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Introduction

In recent one and a half decades, the timing of the migra-
tion of many species has been altered by climate change-
related processes (Gill 2015; Kullberg et al. 2015; Conklin 
et al. 2021; Lawrence et al. 2022), and in this context, the 
way in which certain elements of the frequently extreme 
spring weather affect spring migration has been the subject 
of intense research over the last decade and a half (Newton 
2010; Gill 2015; Romano et al. 2023; Horton et al. 2023). 
Examining the historical data for 14 migratory bird species, 
Kullberg et al. (2015) concluded that short-distance migrant 
species are returning earlier nowadays than in the past, while 
the difference in return times for long-distance migrant spe-
cies is much smaller. Tryjanowski et al. (2002) made similar 
conclusions, but from the 16 species they examined, only the 
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Abstract
We studied the characteristics of the spring migration of Eurasian Woodcock and the influence of weather on migration 
based on samples (n = 24,124 bagged individuals) collected between 2010 and 2019 in the framework of the Woodcock 
Bag Monitoring in Hungary. Results reflect strong nonlinearity between the migration dynamics in March and the precipi-
tation and the minimum temperature in each year of study. The above weather factors were strong significant predictors of 
the number of individuals, because differences in migration patterns are essentially due to weather factors. In years with 
average weather conditions, the peak of migration was between 16 and 24 March, while in years with advanced migration 
timing, the migration of the species started up to two weeks earlier due to favourable weather conditions in the wintering 
areas in early spring. Migration paths are subject to short periods of stormy, wintery weather, which are unfavourable for 
migration, resulting in flattening migration periods with no definite peak. The spring migration dynamics in the years with 
weather anomalies were the most distinct from the years with normal migration phenology. The winter weather in March 
in these years caused birds to stop migrating and only resume their migration towards nesting areas when atmospheric 
conditions returned to normal. Based on the data from the ten years we had studied, it is already evident that the spring 
migration phenology of this species changed. The spring migration shifted forward by about 6–10 days, but the consider-
able influence (delaying) effect of extreme spring weather on the migration route is clearly present, partially masking the 
effect of trend-like changes in weather characteristics on the phenology.
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White Wagtail (Motacilla alba), the Black Redstart (Phoe-
nicurus ochruros), the Common Wood Pigeon (Columba 
palumbus) and the Barn Swallow (Hirundo rustica) showed 
significant changes. Newton (2010) examined the impact of 
storms, typically during flight over some type of water body, 
and assessed mortality during the period following arrival at 
and departure from breeding areas in autumn. He found that 
sudden, extreme weather events primarily affected song-
birds, but could also, not infrequently, result in significant 
losses and changes in migration timing for larger species. 
During spring migration, adverse weather conditions can 
have a particularly large impact on birds, as migration is 
much faster than in autumn due to the need for birds to reach 
breeding grounds as soon as possible (Tøttrup et al. 2012; 
Gill 2015). In recent decades, significant mortality during 
spring migration has been observed in a number of species, 
mostly due to extreme weather conditions (Perrins et al. 
1985; Mead 1991; Askeyev et al. 2023).

The Woodcock (Scolopax rusticola L.) (hereafter: Wood-
cock) is one of the species of which it is not known exactly 
how it responds to changing environmental conditions dur-
ing migration. We do not know which weather factors play 
a major role, nor do we know whether the effects of the 
increasingly intense environmental changes of the present 
day have led to changes in the migratory phenology of the 
species.

The Woodcock is a monotypic species (Cramp and Sim-
mons 1983; Glutz von Blotzheim 1986; Gill et al. 2024), 
with Palearctic distribution (Van Gils et al. 2020) and a 
stable European population (13.8–17.4  million adults) 
(BirdLife International 2024). Hungary is on the border of 
its breeding range and although nesting birds are observed 
every year, its nesting population does not exceed a few tens 
of individuals (Hadarics and Zalai 2008; Bende and László 
2020; Bende 2021), but it is present in large numbers in 
this region during its spring and autumn migration (Faragó 
2009; Bende 2021). It is a broad-fronted partial migrant spe-
cies (Faragó 2009; Bende 2021), with a significant propor-
tion of its migratory populations passing north of Hungary 
(Le Rest et al. 2019). The predominant migration direction 
towards breeding areas in Europe and in Western Siberia 
is southwest–northeast (Cramp and Simmons 1983; Glutz 
von Blotzheim 1986; Bønløkke et al. 2006; Spina and Vol-
poni 2008; Kralj et al. 2013; Saurola et al. 2013; Bairlein 
et al. 2014; Van Gils et al. 2020; Spina et al. 2022). It is 
known from capture-recapture and transmitter data that the 
wintering areas of Woodcock migrating through Hungary 
are mainly in France, with a smaller part in Italy, and from 
the Carpathian Basin they fly to Poland, Ukraine, the Baltic 
States and Russia (Faragó 2009; Schally 2015). The known 

literature data on the number of migrating birds in Hungary 
(1.4–6.8  million) show a significant deviation from their 
own previous dataa (Szemethy et al. 2014; Schally 2020), 
making estimates uncertain.

The spring migration of this species in Hungary was first 
studied in the first half of the 20th century (Schenk 1931), 
and subsequently several studies summarized the available 
knowledge (Faragó et al. 2000, 2012a, 2012b, 2014, 2015a, 
2015b, 2016; Faragó 2003; Faragó and László 2013; Bende 
2021; Bende et al. 2023a). These studies, however, were 
limited to annualised reports of changes in the number of 
individuals bagged over time, and did not investigate the 
connection between the temporal course and the dynamic 
characteristics of migration and weather factors. Bende et 
al. (2023a) used macrosynoptic meteorological features 
to show that extreme weather conditions can have a sig-
nificant impact on the migration of the Woodcock. On the 
other hand, their study did not examine that how individ-
ual weather factors (such as precipitation and temperature) 
affect the migration dynamics of the Woodcock along the 
migration route. These factors can be illustrated with those 
years that characterized by extreme weather conditions. We 
considered years characterized by high amount of precipita-
tion (2013, 2018) as extreme, where wintery weather (severe 
frost, heavy snowfall, stormy wind) was typical during the 
sampling period along the migration route. In the present 
study, we aimed to develop and apply Generalised Additive 
Models (GAMs) that can be used to compare the time series 
of species migration dynamics with weather parameters 
and to express the effect of weather factors on migration 
phenology using statistical methods. We have two hypoth-
eses. (I) Weather extremes has significant influence on the 
dynamics of spring migration, which can be described by 
temperature attributes and precipitation. We assumed that 
migration that start with favourable conditions, the influenc-
ing effect of shorter-term weather anomalies on the migra-
tion route, and extreme atmospheric physical conditions that 
resulting extreme weather conditions in case of migration 
(storms, heavy snowfall, persistent severe frost), decreases 
the migration intensity of Woodcock or the birds may even 
suspend their migration. The drought and the temperatures 
that higher than average on the migration route, increased 
the migration intensity of the species (Bende et al. 2023a). 
We assume therefore that migration is partly directly, physi-
cally influenced by extreme weather conditions, and partly 
indirectly, through the inactivity of soil life and through the 
limited availability of food. (II) The beginning of the spring 
migration is currently shifting forward in a way that can be 
verified on the basis of ten years of study, meaning that there 
is a change in the migration phenology of the species.
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Material and method

The study of the relation between spring migration and dif-
ferent weather factors was based on Woodcocks collected 
during spring sampling between 2010 and 2019 (n = 24 124 
individuals). Since the spring of 2010, the National Wood-
cock Bag Monitoring, coordinated by the Hungarian Hunt-
ers’ National Association, has established the foundation on 
national level for a large-scale study of the spring migration 
dynamics, and the studies that related to the relationship of 
sex and age. During the Woodcock Bag Monitoring, data 
were collected by hunters with hunting permits at more 
than 800 sampling points in each year. The data providers 
bagged the birds as part of stalk hunting during dawn and 
dusk movements within a 500  m radius area of the sam-
pling points recorded with GPS coordinates. Hunting was a 
continuous activity for the purpose of sampling. The mode 
of the hunt was strictly ambush, what happens at predeter-
mined stands crossing the birds route at dawn and dusk dur-
ing the migratory season. Nationally, annually up to 5,500 
Woodcocks could be bagged by the data providers under the 
quota system, thus complying the diversion from the Birds 
Directive of the European Union regarding spring hunting 
(Bende 2021). In accordance with the above, given the large 
number of elements and the territorial coverage, sampling is 
suitable for assessing spring migration. Our analyses were 
based on the finding that the temporal variation in the num-
ber of Woodcocks bagged is proportional to the distribution 
in the number of birds migrating through Hungary during 
the spring migration (Schally 2020). Based on the above, 
the temporal change of the baggings accurately reflects the 
spatial and temporal patterns of the spring migration of 
Woodcock populations migrating through Hungary (Schally 
2020; Bende 2021; Bende et al. 2023a, 2023b). We also 
assumed that regular sampling activities were carried out 
to collect samples, and that sampling was statistically rep-
resentative per year, as verified by statistical representative-
ness tests (Cochran 1977).

During the sampling, the place where the birds were 
bagged (municipality, name of the game manager) and the 
exact time of sampling (month, day) were recorded. The 
data providers were game management units that agreed to 
provide data voluntarily. The bagging data they recorded 
were grouped by game management regions in order to 
compare the bagging data of the five game management 
regions in Hungary to weather data from smaller regions on 
a fine spatial scale. Since the areas of data providers who are 
authorized to hunt, are classified into regional units in Hun-
gary, therefore it was obvious to take these larger units into 
account when comparing with weather related data, because 
regional meteorological differences can significantly influ-
ence the spring migration in certain regions of the country. 

The spatial scale of this classification provides a realistic 
picture of the characteristics of the Woodcock migration in 
Hungary when analyzing and evaluating data of migration. 
The weather data (minimum temperature, maximum tem-
perature, and precipitation) of the meteorological monitor-
ing stations were obtained from the freely available “WMO 
Centennial Observing Station” data set recorded by the 
National Meteorological Service at five monitoring stations 
(Szombathely, Budapest, Pécs, Szeged, and Debrecen). The 
geographic distribution of these measuring stations pro-
vides the qualitative criterion for statistical representative-
ness (Fig. 1). The above mentioned weather parameters are 
known from each game management region. We grouped 
the data providers by region and summarized the daily 
bag by date. We assigned to these rows the regional daily 
weather data.

