resano-
Mayor et al. 2019). Therefore, snowmelt and the following
brief time window that provides short vegetation, enabling
efficient ground feeding, result in a peak of optimal foraging
conditions (Resano-Mayor et al. 2019, Barras et al. 2020).
Winter snowfall and therewith the snowpack in spring fur-
ther contributes to interannual variation in snow conditions.
On top of temporal variability, snow cover is also variable in
space. Snow melt occurs at different rates on ridges compared
to depressions because of wind dynamics and the snow cover
depth varying with these topographic features. Due to the
interplay between the topography and weather conditions,
suitable foraging sites are patchily distributed in space and
time. Bird species breeding in high-elevation biomes have
therefore evolved strategies to cope with the variability and
stochasticity of their environment to optimise reproduc-
tive success (Bollmann and Reyer 2001, Rauter et al. 2002,
Arlettaz et al. 2017). Such strategies include for example to
skip breeding in years with unfavourable conditions, adjust-
ing the timing of reproduction to match resource peak or to
select a nest location with favourable microclimatic condi-
tions (Martin and Wiebe 2004).

These fine-tuned behavioural and physiological adaptions
of specialised high-elevation species might be disrupted by
ongoing environmental changes (Martin and Wiebe 2004,
Chamberlain et al. 2012). Climate change effects are particu-
larly strong in mountain regions which have experienced a
faster rate of ambient temperature increase compared to the
global average (Auer et al. 2007, Pepin et al. 2015). Higher
temperatures in spring alter the timing and duration of the
snowmelt process (Steger et al. 2013, Klein et al. 2016),
thus modifying the availability of food sources during the
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reproduction period (Barras et al. 2021). Shifts in peak food
availability might lead to a phenological mismatch or enlarge
the distance between high quality foraging habitat and suit-
able nest sites and consequently increase time and energy
necessary for provisioning. Moreover, rising temperatures can
influence the suitability of nest cavities as their temperature
profile might depend on the prevailing weather conditions.
Basic knowledge of nest site selection is thus needed to evalu-
ate the potential impact of global warming on the population
dynamics of high-elevation bird species.

We investigated nest-site selection of the white-winged
snowfinch  Montifringilla nivalis (hereafter snowfinch), a
typical species of high-clevation environments in the Swiss
Alps to assess spatial association of nest sites and foraging
habitats and characterize the small-scale cavity characteristics.
We compared nest sites with randomly generated pseudo-
absence site (hereafter PA sites) to infer about the nest site
selection. While much is already known about this species’
foraging habitat requirements (Brambilla et al. 2017, Resano-
Mayor et al. 2019), we still lack information about nest site
selection and the association between nest sites and forag-
ing habitat, which is the focus of this study. The European
sub-species inhabits the alpine and nival zones of central and
southern European mountain ranges (Keller et al. 2020) and
breeds in rock crevices, cavities in buildings, in ski lift pylons
and nest boxes (Heiniger 1991, Grangé 2008). The nestling
diet of snowfinch mainly consists of arthropods, especially
tipulid larvae (Glutz von Blotzheim and Bauer 1997). These
larvae develop in meltwater next to snowfields which make
snowfleld margins important foraging habitat. Long term
data suggests that snowfinch hatching dates have no longer
coincided with an earlier snowmelt in recent years, particu-
larly at low elevations (Schano et al. 2021) where popula-
tions declined the strongest (Knaus et al. 2018). We expected
that 1) snowfinches select nest cavities according to microcli-
matic conditions e.g. cavity temperature. We expect a selec-
tion for east and south exposed cavities as theses orientation
typically provide higher internal temperatures (Ardia et al.
2006). Furthermore, we expected that 2) snowfinches prefer
higher above ground nest cavities to avoid predation. Given
the importance of snowfield margins as foraging habitats, we
expected 3) a preference to nest in areas with high snow cover.
Short distance to high quality foraging habitat might reduce
the time and energy the adults need to invest in feeding the
nestlings.

