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Cold spells and severe weather may have detrimental effects in wild birds, but owing to the stochastic nature of
these events, it is not always possible to measure their impacts. In January 2021, a strong snowstorm known as
‘Filomena’ affected Spain, mainly the region of Madrid (Central Spain), which was fully covered with snow and
suffered freezing temperatures for a fortnight. Using bird surveys conducted in the winter-spring of 2020 and
2021 (before and after Filomena) at same locations, we addressed the possible impact of the cold spell in three
widespread gamebirds: Wood Pigeon (Columba palumbus), Eurasian Magpie (Pica pica) and Red-legged Partridge
(Alectoris rufa). No significant abundance differences were found between years for none of the species and
hunting pressure was only significantly reduced for Partridges, hence this species may have been negatively
affected by Filomena. Results suggest that in response to Filomena, Pigeons conducted partial migration in search
of better conditions, while Magpies aggregated in certain areas of Madrid and Partridges endured the harsh
conditions within their home ranges. Our results highlight the importance to alleviate negative impacts of

extreme weather events in wild birds through management actions, especially for sedentary species.

1. Introduction

Long-term climate and short-term weather conditions changes can
have an important effect on biodiversity (Urban, 2015), especially when
environmental conditions are harsher, like in winter (Bélanger and
Bédard, 1989; Guzman et al., 2017). It is well known that both migratory
and resident birds can be negatively affected by severe winter weather
(Newton, 1998), especially during periods of continuous freezing tem-
peratures accompanied with heavy snow and strong wind, also known as
‘cold spells’ (De Vries et al., 2012). In these situations, migratory and
resident birds might show different responses, so while migratory birds
may ‘escape’ from the cold (Péron et al., 2011), resident birds will
endure weather conditions through the regulation of body energy re-
serves, which are used to evaluate the impact of cold weather on birds’
survival (Sanchez-Garcia et al., 2018). In France, Lormeé et al. (2012)
evaluated the effects of a cold spell in February 2012, and found 1791
dead birds, the most important causes of death being starvation (56%),
vehicle collisions (24%) and predation (8%). Similar conclusions were
observed in Greater Flamingos (Phoenicopterus roseus) after several cold
spells in southern France (Deville et al., 2014).
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A large snowstorm named ‘Filomena’ affected from central to the
northeast of Spain from 5 to January 10, 2021, but mainly Central Spain,
outstanding the region of Madrid, which was covered with snow
(reaching 50-60 cm of accumulated snow), and was affected by freezing
temperatures (the minimum temperatures ranged from —12 to —4.4 °C),
with harsh conditions being extended during a fortnight (AEMET,
2021a, 2022; Smart, 2021). Filomena caused five human casualties and
stopped public and private transportation, producing damages not only
in buildings and infrastructure, but also to around 500,000 trees in the
city of Madrid (Pérez-Gonzalez et al., 2022). This cold spell was char-
acterized by the amount of snow, being the heaviest snowfall recorded in
Madrid since 1971 (Tapiador et al., 2021).

In the current climate change scenario with increased extreme
weather events, management measures targeting wildlife could avoid
detrimental effects. This is the case of food and water provision, which
are common practice in hunting grounds of western Europe targeting
small game species such as Partridges (Alectoris and Perdix genera), Wild
Rabbit (Orytolagus cuniculus) and Hares (Lepus spp.) (Armenteros et al.,
2021; Estrada et al., 2015) together with other measures aiming to
provide shelter through land interventions (Sanchez-Garcia et al.,
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2024). In the case of game species, there are national schemes to halt or
restrict hunting during cold spells, mainly for waders and waterfowl (see
Sanchez-Garcia et al., 2018 and the review herein).