Statistical analysis

Bagging and meteorological data collected during the 
41-day sampling period from March 1 to April 10 for the 
years 2010 to 2019 served as the basis for the statistical 
analysis. This is the main period for the spring migration 
of Woodcock in Hungary. Using Cochran’s method, we 
determined the sample size needed for statistical repre-
sentativeness for a year based on a target population of 
at least 1.5  million migratory birds (Cochran 1977). To 
achieve this, we set a very strict margin of error of 3% 
and a very strict Confidence Interval (CI) of 99%. The 
predicted proportion was conservatively assumed to be 
a stringent value of 0.5, and the Z-value corresponding 
to the acceptable CI was set at 2.576. This method pro-
duced an estimated sample size of 1,844 samples annu-
ally, ensuring statistical representativeness for every year 
of the ten-year period in question.

First, a hierarchical clustering analysis (HCA) has been 
conducted with a dendrogram illustrating the grouping 
of years (“Year” was treated as a factor variable) based 
on the average values of the numeric variables of “Tem-
perature daily average,” “Temperature minimum,” “Tem-
perature maximum,” and “Precipitation.” HCA was run 
using the Linkage Method and the Ward’s approach. The 
main focus of the HCA was to determine if certain years 
could be labelled as representative of distinctive climatic 
regimes such as anomalously wet years, exceptionally hot 
years, or climatically ‘normal’ years. This classification 
may help isolate years that fit into pre-defined or newly 
emerging classifications of climatological significance. 
The resulting dendrogram therefore not only shows the 
weather differences between the sampling periods of each 
year, but also as a means to pinpoint potentially represen-
tative or deviant years.
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al. 2000; Knape 2016). For example, Knape (2016) decom-
posed trends in Swedish bird populations using Generalized 
Additive Mixed-Effects Models.In our study, GAM assesses 
the relationship between the count of individuals and three 
predictor variables: minimum temperature, precipitation, 
and time each modelled using smooth functions (so-called 
“splines”). We first ordered the data in chronological order 
and defined a new “abstract” time variable which we called 
“time”: this variable, a unique day identifier, which com-
prised year, month, and day. Descriptive statistics were run 
on the dataset (e.g., Count, Mean, SD, Minimum, Median, 
Mean, Maximum, Missing Values, SD, and SE). The dis-
tribution of the numeric data was checked using the Kol-
mogorov-Smirnov test. We then checked multicollinearity 
using the Variance Inflation Factor (VIF) with a strict cut-off 
of 5. We investigated overdispersion with a cut-off of 1.5.

Crucially, the smooth terms for precipitation and tem-
perature (even if they are significant), do not indicate the 
direction (positive or negative) of the relationship between 
the independent variables and the dependent variable. 
Therefore, we computed the derivatives (see, for example, 
Fewster et al. 2000). In addition, we used visual inspection 
to see the direction of the trends in different time ranges (see 
effects plots). In the context of GAMs, cut-off for derivative 
refers to a threshold value for the derivative of the smooth 

Data was standardized to ensure that each variable con-
tributes equally to the clustering process. The dendrogram 
shows how the years are clustered based on the similarity of 
their climatic variables mentioned above, with the vertical 
axis representing the distance or dissimilarity between clus-
ters. The similarity measure is based on the actual multivari-
ate climatic values, and not the trends. This way, one can 
identify the optimal number of clusters by examining the 
longest vertical line that does not intersect any horizontal 
lines. Subsequently, we wanted to understand the idiosyn-
crasies in clustering and the dynamics behind the groupings 
in the HCA. To that end, we depicted extreme years based 
on the results of the HCA to understand differences between 
the extremes.

The relationship between the spring migration of Wood-
cock and weather was investigated using the so-called Zero-
Truncated GAMs (Generalized Additive Model) (Wood 
2003, 2004, 2006, 2011, 2017). Our dependent variable 
was the count of individuals on unique days. All statistical 
analyses were conducted using the R software Version 4.4.1 
(R Studio 2023). The GAM was performed using the mgcv 
R-package (Wood 2006, 2011, 2017). We used Zero-Trun-
cated GAM with a Poisson distribution for count data (Wood 
2017, 2011), which is specifically used to model species 
distribution in biology (Barry and Welsh 2002; Fewster et 

Fig. 1  Boundaries of game management regions units, with three-digit code numbers of game managers and locations of meteorological stations. 
Colour-coded based on association with weather station (1. Szombathely, 2. Budapest, 3. Pécs, 4. Debrecen, 5. Szeged)
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the population, i.e., shifted in time towards the beginning of 
the migration period or delayed. In addition to this analysis, 
an important piece of information is whether there is a differ-
ence between the individual years in terms of the beginning 
and end of this migration period, that is, the duration of these 
time periods expressed in days. To perform this analysis, we 
computed the “distance” from 01 March per year expressed 
in days until the day all the individuals in that year reached 
(or exceeded) 25% of all individuals sampled in that year 
irrespective of the number of individuals sampled. We ran a 
Spearman correlation on the sampling data to examine the 
potential significant shift the main migration period.

To verify our second hypothesis we were interested in 
examining if the durations of the days until the number of 
individuals reach 25% of the entire sample in the given year 
are similar over the ten years. To test it, we used the 95% CI 
Method. The idea is that when a value falls outside the CI, 
it suggests that this value is unusual compared to the central 
tendency of the data. In other words, it could be considered 
an outlier and may warrant further examination, as it does 
not align with the expected range of typical values. We ran 
the same analysis for the 75% of individuals also.

Edited Gaussian smoothing was used to represent the 
temporal course of the spring migration of the Woodcock, 
by using a set of points plotted by the coordinate pairs of 
the bagging numbers associated with each sampling day. 
The smoothers used had to meet several criteria, such as 
the property of boundedness, the existence of one or more 
extreme values and differentiability, which are of particular 
importance for the characterisation of the process. These 
requirements were met by a linear combination of two 
Gaussian functions:

y = b6

e(b5(x−b4))2 + b3

e(b2(x−b1))2 + b0� (a.)

The model is characterised by seven parameters – different 
stretching and offsets – which ensure sufficient flexibility of 
the function, so that a model with appropriate fitting accu-
racy to the asymmetry of the data series is created.

The initial values of model a) are determined from the 
values of the data series as follows:

b6 = var2first max.-var2min. or b6 = var2first min.-var2max.
b3 = var2 sec. max.-var2min. or b3 = var2 sec. min.-var2 max.
b4 = var1 first max. or var1 first min.
b1 = var1 sec. max. or var1 sec. min.
b0 = var2min.
b5 = b2 ~ 0,05.

Due to the increase in the number of extreme values, the 
model was further modified, so that by adding a new Gauss 

function, which identifies where the trend in the relationship 
between the predictor (e.g., “Precipitation”) and the depen-
dent variable (“Count of Individuals”) changes. The deriva-
tive of a smooth function gives the slope of the curve at any 
given point. It helps determine whether the relationship is 
increasing, decreasing, or flat. A negative derivative value 
suggests a decreasing trend, while a positive derivative indi-
cates an increasing trend. To find this median derivative, 
one would typically calculate the derivative values across 
all ranges of the predictor variable (e.g., precipitation) and 
then take the median of these values. A negative median 
suggests that, for most values of precipitation, the relation-
ship is negative. The cut-off for the derivative is often set at 
0 (flat). For instance, a derivative of 0.08 for temperature 
suggests that a unit increase in temperature results in a 0.08 
increase in the fitted response (e.g., count of individuals) on 
the scale of the link function in the GAM.

The GAM was fitted based on the filtered non-zero data 
points. The results from gam.check() function provided 
information for diagnosing the model and determine if 
adjustment of the smoothness parameters (k-values) were 
needed. We computed the gradient and the Hessian infor-
mation to examine the robustness of the GAM. Adjusted 
R-squared and Deviance Explained were computed to assess 
the explanatory power of the GAM. Deviance Explained 
provides a similar measure to R-squared but is more specific 
to models in the generalized linear family.

We prepared also an effects plot to visualize the dynamics of 
each smooth term in the GAM separately. In the GAM effects-
plot, time refers to a continuous numeric variable which reg-
isters the days that have passed during the course of the study 
and enables the model to capture nonlinear and cyclic temporal 
trends, if present, in the number of individuals sampled over 
time. The lower panel of the effects plot shows the temporal 
term has strong periodic oscillations which are probably due 
to (mainly) seasonal or some other recurring ecological fac-
tors. Conversely, the Hierarchical Clustering Analysis (HCA) 
considers year as a categorical variable and groups years based 
on the similarity of average climatological conditions (mini-
mum, maximum, and mean temperature, and precipitation) 
with clustering shown along Ward’s distance (Fig. 5.).

A Dickey-Fuller test (Dickey and Fuller 1979) was run on 
the data to check stationarity in the time-series data. Station-
arity implies that the average value of the time-series does not 
change over time and that the variability around the mean is 
stable over time. Also, the relationship between observations 
at different time points remains constant over time.

In our subsequent analysis, we examined whether the main 
migration period, which is defined by the amount of individu-
als of 50% between 25% and 75% of the migration in sam-
pling period, shows a significant trend-like pre- or postponing 
in the time interval required for the migration of this half of 
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slightly asymmetric Gaussian distribution, the years 2010, 
2011, 2012, 2017 and 2019 (Group I) can be grouped together 
(Fig. 2). Although the distribution has a similar character, 
the calculated values of the model showed some temporal 
variation in the migration peaks of the individual years in 
Group I. The earliest peak in this group was observed in 
2019. The absolute maximum was on 17 March (Nsz2017 max 
= 95 individuals). The latest migration peak was in 2011 
(Nsz2011 max = 263 individuals) on 24 March (Table 1).