Material and methods

Study areas

We searched for snowfinch nest sites in four (2018, 2019) and
six (2020) core study areas across the Swiss Alps (Supporting
information). The areas covered an elevational gradient rang-
ing between 1900 and 3100 m a.s.l. which corresponds to the
breeding range of snowfinches in Switzerland (Knaus et al.
2018). The core areas were visited at least once every second
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week between 1 June and 15 August to search for active nests.
Content could not be checked except for nest boxes due to
inaccessibility of the nest cavities. Potential nest sites were
observed repeatedly throughout the breeding season to assess
the stage of the brood (nest building, incubation, nestling
period, fledged) from behavioural observations. Only nests
where we observed at least one feeding event (i.e. an adult
entering the nest with food), heard begging calls of the nest-
lings or where we could detect at least an egg or nestlings (for
nest box broods) were subsequently considered occupied nest
sites. Feeding occurred on average every 6 min (Niffenegger
unpubl.). Observing nests for 30 min therefore allowed us
to assess the stage of the brood. From these observations
we calculated hatching and fledging dates for every brood
(Supporting information).

Cavity characteristics

Sun orientation

We recorded the nest orientation expressed as cardinal direc-
tion of all occupied snowfinch nests located during the sur-
veys of 2020 using a magnetic compass. For 102 broods
(nski lift pylons = 66’ nbuildings =21 > Mgt boxes = 7’ Dy = 8) we had
information on hatching and fledging dates from repeated
observations. We randomly selected one PA site for each nest
in the same structure as the occupied nest (rock, building, ski
lift pylon, nest box) within 2 to 20 m distance to measure the
orientations in alternative available cavities. Based on cardi-
nal direction of the entrance, nests and PA sites were assigned
to morning sun orientation (NE, E, SE and S) or afternoon
sun orientation (SW, W, NW and N). We divided nests into
early and late, based on the median hatching date to look at
changes in selection throughout the breeding season. To anal-
yse the selection of nest cavity orientation, we used a general-
ized linear mixed effect model with a Bernoulli distribution
and a logistic link function using sun orientation as response
variable (1 =morning sun, 0=afternoon sun). Presence ver-
sus PA and its interaction with early versus late breeding were
included as fixed effects.

Nest box characteristics

In several study sites, nest boxes were mounted between 2012
and 2018. Out of 73 nest boxes, 30 were occupied by snow-
finches at least once since their installation. For these nest
boxes, we measured sun exposition (morning and afternoon
sun), exposure and height above ground. Exposure is an index
of the degree of protection of the nest box against weather
(e.g. rainfall or direct sun exposition). It was measured as the
sum of distances to any structure on the left, right and above
the nest with a maximum distance of 5 m. We compared the
characteristics of used and unused nest boxes to specifically
assess the nest box selection.

We use a generalized mixed effects model with a Bernoulli
distribution and a logistic link function using nest box use
(1 =occupied nest boxes, 0=unoccupied nest boxes) as
response variable. Sun exposition (morning versus afternoon),

exposure and height above ground were included as fixed
effects in the model.

Habitat composition

Ground cover type

Ground cover data (grassland, bushes, bare ground, rocks,
stones, infrastructure, water) was collected for nests located
during surveys between 2018 and 2020. Additionally, we
also included nest sites in our study sites from an online data
base (www.ornitho.ch) occupied between 2015 and 2019
(n,,=67). The goal was to characterize the ground cover
composition on the home-range scale. We only included nest
records that corresponded to confirmed breeding, i.e. nests
with eggs or chicks. The PA sites for all nests were randomly
selected within a 1.5 km radius. Furthermore, the PA sites
were restricted to the elevational range between 1800 and
3100 m.

We visually estimated the ground cover variables
(Supporting information) in a 300 m radius around the nest
and PA sites. This radius corresponds to the normal foraging
distance of snowfinches during the breeding season (Grangé
2008). The habitat mapping in the field was conducted in
2020 between July and August after complete snowmelt or
when snow cover was less than 2% within the 300 m radius.
The average elevation, slope and exposition (aspect) on a
100 m radius and their standard deviations were retrieved
from a digital elevation model with a 25 m spatial resolution
(Swisstopo 2005). The topographic variables were collected
on a smaller scale compared to ground coverage to reflect the
local conditions more accurately.

A generalized mixed effects model with a Bernoulli distri-
bution and the logistic link function was used to relate nest
site use (1 =nest site, 0=DPA site) to the ground cover and
topography in the nest surroundings. The nest identity was
used as a random factor.

