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Abstract. As a top predator, golden eagle (Aquila chrysaetos) plays an important role in the ecosystem, and is a good indicator of 
biodiversity and habitat quality. The objective of this paper is to model the spatial distribution of golden eagle in Romania and 
reveal its habitat preferences, based on the relationships between 12 environmental variables and species occurrence data, in order 
to contribute to the development of future conservation strategies for this magnificent species. To evaluate the distribution of golden 
eagle in Romania and identify suitable habitats we used the Maxent - a presence-only modelling approach. Our model showed a 
high level of predictive performance, based on the mean area under the curve (AUC) for the training data (0.944, 1SD: 0.045) and test 
data (0.818, 1SD: 0.002). According to the Maxent model, important habitat characteristics of golden eagles in Romania include 
slope, elevation, aspect, agriculture and temperature, the species prefers high-elevation areas with steeper slopes, particularly in the 
Carpathian Mountains. Croplands and June-July and December-January temperatures also have an important role in predicting the 
golden eagle occurrence in Romania. The Maxent model also revealed that the distribution of golden eagle in Romania was 
influenced by presence of open habitats such as mosaic vegetation and deciduous forests within their territories, the latter being a 
wide spread in the Carpathian Mountains. The spatial distribution model developed for golden eagle in the current study could 
contribute to future management strategies and conservation projects aimed at the protection of this species in Romania. 
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Introduction 
 
The species-environment relationships is a central issue in 
ecology and is often quantified using predictive modelling 
(Guisan & Zimmermann 2000). Species distribution models 
(SDM) are a commonly used by ecologists to assess changes 
in landscape at, regional or global scale using local meas-
urements (Franklin & Miller 2009). Based on different statis-
tical methods, SDMs can extrapolate species distribution 
data in space and time (Franklin & Miller 2009). As a result, 
these statistical methods are widely used in biogeography 
(Carnaval & Moritz 2008, Pineda & Lobo 2009, Silva et al. 
2014, McQuillan & Rice. 2015), conservation biology (Tinoco 
et al. 2009, Matyukhina et al. 2015, Angelieri et al. 2016), 
ecology (Ward 2007, Wollan et al. 2008, Rödder et al. 2011, 
Matawa et al. 2012, Stiels et al. 2014, Wu et al. 2016) and co-
evolution of species (Morelli & Tryjanowski 2014, Kosicki & 
Hromada 2018), for many purposes (Elith et al. 2011). 

Species diversity and community structure are one 
among the most important ecological theories related to 
causes of species distribution (Franklin & Miller 2009), but 
there are a number of papers that link the species niche con-
cept to SDM (Austin 2002, Soberón & Peterson 2005, Peter-
son 2006, Araujo & Guisan 2006, Hirzel & Le Lay 2008, Pe-
terson & Soberón 2012, McInerny & Etienne 2012). The link 
between SDMs and the ecological niche concept must be es-
tablished in such a way that it takes the model type, envi-
ronmental data and interpretation of predictions into ac-
count (Franklin & Miller 2009). Models that use presence-
only data require coarser, but widely available environ-
mental variables, and tend to describe potential distribution, 
which is more adequate for extrapolation. Other models, 
such as logistic regression-based resource selection functions 
require fine-grained and accurate variables, and tend to pre-
dict realized distributions (Franklin & Miller 2009, Hirzel & 
Le Lay 2008, Kosicki 2018). By transferring a statistical model 
which contains a quantification of a species’ response to en-

vironment back to the geographic space in which the species 
were observed, we can quantify species niche and projected 
into geographic space (Guisan et al. 2017). 

Predicting the distribution of a species and identifying 
its preferred habitat characteristics is an important tool used 
to for habitat management and development of conservation 
strategies for endangered species (Lombardini et al. 2015, 
Caruso et al. 2015, Cordeiro et al. 2016, Angelieri et al. 2016, 
Wu et al. 2016, Woloszyn-Galeza et al. 2016, Astete et al. 
2016). SDMs are widely used in decision-making processes 
related to species conservation (Guisan et al. 2013). On the 
other hand, compared to other vertebrate groups, birds of 
prey represent an easy and cost-effective group to monitor in 
terms of diversity, (Martín & Ferrer 2013). Since raptors are 
predators, they are often used as surrogate species to focus 
monitoring and management activities (Rodríguez-Estrella 
et al. 1997, Sergio et al. 2008, Roth & Weber 2008, Burgas et 
al. 2014). However, there is a mix of positive and negative 
opinions about predators’ efficacy as surrogates (Sergio et al. 
2008). Raptors are also considered good indicators of habitat 
quality since they are sensitive to human disturbance and 
environmental contamination (Newton 1979, Rodríguez-
Estrella et al. 1997). 