There was a significant temporal difference between the 
absolute extremes of the migration peaks determined by 
the migration dynamics model in the years 2014, 2015 and 
2016 (Group II) compared to the years of Group I, as there 
was a distinct forward shift. The model showed the earliest 
maximum in the 2016 study year (Nsz2016 max = 104 indi-
viduals), which fell on 8 and 10 March in 2014 (Nsz2014 max 
= 124 individuals). However, the migration dynamics dif-
fered from the years of Group I, because after the maximum 
the sampling values fluctuated around the number of ele-
ments recorded at the peak, and only afterwards the num-
ber of birds decreased. This characteristic difference was 
even more distinct in the 2014 and 2016 function curves, 
where sampling values remained almost stagnant for almost 
10 days after the migration peak, making it very difficult to 
determine the exact date of the biologically relevant maxi-
mum. Because of the indistinct early absolute maximum, 
the model is likely to indicate an earlier peak than the actual 
peak of migration. Considering the date of the second local 
maximum, which fell on 18 March in 2014 and 17 March 
in 2016, the peak of the migration is estimated to be on the 
2nd decade of March. Accordingly, we are talking about 
years with a prolonged migration peak and a clear advance 
of migration (Fig. 3).

In 2013 and 2018, we observed a very different rate 
dynamics from the dynamics of each sampling period from 

term instead of the parameter b0, the following mathemati-
cal form was obtained:

y = b8

e(b7(x−b6))2 + b5

e(b4(x−b3))2 + b2

e(b1(x−b0))2 � (b.)

The initial values of model b) are determined from the val-
ues of the data series as follows:

b8 = var2 first max.-var2 first min.
b6 = var1 first max.
b5 = var2 sec max.-var2 sec min.
b3 = var1 sec max.
b2 = var2 third max.
b0 = var1 third max.
b7 = b4 = b1~0,05.

The initial values of the models can be determined from the 
values of the test data set as indicated above, based on the 
interval boundaries of the independent (var1) and dependent 
(var2) variables, and the maximum and minimum values of 
the dependent variable within the point set, and their loca-
tions (Csanády 2013, 2019). Since the coordinates of the 
extreme values cannot be determined by simple analytical 
methods, their coordinates were calculated using WinPlot 
10.7. Gaussian smoothers were fitted to the data set in Sta-
tistica 13.0 (Statsoft, Inc. 2015).

Results

Based on the values of the correlation coefficients of the 
models fitted to the bagging data series, the functions 
used model the migration process with sufficient accuracy 
(Table 1). Based on a single, distinct extreme value and a 

Table 1  Gaussian model extreme value data and regression coefficient values for the spring woodcock migration characteristics of the study years
Group Year No. of 

Elements
Used Gauss model Max. Min. Regression 

coefficient
Peak date of 
migrationT Nsz T Nsz

I. 2010 2 384 a) model:
Nsz = (b6/^((b5*(T1*b4))^2))+(b3/^((b2
*(T-1*b1))^2)) + b0

23 186 – 0.9779 23 March
2011 3 393 24 263 – 0.9836 24 March
2012 1 939 22 152 – 0.9795 22 March
2017 1 682 19 159 – – 0.9874 19 March
2019 1 758 17 95 – – 0.9631 17 March

II. 2014 2 716 10 124 15 117 0.9756 10 March
2015 2 784 16 164 – – 0.9760 16 March
2016 2 213 8 104 11 87 0.9541 08 March

III. 2013 2 911 b) model:
Nsz = 
b8/^(b7*(var11*b6))^2) + b5/^((b4*(T-
1*b3))^2) + b2/^((b1*(T-1*b0))^2)

12 140 16 28 0.9035 12 March
21 172 27 74 21 March
35 106 – – 4 April

2018 2 344 15 150 19 86 0.9750 15 March
25 140 – – 25 March

Independent variable: T number of sampling days in the study period (March 1 to April 10)
Dependent variable: Nsz Number of elements (individual)
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28 individuals). Thereafter, an increase similar to the initial 
intensity of the migration was observed until the next abso-
lute maximum on 21 March (Nsz2013 max2 = 172 individuals). 
Then another rapid decrease was observed until 27 March 
(Nsz2013 min2 = 74 individuals.), followed by a slow increase, 
followed by a slow decrease in the number of migrating 
birds from April 5 (Nsz2013 max3 = 106 individuals.). The last 

2010 to 2019. This difference was distinct during the spring 
migration of 2013; the migration was characterised by sev-
eral extreme values (Fig. 4). The dynamics of the beginning 
of 2013 reflected a similar character to the average years, but 
the local maximum on sampling day 12 (Nsz2013 max1 = 140 
individuals) was followed by a drastic decline. On 16 March 
the migration reached its absolute minimum (Nsz2013 min1 = 

Fig. 3  Woodcock migration 
dynamics models for the years 
in the second group (2014, 2015, 
2016)

 

Fig. 2  Woodcock migration 
dynamics models for the years in 
the first group (2010, 2011, 2012, 
2017, 2019)

 

1 3

Page 7 of 16     26 



European Journal of Wildlife Research           (2026) 72:26 

maximum temperature were removed from the GAM. 
After removal, the VIF values reduced to the normal range: 
Temperature min. (°C): VIF = 1.45 and Precipitation (mm): 
VIF = 1.09. The Kolmogorov-Smirnov test indicated viola-
tion of normal distribution (p < 0.001), which can be tackled 
by GAMs.

The test statistic of the Dickey-Fuller test (Dickey-Fuller 
statistic = −6.34, p = 0.01) indicated that the time series is 
stationary, which is a strong indication against the presence 
of a unit root (i.e., against non-stationarity). The dispersion 
ratio was 46.88.

To describe the relation between the weather char-
acteristics and the temporal variation of the number of 
migrating Woodcocks, we used a Zero-Truncated Gener-
alized Additive Model. The gradient and Hessian infor-
mation showed that the model optimization was robust. 
The eigenvalue range was between 2.808 and 8.487, sug-
gesting that the model was numerically stable and not 
overfitted. We examined the three smoothers to refine 
the optimal k-values for the GAM using the gam.check() 
function. The fine-tuned model looked like as fol-
lows: s(Temperature minimum, k = 9) + s(Precipitation, 
k = 15) + s(Time, k = 30), family = poisson(link = “log”), 
method = “REML”. Results from the Zero-Truncated 
Generalized Additive Model (GAM) containing the three 
independent variables (minimum temperature, precipi-
tation, and time) with the dependent variable being the 
number of individuals sampled on a given (unique) day 
(Table 3).

phase of the study period was distinctly different from the 
rest of the study years due to the exceptionally high values 
and prolonged migration.

The spring migration of Woodcock in 2018 also reflects 
a particular characteristic. During the 2018 migration we 
observed an intense increase from 9 to 15 March, until 
the peak of the migration (Nsz2018 max1 = 150 individuals). 
Thereafter, similar to the dynamics of 2013, a rapid but 
small decline was observed, reaching a minimum on March. 
19 (Nsz2018 min = 86 individuals). Thereafter, an increase was 
observed until a local maximum on March. 25 (Nsz2018 max2 
= 140 individuals), followed by a period similar to the inten-
sity of the decline in average years (Table 1).

The differences described above are due to weather 
(Hypothesis I), so in each year of the sampling period 
between 2010 and 2019, we compared the weather data 
recorded at five meteorological stations during 1 March – 
10 April. Based on the HCA dendrogram, we could separate 
three groups based on the weather factors tested in March. 
Of these, one cluster group, containing the years 2013 and 
2018, is distinctly separate (Fig. 5). These two years belong 
to one cluster and are clearly separated from the rest of the 
years, as indicated by the yellow line.

The descriptive statistical characteristics of the weather 
factors are shown in Table 2.

The VIF values for the weather-related variables have 
indicated that “Temperature daily average (°C)” [VIF = 39] 
and “Temperature max. (°C)” [VIF = 21] have shown seri-
ous multicollinearity. Therefore, average temperature and 

Fig. 4  Woodcock migration 
dynamics models for the years in 
the third group (2013, 2018)
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With regard to model fit statistics, the adjusted R-squared 
shows that approximately 66.1% of the variation in the 
count of individuals is explained by the GAM. The Devi-
ance Explained is 72.63% with the Scale estimate being 1. 
Both temperature and precipitation have a significant non-
linear effect on the count of individuals. The effects plot that 
visualizes the dynamics of the predictors in the GAM can 
be seen in Fig. 6.

The derivatives give an indication of the rate of change 
of the effect for each predictor. The derivative values are 
as follows: Minimum Temperature [°C]: [0.04, 0.04, 0.06, 
0.09, 0.08, 0.05, 0.04]; Precipitation [mm]: [0.2, −0.2, 0.4, 
−0.1, −1.6]; Time (arbitrary units): [−0.02, 0.0, 0.0, 0.0, 0.0, 
−0.02].

The main migration period in years without weather 
extremes that occur on the migration route (2010, 2011, 
2012, 2014, 2016, 2017, 2019) ranged from 8 to 13 days 
(second quarter length on average 4 days; third quarter 
length on average 5 days). In years with weather anoma-
lies (2013, 2018), the migration period was longer, about 
4 to 5 days longer than in normal years (second quarter 

Count of individuals follows a distribution with over-
dispersion. The intercept represents the expected log count 
of individuals when the predictors (temperature, precipi-
tation, and time) are at their baseline (usually mean-cen-
tered or set to 0). The three smooth terms are as follows: 
(i) s(Temperature minimum), (ii) s(Precipitation), and (iii) 
Time in days.