Remote-sensed snow cover

We used remote-sensed snow cover data to assess the relation-
ship between snow cover at hatching date and use of nest site.
Snow cover was retrieved from a raster-based, binary snow
cover map with a spatial resolution of 20 m (Gascoin et al.
2018, 2019). This analysis was based on broods located during
nest surveys in 2018-2020 for which we had sufficient data
to calculate the hatching date (n,. ,05=12, 0, 2010 =25
0, 2000 = 102). Snow cover was extracted from images taken
between 1 March and 31 August. We extracted the propor-
tion of snow-covered pixels within a 100 m radius around
nests and PA sites. We excluded days for which more than
20% of pixel values were missing within the 100 m radius.
The data was subsequently checked for implausible values
that can for example arise from subpixel clouds or errors in
the cloud masking process. Obvious and inexplicable outli-
ers were removed. We linearly interpolated snow cover for
days without satellite images and extracted the snow cover
at the hatching date therefrom. We extracted snow cover at
hatching dates from the snow cover at the nest sites and its
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www.ornitho.ch

corresponding PA sites. PA sites were randomly generated
and did not overlap within a 300 m radius around other
active nests.

A generalized mixed effects model with a Bernoulli distri-
bution and the logistic link function was used to correlate the
nest site use (nest site versus PA site) with the snow cover at
the hatching date for all broods as well as for early and late
broods separately. Year and elevation were included as a fixed
factor in the models. The brood identity was used as a ran-
dom factor to take the paired design into account.

Statistical analysis

All linear models were fitted with the &rm function of the
'brms' package (Biirkner 2018) with 4 chains and 2000 iter-
ations. The minimum effective sample size was 2377. We
used flat, so called improper priors, for all fixed effects, a
folded-t distribution with 3 degrees of freedom, mean 0 and
standard deviation of 2.5 for random effects and a student-t
distribution with 3 degrees of freedom, mean 0 and standard
deviation of 2.5 for the intercept. The convergence of the
MCMC simulation was assessed both visually and based on
the R value. All R value were smaller or equal to 1.01. The
model residuals were analysed visually to check how well the
model assumptions were met. We first fitted models without
quadratic effects and subsequently added quadratic terms if
they were deemed necessary. This can be assessed by plotting
residuals against each predictor (Korner-Nievergelt et al.
2015). Based on the residual analyses, we included the qua-
dratic term of elevation and snow cover in the snow cover
model. We assessed spatial autocorrelation based on semi-
variograms and Moran’s I. We used R ver. 4.1.2 (www.r-
project.org) and QGIS ver. 3.10.4 (QGIS Development
Team 2020) for all analyses.
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Results

Cavity characteristics

Sun orientation

Out of 102 nest cavities, 54 were oriented towards the morn-
ing sun. Cavity exposition towards SE and NW were most
common with 33.3% and 26.5% of all occupied cavities. In
the first half of the breeding season, nest sites had a prob-
ability of being oriented towards the morning sun of 68.0%
(95% Crl: 53.2-80.7%) compared to PA cavities 38.4%
(25.0-53.4%) (Fig. 1), indicating a preference for morning
sun oriented cavities. In the second half of the breeding sea-
son, a similar proportion of nest cavities and PA sites were
morning-sun oriented. Nest cavities had a probability of
38.4% (25.1-53.2%) to be morning-sun oriented, while PA
sites had a probability of 44.7% (30.4-59.5%) for the same

orientation in the second half of the breeding season (Fig. 1).

Nest box characteristics

The comparison of used and unused nest boxes did not indi-
cate a clear association between nest box height and use.
However, less exposed e.g. more weather protected nest boxes
were clearly preferred (Supporting information).

Habitat composition

Ground cover type

Cover of rock and infrastructure (e.g. buildings and ski lifts)
and grass cover were most strongly correlated with nest site
use. Cover of rock and infrastructure was, on average, higher
at nest sites (median: 3.25%, 1st and 3rd quartile: 1.5-
5%, n=67) compared to PA sites (median: 0.5%, Ist and
3rd quartile: 0.0-1.6%) and the model indicates a strong

Early broods Early PA
N N
NW NE NW NE
w E W E
swW SE SwW SE
S S
Late broods Late PA
N N
NW NE NW NE
w E w E
S SE swW SE
S S

