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Abstract
Aim: Migration is a constantly changing adaptation due to the climate condition 
evolution. The struggle for surviving during harsh winter season is different across 
Europe, being more complex toward the inner parts of the continent. The current ap-
proach explores the Common Buzzard number variation during the cold season and 
the climatic predictors of birds of prey wintering movements in relation to the pos-
sible influences of the Carpathian Mountains, which may act as a geographical barrier 
providing shelter from cold air outbreak from north and northeast of the continent.
Location: Romania (45°N25°E).
Taxon: Birds of Prey.
Methods: We applied a GLMM to investigate the relation between continental and 
local climatic factors with the number of Common Buzzard observations in two re-
gions. The first region is located inside the Carpathian Arch and the other one out-
side, east of this large mountains chain.
Results: The Common Buzzard numbers wintering Eastern from the Carpathian 
Mountains are highly influenced by AO (Z = 2.87, p <  .05%), while those wintering 
western are influenced by NAO (Z = 2.17, p < .05%). This is the first proof of sepa-
rating influences for biodiversity of AO and NAO at continental scale, outlining the 
influence limit placed over the Eastern Carpathian Mountains.
Main conclusions: The Carpathian Mountains act like a geographic barrier, separating 
the wintering Common Buzzard populations from both sides of the mountain range. 
While the high number of individuals in Moldova is related to their eastern and north-
eastern Europe origins, in Transylvania the large number of individuals observed is 
related to the more sheltered characteristics of the region attracting individuals from 
central Europe. Also, since Transylvania region is well sheltered during cold air out-
break, it represents a more favorable region for wintering. From this point of view, 
we can consider that the Carpathian Mountains are a geographic barrier for wintering 
birds of prey.
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1  | INTRODUC TION

Winter is a critical season in the life of most living organism inhabiting 
temperate and boreal latitudes (Askeyev et al., 2018; Hedenström, 
2008; Speakman et al., 1991). In the most part of temperate zone 
and in all polar regions, winter is associated with high bioclimatic 
stress, which has led many animals to adapt for surviving (Blix, 2016). 
These adaptations were manifested by changing their behavior, get-
ting into hibernation or deep sleep, or changing their distribution 
range, and migrating toward areas prone to milder winter climate.

Migration distance and strategies vary among species and 
populations, probably depending on multiple ecological factors 
(Hedenström, 2008). Some species migrate because their specific 
food disappears during winter, especially insectivorous species (La 
Sorte et al., 2015), others because they do not have the necessary 
physiological adaptations (Weber, 2009) while others try to move in 
more suitable areas where they can find an equilibrium for the ener-
getic costs (Fort et al., 2013). Depending on the migration reasons, 
they can move thousands of kilometers (Battley et al., 2012), leaving 
their breeding grounds at the end of summer, migrating in milder 
climates areas, or, they can move with the cold weather to south, 
changing the wintering areas according to their climatic adaptations 
(Lemoine et al., 2016). Irrespective of the reasons for the migration, 
the trigger factors for these movements are represented by climatic 
variables (La Sorte et al., 2015).

Different species respond in a specific manner to the climatic 
variables. Some species could start the migration being pressed by 
the local climatic factors (Askeyev et al., 2018), but others are influ-
enced by large-scale mechanisms related to atmospheric circulation 
(Baltag et al., 2018). Often, these large-scale indices seem to be valu-
able predictors of ecological processes than local climate (Hallett 
et al., 2004).

Up to now, several studies have identified among these factors—
the North Atlantic Oscillation (NAO) (Hubálek & Capek,  2008; 
Stervander et al., 2008), Arctic Oscillations (AO) (Baltag et al., 2018), 
or local temperature (Carrascal et al., 2016)—as having clear influence 
on different populations. The NAO was found to influence mostly 
Western and Northwestern European bird population (Jonzén 
et  al.,  2002), while AO was identified only for Eastern or central-
eastern European as a driver of bird populations (Baltag, 2013; Baltag 
et al., 2018). The local temperature could influence the period length 
which they spend in a region or local movements in different habitats 
(Mazumdar et al., 2017). But, most of these studies were conducted 
on local or regional scale, in relatively similar geomorphological and 
climatic conditions. There are no clear distinctions in populations 
or areas which are influenced differently by continental indices, as 
NAO and AO, or even local conditions. At continental scale, based 
on the results of Trigo et al. (2002) and Schaefer et al. (2004), we can 
perceive that the propagation of NAO and AO effects is disrupted 
in the area of Carpathians, especially concerning the air tempera-
ture. Overall, in Central Europe, the NAO signal is stronger than AO 
signal (Dokulil et al., 2010) and the signal of NAO decreases toward 
the eastern part of the continent (Trigo et al., 2002). On the other 

side, recent studies have discovered that at regional scale, for the 
territory of Romania, the impact of NAO and AO on overall climate 
conditions—expressed by climatic water balance—is quite similar in 
intra- and extra-Carpathians regions (Prăvălie et al., 2013). There is 
no information whether these climatic indices could influence the 
same species from different distribution ranges. Also, we do not 
know which is the main boundary for these influences, which could 
be marked by distance from the indices main action areas or by geo-
graphic barriers (mountains, large lakes, or others).

Mountain ranges could play an important role in separating cli-
matic conditions and implicitly influences of the large-scale atmo-
spheric mechanisms between two or more regions through their role 
as barriers in air masses movements, as is the case with the Rockies 
Mountains from North America (Eidhammer et al., 2018). In Europe, 
there are some mountain ranges which are crossing the continent 
delimiting different climatic areas, as the Alps, but also, every moun-
tain ridge imposes specific climatic features at regional and local 
scale (Barry,  1992). Carpathian Mountains are the second largest 
mountain range in Europe and have a major role in shaping the cli-
mate conditions in medium and lower Danube Basin, inducing a va-
riety of local and regional conditions (Bâzâc, 1983). In Romania, the 
Carpathian Mountains separate the climatic conditions from eastern 
and western part of the country (Apostol & Sfîcă, 2013). However, 
up to now, there are no comparative studies to test their influence 
for bird distribution during winter when harsh weather could cause 
important changes in animal movements and survival.