Table 2  The descriptive statistics for the variables in the dataset
Variable Count Sum Mean SD Min Median Max Missing Values SE
Temperature daily average 399.0 3248.8 8.14 4.63 −9.8 8.4 19.4 15 0.23
Temperature minimum 399.0 1208.3 3.03 4.6 −16.3 3.3 15.1 15 0.23
Temperature maximum 399.0 5499.2 13.78 5.72 −5.6 13.8 26.5 15 0.29
Precipitation 399.0 445.7 1.12 3.02 0.0 0.0 22.0 15 0.15
Type of precipitation 149.0 354.0 2.38 1.69 1.0 1.0 7.0 265 0.14
Count of Individuals 414.0 24121.0 58.26 54.92 1.0 43.0 323.0 0 2.7

Table 3  A summary of the GAM statistics fitted with fam-
ily = poisson(link = “log”)
Parametric coefficients

Estimate SE z-value p-value
Intercept 3.65184 0.01064 343.2 p < 0.001***
Approximate significance of smooth terms

Edf Ref. df. Chi. sq. p-value
s(minimum 
temperature)

5.317 6.281 88.64 p < 0.001***

s(precipitation) 13.753 13.947 419.70 p < 0.001***
s(time) 28.962 29.000 8891.53 p < 0.001***
R-sq.(adj) = 0.661, deviance explained = 72.63%, -REML = 4015.7, 
scale est. = 1, n = 399 (valid number of individuals in the analysis). 
‘***’ designates p < 0.001

Fig. 5  Grouping of the years studied (2010–2019) by weather factors recorded during the spring migration period of Woodcock
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conditions. Compared to 2010, the main migration period 
started earlier in each year, with an average overall advance 
of 6 days, which in some years exceeded 10 days. We 
repeated the same analysis with 50% of all the sampled indi-
viduals per year. Spearman correlation was run on the data 
which yielded the following results: ρ = −0.685, p = 0.029 
for the former (25%), and ρ = 0.673, p = 0.033 (for the latter 
analysis, 75%). The study compared not only the differences 
in the start of the main migration periods between years, but 
also their length. Our results show that on average, the main 
migration period starts on 16 March (SD = 4.391) and ends 
on 27 March (SD = 5.745), but it is important to note that for 
two years (2013, 2014) there was a statistically significant 
difference (Fig. 7).

Discussion

Zero-Truncated GAMs are not yet well-known in contrast 
to general GAMs which are widespread not just in biology. 
For instance, Fekete and Hentschel (2021) employed GAMs 

length on average 6 days; third quarter length on average 
7 days). The main migration period also shows a difference 
in time between the first and second phase of the migra-
tion, i.e., the rising phase is typically shorter, which also 
indicates a difference in intensity between the initial phase 
of the migration and the ending phase. Regarding the length 
of the main migration period, it can be concluded that the 
trend of a decrease or increase in the time interval required 
for this part of the population to migrate is not confirmed 
for the Woodcock based on the narrow confidence inter-
vals (CI) and visual inspection (Fig.  6). On average, this 
period started on day 16 (SD = 4.391) and ended on day 27 
(SD = 5.745), but considerable differences were observed. 
Statistically, 2014 and 2013 can be considered exceptional 
years. In addition to the length of the main migration period, 
it is important to know whether there is a difference between 
years in terms of the start and end of this period. Our results 
clearly show a change in migration phenology (Hypothesis 
II). This is already confirmed by the survey results from 
2010 onwards for 10 years, as we observed a verifiably ear-
lier arrival compared to the base year, depending on weather 

Fig. 6  Effects plot from the Zero-
Truncated Generalized Additive 
Model (GAM) containing the 
three independent variables 
(minimum temperature, precipita-
tion, and time) with the depen-
dent variable being the number of 
individuals sampled on a given 
(unique) day. The variables that 
were entered into the HCA were 
the climate-related variables (the 
temperature variables and precip-
itation). Time in this Figure is a 
continuous variable representing 
days, while on the y-axis Ward`s 
distance is depicted
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by telemetry results of Le Rest et al. (2019), which showed 
that favourable air temperatures and a northerly, non-stormy 
air flow had a positive effect on the migration of birds. Due 
to the prolonged winter weather, the onset of spring migra-
tion may even be delayed (Clausager 1972, 1974; Moritz 
and Nemetschek 1976; Glutz von Blotzheim 1986; Bende 
2021; Bende et al. 2023a), and thus the arrival of birds in 
the Carpathian Basin region. This finding is in line with the 
results of Bønløkke et al. (2006), who found that migrating 
Woodcock only reach areas further north in March. In the 
period we studied (2010–2019), there were years with both 
earlier and extremely late migration. In some years (2014, 
2015, 2016), the peak of migration was advanced by more 
than two weeks. The reason for the earlier arrival is not 
explained by the weather data of our region, so the back-
ground for this has to be found in the weather of the winter-
ing areas (Bende et al. 2023a; Bozó et al. 2024). In early 
spring weather and/or severe drought conditions, the depar-
ture from wintering grounds may start as early as the first 
half of February, whereas normally most of the Woodcock 
leave their wintering grounds only in early March (Spina 
and Volponi 2008; Kralj et al. 2013). The results of the pres-
ent study confirm the above with regard to the timing of the 
start of the main migration period in 2014. In the Carpath-
ian Basin, and thus in Hungary, mainly Woodcocks from 
France and to a lesser extent from Italy pass through dur-
ing the spring migration (Faragó 2009; Spina and Volponi 
2008; Schally 2015; Duchein 2019; Spina et al. 2022), so 
the late winter weather in these areas is the key determinant 
for the timing of migration. In 2016, the year with the most 
distinct advance, the mean February temperature in France 
was 4–5  °C above the mean February temperature, and 
similar values were recorded in 2014 and 2015 (> + 2.0 °C), 
with significant drought (Url. 1, 2, 3, 4). In Italy, the second 
month of 2014 was the warmest February month in the last 
century, with average temperatures + 4 °C above the typical 
values. Precipitation was also outstanding, with January and 
February having twice as much rain as the monthly average 
(Desiato et al. 2015). In 2016, the winter season was the 
most severe, with a national average of + 2.15 °C, and this 
winter was drier than the previous two (Desiato et al. 2017). 
This is certainly the reason for the specific advance of the 
spring migration in Hungary.

The weather extremes experienced in Hungary provided 
an opportunity to analyse the response to the extreme con-
ditions on the at certain points along the migration route 
during the spring migration. During extreme spring weather 
conditions, Woodcock migrate in several waves and with 
different intensities, resulting in a typical peak migration 
period with several peaks. Temperature extremes and high 
precipitation events alone have a significant effect, as can be 
concluded from the results of the GAM analysis.

to model socio-linguistic data. However, the articles in orni-
thology in which, specifically, Zero-Truncated GAMs are 
used, are sparse in contrast to other disciplines. To our best 
knowledge, we are the first ones to employ the most suit-
able model for ornithological count data, employing Zero-
Truncated GAMs using a Poisson distribution fitted with a 
“log” link function.

Based on the migration dynamics models of Wood-
cocks bagged in Hungary during the spring sampling in 
2010–2019, the peak of migration of the species was in the 
third/fourth week of March (16–24 March). This can be 
compared with the data from previous reports in the Hun-
garian literature (Schenk 1924; Pátkai 1951; Faragó 1985, 
2000; Knefély 1987; Faragó and László 2002, 2003, 2005, 
2006, 2007a, 2007b, 2008, 2010a, 2010b; Faragó et al. 
2012a, 2012b, 2014, 2015a, 2015b, 2016), which suggests 
that the mass arrival of Woodcocks is in the last decade of 
March. However, there were distinct differences between 
years, mainly due to the role of weather factors in influ-
encing migration. The empirically formulated, statistically 
unproven finding that the spring migration of Woodcock 
is significantly influenced by weather conditions (Schenk 
1931) has been known for a century in Hungary. In the 
10-year period we studied, migration peaked between 17 
and 24 March in years without weather extremes (2010, 
2011, 2012, 2017, 2019). This is in line with the findings 
of migration patterns in years without extremes that Wood-
cock only start their mass migration towards their nesting 
areas in the second half of February, possibly early March, 
and thus arrive in our region only in early March (Szabolcs 
1971; Faragó 2009; Bende 2021). Based on the Woodcock 
migration data recorded in Estonia between 1923 and 2008, 
it is known from Marja and Elts (2022) that the average tem-
perature in March has a significant effect on the arrival time 
of Woodcocks. The results of these studies were confirmed 

Fig. 7  Temporal changes in the main migration period of the Wood-
cock during the spring migration in Hungary in the years 2010–2019. 
The beginning of the main migration period is the period between the 
25% and 75% threshold values of the cumulative sampling rate on 
yearly basis
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more complex. Lastly, the precipitation variable has a more 
complex relationship with the response variable, showing 
both positive and negative rates of change.

The results from the Spearman correlation analyses indi-
cate that there is a strong statistically significant preponing 
trend in time over the observed ten years (temporal shift 
toward the beginning of the observational period with the 
increase of the years). Both 25% and 75% of the individuals 
sampled in a particular year are achieved earlier in terms of 
days counting from 01 March.

However, our study also highlights the fact that the mutu-
ally reinforcing indirect role of certain weather factors is 
of fundamental importance. Accordingly, the migration 
dynamics of the years with significant weather anomalies 
(2013, 2018) deviated most distinctly from the years with 
average migration characteristics. In the middle of March 
2013, a Mediterranean cyclone arrived in Hungary from 
the south-east, which, mixed with cold air masses from 
the Arctic, resulted in significant cooling and heavy snow-
fall, ranging from a few centimetres to 16–20  cm. After 
the departure of the Mediterranean cyclone, the weather 
remained cold and frosty, with several cold records being 
broken (−18.2 C on 17 March). The national monthly mean 
temperature was − 1.8 C below the 30-year average, making 
this month one of the coldest in the last century. Following 
a few days of easing after 20 March, two more Mediter-
ranean cyclones passed through Hungary, bringing snow 
on 25 March, resulting in 20–30 cm of snow in the south 
and southwest (Fodor et al. 2013). The temperature condi-
tions in 2018 were similar (Csonka and Bíróné Kircsi 2019). 
Consistent with the findings of Alerstam (1976), the results 
of our models suggest that in extreme weather conditions, 
Woodcocks stop migrating and only resume their migration 
towards the nesting areas when conditions become more 
favourable, thus the length of the migration period changes 
significantly, as confirmed by our results (2013). In most 
studies, wind direction and strength appear to be the pri-
mary factors influencing migration, while temperature is a 
secondary factor that tends to intensify migration. Accord-
ing to Pátkai (1951), spring migration peaks when the daily 
mean temperature reaches or exceeds 16  °C. However, 
the GAM results show a significant relation between daily 
mean temperature and migration intensity, with temperature 
extremes having a negative effect on the evolution of migra-
tory bird numbers. As regards the factors that trigger spring 
migration, the theory developed by Schenk (1924) suggests 
that spring mass migration is triggered by depression over 
the British Isles and high air pressure over southern Europe 
(Hegyfoky 1907; Schenk 1924; Pátkai 1951). This has also 
been confirmed for other species following a similar migra-
tion strategy (Richardson 1990), so that the spring migra-
tion is most intense when cyclonic conditions prevail in the 

The three smooth terms in the GAM were as follows 
and yielded the following interpretations: (i) s(Temperature 
minimum), suggesting a flexible, non-linear relationship 
between minimum temperature and the count of individuals. 
The high chi-squared value indicates that the smooth func-
tion for temperature explains a substantial part of the vari-
ance in the response variable (i.e. the count of individuals). 
(ii) For s(Precipitation), the edf value also indicates an even 
more intense non-linear relationship between precipitation 
and the count of individuals. (iii) Time, operationalized as 
days, is the strongest predictor of number of individuals, as 
indicated by the very high Chi-square value.