Figure 1. Proportion of morning sun-oriented nest cavities (blue) and pseudo-absence sites (orange). Broods were divided into early and late
hatching broods based on the median hatching date in 2020 (early: hatching date < median hatching date; late: hatching date > median
hatching date). PA cavities were assigned the hatching date of their corresponding brood. Left: Proportion of morning sun orientation and
error bars indicating the 95% credible interval based on a generalized linear mixed effect model. Right: Distribution of nest orientations for

early and late broods and the PA cavities. n_, =51, n, =51.

early

Page 4 of 9

85U8017 SUOLILOD BA 181D 3(eal|dde ayy Aq peusenob ae ssppiie YO ‘8N JO s3I 10} A%IqiT8UlIUO AS]IAA UO (SUONIPUOD-PUR-SLLIBYLIOD" AB [ IM"ARe1q U1 UO//SANY) SUONIPUOD PUe SWB | 8L 88S *[£202/70/y0] Uo AriqiTaulluO AB|IM ‘Ul BeISIBAIUN Ad 9Y0E0 AR TTTT OT/I0P/W0d 48| 1M AleIq Ul |Uo//Sdny WO} pepeojumod ‘v-€ ‘€202 ‘X8r0009T


www.r-project.org
www.r-project.org

(A) 1.00+ -sraprangesme, % sme 5 mpm = = - (B) 1.004 === -+~ AT < B3 A RAMEEY — -
ﬂw) [}
9 0.75 @ 0.75
. S
o o
20501 £ 050
o S
© ©
S S
o 0.251 & 0.251
000t ™y —=—- = — e — == - 0.00¢ = = =8 o g% < 2 2P -J G0 -
0 4 8 12 0 25 50 75

Rock cover + infrastructure cover % Grass cover %

Figure 2. Probability of nest site use (nest site: y=1, PA site: y=0) in relation to coverage of rocks and infrastructures and coverage of
grassland within a 300 m radius around the nest. All other predictors in the model (Table 1) except coverage of rocks and infrastructure (A),
and coverage of grassland (B), respectively, were fixed at their mean values for calculating the regression line. Shaded area denotes the 95%

credibility interval. n =67,n =067.

nest sites pseudo-absence sites

selection for such structures (Fig. 2a). Median grass cover at
nest sites was 71.5% (1st and 3rd quartile: 53.5-79%) and
68% (1st and 3rd quartile: 55.3-84.5%) at PA sites. Based
on a logistic regression model, nest location with a high grass
cover were preferred (Fig. 2b, Table 1). Bush cover and topo-
graphic variable did not show clear correlations with nest
site selection.

Remote-sensed snow cover

The median snow cover at hatching varied strongly across the
three-year study period ranging between 23.9% (1st and 3rd
quartile: 0.00-53.3%) in 2020 and 69.9% (1st and 3rd quar-
tile: 48.8-79.0%) in 2019. The median hatching date instead
was similar across years (2018=14 June, 2019=16 June,
2020=9 June). Overall, 56.8% of broods (n=79) hatched
when snow cover was at least 25% in a 100 m radius around
the nest sites. Snowfinch nest sites were consistently located
in areas with intermediate to high snow cover, particularly
in the case of early broods (Fig. 3a—b, Table 2), indicating a
preference for more than average snow cover. This trend was
consistent throughout the study period but was not evident
for late broods (Fig. 3c).

Discussion

This study sheds light on the abiotic drivers of nest site
selection in a declining high-clevation passerine. It thereby
complements the results of former investigations on forag-
ing and dietary biology of the species. Our results show that
snowfinches in the Alps select nest sites in areas with inter-
mediate to high snow cover, which have been shown to offer
optimal foraging conditions (Brambilla et al. 2017, Resano-
Mayor et al. 2019). We could further evidence a preference
for nest sites oriented to morning sun early in the breeding
season.