In the present study, we aimed to explore the Common Buzzard 
number variation during the cold season and the climatic predic-
tors of Common Buzzard wintering movements in relation to the 
possible influence of the Carpathian Mountains. Through our anal-
yses, we are trying to answer the following main questions: (1) Is 
the number of Common Buzzard similar across the Romanian land-
scape? (2) Are the Common Buzzard wintering populations from 
east and west sides of the Carpathian Mountain influenced by the 
same factors? And finally (3) are the do Carpathian Mountains, the 
border between the NAO and AO, influences? To do so, we inves-
tigated the relationship between Common Buzzard numbers and 
continental and local climatic factors in two regions: one inside 
the Carpathian Arch and the other one outside, east of these large 
mountains, in Moldova region.

2  | MATERIAL S AND METHODS

2.1 | Study area

The study area covers four regions from Romania, on both sides of 
the Carpathian Mountains (Figure 1). However, since we have long-
term data only for two areas (Transylvania and Moldova), we fo-
cused our analysis on these regions. The first one corresponds with 
Transylvania, inside the Carpathian Arch, a hilly area with many for-
est plots, mixed with agricultural land, pastures, localities, and river 
valleys. The second area is represented by North-Eastern Romania, 
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outside of the Carpathian Mountains, also a hilly area but with few 
forest plots, which are mostly concentrated in central and northern 
part of the region, as explained by Baltag et al. (2013). From physico-
geographical point of view, the main difference between the two re-
gions is given by their position regarding the Carpathian Arch, which 
determines sheltering conditions for Transylvania during very cold 
spells originating from the northeast of the continent, while Moldova 
is more exposed to temperature oscillations during the same period 
of the year (Croitoru et al., 2018). This is reflected in annual tempera-
ture amplitude which is 2–3°C higher in extra-Carpathian region than 
in intra-Carpathian region (Sandu et al., 2008).

2.2 | Data collection

The study method implies two data collection sessions each win-
ter: in the first two weeks of December and in the second and third 
weeks of February. Observations take place along routes of at least 
5 km length selected by participants with the help of the program 
coordinator. The route is covered on foot, and participants have 
to note down all birds of prey and weather conditions. On each 
transect, we collect data regarding the number of individuals per 

species, sex and age (if it is possible), distance to the observer (in 
5 distance intervals): 1 (0–100 m); 2 (100–250 m); 3 (250–500 m); 
4 (500–1,000  m); and 5 (>1,000  m), and the birds’ activity as per 
two behavioral categories (flying or perching). Also, the observers 
collect data on weather: visibility (in 5 categories: 1. up to 100 m, 2. 
up to 250 m, 3. up to 500 m, 4. up to 1,000 m, and 5. over 1,000 m), 
wind (in 4 categories: 0. no wind, 1. breeze, 2. moderate wind, and 
3. strong wind), cloud cover (in 3 categories: 1. clear sky, 2. partly 
cloudy sky, and 3. completely covered with clouds), and precipita-
tions (0. absent, 1. light/or drizzle, and 2. light snow). During the 
study period, 155 transects were covered but only 20% of these 
were repeated constantly during the 2006–2017 winter seasons. To 
avoid a high imputing of missing counts in our analysis, we select 
only constantly repeated transects. The routes are nonrandomly se-
lected, mostly in open habitats where significant number of birds of 
prey are expected to occur.

2.3 | Weather data

In order to understand the influence of weather on the variability 
of Common Buzzard numbers, we integrate into the GLMM analysis 

F I G U R E  1   The distribution of Common Buzzard monitoring transects across Romania, during the 2006–2017 wintering seasons and the 
localization of our study area (black polygon) in Europe
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the continental indices (NAO and AO), air mass trajectories, and 
weather conditions in the study area. Daily values of NAO and AO 
indices have been downloaded from the Climate Prediction Center 
of NOAA (NOAA, 2018).

The daily data for NAO and AO were taken from the official site 
of Climate Prediction Center of NOAA (NOAA, 2018); the data were 
selected for each monitoring day and for 5  days previously. Our 
choice for 5-day lag selection is mainly based on the fact that it was 
shown that some drivers of atmospheric circulation in Europe (e.g., 
NAO) have a mean persistence of 5 days. This persistence enables 
them to have an impact on the variability of weather elements over 
the continent (Keeley et al., 2009).

Considering that the migration can be triggered by changes 
in weather conditions in some remote areas, we have analyzed 
weather conditions for 5  days previously to the monitoring day 
from NCEP/NCAR for air temperature, precipitation amount, air 
pressure, and wind speed (Kalnay et  al.,  1996) in the source re-
gion of the air mass indicated by HYSPLIT analysis (HYbrid Single-
Particle Lagrangian Integrated Trajectory). This HYSPLIT technique 
from Stein et al. (2015) theoretically indicates in our study the eas-
iest and therefore most probable path used by Common Buzzard 
individuals in their migratory route toward Romania. To strengthen 
the consistency of the results, this analysis was restricted to the 
highest number of individual observations. Therefore, only the 
backward trajectories for the upper third of number of individual 
observations were selected and the origins were displayed on maps 
as points. These points were grouped into 2 spatial clusters using 
k-means clustering (kmeans function from stats package for R) for 
both regions.