The relationship between “Precipitation” and “Count of 
bagging Woodcocks” does not provide a definitive trend, it 
allows us to observe that there seems to be some clustering 
at certain precipitation levels, with a decrease in counts at 
higher precipitation values.

The temperature derivatives show a more gradual, oscil-
latory pattern, indicating that the temperature effect changes 
more smoothly over its range. In contrast, precipitation 
derivatives show abrupt shifts, indicating localized areas 
of high sensitivity. Temperature has a wider distribution 
of derivative values, indicating that its effect varies more 
across different temperature levels. Precipitation, however, 
tends to have concentrated peaks, showing sharp changes 
at particular points. In sum, the temperature effect appears 
more continuous and smoother, while the precipitation effect 
is characterized by sharp, localized changes. This indicates 
that the model is more sensitive to precipitation changes in 
specific ranges, while temperature has a more refined, wide-
spread impact on the outcome.

We found an overall negative trend in the relationship 
between “Precipitation” and “Count of Individuals” for a 
significant portion of the data. The negative derivative for 
precipitation suggests a generally decreasing relationship 
between precipitation and the count of individuals, espe-
cially as precipitation increases.

Higher precipitation was associated with a decrease in 
the number of individuals sampled on a particular day. In 
simpler terms, past “shocks” or extreme values/unexpected 
changes in weather influence the current number of indi-
viduals. The effects plots showcase that unexpected changes 
increase in the number of individuals in the past that was 
followed by a decrease in the number of individuals sam-
pled, and vice versa (for example in 2013 and 2018). This 
implies that positive and negative shocks tend to balance 
out over time.

The positive derivative values indicate that as the mini-
mum temperature increases, the number of individuals also 
increases. In contrast, for Precipitation [mm] the derivatives 
fluctuate between positive and negative values, indicating 
that the effect of precipitation on the response variable is 
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phenology can only be described with certainty using data 
series over larger time scales. Based on historical migration 
data from the turn of the 19–20th centuries processed by 
Bozó et al. (2024), weather may have caused a difference in 
the timing of spring migration of up to 3 weeks. However, 
the timing of spring returns did not change trend-wise over 
that period, but the data series from more than a century 
later confirms the trend of advancing migration. In order 
to evaluate the results of the two studies in this direction, 
it would be necessary to have a series of data between the 
two periods. Indeed, it is possible that the study based on 
the two short-term datasets took place during periods when 
the direction of weather patterns was different in the two 
periods, so that the change in the timing of migration was 
of opposite sign.
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wintering area. Suboptimal effects are typically due to cloud 
cover and humidity, which are more likely to be side effects 
of the weather conditions determining migration (Alerstam 
1976). Their results are consistent with the findings of sev-
eral studies that it is rare for long-distance migratory species 
to have optimal weather conditions throughout their jour-
ney (Bulte et al. 2014; Kranstauber et al. 2015). Our results 
show that migration was clearly intense at higher tempera-
tures and low rainfall events, which is consistent with the 
results of Bozó et al. (2024).Some weather factors have not 
only direct but also indirect effects on the timing and course 
of spring migration, so migration patterns cannot be fully 
explained by indirect effects alone. An indirect effect is the 
dry, precipitation-scarce spring, which influences migration 
through the availability of food resources, either through 
timing or through the pace of passage along the migra-
tion route. The main food of the Woodcock is earthworms 
(Bende and László 2022), which are not available on fro-
zen, snow-covered ground. This fact explains why sufficient 
precipitation and temperatures favourable for soil biota are 
crucial during spring migration. Drought or even severe 
cold also causes Woodcock to leave wintering areas or to 
move on more quickly from resting sites during migration. 
This is supported by telemetry results, since in unfavour-
able conditions after a few days the woodcocks move on, 
while in optimal conditions they can spend up to 16 days at 
a roost. The spring migration lasted an average of 40 days 
(24–62 days) including the stops (Arizaga et al. 2015). The 
maximum daily distance of the migration was 200–300 km 
(Sertić 2008), which would be sufficient performance for a 
non-stop flight in southwest-northeast direction across the 
territory of Hungary. According to Bende et al. (2023b), 
Woodcock migrate between western and eastern Hungary in 
3–10 days in years without weather extremes, which is not 
only due to food availability and weather but also to other 
endogenous factors. The latter factor is particularly impor-
tant for long-distance migratory species (Berthold 1996, 
2001; Coppack and Both 2002; Tryjanowski et al. 2002; 
Miller-Rushing et al. 2008), where the timing of migration 
is much less plastic due to its stronger genetic determinants. 
In contrast to short-distance migratory species, they are less 
able to respond rapidly to accelerating and extreme weather 
changes (Calvert et al. 2012). The above also explains why 
the grouping based on HCA weather data does not fully 
correspond to the groupings based on the Gaussian models 
illustrating migration dynamics.

Based on our results, there is evidence of a change in 
the spring migration phenology. The overall advance of the 
main migration period averaged 6 days between 2010 and 
2019, exceeding 10 days in some years. However, weather 
extremes had a significant impact on the migration pro-
cess in each year, so the trend change in spring migration 

1 3

Page 13 of 16     26 



European Journal of Wildlife Research           (2026) 72:26 

Clausager I (1974) Migration of scandinavian woodcock (Scolopax 
rusticola) with special reference to Denmark. Dan Rev Game 
Biol 8:38

Cochran WG (1977) Sampling techniques (3rd ed.). John Wiley & 
Sons, New York

Conklin JR, Lisovski S, Battley PF (2021) Advancement in long-dis-
tance bird migration through individual plasticity in departure. 
Nat Commun 12:4780

Coppack T, Both C (2002) Predicting life-cycle adaptation of migra-
tory birds to global climate change. Ardea 55:369–378

Cramp S, Simmons KEL (1983) Handbook of the Birds of Europe, the 
Middle East and North Africa. Vol. 3. Oxford University Press, 
Oxford, pp 444–457

Csanády V (2013) Nonlinear regressions applied to practical exam-
ples. Dimenziók: Mathematical Publications 1:19–26

Csanády V (2019) Double gaussian function application. Dimenziók: 
Mathematical Publications 7:37–47

Csonka T, Bíróné Kircsi A (2019) Beszámoló 2018. év szélsőséges 
időjárási eseményeiről és éghajlatáról a 277/2005. (XII. 20.) 
Korm. Rendelet az Országos Meteorológiai Szolgálatról 2. § (1) 
e) pontja alapján. pp. 19. ​h​t​t​p​​s​:​/​​/​w​w​w​​.​m​​e​t​.​​h​u​/​d​​o​w​n​​l​o​a​​d​s​.​​p​h​p​​?​f​n​=​​
/​m​​e​t​a​​d​m​i​n​​/​d​o​​c​/​2​​0​1​9​​/​0​4​​/​f​b​c​​6​d​​9​c​f​​4​d​6​c​​5​8​2​​c​c​7​​6​a​c​​c​8​3​​4​0​a​3​​f​7​​8​4​-​​o​
m​s​z​​-​i​d​​o​j​a​​r​a​s​i​-​b​e​s​z​a​m​o​l​o​-​2​0​1​8​.​p​d​f Accessed 23 September 2024

Desiato F, Fioravanti G, Fraschetti P, Perconti W, Piervitali E, Pavan 
V (2017) Gli indicatori del clima in Italianel 2016. ISPRA Report 
72/2017. ​h​t​t​p​​s​:​/​​/​w​w​w​​.​i​​s​p​r​​a​m​b​i​​e​n​t​​e​.​g​​o​v​.​​i​t​/​​f​i​l​e​​s​2​​0​1​7​​/​p​u​b​​b​l​i​​c​a​z​​i​o​n​​i​/​
m​​a​n​u​a​​l​i​​-​l​i​​n​e​e​-​​g​u​i​​d​a​/​​s​t​a​t​o​a​m​b​7​2​.​p​d​f. Accessed 27 September 2024

Desiato F, Fioravanti G, Fraschetti P, Perconti W, Piervitali E, Pavan 
V (2015) Gli indicatori del clima in Italianel 2014. ISPRA Report 
57/2015 ​h​t​t​p​​s​:​/​​/​w​w​w​​.​i​​s​p​r​​a​m​b​i​​e​n​t​​e​.​g​​o​v​.​​i​t​/​​f​i​l​e​​s​/​​p​u​b​​b​l​i​c​​a​z​i​​o​n​i​​/​s​t​​a​t​
o​​a​m​b​i​​e​n​​t​e​/​​S​A​_​5​​7​_​1​​5​_​I​​n​d​i​c​a​t​o​r​i​_​c​l​i​m​a​_​2​0​1​4​.​p​d​f. Accessed 27 
September 2024

Dickey DA, Fuller WA (1979) Distribution of the estimators for autore-
gressive time series with a unit root. J Am Stat Assoc 74:427–431. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​8​0​​/​0​1​​6​2​1​​4​5​9​​.​1​9​7​​9​.​​1​0​4​8​2​5​3​1

Duchein P (2019) Migration de la Bécasse en Suisse 1998–2018, 20 
ans d’observations et de suivis Etude réalisée par l’Association 
Suisse des Bécassier