To the best of our knowledge, few studies have addressed the
possible effects of Filomena on birds’ population levels, showing dis-
placements and significant changes on abundance depending on the
species (Cano-Barbacil and Sanchez, 2022; Pérez-Granados et al., 2023).
Aiming to gain knowledge on the impact of this stochastic event on
birds, this study evaluated the populations of gamebirds in the region of
Madrid, comparing field data gathered at the same locations after the
arrival of Filomena (February-March 2021), with the previous year. Our
results may help to understand the impact of severe weather conditions
in gamebirds and promote management and conservation measures that
would benefit gamebirds but also other wild birds (e.g. endangered
steppe-bird populations) that occur at the same habitats. As the studied
species are gamebirds, hunters and managers conduct management
targeting these species, hence our conclusions may be applied to prevent
detrimental effects of cold spells.

2. Materials and methods
2.1. Study area

This study was conducted in the region of Madrid, which covers
8028 km? in Central Spain (Fig. 1). The main landscapes in this region
are forest and shrublands (55%), and cultivated areas (29%), mainly
cereal but also olive groves. The region of Madrid has two main climates,
Mediterranean continental, with hot dry summers, cold winters and a
annual mean rainfall of 400-650 mm (though some areas are below 300
mm), and mountain climate restricted to areas >1200 m a.s.l., with cold
and wet autumn-winter (~1500 mm, including snow), and mild summer
(Chazarra et al., 2009).
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2.2. Study species and data collection

This study was part of a gamebird monitoring project developed in
the region of Madrid during 2020 (year-1, before Filomena) and 2021
(year-2, after Filomena). Gamebird hunting is a legal activity of high
socioeconomic importance in Spain and other European countries, with
existing regulations in which the game species and hunting periods are
indicated to ensure that hunting is sustainable, with active habitat
management being conducted by hunters and game managers
(Sanchez-Garcia et al., 2024). Of the species hunted in the region of
Madrid, three were chosen due to their wide distribution in the study
area and the different seasonal movement strategies: (1) Red-legged
Partridge (Alectoris rufa), a strictly sedentary gamebird species, which
occurs mainly in farmland but also mixed habitats (Casas et al., 2022);
(2) Wood Pigeon (Columba palumbus), a sedentary gamebird species but
also migrant in Iberia, present in farmland, forest and mixed habitats,
and also in urban and peri-urban areas (Purroy and Purroy, 2016; But-
kauskas et al., 2019); and (3) Eurasian Magpie (Pica pica), a sedentary
species occurring in a wide range of habitats, including urban and
peri-urban areas (Martinez, 2011). The magpie is a gamebird, but it is
mainly hunted as part of a predator removal activities through a special
permission.

A grid cell of 10 x 10 km (UTM) was used only to select a uniform
distribution of sampling points within the region of Madrid (Fig. 1).
From a total of 113 grid cells, the ones that were covered by more than
80% of urban areas were excluded. From the remaining 83 grids, 50%
were randomly selected for sampling (n = 41). The habitat type in each
grid was categorized using the National Information System of Land Use
(SIOSE, https://www.siose.es/). After excluding urban areas, three main
habitat categories were established: ‘forest’ (when at least 70% of the
grid surface was covered by trees and shrubland), ‘farmland’ (when at
least 70% of the grid surface was covered by open-land mostly dedicated
to farmland such as cereal fields, ploughed fields, fallow), and ‘mixed’

Fig. 1. Map showing the region of Madrid and the location of the transects conducted during 2020 and 2021.
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when none of the previous applied.

Field work took place in two consecutive years, 2020 and 2021,
during February and early March, once the hunting season was finished.
At this time of the year, the studied species are in pairs, at the beginning
of the breeding season (Rocha et al, 2009; Martinez, 2011;
Sanchez-Garcia et al., 2017).

In 2020, we visited each grid in advance, and designed one transect
of 10 km in length per grid. Surveys were conducted on consecutive
days, in early morning (within 3 h after dawn) and evening (last 3 h
before dusk), when birds are more active and detectable. Transects were
covered by car at low speed (10 km/h) using local track networks and
stopping every time the studied species were located. All gamebirds
detected were recorded, and the distance to the observer was measured
using a range finder (NUM’axes, Ltd., 6 x 25), together with the angle
using a protractor set on the top of the car. Field-work was conducted in
the absence of rain, snow or heavy wind which may affect birds’
behavior.