Golden eagle has a Holarctic distribution and occupies a 
large variety of habitats.  Most of the golden eagle’s range is 
remote mountainous regions and uplands (Del Hoyo et al. 
1994, Ferguson-Lees & Christie 2001). The International Un-
ion of the Conservation of Nature lists golden eagle as a spe-
cies of least concern (BirdLife International 2017), although 
the species was heavily persecuted in the 19th century, but 
now appears to be stable (BirdLife International 2017). 
Golden eagles are still deliberately poisoned, shot and 
trapped, and the number of golden eagle is declining in 
Spain and North America (BirdLife International 2017). De-
spite the fact that the estimated global population size of 
golden eagle is large, golden eagles are rare in Romania, 
with an estimated 30-50 pairs confined to an area alongside 
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the Carpathians Mountains (Tuker 1994 , Munteanu 2012). 
Being one of the most important raptor species in this area, 
golden eagle is considered as a flagship species for the Car-
pathian Mountains of Romania,  

Our main goal is to model the potential distribution and 
niche requirements of golden eagle in Romania to contribute 
to development of future conservation strategies.  
 
 
Materials and methods 
 
Study area 
Romania lies along the 45 north parallel, between 43º 37' - 48º 15' lati-
tude North and 20º 15 - 29º 41' longitude East. Topography and ele-
vation in Romania is varied from the shores of the Black Sea up to 
the high mountains (2544 m the maximum altitude of the Romanian 
Carpathians). The Romanian Carpathians occupy 27.8% of Romania 
(Achim 2015, Bălteanu et al. 2016). 

Romania has three climatic zones: temperate-transition for most 
of the country, temperate semi-arid climate (Dobrogea region) and 
the climate of the high mountains within the temperate region. The 
vegetation is influenced by latitude – it includes three units of vege-
tation (the steppe area in the south-eastern part, the silvo-stepe area 
and the area of temperate deciduous forests), as well as by altitude in 
the Carpathians, with four units of vegetation: deciduous forests, co-
niferous forests, subalpine and alpine layer (Achim 2015, Bălteanu et 
al. 2016). There are approximately 66,000 km of rivers and 3650 lakes 
(4621 sq km). 
 
Occurrence data 
We initially used 43 golden eagle (Aquila chrysaetos) locations in Ro-
mania for our modelling effort, 31 locations were obtained from the 
Global Biodiversity Information Facility (GBIF, www.gbif.org) and 

published in the Atlas of European Breeding Birds and eBird Obser-
vation Dataset, 10 locations were from the Romanian Ornithological 
Society database (www.sor.ro), and the remaining 2 locations were 
from the personal field observations. Information acquired from 
GBIF database are often spatially biased, mainly due to unequal 
sampling efforts (Jones et al. 2016). Species distribution model meth-
ods require input occurrence data to be spatially independent, be-
cause sampling biases may increase spatial autocorrelation. The ef-
fect of sampling bias may be reduced by spatially filtering the occur-
rence dataset (Veloz 2009, Boria et al. 2014). For this purpose, we 
used Spatially Rarefy Occurrence Data tool implemented in ArcMap 
10.2.2 (Esri 2013), randomly removing points that were within 5 km 
of one another. We chose 5 km based on golden eagle mean home 
range size and nearest neighbour distance between nest locations 
(McGrady et al. 2002, Watson 1997, Di Vittorio & López-López 2014). 
 
Environmental variables 
We selected environmental variables based on the ecological rele-
vance to habitat preferences of raptors (Janes 1985) and other studies 
of golden eagle habitat selection (López-López et al. 2006, Moreno-
Rueda et al. 2009, Di Vittorio & López-López 2014, LeBeau et al. 
2015, Singh et al. 2016). We chosed 22 total environmental variables 
including measures of topography, vegetation and climate (Table 1). 
Elevation (elv) was derived from a global 30 arc-second digital eleva-
tion model (DEM) obtained from Consortium for Spatial Information 
(www.cgiar-csi.org). Slope (slp) and aspect (asp) were generated in 
ArcMap 10.2.2 using DEM raster. Vegetation variables (k14, k20, k30, 
k50, k70, k90, k100, k110, k12 and k140) were obtained from a global 
map of land cover (Globcover 2009,  http://due.esrin.esa.int/ 
page_globcover.php) and further processed by a kernel density func-
tion (with a 5 km search radius), in order to obtain quantitative vege-
tation maps which are more informative than categorical ones, in 
this case. Values of the final vegetation raster maps were given in 
density of points per km2. Temperature variables were taken from 

 
 

Table 1. Environmental variables selected for this study. Variables retained for the statistical analyses after applying the multicollinear-
ity test, are marked in grey. 