Faragó S, László R (2008) Az erdei szalonka (Scolopax rusticola) terí-
ték monitoring eredményei 2006-ban Magyarországon. Results 
of the Hungarian Woodcock (Scolopax rusticola) Bag Monitoring 
in 2006. Hung Waterfowl Publ 17:215–229

Faragó S, László R (2007b) Az erdei szalonka (Scolopax rusticola) terí-
ték monitoring eredményei 2005-ben Magyarországon. Results 
of the Hungarian Woodcock (Scolopax rusticola) Bag Monitoring 
in 2005. Hungarian Waterfowl Publications 15:221–235

Faragó S, László R (2007a) Az erdei szalonka (Scolopax rusticola) terí-
ték monitoring eredményei 2004-ben Magyarországon. Results 
of the Hungarian Woodcock (Scolopax rusticola) Bag Monitoring 
in 2004. Hungarian Waterfowl Publications 14:211–225

Faragó S, László R (2006) Az erdei szalonka (Scolopax rusticola) terí-
ték monitoring eredményei 2003-ban Magyarországon. Results 
of the Hungarian Woodcock (Scolopax rusticola) Bag Monitoring 
in 2003. Hung Waterfowl Publ 13:235–249

Faragó S, László R (2005) Az erdei szalonka (Scolopax rusticola) terí-
ték monitoring eredményei 2002-ben Magyarországon. Results 
of the Hungarian Woodcock (Scolopax rusticola) Bag Monitoring 
in 2002. Hung Waterfowl Publ 12:247–261

Faragó S, László R (2003) Az erdei szalonka (Scolopax rusticola) terí-
ték monitoring eredményei 2001-ben Magyarországon. Results 
of the Hungarian Woodcock (Scolopax rusticola) Bag Monitoring 
in 2001. Hung Waterfowl Publ 11:343–359

Faragó S, László R (2002) Az erdei szalonka (Scolopax rusticola) terí-
ték monitoring eredményei 2000-ben Magyarországon. Results 
of the Hungarian Woodcock (Scolopax rusticola) Bag Monitoring 
in 2000. Hung Waterfowl Publ 9:323–340

use, you will need to obtain permission directly from the copyright 
holder. To view a copy of this licence, visit ​h​t​t​p​​:​/​/​​c​r​e​a​​t​i​​v​e​c​​o​m​m​o​​n​s​.​​o​
r​g​​/​l​i​c​e​n​s​e​s​/​b​y​/​4​.​0​/.

References

Alerstam T (1976) Bird migration in relation to wind and topography. 
Theses of doctoral (Ph.D.) dissertation, University of Lund, Lund

Arizaga J, Crespo A, Telletxea I, Ibáñez R, Díez F, Tobar JF, Minondo 
M, Ibarrola Z, Fuente JJC, Pérez JA (2015) Solar/Argos ptts con-
tradict ring-recovery analyses: woodcocks wintering in Spain 
are found to breed further east than previously stated. J Ornithol 
156:515–523. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​1​​0​3​3​6​-​0​1​4​-​1​1​5​2​-​7

Askeyev O, Askeyev A, Askeyev I, Sparks T (2023) Significantly ear-
lier spring migration in most bird species at the eastern limit of 
Europe. Animals 13:3031. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​3​9​0​​/​a​n​​i​1​3​1​9​3​0​3​1

Bairlein F, Dierschke J, Dierschke V, Salewski V, Geiter O, Hüppop 
K, Köppen U, Fiedler W (2014) Atlas des Vogelzugs. Ringfunde 
deutscher Brut- und Gastvögel. Aula Verlag, Wiebelsheim, pp 
221–222

Barry SC, Welsh AH (2002) Generalized additive modelling and zero 
inflated count data. Ecol Modell 157:179–188. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​
1​​0​1​6​​/​S​0​​3​0​4​-​3​8​0​0​(​0​2​)​0​0​1​9​4​-​1

Bende A (2021) Spring migration dynamics, age and sex ratio, and 
breeding biology of the Woodcock (Scolopax rusticola L.) in 
Hungary. PhD thesis, University of Sopron

Bende A, László R (2022) Spectrum of animal and plant in the diet of 
Woodcock (Scolopax rusticola L.) based on literature data. Ornis 
Hung 30:188–194. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​2​​4​7​8​​/​o​r​​h​u​-​2​0​2​2​-​0​0​2​9

Bende A, Faragó S, László R (2023a) Variations in the spring migra-
tion of Eurasian Woodcock (Scolopax rusticola L.) in Hungary. 
Ornis Hung 31:133–146. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​2​​4​7​8​​/​o​r​​h​u​-​2​0​2​3​-​0​0​0​9

Bende A, Faragó S, László R (2023b) Regional differences the 
development of the spatial and temporal pattern of Woodcock 
(Scolopax rusticola L.) migration in Hungary. Magyar Vízivad 
Közlemények 37:23–30. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​7​2​4​​2​/​M​​V​v​K​_​3​7​.​0​2

Bende A, László R (2020) Woodcock (Scolopax rusticola L.) nesting 
in Hungary from the second half of the 19th century to the pres-
ent day. Ornis Hung 28:92–103. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​2​​4​7​8​​/​o​r​​h​u​-​2​0​
2​0​-​0​0​0​7

Berthold P (1996) Control of bird migration. Chapman & Hall, London
Berthold P (2001) Bird migration: a general survey. Oxford University 

Press, Oxford
BirdLife International (2024) Species factsheet: Scolopax rusticola. 

Available online: ​h​t​t​p​​:​/​/​​d​a​t​a​​z​o​​n​e​.​​b​i​r​d​​l​i​f​​e​.​o​​r​g​/​​s​p​e​​c​i​e​s​​/​f​​a​c​t​​s​h​e​e​​t​/​e​​u​
r​a​​s​i​a​​n​-​w​​o​o​d​c​​o​c​​k​-​s​c​o​l​o​p​a​x​-​r​u​s​t​i​c​o​l​a. Accessed 14 June 2024

Bønløkke J, Madsen JJ, Thorup K, Pedersen KT, Bjerrum M, Rahbek 
C (2006) Dansk Trækfugleatlas. Rhodos, Humlebæk, Denmark, 
pp 364–368

Bozó L, Fekete I, Bende A (2024) The migration of the Eurasian wood-
cock (Scolopax rusticola L.) in the Carpathian Basin at the turn 
of the 19–20th centuries. Birds 5:571–585. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​3​
9​0​​/​b​i​​r​d​s​5​0​3​0​0​3​8

Bulte M, McLaren JD, Bairlein F, Bouten W, Schmaljohann H, 
Shamoun-Baranes J, Alerstam T (2014) Can wheatears weather 
the Atlantic? Modeling nonstop trans-Atlantic flights of a small 
migratory songbird. Auk 131:363–370. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​6​4​2​​/​A​
U​​K​-​1​3​-​2​3​3​.​1

Calvert AM, Mackenzie SA, Flemming JM, Taylor PD, Walde SJ 
(2012) Variation in songbird migratory behavior offers clues 
about adaptability to environmental change. Oecologia 168:849–
861. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​0​​0​4​4​2​-​0​1​1​-​2​1​1​9​-​5

Clausager I (1972) Skovsneppen som Ynglefugl i Danmark. Dan Vil-
tunders 19:1–39

1 3

   26   Page 14 of 16

https://www.met.hu/downloads.php?fn=/metadmin/doc/2019/04/fbc6d9cf4d6c582cc76acc8340a3f784-omsz-idojarasi-beszamolo-2018.pdf
https://www.met.hu/downloads.php?fn=/metadmin/doc/2019/04/fbc6d9cf4d6c582cc76acc8340a3f784-omsz-idojarasi-beszamolo-2018.pdf
https://www.met.hu/downloads.php?fn=/metadmin/doc/2019/04/fbc6d9cf4d6c582cc76acc8340a3f784-omsz-idojarasi-beszamolo-2018.pdf
https://www.isprambiente.gov.it/files2017/pubblicazioni/manuali-linee-guida/statoamb72.pdf
https://www.isprambiente.gov.it/files2017/pubblicazioni/manuali-linee-guida/statoamb72.pdf
https://www.isprambiente.gov.it/files/pubblicazioni/statoambiente/SA_57_15_Indicatori_clima_2014.pdf
https://www.isprambiente.gov.it/files/pubblicazioni/statoambiente/SA_57_15_Indicatori_clima_2014.pdf
https://doi.org/10.1080/01621459.1979.10482531
https://doi.org/10.1080/01621459.1979.10482531
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s10336-014-1152-7
https://doi.org/10.3390/ani13193031
https://doi.org/10.1016/S0304-3800(02)00194-1
https://doi.org/10.1016/S0304-3800(02)00194-1
https://doi.org/10.2478/orhu-2022-0029
https://doi.org/10.2478/orhu-2023-0009
https://doi.org/10.17242/MVvK_37.02
https://doi.org/10.2478/orhu-2020-0007
https://doi.org/10.2478/orhu-2020-0007
http://datazone.birdlife.org/species/factsheet/eurasian-woodcock-scolopax-rusticola
http://datazone.birdlife.org/species/factsheet/eurasian-woodcock-scolopax-rusticola
https://doi.org/10.3390/birds5030038
https://doi.org/10.3390/birds5030038
https://doi.org/10.1642/AUK-13-233.1
https://doi.org/10.1642/AUK-13-233.1
https://doi.org/10.1007/s00442-011-2119-5


European Journal of Wildlife Research           (2026) 72:26 

Gill F, Donsker D, Rasmussen P (2024) IOC World Bird List (v 14.2). ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​4​3​4​​4​/​I​​O​C​.​M​L​.​1​4​.​2.

Gill JA (2015) Encountering extreme weather during migration: indi-
vidual strategies and their consequences. J Anim Ecol 84:1141–
1143. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​1​1​​/​1​3​​6​5​-​2​6​5​6​.​1​2​4​1​2

Glutz von Blotzheim UN (1986) Handbuch der Vögel Mitteleuropas. 
Band 7. Charadriiformes. AULA-Verlag, Wiesbaden, pp 121–174

Hadarics T, Zalai T (2008) Magyarország madarainak névjegyzéke – 
Nomenclator Avium Hungariae – An annotated list of the birds 
of Hungary. Magyar Madártani és Természetvédelmi Egyesület, 
Budapest

Hegyfoki K (1907) A madárvonulás és az idő. - Vogelzug und Wetter. 
Aquila 1–4: 137–174.