Weather conditions for the monitoring day for the two regions 
were recorded from the nearby weather station (Târgu Mureş for 
Transylvania and Iaşi for Moldova) for air temperature (mean, maxi-
mum, and minimum), mean relative humidity, wind speed (maximum 
and minimum), precipitation amount, visibility (in km), and snow 
cover (in cm). The data were taken from Global Summary of the 
Day from NOAA (CPC, 1987), and well long-term mean for 1961–
2013 has been calculated from Romania Climate Dataset (Bîrsan and 
Dumitrescu, 2014).

2.4 | Statistical analysis

The statistical differences in the Common Buzzard presence be-
tween regions and winter months were assessed using the Mann–
Whitney test, and Kruskal–Wallis test for differences between 
winter seasons.

Multivariate analysis was conducted by applying a generalized 
linear mixed model (GLMM) approach, with stepwise backward 
elimination using 18 climatic parameters (Table  1). The number 
of Common Buzzard/linear km was selected as response variable 
for the GLMM approach, with a negative binomial distribution. 
Because the data on wintering Common Buzzard came from differ-
ent transects, during two winter months and 11 years, we included 

“transect ID,” “month,” and “year” as random effects. All variables 
were scaled using Z-score standardization. We excluded the least-
significant variables in a stepwise procedure, using Akaike's infor-
mation criterion with correction for finite samples (AICc) value 
to select the best model (Tables 1 and 2). This model evaluation 
was done using the all possible subsets method with “MuMIn” 
package (Barton,  2020) for R statistical software v.3.2. To eval-
uate the model adequacy, the residuals versus fitted values and 
explanatory variables were plotted, but no distinct patterns were 
observed. The variance inflation factor (VIF) was used to check for 
multicollinearity, which was lower than 2. The final model was also 
tested for overdispersion using pchisq function (Kabacoff 2011). 
The relative importance of predictors was evaluated using relaimpo 
package (Gromping, 2006). We checked for spatial autocorrelation 
based on Moran's I test (Gittleman & Kot,  1990) with the “ape” 
package (Paradis et  al.,  2021). No significant spatial autocorrela-
tion was found using Moran's I (p > .05 in all models). Calculations 
were made in R statistical software version 3.3 (R Core Team, 
2013) with glmmADMB (Bolker et al., 2013) and stats (R Core Team, 
2013) packages.

TA B L E  1   Climatic data used for a generalized linear mixed model 
(GLMM) approach to determine its influence on the Common 
Buzzard's wintering abundance in Romania

Variable name
Variable 
abbreviation

Time 
window

Maximum Temperature Tmax t0

Minimum Temperature Tmin t0

Mean Temperature Tmean t0

Relative Humidity RH t0

Maximum wind speed WindMax t0

Mean wind speed Wind Mean t0

Visibility Visibility t0

Precipitation amount Prec t0

Snow depth Snow t0

Arctic Oscillation 0 AO0 t0

Arctic Oscillation 5 AO5 t5

North Atlantic Oscillation 
(same day)

NAO0 t0

North Atlantic Oscillation (5-
day previously)

NAO5 t5

Air temperature in source 
region

T_source t5

Precipitation amount in source 
region

Prec_source t5

Air pressure in source region P_source t5

Wind speed in source region Wind_source t5

Distance to the center of the air 
mass origins

Dist t0

Note: For each variable provided there is a time window over which 
daily measurements are averaged - t0 = the survey day, t5 = 5 days 
before the survey.
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3  | RESULTS

The Common Buzzard wintering population recorded in 2006–2017 
period was significantly different in western (Transylvania region) and 
eastern (Moldova region) Carpathian Mountains (W = 3,002, p < .01). 
The higher numbers were recorded in Transylvania (mean = 2.378 
individuals/km) and lower in Moldova (mean  =  0.676 individuals/
km). The Common Buzzard numbers also differ across the wintering 

months (W = 19,380, p = .01), being higher in December and lower 
in February, at the end of the wintering season (Figure 2). They vary 
also, across the 2006–2017 wintering seasons recording two peaks, 
in 2006–2007 winter and in 2012–2013 winter (chi-squared = 39.11, 
df = 10, p < .01; Figure 2).

Using the HYSPLIT analyses, we observed that the air mass ad-
vections associated with the highest number of Common Buzzard 
observations in the two regions are located more westerly for 
Transylvania than for Moldova (Figure 3). As well, in Moldova region, 
the highest number of observation is associated with air mass ad-
vections routed in the eastern part of Europe and restricted to con-
tinental region, while in Transylvania region the air mass origins are 
shifted to the west (Figure 4). In other terms, these results show that 
there is a higher probability to have individuals with more westerly 
origins in Transylvania than in Moldova.

The wintering population of the Common Buzzard is consistently 
influenced by weather conditions in the study area. According to the 
GLMM analyses, the best selected model through stepwise back-
ward procedure includes a low number of variables for both regions. 
The final models reveal that the Common Buzzard wintering popu-
lations are influenced differently in Moldova region (Table 2) than in 
Transylvania region (Table 3). The GLMM which analyses the influ-
ence on climatic variables on Common Buzzard numbers wintering 
East of the Carpathian Arch includes 4 variables for the final model, 
with AO as the only factor with a significant influence (Z = −2.87, 
p = .004; Table 4). For Transylvania, the final GLMM gathers 3 vari-
ables, but only NAO has a significant influence (Z = −2.17, p = .030; 
Table 5) on wintering Common Buzzards.

TA B L E  2   Results of the model selection for the observed 
wintering Common Buzzards during 11 winter seasons (2006–
2017), in Transylvania, Romania

Model AICc
Log-
likelihood

Model 
weight

AO0 + Dist + NAO5* 2,196.4 −1,090.99 0.42

AO0 + NAO5* 2,198.1 −1,092.88 0.18

AO0 + Dist + NAO5* + Tmin 2,198.1 −1,090.78 0.18

AO + NAO5* + Tmin 2,200.0 −1,092.82 0.07

Dist + NAO5* 2,201.4 −1,094.57 0.03

Note: Models were fitted as GLMMs, with transect ID, month and 
year as random factors (intercepts). Five models constituting a 95% 
confidence set are presented, with Akaike's information criterion with 
correction for finite samples (AICc), model log-likelihood, and relative 
model weight provided for each model.
We ranked models using Akaike's information criterion with correction 
for finite samples (AICc), using “MuMIn” package for R Statistical 
Software. For abbreviations, please refer Table 1.
*Significant variables.