 

Environmental 
variable 

Description Units 

elv Elevation meters 
slp Slope percent 
asp Aspect degrees 
k14* Kernel density** of rainfed croplands  points/km2 
k20 Kernel density of mosaic cropland (50-70%)/vegetation (grassland/shrub land/forest) (20-50%) points/km2 
k30 Kernel density of mosaic vegetation (grassland/shrubland/forest) (50-70%)/cropland (20-50%) points/km2 
k50 Kernel density of  closed (>40%) broadleaved deciduous forest (>5m) points/km2 

k70 Kernel density of closed (>40%) needleleaved evergreen forest (>5m)  points/km2 
k90 Kernel density of open (15-40%) needleleaved deciduous or evergreen forest (>5m) points/km2 
k100 Kernel density of closed to open (>15%) mixed broadleaved and needleleaved forest (>5m) points/km2 
k110 Kernel density of mosaic forest or shrubland (50-70%) / grassland (20-50%) points/km2 

k12 Kernel density of mosaic grassland (50-70%) / forest or shrubland (20-50%) points/km2 

k140 Kernel density of  closed to open (>15%) herbaceous vegetation  
(grassland, savannas or lichens/mosses) 

points/km2 

tdj Mean temperature for December and January degree Celsius 

tfm Mean temperature for February and March degree Celsius 
tam Mean temperature for April and May degree Celsius 

tjj Mean temperature for June and July degree Celsius 

tmax Maximum annual temperature degree Celsius 
tmin Minimum annual temperature  degree Celsius 
prec Mean  annual precipitation  mm 

hum Distance (Euclidian distance) to human settlements  meters 
wat Distance (Euclidian distance) to river network meters 

 
* the numbers comes from original Globcover 2009 land cover class values. 
** see the methodology. 
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the WorldGrid (http://worldgrids.org) database, based on value of 
the 8-day MODIS day-time LST time series data 
(https://lpdaac.usgs.gov) for 2011-2012 period. Precipitation data 
was gathered from the Global Satellite Mapping of Precipitation da-
tabase (http://sharaku.eorc.jaxa.jp/GSMaP_crest) from 2003-2006. 
We calculated the Euclidean distance from the human settlements 
and rivers to golden eagle locations in ArcMap 10.2.2. The resolution 
of our environmental rasters was set as approximately 1 km, derived 
from Globcover resolution. To account for multicollinearity between 
our chosen variables, we used the variation inflation factor (VIF), 
removing variables with a VIF that exceeded a threshold value of 10 
(Cohen et al. 2003, Keith 2015). 
 
Modelling procedures 
Many SDM methods require both accurate presence and absence 
data which cannot always be obtained, considering the data gather-
ing process and the extent of the study area in our case (rare species 
spread over a large area). The algorithm used to estimate the eco-
logical niche of a species,as a function of environmental variables, 
depends on input data (Peterson et al. 2011). Most of our golden ea-
gle locations came from biodiversity databases, which are presence-
only data. Therefore, we rely our modelling process on Maxent, a 
presence-only approach. Maxent was developed by the machine 
learning community and is a method for making predictions (to pre-
dict species distributions) from incomplete information (presence-
only species records), estimating the most uniform distribution of 
occurrence points in relation to background locations across the 
study area (Philips et al. 2006, Elith et al. 2011, Merow et al. 2013). 

 
Maxent model 
We used the maximum entropy algorithm implemented in Maxent 
version 3.4 (available at http://biodiversityinformatics.amnh. 
org/open_source/maxent) to model golden eagle’s potential distri-
bution in Romania and determine which our chosen environmental 
variables were the most important to the species. We used the de-
fault settings and 5-fold replicates (jackknife cross-validation) for our 
modelling effort to test the predictive performance of the model 
(Philips et al. 2006). Each partition was obtained by randomly select-
ing as training data 70% of the occurrence points and as test data the 
remaining 30% of points (Philips et al. 2006). 