2.3. Hunting data

To study the effects of hunting activity on gamebirds during the
hunting season right after this extreme cold event, we used the gamebag
data of the small game species (number of animals hunted/season)
during the hunting seasons of 2019-2020 (before Filomena) and
2020-2021 (after Filomena). In all hunting grounds it is mandatory to
report gamebag data at the end of each season to the regional admin-
istration. For this analysis, we used the data provided by the regional
government of Madrid (which is compiled at national scale; MITERD,
2023).

The open season for the studied species covers two main periods:
from October to February, when the three studied species can be hunted,
and from mid-August to mid-September, when Wood Pigeons and
Magpies can be hunted (but not Partridges). Also, as part of predator
removal management, Magpies can be hunted in February, though a
special permission must be given by the regional government. Red-
legged Partridges are released for hunting or repopulation purposes
(Sanchez-Garcia et al., 2022), but according to official data, most of
farm-reared birds are released in commercial sites, hence for the analysis
only gamebag data from sites without releasing were used.

Data was made available at hunting ground scale, but taking into
account that transects covered more than one hunting ground, the home
range of the species (Buenestado et al., 2008; Martinez, 2011; Pérez
et al., 2015), and the migratory behavior of Wood Pigeons (Schumm
et al., 2022), data was merged to evaluate hunting pressure at regional
level.

2.4. Data analysis

For each target species and hunting season, it was calculated the
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hunting rate to address whether it varied among the two consecutive
hunting seasons, understood as the proportion of animals of a given
species from the total gamebag.

To estimate the impact of Filomena snowstorm, a Snow Persistence
Index (SPI) was computed using Sentinel-2 satellite images (UTM 30T
tiling grids UL, UK, VL, VK). The images selected were those of January
13 and 18, 2021 due to the low percentage of cloud cover (<10%) after
the main snowfall on January 8 and 9, 2021. The Normalized Difference
Snow Index (NDSI) was used, and the positive values were chosen to
select the locations with the highest probability of snow presence. The
SPI was calculated as the mean NDSI between both dates, so that values
close to 1 (blue) indicated that the snow was persistent, remained in that
location for the entire period, values close to 0 (red) corresponded to
locations where snow did not occur, and intermediate values (yellow)
meant that the snow melted during that time interval (Fig. 2).

Bird abundance was calculated through a Kilometric Abundance
Index (KAI), defined as the ratio of the total number of individuals of a
given species observed along a transect by the total transect length
covered at each site (Preatoni et al., 2012). Possible differences on
gamebird abundance among years, landscapes, and snow persistence
were studied using generalized linear models (GLM) with negative
binomial errors to control data overdispersion. Likewise, to address
whether there were differences in hunting between the two hunting
seasons in the region of Madrid, a GLM with negative binomial errors
was applied using species and season as the explanatory variable and the
number of individuals hunted as the response variable.

We assumed that the difference in the number of individuals hunted
in a hunting season has an impact on the species population (KAI) in the
following year. To calculate the expected abundance in the absence of
Filomena (expected KAI values in 2021), we understood that the ratio of
individuals hunted in both hunting seasons could be reflected in the
ratio of abundance indices (KAI values in 2020 and 2021) but inversely,
as the reduction of hunting in the 2020-2021 season should increase the
KAI values in 2021. This estimation allowed us to analyze the effect of
Filomena by comparing the value of expected KAI in 2021 due to the
reduction of individuals hunted in the 2020-2021 season with the
observed KAI value in 2021 after Filomena occurred. All statistical an-
alyses were conducted using R software v.3.4 (R Core Team, 2023),
specifically MASS package (Venables and Ripley, 2002). The confidence
intervals (CI) were estimated using the 95% region. We also used the
interval between the 25 and 75 percentiles (IQi) as a robust estimation of
the variation of the values due to non-normality of the data.