F I G U R E  2   Comparison of Common Buzzard number/transects across the region (a), winter months (b), and wintering seasons (c) during 
December 2006–2016 wintering seasons
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Besides the continental indices, and despite the high num-
ber of weather variables taken to account, we did not identify any 
other variables that influence significantly the Common Buzzard in 
Romania across the wintering season.

4  | DISCUSSIONS

The Common Buzzard wintering numbers vary on both sides of 
the Carpathian Mountains, being 3.5 times more abundant in 
Transylvania, compared with Moldova region. This difference could 
be induced by habitat structure (Baltag, 2013; Baltag et al., 2013), 
but also by a more stable climate, inside the Carpathian Arch due to 
its sheltering conditions (Apostol & Sfîcă, 2013) manifested espe-
cially during winter (Croitoru et al., 2018).

Numbers vary also during the winter season, being higher in 
December, than in February. This difference could be related to 
their wintering movements, and probably in this month in Romania, 
there is an influx of individuals from more northern territories, indi-
viduals which are spreading after into other regions. December was 
also found the best wintering month, in term of Common Buzzard 
numbers, for Eastern Romania by other studies (Baltag et al., 2013, 
2018). In February, Common Buzzard starts already migrating back 
to their nesting areas, leaving the wintering quarters. The winter-
ing season variations could be determined by a decline in Common 
Buzzard population across Europe or by changes in migration 

strategies, possibly due to clime change. Common Buzzard could 
start the movements to the breeding places earlier than 10  years 
ago at the end of the winter. This strategy could ensure them bet-
ter breeding places, because they will arrive earlier in the breeding 
grounds and will be able to occupy the best sites (Kjellén, 1994). 
However, the reports from Northern countries show an increase in 
Common Buzzard number for February besides the previous win-
ter months, which means that they can occupy already the breeding 
grounds during this month (Väli et al., 2014). This hypothesis is sup-
ported also by the air temperature evolution during February in the 
recent period comparatively with the longer period of 1961–2013 
(Figure 5) for Romania. This shows that the last period is character-
ized by a more abrupt increase in temperature. In our opinion is this 
more abrupt increase in air temperature at the end of February that 
encourages the northward migration of birds without stops in the 
region of Romania.

The results show that AO is the main large-scale mechanism in-
fluencing the number of individuals observed, being present in the 
regression model for both regions. In winter, negative AO is asso-
ciated with strong cold outbreaks in Europe (Croitoru et al., 2018; 
Thompson & Wallace, 2001; Wen et al., 2013), these conditions 
forcing the Common Buzzard individuals from eastern and north-
eastern Europe to move toward lower and warmer latitudes. In 
this line, a very important idea to be underlined is that a higher 
number of individuals is recorded when the atmospheric circu-
lation pattern in Europe is from the east. However, for Moldova, 

F I G U R E  3   Air mass origins 
(represented by dots) for upper third cases 
of Buteo buteo individual observations in 
Moldova and Transylvania regions and the 
associated westerly (in red) and easterly 
(in black) clusters for both the regions
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the influence of AO is stronger (significant at p <  .001) than for 
Transylvania for which the correlation is not significant. This dif-
ference is explained mostly by the fact that Moldova region is 
more exposed to cold air outbreaks associated with negative AO 

due to the lack of mountain barrier in the east (Apostol & Sfîcă, 
2013; Croitoru et  al.,  2018). The influence of AO on Common 
Buzzard wintering population in Moldova has been demonstrated 
in another study (Baltag et al., 2013, 2018). The reconfirmation of 

F I G U R E  4   Distribution of air masses on continental scale during a severe cold air outbreak (March 2018) shows that due to the 
Carpathian sheltering the Transylvania region remains warmer/milder than any other parts of Europe during this type of winter episodes 
(Source: GFS via modellzentrale.de)

Model AICc
Log-
likelihood

Model 
weight

WindMax + Visibility + AO0* + Prec_Source 431.6 −209.23 0.172

AO0* + WindMax 432.4 −210.82 0.112

AO0* + Prec_Source + Visibility 432.9 −209.92 0.087

AO0* + Visibility + WindMax 433.0 −208.73 0.086

AO0* + NAO0 + Visibility 433.4 −208.97 0.068

Note: Models were fitted as GLMMs, with surveyed squares and breeding seasons as random 
factors (intercepts). Five models constituting a 95% confidence set are presented, with Akaike's 
information criterion with correction for finite samples (AIC), model log-likelihood, and relative 
model weight provided for each model.
We ranked models using Akaike's information criterion with correction for finite samples (AIC), 
using “MuMIn” package for R Statistical Software. For abbreviations, please refer Table 1.
*Significant variables.

TA B L E  3   Results of the model 
selection for the observed wintering 
Common Buzzards during 11 winter 
seasons (2006–2017), in Moldova, 
Romania
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AO influence is very important especially because the monitoring 
methods used in these two studies are different.