The relative importance of each of the environmental variables 
on the Maxent model was evaluated by both percent contribution 
and jackknife test (each variable is excluded in turn, creating a model 
with the remaining variable and then conducted a model with each 
variable in isolation). The effect of environmental variables on the 
Maxent logistic prediction was indicated by response curves. We 
evaluated the Maxent model’s predictive performance by calculating 
the area under the curve (AUC) of receiver operating characteristic 
(ROC), based on training and test data. The prediction of the model 

is random if AUC is less than or equal to 0.5, while a value above 0.5 
indicates a model performance better than chance. 

Complex niche models are poor at identifying the most impor-
tant environmental variables (Warren et al. 2014). In order to identify 
the most important set of uncorrelated variables in predicting golden 
eagles ecological distribution in Romania, we reduced the set of en-
vironmental variables in a stepwise fashion with the R package 
‘MaxentVariableSelection’ (Jueterbock 2015). The most parsimonious 
model was assessed with the sample-size-adjusted Akaike informa-
tion criterion (AICc) (Akaike 1974). 

Statistical analyses were conducted in R version 3.3.2 (R Devel-
opment Core Team, 2016), with ’dismo’ package (Hijmans et al. 
2017). 
 
 
Results 
 
We retained only 32 golden eagle occurrence points for fur-
ther analyses. Despite our small number of golden eagle oc-
currence points, modelling success was not consistently re-
lated with sample size (Elith et al. 2006), however, observa-
tion of a species, well-distributed throughout the environ-
mental space that it occupies, is more significant (Franklin & 
Miller 2009). The study area encompasses the golden eagle 
range in Romania, thus achieving a high degree of represen-
tativeness for our sample. 

Only 12 environmental variables out of the 22 passed the 
multicollinearity test and were used for further statistical 
analyses (Table 2). 
 
MAXENT model 
The mean area under the curve (AUC) for the training data 
was 0.944 (1SD: 0.045) and 0.818 (1SD: 0.002) for the test 
data, which indicated a high predictive ability of the model. 
The environmental variables that contributed most of Max-
ent model were elv (48.5%, 1SD: 9.861), slp (22.9%, 1SD: 
11.511) and asp (8.4%, 1SD: 3.137), and in a lesser way k14 
(4.7%, 1SD: 1.304), k30 (4.4%, 1SD: 2.157) and k50 (3%, 1SD: 
1.297), values averaged over replicates runs. Using the jack-
knife test, the variables produced the greatest gain in the 
model when used in the isolation were, elv, slp, tjj, k14, tdj, 
and k50. However, the variables decreasing the gain of the 
model when omitted were, elv, asp, slp, k14, k30 and k50 (Fig. 
1). 

The predicted distribution of golden eagles in Romania 
 
 

Table 2. Pearson correlation matrix between environmental variables and multicollinearity test (VIF). Description of the variables  
is indicated in Table 1. 

 

Variables elv asp slp k20 k30 k50 k12 k14 tdj tjj hum wat 

elv 1.00            

asp -0.01 1.00           

slp 0.32 -0.17 1.00          

k20 0.11 -0.42 0.33 1.00         

k30 -0.29 -0.15 0.09 0.32 1.00        

k50 -0.05 -0.29 -0.32 0.17 0.30 1.00       

k12 -0.09 0.07 0.38 0.16 0.20 -0.17 1.00      

k14 -0.41 -0.11 -0.25 0.41 0.12 0.18 -0.11 1.00     

tdj -0.69 0.15 -0.15 -0.34 0.13 -0.14 0.04 0.18 1.00    

tjj -0.71 0.04 -0.18 0.25 0.37 -0.01 0.17 0.67 0.42 1.00   

hum -0.13 0.06 0.03 -0.08 -0.19 0.27 -0.11 0.32 0.15 0.07 1.00  

wat -0.57 0.14 0.02 -0.33 0.04 -0.18 0.27 0.16 0.53 0.43 0.25 1.00 

VIF 9.97 1.76 3.04 3.73 1.91 2.28 1.50 4.30 2.84 10.11 2.04 2.41 
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Figure 1. The jackknife test of the 
importance of variables used in training 
the golden eagle Maxent model, for 
each predictor alone (red bars), and the 
drop in gain when the variable is 
removed from model (green bars). 

 
 

 
 

Figure 2. Predicted distribution (habitat suitability map) of golden eagle (Aquila chrysaetos) in Romania  
using the Maxent model. The colour gradient indicates the probability of species occurrence, with 
darker green color representing the best predicted zones (highly suitable areas). Black dots display 
the distribution of the golden eagle occurrence points used in modelling process. 