Cavity characteristics

The selection of nest sites oriented towards the morning sun
early during the breeding season might relate to the microcli-
matic conditions inside the nest cavity. Nest boxes oriented
towards the morning sun have higher inside temperatures,
especially in the morning hours (Ardia et al. 2006), poten-
tially providing eco-physiological advantages in a cold envi-
ronment. Nest microclimate, especially temperature, can

Table 1. Estimated model coefficients and the 95% credibility interval from a generalized mixed effect model for the nest site use in relation
to the habitat composition and topography. Habitat composition was measured within a 300 m radius, topographical variables within a 100
m radius. All numeric predictors except sin and cos exposition were centred and scaled before the analysis (original data: Supporting infor-

mation)' nncsts: 67/ npseudo—abscnccs: 67.
Standardized 97.5% Unstandardized 97.5%
Predictor variable estimate 2.5% quantile quantile estimate 2.5% quantile  quantile
Grass cover (%) 1.01 0.32 1.78 0.04 0.01 0.08
Bush cover (%) 0.51 -0.18 1.22 0.04 —-0.01 0.09
Log (rock and 1.72 1.08 2.47 2.40 1.51 3.45
infrastructure cover (%))
Slope (°) -0.16 -0.74 0.43 -0.02 -0.08 0.05
SD slope (°) 0.46 —-0.12 1.12 0.14 -0.04 0.34
Eastness (°N) (sin 0.18 -0.46 0.82 0.18 -0.46 0.82
exposition)
Northness (°N) (cos —-0.68 -1.57 0.18 -0.68 -1.57 0.18
exposition)
SD exposition (°N) 0.25 -0.24 0.76 0.01 —0.01 0.02
Elevation (100 m) 0.05 -0.25 0.55 0.02 -0.17 0.22
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Figure 3. Probability of nest site use (nest site: y=1, pseudo-absence-site: y=0) in relation to snow cover at hatching within a 100 m radius
around the nest. Pseudo-absences were assigned the hatching date of their corresponding brood. All continuous predictors (elevation, hatch-
ing date) except snow cover were fixed at their mean values for obtaining the regression line. Shaded area denotes the 95% credibility
interval. (Left) all broods. (Middle) early broods (hatching date < median hatching date 2018-2020). (Right) late broods (hatching date >
median hatching date 2018-2020). 10, ... 5015 =12, 0, 2010 = 25> N 2020 = 102, 1y = 139.

affect incubation costs (Vleck 1981, Rauter and Reyer 2000,
Nord and Nilsson 2011), nestling development (Pérez et al.
2008, Mueller et al. 2019, de Zwaan et al. 2020) and breed-
ing success (Dawson et al. 2005, Burton 2006, Gibson et al.
2016). Higher nest temperatures can reduce the time needed
for incubation or brooding the nestlings (Mueller et al. 2019).
Therefore, adults could potentially increase the number and

Table 2. Estimated model coefficients with standard errors (SE) and
the 95% credibility interval from a generalized linear effect model
for the nest site use in relation to the snow cover at the hatching
date, hatching date, elevation and year. Separate models were fitted
for all broods, early and late broods. All numeric predictors were
centred and scaled before the analysis. N 015=12, Npecs 2010 =25,

nnests 2020= 1 02

Predictor 2.5% 97.5%

variable Estimate SE quantile quantile

All broods
Intercept 0.85 0.48 —-0.06 1.81
Snow cover 0.5 0.22 0.08 0.93
Snow cover? -0.43 0.18 -0.78 -0.06
Hatching day 0.2 0.16 -0.13 0.53
Year 2019* -0.47 0.56 -1.56 0.64
Year 2020* -0.3 0.47 -0.95 0.9
Elevation 0.1 0.14 -0.17 0.38
Elevation? -0.26 0.11 -0.48 -0.04

Early broods
Intercept 0.26 0.68 -1.07 1.59
Snow cover 1.18 0.30 0.61 1.77
Snow cover? -0.68 0.24 -1.18 -0.21
Hatching day 0.23 0.48 -0.72 227
Year 2019* -0.29 0.86 -2.03 1.35
Year 2020* 0.68 0.69 -0.67 2.05
Elevation -0.19 0.24 -0.65 0.26
Elevation? -0.34 0.19 -0.73 0.02

Late broods
Intercept 0.67 0.79 -0.83 2.29
Snow cover -0.36 0.30 -0.95 0.22
Hatching day —-0.18 0.29 -0.75 0.40
Year 2019* -0.13 0.89 -1.86 1.61
Year 2020* -0.62 0.76 —-2.21 0.81
Elevation 0.36 0.22 -0.06 0.79
Elevation? -0.24 0.15 -0.55 0.05

* Reference year is 2018.
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duration of foraging trips as a response to higher nest tem-
peratures (Rauter et al. 2002, Walters et al. 2016). This might
not only lead to higher provisioning rates but also increase
the time spent for self-maintenance.