Normally, negative AO is associated with negative NAO, 
which is the dominant climate pattern in the north Atlantic region 
(Wallace & Gutzler,  1981). This climate pattern is demonstrated to 

have a considerably influence on ecological processes in Northern 
Hemisphere (Stenseth et al., 2003). Generally, negative NAO supposes 
an interruption of westerly flow in Europe, the atmospheric circula-
tion being redirected mainly from the inner of the Eurasian continent 
toward the western Europe and Atlantic Ocean (Hurrell and Deser, 
2009). The NAO has been found to affect numerous ecological sys-
tems and processes (Blenckner & Hillebrand, 2002; Westgarth-Smith 
et al., 2012). The lower intensity of correlation for NAO in Transylvania 
could be given by an input of individuals in this region even during 
intense positive NAO, fact which can be suggested by the more west-
erly HYSPLIT clusters for this region. Also, being a mountainous region 
which is sheltered by the very cold air mass advection (Apostol & Sfîcă, 
2013) another assumption is that a lot of individuals prefer to remain 
for long periods during the winter in this milder region.

Moreover, it is to mention that Transylvania region is very pos-
sible to remain warmer during severe cold outbreaks than any other 
neighboring regions of the continental Europe (Figure 4). Taking this 
aspect into consideration, the negative correlation with NAO sup-
ports rather the hypotheses of central European origins of individu-
als that are forced to migrate from the flat and more exposed regions 
by severe cold outbreaks (e.g., Poland, Baltic States, Belarus. and 
Eastern Ukraine) toward the more sheltered area of the Pannonian 
Basin and in Transylvania.

The main conclusion that could be driven from the analysis 
of meteoclimatic conditions consists in the different spatial ori-
gins of individuals observed in these two regions. While the high 
number of individuals in Moldova is related to their eastern and 
northeastern Europe origins, in Transylvania the large number of 
individuals observed is related to the more sheltered character-
istics of the region attracting individuals from central-eastern 
Europe. Also, since Transylvania region is well sheltered during 
cold air outbreaks, it represents a more favorable region for win-
tering. From this point of view, we can consider that Carpathian 
Mountains represent a geographic barrier for wintering Common 
Buzzard.

TA B L E  4   General linear mixed model (GLMM, R v.3.1.2) of 
factors influencing the Common Buzzard wintering numbers in 
Moldova region, Romania

Variable Estimate SE Z value p

Intercept 1.543 0.094 16.38 <.001

WindMax −0.067 0.095 −0.71 .480

Visibility −0.136 0.092 −1.48 .138

AO0 −0.263 0.092 −2.87 .004

Prec_Source −0.086 0.090 −0.96 .339

Note: Model factors consist of weather-related variables according to 
AIC selection. Significant p-values (p < .05) are in bold. Total sample size 
covers 11 wintering seasons (2006–2017). For abbreviations, please 
refere Table 1.

TA B L E  5   General linear mixed model (GLMM, R v.3.1.2) of 
factors influencing the Common Buzzard wintering numbers in 
Transylvania region, Romania

Variable Estimate SE Z value p

Intercept 3.001 0.105 28.72 <.001

NAO5 −0.117 0.054 −2.17 .030

Dist −0.071 0.040 −1.79 .073

AO0 0.085 0.052 1.162 .106

Note: Model factors consist of weather-related variables according to 
AIC selection. Significant p-values (p < .05) are in bold. Total sample size 
covers 11 wintering seasons (2006–2017). For abbreviations, please 
refere Table 1).

F I G U R E  5   Air temperature evolution during February in Transylvania and Moldova for 1961–2013 and 2004–2013 derived from 
Romanian Climatic Dataset (Dumitrescu & Bîrsan, 2015)



     |  9705BALTAG et al.

ACKNOWLEDG MENTS
We wish to thank the program volunteers who faced the cold weather 
and sometimes deep snow to complete their transects. The authors 
gratefully acknowledge the NOAA Air Resources Laboratory (ARL) 
for the provision of the HYSPLIT transport and dispersion model 
and/or READY website (https://www.ready.noaa.gov) used in this 
publication.

CONFLIC T OF INTERE S T
None declared.

AUTHOR CONTRIBUTIONS
Emanuel Stefan Baltag: Conceptualization (equal); data curation 
(equal); formal analysis (equal); funding acquisition (equal); inves-
tigation (equal); methodology (equal); resources (equal); software 
(equal); supervision (equal); validation (equal); visualization (equal); 
writing-original draft (equal); writing-review & editing (equal). Istvan 
Kovacs: Conceptualization (equal); data curation (equal); funding ac-
quisition (equal); investigation (equal); methodology (equal); project 
administration (equal); resources (equal); supervision (equal); valida-
tion (equal); visualization (equal); writing-review & editing (equal). 
Lucian Sfîcă: Conceptualization (equal); formal analysis (equal); in-
vestigation (equal); methodology (equal); software (equal); validation 
(equal); visualization (equal); writing-review & editing (equal).

DATA AVAIL ABILIT Y S TATEMENT
The data that support the findings of this study are available on 
Open Bird Maps Database: https://openb​irdma​ps.ro/.

ORCID
Emanuel Stefan Baltag   https://orcid.org/0000-0002-3107-0349 

R E FE R E N C E S
Apostol, L., & Sfîcă, L. (2013). Thermal differentiations induced by the 

Carpathian Mountains on the Romanian territory. Carpathian Journal 
of Earth and Environmental Sciences, 8(2), 215–221.

Askeyev, O., Askeyev, A., & Askeyev, I. (2018). Recent climate change 
has increased forest winter bird densities in East Europe. Ecological 
Research, 33, 445–456. https://doi.org/10.1007/s1128​4-018-1566-4

Baltag, E. Ș. (2013). Ecologia șorecarilor (Aves: Buteo) din partea de est a 
Moldovei (România). PhD Thesis, “Alexandru Ioan Cuza” University of 
Iasi, Iasi.

Baltag, E. Ş., Petrencu, L., Bolboacă, L. E., & Sfîcă, L. (2018). Common 
Buzzards Buteo buteo wintering in Eastern Romania: Habitat use and 
climatic factors affecting their abundance. Acta Ornithologica, 53, 
1–12.