Horton KG, Morris SR, Van Doren BM, Covino KM (2023) Six 
decades of North American bird banding records reveal plasticity 
in migration phenology. J Anim Ecol 92:738–750

Knape J (2016) Decomposing trends in Swedish bird populations using 
generalized additive mixed models. J Appl Ecol 53:1852–1861. ​h​
t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​1​1​​/​1​3​​6​5​-​2​6​6​4​.​1​2​7​2​0

Knefély M (1987) Magic of the Woodcock V. Nimród 107:7–9
Kralj J, Barišić S, Ćiković D, Tutiš V (2013) Atlas Selibde Ptica 

Hrvatske. Croatian Academy of Sciences and Arts, Zagreb, pp 
97–98

Kranstauber B, Weinzierl R, Wikelski M, Safi K (2015) Global aerial 
flyways allow efficient travelling. Ecol Lett 18:1338–1345. ​h​t​t​p​​s​:​
/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​1​1​​/​e​l​​e​.​1​2​5​2​8

Kullberg C, Fransson T, Hedlund J, Jonzén N, Langvall O, Nilsson J, 
Bolmgren K (2015) Change in spring arrival of migratory birds 
under an era of climate change, Swedish data from the last 140 
years. Ambio 44:69–77. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​1​​3​2​8​0​-​0​1​4​-​0​6​0​
0​-​1

Lawrence KB, Barlow CR, Bensusan K, Perez C, Willis SG (2022) 
Phenological trends in the pre-and post‐breeding migration of 
long‐distance migratory birds. Glob Change Biol 28:375–389

Le Rest K, Hoodless A, Heward C, Cazenave JL, Ferrand Y (2019) 
Effect of weather conditions on the spring migration of Eurasian 
Woodcock and consequences for breeding. Ibis 161:559–572. ​h​t​t​
p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​1​1​​/​i​b​​i​.​1​2​6​5​7

Marja R, Elts J (2022) The Eurasian Woodcock (Scolopax rusticola) 
is arriving in Estonia earlier than hundred years ago. Hirundo 
35:17–27

Mead CJ (1991) The missing migrants. BTO News 176:1
Miller-Rushing AJ, Lloyd‐Evans TL, Primack RB, Satzinger P (2008) 

Bird migration times, climate change, and changing population 
sizes. Glob Change Biol 14:1959–1972. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​1​1​​/​
j​.​​1​3​6​​5​-​2​​4​8​6​.​​2​0​​0​8​.​0​1​6​1​9​.​x

Moritz D, Nemetschek G (1976) Der Zug der Waldschnepfe auf Hel-
goland. Corax 5:176–191

Newton I (2010) Bird Migration. Harper Collins
Pátkai I (1951) Az erdei szalonka vonulása 1947 és 1948. évek 

tavaszán. Migration of the Woodcock in the spring of the years 
1947 and 1948. - Пролет вальдшнепов весной 1947 и 1948 гг. 
Aquila 55–58:109–111, 111–112, 112–113.

Perrins CM, Richardson D, Stevenson M (1985) Deaths of swifts and 
hirundines. Bird Study 32:150

Richardson WJ (1990) Timing of Bird Migration in Relation to 
Weather: Updated Review. In: Gwinner E (ed) Bird Migration. 
Springer, Berlin, Heidelberg, pp 78–101. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​
/​9​7​​8​-​3​-​6​4​2​-​7​4​5​4​2​-​3​_​6

Romano A, Garamszegi LZ, Rubolini D, Ambrosini R (2023) Tem-
poral shifts in avian phenology across the circannual cycle in a 
rapidly changing climate: a global meta-analysis. Ecol Monogr 
93:e1552

RStudio Team (2023) RStudio: Integrated Development for R. RStu-
dio, PBC. ​h​t​t​p​​s​:​/​​/​p​o​s​​i​t​​.​c​o​​/​d​o​w​​n​l​o​​a​d​/​​r​s​t​u​d​i​o​/. Accessed 28 ​S​e​p​t​e​
m​b​e​r 2024

Faragó S, László R, Sándor Gy (2000) Az erdei szalonka (Scolopax 
rusticola) testméretei, ivari és korviszonyai 1990–1999 között 
Magyarországon. Magyar Vízivad Közlemények 6:409–461

Faragó S, László R, Bende A (2016) Az erdei szalonka (Scolopax rusti-
cola) teríték monitoring eredményei 2014-ben Magyarországon. 
Results of the Hungarian Woodcock (Scolopax rusticola) Bag 
Monitoring in 2014. Hung Waterfowl Publ 27:284–296. ​h​t​t​p​​s​:​/​​/​
d​o​i​​.​o​​r​g​/​​1​0​.​1​​7​2​4​​2​/​M​​V​v​K​_​2​7​.​0​3

Faragó S, László R, Bende A (2015b) Development of the Woodcock 
(Scolopax rusticola) sex ratio in Hungary between 2010–2014. 
In: Bidló A, Facskó F (eds) V. Faculty Scientific Conference. 
Sopron, 2015.10.25. Conference Publication, University of West 
Hungary, University of Sopron Publishing, pp 105–107

Faragó S, László R, Bende A (2014) Az erdei szalonka (Scolopax rus-
ticola) teríték monitoring eredményei 2012-ben Results of the 
Hungarian Woodcock (Scolopax rusticola) Bag Monitoring in 
2012. Hung Waterfowl Publ 24:283–295

Faragó S, László R, Bende A (2012b) Az erdei szalonka (Scolopax rus-
ticola) teríték monitoring eredményei 2011-ben Magyarországon. 
Results of the Hungarian Woodcock (Scolopax rusticola) Bag 
Monitoring in 2011. Hung Waterfowl Publ 22:297–310

Faragó S, László R, Bende A (2012a) Az erdei szalonka (Scolopax rus-
ticola) teríték monitoring eredményei 2010-ben Magyarországon. 
Results of the Hungarian Woodcock (Scolopax rusticola) Bag 
Monitoring in 20010. Hung Waterfowl Publ 22:285–296. ​h​t​t​p​​s​:​/​​/​
d​o​i​​.​o​​r​g​/​​1​0​.​1​​7​2​4​​2​/​M​​V​v​K​_​2​7​.​0​3

Faragó S (2009) Erdei szalonka. In: Csörgő T, Karcza Zs, Halmos G, 
Magyar G, Gyurácz J, Szép T, Bankovics A, Schmidt A, Schmidt 
E (eds) Magyar Madárvonulási Atlasz. Kossuth Kiadó Zrt., Buda-
pest, pp 304–305

Faragó S (1985) Trends of woodcock hunting bags in Hungary during 
the last 15 years. IWRB-WSRG Newsletter 11:33–39

Faragó S, László R (2010a) Az erdei szalonka (Scolopax rusticola) terí-
ték monitoring eredményei 2007-ben Magyarországon. Results 
of the Hungarian Woodcock (Scolopax rusticola) Bag Monitoring 
in 2007. Hungarian Waterfowl Publications 18–19:205–220

Faragó S, László R, Bende A (2015a) Az erdei szalonka (Scolopax rus-
ticola) teríték monitoring eredményei 2013-ban Magyarországon. 
Results of the Hungarian Woodcock (Scolopax rusticola) Bag 
Monitoring in 2013. Hungarian Waterfowl Publications 25:289–
302. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​7​2​4​​2​/​M​​V​v​K​​_​M​o​​n​i​t​o​​r​i​​n​g​/​2​5​-​3

Faragó S, László R (2010b) Az erdei szalonka (Scolopax rusticola) 
teríték monitoring eredményei 2008-ban Magyarországon. 
Results of the Hungarian Woodcock (Scolopax rusticola) 
Bag Monitoring in 2008. Hungarian Waterfowl Publications 
18–19:421–435

Faragó S, László R (2013) Long-term monitoring of the Hungarian 
Woodcock bag during 1995–2008. In: Ferrand Y (ed) Seventh 
European Woodcock and Snipe Workshop - Proceedings of an 
International Symposium of the IUCN/WI Woodcock & Snipe 
Specialist Group, Office national de la chasse et de la faune sau-
vage, Saint-Petersburg 16–18 May 2011. Office national de la 
chasse et de la faune sauvage, Paris, pp 41–44

Fekete I, Hentschel G (2021) Investigating non-linear trends in ques-
tionnaire studies using contrastive bipolar scales. J Quant Lin-
guist 28:20–38

Fewster RM, Buckland ST, Siriwardena GM, Baillie SR, Wilson JD 
(2000) Analysis of population trends for farmland birds using 
generalized additive models. Ecology 81:1970–1984. ​h​t​t​p​​s​:​/​​/​d​o​
i​​.​o​​r​g​/​​1​0​.​2​​3​0​7​​/​1​7​​7​2​8​6

Fodor Z, Kolláth K, Csonka T (2013) Report on the climate and 
extreme weather events of 2012 based on Government Decree 
277/2005 (XII. 20.) on the National Meteorological Service 
according to § 2 (1) e) of the Government Decree 277/2005 (XII. 
20.) ​h​t​t​p​​s​:​/​​/​w​w​w​​.​m​​e​t​.​​h​u​/​d​​o​w​n​​l​o​a​​d​s​.​​p​h​p​​?​f​n​=​​/​m​​e​t​a​​d​m​i​n​​/​d​o​​c​/​2​​0​1​
3​​/​0​4​​/​i​d​o​​j​a​​r​a​s​i​b​e​s​z​a​m​o​l​o​-​2​0​1​2​.​p​d​f. Accessed 28 September 2024