3. Results

In the region of Madrid, the hunting bag of small game species in the
2020-2021 season was slightly lower when Filomena occurred than in
the previous season (after Filomena, 95.1% of the 2019-2020 season).
The GLM applied to study the hunting bag of the small game species in

Fig. 2. (A) Normalized Difference Snow Index (NDSI), of January 13, 2021; (B) NDSI of January 18, 2021 and (C) Snow Persistence Index (SPI) as mean for both
values of NDSI. Blue colors represent high SPI (1) and warm ones low SPI (0). (For interpretation of the references to color in this figure legend, the reader is referred

to the Web version of this article.)
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the two hunting seasons showed significant differences by species but no
between hunting seasons, hence hunting was not influence by the season
(P = 0.874). When looking at the studied species, the gamebag was
reduced in all of them in the 2020-2021 season (Fig. 3.). The number of
Partridges hunted in 2020-2021 was 56.8% of those caught in the
previous season, and the hunting rate was 59.7%. In the same way,
Magpie gamebag was reduced to 84.1% and the hunting rate to 88.4%.
By contrast, in the case of Wood Pigeon, the gamebag (i.e. the number of
individual hunted) decreased slightly to 98.1% in the 2020-2021 sea-
son, though was recorded a slight increase (3.1%) in hunting rate i.e. the
number of Wood Pigeons hunted with respect to the total number of
small game hunted was slightly higher.

The SPI values ranged from 0.280 (low snow persistence) to 0.932
(high snow persistence) considering all sampled locations (Appendix
Fig. S1). However, in farmland the mean SPI values were 0.855 (IQi:
0.865-0.917), while in forest the mean values were 0.671 (IQi:
0.596-0.810), hence snow prevailed longer in farmland.

The abundance analysis of the studied species, including year, SPI
and habitat type using the GLM analysis (Table 1) showed no significant
differences between years. Also, the SPI variable was not significant, and
this information already provided by the habitat type variable. When
considering only habitat type in the GLM analysis, the data revealed
strong effect of habitat type on Wood Pigeon (P < 0.001) and Partridge
abundance (P < 0.001), together with a moderate effect on Magpie
abundance (P = 0.012).

Wood Pigeons were detected in 88.6% of transects conducted in
farmland and in 50% of those conducted in forest (Appendix Fig. S2).
The abundance value in farmland was 4.8 times higher (median: 1.49
birds/km, IQi: 0.83-4.94 birds/km) compared to forest (median: 0.31
birds/km, IQi: 0.13-0.53 birds/km). Similarly, Partridges were observed
in 47.8% of farmland transects and in 22.8% of forest transects, with 5
times higher abundance values in farmland (median: 0.55 birds/km, IQi:
0.40-1.31 birds/km) compared to forest (median: 0.11 birds/km, IQi:
0.10-0.27 birds/km). However, Magpies showed a larger distribution
because they were observed in 93.2% of transects conducted in farmland
and in 81.8% of those conducted in forest, although with a higher
abundance (2.3 times) in farmland (median: 2.35 birds/km, IQi:
1.31-3.61 birds/km) compared to forest (median: 1.02 birds/km, IQi:
0.59-2.17 birds/km). For this species, although no significant differ-
ences in the abundance was recorded among years (P = 0.077), we
found a higher variability between sampling points after Filomena (year
1, IQ: 1.62; year 2, IQ: 2.84). As shown in Fig. 4, Magpies tended to
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aggregate in higher numbers in the 20-21 hunting season compared to
the previous.

The “expected abundance” calculated in the absence of Filomena for
the 2020-2021 predicted that in the absence of Filomena, KAI values
would have been 1.9% higher in Pigeons, 43.2% higher in Partridges
and 15.9% higher in Magpies (Fig. 5).

4. Discussion

This study has shown no significant differences in abundance be-
tween the two studied periods for the three species. Considering hunting
rates, our results suggest that the abundance of Partridge’s was nega-
tively affected by Filomena, while no effect was found in Wood Pigeons
and a moderate effect (but not negligible) was recorded in Magpie’s
abundance.