Baltag, E. S., Pocora, V., & Sfica, L. K. (2013). Common buzzard (Buteo 
buteo) population during winter season in North-Eastern Romania: 
The influences of density, habitat selection, and weather. Ornis 
Fennica, 90, 186–192.

Barry, R. G. (1992). Mountain weather and climate. ISBN 0-203-72426-7.
Barton, K. (2020). Package ‘MuMIn’: Multi-model inference. R Package 

Version 1.43.17. https://cran.r-proje​ct.org/web/packa​ges/MuMIn/​
MuMIn.pdf

Battley, P. F., Warnock, N., Tibbitts, T. L., Gill, R. E., Piersma, T., 
Hassell, C. J., Douglas, D. C., Mulcahy, D. M., Gartrell, B. D., 
Schuckard, R., Melville, D. S., & Riegen, A. C. (2012). Contrasting 

extreme long-distance migration patterns in bar-tailed godwits 
Limosa lapponica. Journal of Avian Biology, 43, 21–32. https://doi.
org/10.1111/j.1600-048X.2011.05473.x

Bâzâc, G. H. (1983). The influence of land forms upon the main charac-
teristics of climate in Romania (in Romanian). Romanian Academy 
Publishing House.

Bîrsan, M. V., & Dumitrescu, A. (2014). ROCADA: Romanian Daily 
Gridded Climatic Dataset (1961–2013) V1.0. National Meteorological 
Administration, Bucharest, Romania., https://doi.org/10.1594/PANGA​
EA.833627

Blenckner, T., & Hillebrand, H. (2002). North Atlantic Oscillation signatures 
in aquatic and terrestrial ecosystems—A meta-analysis. Global Change 
Biology, 8, 203–212. https://doi.org/10.1046/j.1365-2486.2002.00469.x

Blix, A. S. (2016). Adaptations to polar life in mammals and birds. Journal 
of Experimental Biology, 219, 1093–1105. https://doi.org/10.1242/
jeb.120477

Bolker, B. M., Gardner, B., Mauder, M, Berg, C. W., Brooks, M., Comita, 
L., Crone, E., Cubaynes, S., Davies, T., de Valpine, P., Ford, J., 
Gimenez, O., Kery, M., Kim, E. J., Lennert-Cody, C., Magnusson, 
A., Martell, S., Nash, J., Nielsen, A., … Zipkin, E. (2013). Strategies 
for fitting nonlinear ecological models in R, AD Model Builder, and 
BUGS. Methods in Ecology and Evolution, 4(6), 501–512. https://doi.
org/10.1111/2041-210X.12044

Carrascal, L. M., Villén-Pérez, S., & Palomino, D. (2016). Preferred tem-
perature and thermal breadth of birds wintering in peninsular Spain: 
The limited effect of temperature on species distribution. PeerJ, 4, 
e2156. https://doi.org/10.7717/peerj.2156

Climate Prediction Center/National Centers for Environmental 
Prediction/National Weather Service/NOAA/U.S. Department 
of Commerce (1987). updated half-yearly. CPC Global Summary 
of Day/Month Observations. Research Data Archive at the National 
Center for Atmospheric Research, Computational and Information 
Systems Laboratory. https://rda.ucar.edu/datas​ets/ds512.0. Accessed 
September 1, 2018.

Croitoru, A. E., Piticar, A., Sfîcă, L., Harpa, G. V., Roșca, C. F., Tudose, 
T., Horvath, C., & Scripcă, A. S. (2018). Extreme temperature and pre-
cipitation events in Romania (359 p). Romanian Academy Publishing 
House. ISBN 978-973-27-2833-8.

Dokulil, M. T., Teubner, K., Jagsch, A., Nickus, U., Adrian, R., Straile, D., 
Jankowski, T., Herzig, A., & Padisák, J. (2010). The impact of climate 
change on lakes in Central Europe. In G. George (Ed.), The impact 
of climate change on European Lakes. Aquatic ecology series (Vol. 4). 
Springer.

Dumitrescu, A., & Bîrsan, M. V. (2015). ROCADA: A gridded daily climatic 
dataset over Romania (1961–2013) for nine meteorological variables. 
Natural Hazards, 78, 1045–1063. https://doi.org/10.1007/s1106​
9-015-1757-zPY

Eidhammer, T., Grubisic, V., Rasmussen, R., & Ikdea, K. (2018). Winter 
precipitation efficiency of mountain ranges in the Colorado Rockies 
under climate change. Journal of Geophysical Research-Atmospheres, 
123, 2573–2590. https://doi.org/10.1002/2017J​D027995

Fort, J., Steen, H., Strøm, H., Tremblay, Y., Grønningsaeter, E., Pettex, 
E., Porter, W. P., & Grémillet, D. (2013). Energetic consequences 
of contrasting winter migratory strategies in a sympatric Arctic 
seabird duet. Journal of Avian Biology, 44, 255–262. https://doi.
org/10.1111/j.1600-048X.2012.00128.x

Gittleman, J. L., & Kot, M. (1990). (1990) Adaptation: Statistics and a null 
model for estimating phylogenetic effects. Systematic Zoology, 39, 
227–241.

Gromping, U. (2006). Relative importance for linear regression in R: The 
package relaimpo. Journal of Statistical Software, 17(1), 1–27.