1 3

Page 15 of 16     26 

https://doi.org/10.14344/IOC.ML.14.2
https://doi.org/10.14344/IOC.ML.14.2
https://doi.org/10.1111/1365-2656.12412
https://doi.org/10.1111/1365-2664.12720
https://doi.org/10.1111/1365-2664.12720
https://doi.org/10.1111/ele.12528
https://doi.org/10.1111/ele.12528
https://doi.org/10.1007/s13280-014-0600-1
https://doi.org/10.1007/s13280-014-0600-1
https://doi.org/10.1111/ibi.12657
https://doi.org/10.1111/ibi.12657
https://doi.org/10.1111/j.1365-2486.2008.01619.x
https://doi.org/10.1111/j.1365-2486.2008.01619.x
https://doi.org/10.1007/978-3-642-74542-3_6
https://doi.org/10.1007/978-3-642-74542-3_6
https://posit.co/download/rstudio/
https://doi.org/10.17242/MVvK_27.03
https://doi.org/10.17242/MVvK_27.03
https://doi.org/10.17242/MVvK_27.03
https://doi.org/10.17242/MVvK_27.03
https://doi.org/10.17242/MVvK_Monitoring/25-3
https://doi.org/10.2307/177286
https://doi.org/10.2307/177286
https://www.met.hu/downloads.php?fn=/metadmin/doc/2013/04/idojarasibeszamolo-2012.pdf
https://www.met.hu/downloads.php?fn=/metadmin/doc/2013/04/idojarasibeszamolo-2012.pdf


European Journal of Wildlife Research           (2026) 72:26 

e​o​​f​r​a​n​​c​e​.​​f​r​/​​c​l​i​​m​a​t​​-​p​a​s​​s​e​​e​t​f​​u​t​u​r​​/​b​i​​l​a​n​​s​c​l​​i​m​a​​t​i​q​u​​e​s​​/​b​i​​l​a​n​-​​2​0​1​​2​/​b​​i​l​a​
n​-​d​e​-​l​h​i​v​e​r​-​2​0​1​1​-​2​0​1​2 Accessed 26 September 2024

Url. 2 Comprendre. Tout savoir sur la météo, le climat et Météo-France. 
Bilan climatique de l’hiver 2013–2014. ​h​t​t​p​​:​/​/​​w​w​w​.​​m​e​​t​e​o​​f​r​a​n​​c​e​.​​
f​r​/​​c​l​i​​m​a​t​​-​p​a​s​​s​e​​-​e​t​​f​u​t​u​​r​/​b​​i​l​a​​n​s​c​​l​i​m​​a​t​-​i​​q​u​​e​s​/​​b​i​l​a​​n​-​2​​0​1​4​​/​b​i​​l​a​n​​-​c​l​i​​m​a​​
t​i​q​u​e​-​d​e​-​l​-​h​i​v​e​r​-​2​0​1​3​-​2​0​1​4 Accessed 26 September 2024

Url. 3 Comprendre. Tout savoir sur la météo, le climat et Météo-
France. Bilan climatique de l’hiver 2015–2016. (​h​t​t​p​​:​/​/​​w​w​w​.​​m​e​​
t​e​o​​f​r​a​n​​c​e​.​​f​r​/​​c​l​i​​m​a​t​​-​p​a​s​​s​e​​-​e​t​​-​f​u​t​​u​r​/​​b​i​l​​a​n​s​​c​l​i​​m​a​t​i​​-​q​​u​e​s​/​b​i​l​a​n​-​2​0​1​6​/​
h​i​v​e​r​# Accessed 26 September 2024

Url. 4 Comprendre. Tout savoir sur la météo, le climat et Météo-
France. Bilan climatique de l’hiver 2018–2019. ​h​t​t​p​s​:​​​/​​/​m​e​t​e​o​​f​r​a​​n​
c​​e​​.​f​​r​​/​s​i​​t​​e​​s​/​m​e​​t​e​o​​f​r​a​​n​​c​​e​​.​f​​r​/​f​i​​​l​e​​s​/​f​​​i​l​e​​s​/​e​​d​i​t​​o​​r​​i​a​l​/​​​b​i​l​​a​n​​_​d​e​​f​i​​n​​i​t​i​f​​​_​h​​i​v​e​​r​
_​2​0​​1​8​_​2​0​1​9​​_​0​6​0​3​1​9​.​p​d​f Accessed 26 September 2024

Van Gils J, Wiersma P, Kirwan GM (2020) Eurasian Woodcock (Scol-
opax rusticola), version 1.0. In: del Hoyo J, Elliott A, Sargatal J, 
Christie DA, de Juana E (eds) Birds of the World. Cornell Lab of 
Ornithology, Ithaka, NY, USA

Wood SN (2003) Thin-plate regression splines. J R Stat Soc Series B 
Stat Methodol 65:95–114

Wood SN (2004) Stable and efficient multiple smoothing parameter 
estimation for generalized additive models. J Am Stat Assoc 
99:673–686

Wood SN (2006) Generalized Additive Models: An Introduction With 
R. CRC Press, Boca Raton, FL, USA

Wood SN (2011) Fast stable restricted maximum likelihood and mar-
ginal likelihood estimation of semiparametric generalized linear 
models. J R Stat Soc Series B Stat Methodol 73:3–36

Wood SN (2017) Generalized Additive Models: An Introduction with 
R, 2nd edition. Chapman and Hall/CRC

Publisher’s Note  Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

Saurola P, Valkama J, Velmala W (2013) Suomen Rengastusatlas. Osa 
I. Luonnontieteellinen keskusmuseo, Helsinki

Schally G (2015) Woodcock ringing in Hungary between 1913 and 
2014. WI-WSSG Newsletter 41:33–36

Schally G (2020) A study on the monitoring and bagging data of the 
Woodcock (Scolopax rusticola) in Hungary between 2009–2018. 
PhD thesis, Szent István University, Gödöllő

Schenk J (1924) Az erdei szalonka vonulása Európában. - Der Zug der 
Waldschnepfe in Europa. Aquila 30–31:26–74, 75–120.

Schenk J (1931) Spring migration forecast of the Woodcock in Hun-
gary. Aquila 36–37:33–44

Sertić, D. (2008) Lov na divljač i lovačka etika, Veleučilište u Karlo-
vcu, Karlovac. pp. 83.

Spina F, Baillie SR, Bairlein F, Fiedler W, Thorup K (2022) The Eur-
asian African Bird Migration Atlas. ​h​t​t​p​​s​:​/​​/​m​i​g​​r​a​​t​i​o​​n​a​t​l​​a​s​.​​o​r​g​​.​E​U​
R​I​N​G​/​C​M​S. Accessed 02 October 2024

Spina F, Volponi S (2008) Atlante della migrazione degli uccelli in 
Italia. I. Non-passeriformi. ISPRA Roma, pp 514–521

StatSoft. Inc. (2015) STATISTICA (Data Analysis Software System), 
Version 13. http://www.statsoft.com

Szabolcs J (1971) Az erdei szalonka. Mezőgazdasági Kiadó, Budapest
Szemethy L, Schally G, Bleier N, Katona K, Lehoczki R, Nagypál 

J, Csányi S (2014) Results of Hungarian Woodcock monitoring. 
RARD 3:12–19

Tøttrup AP, Klaassen RH, Strandberg R, Thorup K, Kristensen MW, 
Jørgensen PS, Fox J, Afanasyev V, Rahbek C, Alerstam T (2012) 
The annual cycle of a trans-equatorial Eurasian-African passer-
ine migrant: different spatio-temporal strategies for autumn and 
spring migration. Proc R Soc Lond B Biol Sci 279:1008–1016. ​h​
t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​9​8​​/​r​s​​p​b​.​2​0​1​1​.​1​3​2​3

Tryjanowski P, Kuźniak S, Sparks T (2002) Earlier arrival of some 
farmland migrants in western Poland. Ibis 144:62–68. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​
o​​r​g​/​​1​0​.​1​​0​4​6​​/​j​.​​0​0​1​​9​-​1​​0​1​9​.​​2​0​​0​1​.​0​0​0​2​2​.​x

Url. 1 Comprendre. Tout savoir sur la météo, le climat et Météo-
France. Bilan climatique de l’hiver 2011–2012. ​h​t​t​p​​:​/​/​​w​w​w​.​​m​e​​t​

1 3

   26   Page 16 of 16

http://www.meteofrance.fr/climat-passeetfutur/bilansclimatiques/bilan-2012/bilan-de-lhiver-2011-2012
http://www.meteofrance.fr/climat-passeetfutur/bilansclimatiques/bilan-2012/bilan-de-lhiver-2011-2012
http://www.meteofrance.fr/climat-passe-etfutur/bilansclimat-iques/bilan-2014/bilan-climatique-de-l-hiver-2013-2014
http://www.meteofrance.fr/climat-passe-etfutur/bilansclimat-iques/bilan-2014/bilan-climatique-de-l-hiver-2013-2014
http://www.meteofrance.fr/climat-passe-etfutur/bilansclimat-iques/bilan-2014/bilan-climatique-de-l-hiver-2013-2014
http://www.meteofrance.fr/climat-passe-et-futur/bilansclimati-ques/bilan-2016/hiver#
http://www.meteofrance.fr/climat-passe-et-futur/bilansclimati-ques/bilan-2016/hiver#
http://www.meteofrance.fr/climat-passe-et-futur/bilansclimati-ques/bilan-2016/hiver#
https://meteofrance.fr/sites/meteofrance.fr/files/files/editorial/bilan_definitif_hiver_2018_2019_060319.pdf
https://meteofrance.fr/sites/meteofrance.fr/files/files/editorial/bilan_definitif_hiver_2018_2019_060319.pdf
https://meteofrance.fr/sites/meteofrance.fr/files/files/editorial/bilan_definitif_hiver_2018_2019_060319.pdf
https://migrationatlas.org.EURING/CMS
https://migrationatlas.org.EURING/CMS
http://www.statsoft.com
https://doi.org/10.1098/rspb.2011.1323
https://doi.org/10.1098/rspb.2011.1323
https://doi.org/10.1046/j.0019-1019.2001.00022.x
https://doi.org/10.1046/j.0019-1019.2001.00022.x
http://www.meteofrance.fr/climat-passeetfutur/bilansclimatiques/bilan-2012/bilan-de-lhiver-2011-2012

	﻿Study of the relation between spring migration of Eurasian woodcock (﻿Scolopax rusticola﻿ L.) and weather in Hungary using time series analysis
	﻿Abstract
	﻿Introduction
	﻿Material and method
	﻿Statistical analysis

	﻿Results
	﻿Discussion
	﻿References