Owing to the mobility restrictions during and after the COVID-19
pandemics (Henriquez et al., 2020), we hypothesized that hunting
could had been reduced in all species during the 2020-2021 season, but
it was only significantly reduced in Partridges, which could be explained
by the shorter period of time when Partridges were hunted compared to
the other species, as Wood Pigeons and Magpies were also hunted from
mid-August to mid-September, and the latter species can be controlled in
February. It is important to note that in Madrid the hunting season
finishes by the end of January, and the majority of hunting grounds
decided to stop hunting after Filomena to avoid harming gamebird
populations (Lara, pers. comm), reducing the hunting season (one
month less than in the year before Filomena). In Spain and other Eu-
ropean countries, small game hunting is forbidden when the snow
covers the ground (Agencia Estatal Boletin Oficial del Estado, 2015).
Interestingly enough, during both seasons, the Wood Pigeon gamebag
was similar, but a small increase in the hunting rate was recorded during
2020-2021 season. These results were similar for other game species
(Fig. 3), which suggests that reducing hunting in some species may in-
crease the hunting rate in others.

The occurrence and abundance of the three species varied among
habitats, though all species showed higher abundances in farmland
compared to forest. As described by the Spanish meteorological agency,
the snowfall was heaviest in lowland areas, dominated by farmland
(AEMET, 2022), but no clear habitat “shifts” to forest areas were
detected. Despite Wood Pigeons being associated to habitats dominated
by forest (Purroy and Purroy, 2016), they reached higher densities in
farmland, which could be explain by the adaptation to urban and
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Table 1
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The two GLM models applied to the data of Wood Pigeon, Red-legged Partridge, and Eurasian Magpie using the variables: habitat (forest/non-forest), year (2021/

2020), and SPI.

Wood Pigeon Red-legged Partridge Eurasian Magpie

Estimate S.E. P Estimate S.E. P Estimate S.E. P
Intercept 1.934 1.106 0.080 —2.808 2.007 0.162 0.533 0.891 0.550
Habitat —2.252 0.446 <0.001 —2.101 0.742 0.005 —0.605 0.348 0.082
Year —0.336 0.344 0.328 —0.060 0.554 0.913 —0.477 0.277 0.085
SPI —0.948 1.255 0.450 2.592 2.289 0.257 0.963 1.010 0.341

Estimate S.E. P Estimate S.E. P Estimate S.E. P
Intercept 1.053 0.209 <0.001 —0.604 0.059 0.059 1.148 0.173 <0.001
Habitat —2.284 0.387 <0.001 —2.455 0.620 <0.001 —0.759 0.304 0.0124

Note: the columns correspond to: coefficients (Estimate), standard error (SE), and probability (P).The coeffcient estimates with significant differences (P < 0.05) are in
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peri-urban habitats during the last decades observed in Spain and other
European areas (Purroy and Purroy, 2016). Interestingly enough, after
the arrival of Filomena, Magpies tended to aggregate (Fig. 4), which
could be explained by an anti-predatory strategy when the weather is
harsh, as described previously in urban habitats of Italy (Ientile, 2014).

Overall, our results show that the abundance of the studied game-
birds in the region of Madrid did not change across the study periods, but
the expected abundance in the absence of Filomena (Fig. 5) points to-
wards the idea of different responses depending on the species.

In Wood Pigeons, which were subject to slightly higher hunting rate
in the 2020-2021 period, it is possible that they managed to escape from
the severe weather, coming back to their sites once weather conditions
improved, a pattern already described in the species (Schumm et al.,
2022). Magpies, which are sedentary and were subject to lower hunting
rate in 2020-2021, could have merged in flocks and search of habitats
with better conditions within Madrid (Ientile, 2014), showing a certain
pattern of aggregation, which may had alleviated detrimental effects of
food depravation from “frozen grounds”, making the most of available
food at urban and peri-urban habitats, such as carrion from wildlife
road-kills (Martinez, 2011). In Magpies and Wood Pigeons, it is impor-
tant to note that they are able to perch and roost in trees, bushes and
buildings of different size, this behavior being less frequent in
Red-legged Partridges (Potts, 2012).