Hallett, T. B., Coulson, T., Pilkington, J. G., Clutton-Brock, T. H., 
Pemberton, J. M., & Grenfell, B. T. (2004). Why large-scale climate in-
dices seem to predict ecological processes better than local weather. 
Nature, 430, 71–75. https://doi.org/10.1038/natur​e02708

https://www.ready.noaa.gov
https://openbirdmaps.ro/
https://orcid.org/0000-0002-3107-0349
https://orcid.org/0000-0002-3107-0349
https://doi.org/10.1007/s11284-018-1566-4
https://cran.r-project.org/web/packages/MuMIn/MuMIn.pdf
https://cran.r-project.org/web/packages/MuMIn/MuMIn.pdf
https://doi.org/10.1111/j.1600-048X.2011.05473.x
https://doi.org/10.1111/j.1600-048X.2011.05473.x
https://doi.org/10.1594/PANGAEA.833627
https://doi.org/10.1594/PANGAEA.833627
https://doi.org/10.1046/j.1365-2486.2002.00469.x
https://doi.org/10.1242/jeb.120477
https://doi.org/10.1242/jeb.120477
https://doi.org/10.1111/2041-210X.12044
https://doi.org/10.1111/2041-210X.12044
https://doi.org/10.7717/peerj.2156
https://rda.ucar.edu/datasets/ds512.0
https://doi.org/10.1007/s11069-015-1757-zPY
https://doi.org/10.1007/s11069-015-1757-zPY
https://doi.org/10.1002/2017JD027995
https://doi.org/10.1111/j.1600-048X.2012.00128.x
https://doi.org/10.1111/j.1600-048X.2012.00128.x
https://doi.org/10.1038/nature02708


9706  |     BALTAG et al.

Hedenström, A. (2008). Adaptations to migration in birds: Behavioural 
strategies, morphology and scaling effects. Philosophical Transactions 
of the Royal Society B: Biological Sciences, 363, 287–299. https://doi.
org/10.1098/rstb.2007.2140

Hubálek, Z., & Capek, M. (2008). Migration distance and the effect of 
North Atlantic Oscillation on the spring arrival of birds in Central 
Europe. Folia Zoologica -Praha, 57, 212–220.

Hurrell, J. W., & Deser, C. (2009). North Atlantic climate variability: The 
role of the North Atlantic Oscillation. Journal of Marine Systems, 78(1), 
28–41. https://doi.org/10.1016/j.jmars​ys.2008.11.026

Jonzén, N., Hedenström, A., Hjort, C., Lindström, Å., Lundberg, 
P., & Andersson, A. (2002). Climate pattern sand the stochas-
tic dynamics of migratory birds. Oikos, 97, 329–336. https://doi.
org/10.1034/j.1600-0706.2002.970303.x

Kabacoff, R. (2011). R in Action: Data Analysis and Graphics with R. Shelter 
Island: Manning Publications Co.

Kalnay, E., Kanamitsu, M., Kistler, R., Collins, W., Deaven, D. L. S., 
Gandin, I. M., Saha, S., White, G., Woollen, J., Zhu, Y., Chelliah, M., 
Ebisuzaki, W., Higgins, W., Janowiak, J. C. K., Ropelewski, C., Wang, 
J., & Leetmaa, A. (1996). The NCEP/NCAR 40-year reanalysis project. 
Bulletin of the American Meteorological Society, 77, 437–471. https://
doi.org/10.1175/1520-0477(1996)077<0437:TNYRP​>2.0.CO;2

Keeley, S. P. E., Sutton, R. T., & Shaffrey, L. C. (2009). Does the North 
Atlantic Oscillation show unusual persistence on intraseasonal 
timescales? Geophysical Research Letters, 36(22), L22706. https://doi.
org/10.1029/2009G​L040367

Kjellén, N. (1994). Differences in age and sex ratio among migrating and 
wintering raptors in Southern Sweden. The Auk, 111, 274–284.

La Sorte, F. A., Hochachka, W. M., Farnsworth, A., Sheldon, D., Fink, D., 
Geevarghese, J., Winner, K., Van Doren, B. M., & Kelling, S. (2015). 
Migration timing and its determinants for nocturnal migratory birds 
during autumn migration. The Journal of Animal Ecology, 84, 1202–
1212. https://doi.org/10.1111/1365-2656.12376

Lemoine, M., Lucek, K., Perrier, C., Saladin, V., Adriaensen, F., Barba, E., 
Belda, E. J., Charmantier, A., Cichoń, M., Eeva, T., Grégoire, A., Hinde, 
C. A., Johnsen, A., Komdeur, J., Mänd, R., Matthysen, E., Norte, A. 
C., Pitala, N., Sheldon, B. C., … Richner, H. (2016). Low but contrast-
ing neutral genetic differentiation shaped by winter temperature in 
European greattits. Biological Journal of the Linnean Society, 118, 668–
685. https://doi.org/10.1111/bij.12745

Mazumdar, S., Ghose, D., & Saha, G. K. (2017). Communal roosting be-
haviour of the black kite (Milvus migrans govinda) in an urban metrop-
olis. Journal of Ethology, 35, 269–277. https://doi.org/10.1007/s1016​
4-017-0516-x

NOAA (2018). Teleconnection data regarding the NAO and AO indices. 
Climate Prediction Center, National Oceanic and Atmospheric 
Administration. http://www.cpc.ncep.noaa.gov/

Paradis, E., Blomberg, S., Bolker, B., Brown, J., Claramunt, S., Claude, 
J., Cuong, H. S., Desper, R., Didier, G., & Durand, B. (2021). Package 
‘Ape’. http://ape-packa​ge.ird.fr/

Prăvălie, R., Piticar, A., Roșca, B., Sfîcă, L., Bandoc, G., Tiscovschi, A., & 
Patriche, C. (2013). Spatio-temporal changes of the climatic water 
balance in Romania as a response to precipitation and reference 
evapotranspiration trends during 1961–2013. Catena, 172, 295–312. 
https://doi.org/10.1016/j.catena.2018.08.028

R Core Team (2013). R: A Language and Environment for Statistical 
Computing. Vienna: R Foundation for Statistical Computing. http://
www.R-proje​ct.org/

Sandu, I., Pescaru, V. I., & Poiana, I. (2008). Climate of Romania. Romanian 
Academy Publishing House.