Yet, this temperature effect still ought to be demonstrated
for snowfinch nest sites as we did not measure microclimate
inside the nest cavities. Especially, it remains unclear if the
temperature effect would hold true for all types of nests
(rocks, pylons and buildings) as the temperature inertia
might vary considerably among them (Griiebler et al. 2014,
Maziarz et al. 2017, Larson et al. 2018, Fontaine et al. 2021).

Habitat composition

Generally, we found many snowfinch nest sites in ski lift
pylons and buildings. These nest locations might differ in
their proximity to foraging habitats. Especially the vertical
distance to foraging grounds can be considerably larger for
nest sites in cliffs compared to other nest types. Furthermore,
snow grooming and artificial snow in ski resort might alter
the quality of foraging habitats. Our results suggest that
snowfinch nest sites are located in areas with above-average
snow cover at hatching, especially during the first half of the
breeding season. This trend was consistent during the three-
year study period but the average snow cover at hatching
varied strongly between years, ranging from 23.9% (Ist and
3rd quartile: 0.00-53.3%) in 2020 to 69.9% (1st and 3rd
quartile: 48.8-79.0%) in 2019. These results are in line with
a study of the long-term trend of the breeding phenology of
snowfinches in Switzerland (Schano et al. 2021). The long-
term data suggests that two thirds of the broods hatch dur-
ing the snow melting period, but this proportion decreased
with the advancement of the snowmelt at lower elevations in
recent years (Schano et al. 2021).

Snowmelt typically governs plant and invertebrate phe-
nology at high elevation and hence modifies food availability
and abundance at higher trophic levels (Liebezeit et al. 2014,
Kwon etal. 2019, Barras et al. 2020). Therefore, the timing of
reproduction as well as the choice of the nest location in rela-
tion to the habitat composition and, especially to snow cover,
might be crucial for successful reproduction. Different insect

85U8017 SUOLILOD BA 181D 3(eal|dde ayy Aq peusenob ae ssppiie YO ‘8N JO s3I 10} A%IqiT8UlIUO AS]IAA UO (SUONIPUOD-PUR-SLLIBYLIOD" AB [ IM"ARe1q U1 UO//SANY) SUONIPUOD PUe SWB | 8L 88S *[£202/70/y0] Uo AriqiTaulluO AB|IM ‘Ul BeISIBAIUN Ad 9Y0E0 AR TTTT OT/I0P/W0d 48| 1M AleIq Ul |Uo//Sdny WO} pepeojumod ‘v-€ ‘€202 ‘X8r0009T



larvae, particularly tipulids, are important components of the
nestling diet of snowfinches (Heiniger 1991). The abundance
of tipulid larvae is particularly high next to the melting snow
front (Resano-Mayor et al. 2019) and snow patches hence
represent an important foraging habitat for snowfinches
(Brambilla et al. 2017, Resano-Mayor et al. 2019). The selec-
tion of areas with high snow cover might reflect the foraging
preference of the species. High snow cover on the hatching
date might provide good foraging conditions, e.g. long-last-
ing availability of snowfield margins and thus food through-
out the three week nestling period. Moreover, invertebrate
fall-out on snow can additionally offer easily accessible food
(Antor 1995).

Climate change is expected to alter the snow cover
extent and the timing of the snowmelt (Steger et al. 2013,
Klein et al. 2016). Snow cover changes and therewith poten-
tial changes in food availability may affect the timing and
duration of the breeding period. Yet, the consequences for
alpine species depend on their ability to react to environmen-
tal shifts. Such reactions may include advancing the breeding
period or shifting the breeding sites to higher elevation where
the timing of snowmelt still coincides with their physiologi-
cally determined breeding period. In snowfinches, popula-
tion declines in the lower parts of the elevational distribution
suggest that an adaption to an earlier snowmelt may not
occur (Schano et al. 2021). Furthermore, the current over-
all negative population development suggests that an upward
shift could not compensate for the population losses at low
elevations (Knaus et al. 2018).

In conclusion, supplementing nest boxes oriented towards
the morning sun and sheltered from weather could benefit
snowfinch populations by enhancing the availability of suit-
able nest sites, e.g. along an elevation gradient, and to some
extent mitigate the expected negative effect of climate warm-
ing on the distance between nest sites and foraging grounds.
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