Quite the opposite, results suggest that Partridges were negatively
affected by Filomena, as no abundance difference was found between
years, but in the 2020-2021 hunting season, there was a dramatic
hunting reduction (56%) compared to the previous. Together with
shooting restraint, works at large scale were conducted to clear roads
and tracks from snow, which may had alleviated food deprivation owing
to snow persistence and frost, and hunters and game managers provided
food at many hunting grounds (Pompa, 2022), a very common practice
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for small game species in Spain (Sanchez-Garcia et al., 2024). In other
words, if Filomena had not affected Partridges with half of the hunting
pressure and measures “on the ground” against snow and frost, we
would have expected abundance to be higher in 2021 (Fig. 5), which
was not the case. It is true that we do not know the Partridge breeding
success in 2020, but in Partridge populations located at close distance,
productivity between these two periods was similar (authors, data not
published). Moreover, in Madrid the springtime was warm and wet
(AEMET, 2021b), conditions which favor Partridges (Lucio, 1990), with
no severe storms recorded in Madrid during that period that could have
reduced productivity. During the first days after the arrival of Filomena,
some hunters and game managers shared photographs of dead wildlife
in social media (including small game species), that could have died
from starvation or freezing temperatures, collisions or predation, but no
systematic studies were conducted.

Our results are partially in agreement with Cano-Barbacil and
Sanchez (2022), who studied the impact of Filomena in farmland birds
in the region of Madrid. These authors found that the populations of
sedentary species such as Thekla’s Lark (Galerida theklae) and Corn
Bunting (Emberiza calandra), were decreased after the snowstorm, while
other migrants, such as Eurasian Lapwing (Vanellus vanellus), Eurasian
Skylark (Alauda arvensis) and Meadow Pipit (Anthus pratensis), were not
significantly affected owing to their migratory behavior, coming back to
their territories once weather conditions improved and snow had mel-
ted. Additionally, these authors suggest that the Crested Lark (Galerida
cristata), which is not a migratory species, moved to southern locations,
being recorded back to their territories as the other species. In addition,
Pérez-Granados et al. (2023), who studied the endangered Dupont’s
Lark (Chersophilus duponti) in several locations affected by Filomena,
found a significant population decline in the next reproductive season.

Existing research in other bird species at other European countries
has confirmed that birds are often badly affected by cold spells and
snowstorms, though these studies were conducted in waterfowl and
waders (shorebirds), using different methodologies, such as the collec-
tion of dead birds (Davidson and Clark, 1985; Péron et al., 2011; Lormeé
et al., 2012). As waterfowl and the majority of waders occur in aquatic
environments (wetlands, shorelines), they are very sensitive to severe
winter weather (Lormeé et al., 2012), with a marked migratory behavior
when environmental conditions get harsh, as demonstrated in species
such as the Eurasian Woodcock (Scolopax rusticola) (Péron et al., 2011)
and the Eurasian Golden Plover (Pluvialis apricaria) (Machin et al.,
2015).

5. Conclusions

Stochastic weather, such as the snowstorm Filomena, poses wild
birds at risk, with different effects depending on the severity and the
ability to endure or escape from the harsh weather from a species given.
Then, three types of responses to extreme weather events may have
occurred: (1) migratory species such as Pigeons responding with a
temporary flight from the affected area avoiding mortality at the cost of
travel expenses; (2) sedentary species with limited movement capacity
remaining within their home range at the cost of high mortality as
Partridges; and (3) sedentary species with certain movement capacity,
regrouping in favorable areas that allows them to reduce the cost of
mortality, such as Magpies.

Owing to the difficulties on predicting these events, in the case of
gamebirds the two main actions to take are hunting restraint and habitat
management. In Spain, around 90% of the land is declared as ‘hunting
ground’ (Sanchez-Garcia et al., 2021), hence the role of hunters and
game managers through supplementary feeding, shelter and clearing the
ground from snow, could be crucial not only for gamebirds, but also for
other wildlife species. Special attention should be paid to sedentary
species which may not be able to escape from harsh weather (such as
Partridges), and regular game and wildlife monitoring schemes should
be promoted to fully understand the effects of these events, and take
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management decisions accordingly (www.observatoriocinegetico.org).
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