Schaefer, K., Denning, A. S., & Leonard, O. (2004). The winter Arctic 
Oscillation and the timing of snowmelt in Europe. Geophysical 
Research Letters, 31, L22205. https://doi.org/10.1029/2004G​
L021035

Speakman, J. R., Webb, P. I., & Racey, P. A. (1991). Effects of disturbance 
on the energy expenditure of hibernating bats. Journal of Applied 
Ecology, 28, 1087–1104. https://doi.org/10.2307/2404227

Stein, A. F., Draxler, R. R., Rolph, G. D., Stunder, B. J. B., Cohen, M. D., & 
Ngan, F. (2015). NOAA's HYSPLIT atmospheric transport and disper-
sion modeling system. Bulletin of the American Meteorological Society, 
96, 2059–2077. https://doi.org/10.1175/BAMS-D-14-00110.1

Stenseth, N. C., Ottersen, G., Hurrell, J. W., Mysterud, A., Lima, M., & 
Chan, K.-S. (2003). Review article. Studying climate effects on 
ecology through the use of climate indices: The North Atlantic 
Oscillation, El Niño Southern Oscillation and beyond. Proceedings of 
the Royal Society B: Biological Sciences, 270, 2087–2096.

Stervander, M., Lindström, Å., Jonzén, N., & Andersson, A. (2008). 
Timing of spring migration in birds: Long-term trends, North 
Atlantic Oscillation and the significance of different migra-
tion routes. Journal of Avian Biology, 36, 210–221. https://doi.
org/10.1111/j.0908-8857.2005.03360.x

Thompson, D. W. J., & Wallace, J. M. (2001). Regional climate impacts 
of the Northern Hemisphere annular mode. Science, 293, 85–89. 
https://doi.org/10.1126/scien​ce.1058958

Trigo, R., Osborn, T., & Corte-Real, J. (2002). The North Atlantic 
Oscillation influence on Europe: Climate impacts and associ-
ated physical mechanisms. Climate Research, 20, 9–17. https://doi.
org/10.3354/cr020009

Väli, Ü., Nellis, R., EediLelov, Tammekänd, I., Tuule, A., & Tuule, E. (2014). 
Distribution, abundance and habitat use of wintering birds of prey in 
Estonian farmland. Hirundo, 2, 14–35.

Wallace, J. M., & Gutzler, D. S. (1981). Teleconnections in the geopo-
tential height field during the northern hemisphere winter. Monthly 
Weather Review, 109, 784–812. https://doi.org/10.1175/1520-
0493(1981)109<0784:TITGH​F>2.0.CO;2

Weber, J.-M. (2009). The physiology of long-distance migration: 
Extending the limits of endurance metabolism. The Journal of 
Experimental Biology, 212, 593–597. https://doi.org/10.1242/
jeb.015024

Wen, X.-Y., Hu, Y.-Y., & Liu, J.-P. (2013). The extremely cold 2009–2010 
winter and its relationship with the Arctic oscillation. Frontiers of 
Physics, 8, 590–603. https://doi.org/10.1007/s1146​7-013-0376-y

Westgarth-Smith, A. R., Roy, D. B., Scholze, M., Tucker, A., & Sumpter, J. 
P. (2012). The role of the North Atlantic Oscillation in controlling U.K. 
butter fly population size and phenology. Ecological Entomology, 37, 
221–232. https://doi.org/10.1111/j.1365-2311.2012.01359.x

SUPPORTING INFORMATION
Additional supporting information may be found online in the 
Supporting Information section.

How to cite this article: Baltag, E. S., Kovacs, I., & Sfîcă, L. 
(2021). Common Buzzards wintering strategies as an effect 
of weather conditions and geographic barriers. Ecology and 
Evolution, 11, 9697–9706. https://doi.org/10.1002/ece3.7793

https://doi.org/10.1098/rstb.2007.2140
https://doi.org/10.1098/rstb.2007.2140
https://doi.org/10.1016/j.jmarsys.2008.11.026
https://doi.org/10.1034/j.1600-0706.2002.970303.x
https://doi.org/10.1034/j.1600-0706.2002.970303.x
https://doi.org/10.1175/1520-0477(1996)077%3C0437:TNYRP%3E2.0.CO;2
https://doi.org/10.1175/1520-0477(1996)077%3C0437:TNYRP%3E2.0.CO;2
https://doi.org/10.1029/2009GL040367
https://doi.org/10.1029/2009GL040367
https://doi.org/10.1111/1365-2656.12376
https://doi.org/10.1111/bij.12745
https://doi.org/10.1007/s10164-017-0516-x
https://doi.org/10.1007/s10164-017-0516-x
http://www.cpc.ncep.noaa.gov/
http://ape-package.ird.fr/
https://doi.org/10.1016/j.catena.2018.08.028
http://www.R-project.org/
http://www.R-project.org/
https://doi.org/10.1029/2004GL021035
https://doi.org/10.1029/2004GL021035
https://doi.org/10.2307/2404227
https://doi.org/10.1175/BAMS-D-14-00110.1
https://doi.org/10.1111/j.0908-8857.2005.03360.x
https://doi.org/10.1111/j.0908-8857.2005.03360.x
https://doi.org/10.1126/science.1058958
https://doi.org/10.3354/cr020009
https://doi.org/10.3354/cr020009
https://doi.org/10.1175/1520-0493(1981)109%3C0784:TITGHF%3E2.0.CO;2
https://doi.org/10.1175/1520-0493(1981)109%3C0784:TITGHF%3E2.0.CO;2
https://doi.org/10.1242/jeb.015024
https://doi.org/10.1242/jeb.015024
https://doi.org/10.1007/s11467-013-0376-y
https://doi.org/10.1111/j.1365-2311.2012.01359.x
https://doi.org/10.1002/ece3.7793