 
 

based on the Maxent model indicated that the suitable habi-
tats for this species were located alongside Carpathian 
Mountains (Fig. 2). The relationships between the most in-
fluential environmental variables and golden eagle presence 
in Romania are described in Fig. 3. Predicted suitability of 
golden eagles increases in areas where elv is over 500 meters, 
slp over 10% and k14 between 0 and 5 points/km2 (Fig. 3 a, b, 
c). 

The model with the lowest AICc (1092.30) was built with 
a beta-multiplier of 3.5, a model contribution > 5%, a correla-
tion threshold of 0.8, and with only two uncorrelated vari-
ables, slp (63.7%) and elv (34.67%). The third variable of this 
model (k50) did not pass the threshold for contribution 
value. 
 
 
Discussion 
 
The potential distribution of golden eagle in Romania is lim-
ited to the area of the Carpathian Mountains and closer sur-

roundings (Transylvania Plateau, Subcarpathians area and 
so on). Our Maxent modelling approach led to the following 
findings: topographic elements (elv, slp and to a lesser extent 
asp), croplands (k14) and temperatures (tdj and tjj) are some 
of the most relevant variables to golden eagle distribution 
and habitat preferences in Romania. On the other hand, 
Maxent have also highlighted the role of mosaic vegetation 
(k30) and broadleaved deciduous forest (k50) in predicting 
spatial distribution of this species in Romania.  

Our results showed that topography was the most vital 
element for the presence of this species in Romania. Indeed, 
topography plays an important role in many aspects of 
golden eagle’s life. Distribution and abundance of land cover 
types in a landscape (and hence, habitat selection of a spe-
cies) are influenced by topography (McIntyre et al. 2006). 
Topography also guides the flight behaviour of eagles, and 
therefore, they prefer efficient movements across the land-
scape  due to thermals and orographic updrafts (Bohrer et al. 
2012, Katzner et al. 2012, Singh et al. 2016). In relation to the 
characteristics of the landform over which they fly, golden  
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Figure 3. Response curves for the most important environmental variables (a) elv, b) slp, c) k14, d) tjj, e) tdj, f) k30, g) 
k50, and h) k12) in the Maxent model (black line representing the mean response for 5 replicate runs and the grey 
shaded area the mean ± one standard deviation). Full description of variables is indicated in Table 1. 

 
 

eagles show a non-random flight altitude pattern (Katzner et 
al. 2012). Landscape features such as cliffs and steep slopes 
generate orographic lift (deflection of horizontal winds by 
sloping terrain), and in response, eagles fly at a lower alti-
tude (a behaviour also  observed during migration) over 
these landscape features than over any other type of topog-
raphy (Bohrer et al. 2012, Katzner et al. 2012, Nielson et al. 
2016). 

In a study on the spatial distribution and breeding per-
formance of golden eagle in Sicily, the presence of the spe-

cies was positively correlated with the ruggedness of the ter-
rain and to the extension of arable land at the territory scale, 
and with the range of slope at the landscape scale (Di Vitto-
rio & López-López 2014). Also, at the spatial scale of the Ibe-
rian Peninsula, the topographical variables were the best 
predictors of habitat suitability for golden eagle breeding 
(López-López et al. 2006, Tapia et al. 2007). Similarly, juve-
nile golden eagles showed a preference for areas with a 
slope over 5º, and the preference increased with increasing 
incline of the slope in Sweden (Sandgren et al. 2014). This 
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kind of behaviour is also observed in adults, which prefer 
steeper slope areas (Singh et al. 2016). 

Croplands (k14) are also relevant for the Maxent model, 
pointing out the importance of this habitat type in shaping 
the golden eagle distribution in Romania (restricted to a lim-
ited range for this variable). Despite its great distribution in 
Romania, this habitat is avoided by the species, largely due 
to its poor productivity. Predicted suitability of golden eagle 
in Romania (indicated by the Maxent model) decreased in 
areas where the k14 density was over 5 points/km2 (Fig. 3 c). 
Our findings are supported by Carrete et al. (2000) and 
López-López et al. (2006) who emphasized the negative rela-
tionships between golden eagle presence in Southern Spain 
and intensive agriculture on one hand, and the higher prob-
ability of golden eagle occurrence in areas of Iberian Penin-
sula with less agricultural areas on the other. Moreover, ar-
eas with large surfaces of crops were found to be negatively 
related with productivity and survival of Bonelli’s eagle in 
the same region of Spain (Carrete et al. 2002). However, this 
relationship between golden eagle and agriculture areas 
must not necessarily be negative, and this depends on the 
area occupied by these habitats in a region, like traditional 
smallholding land ownership in Ourense, Spain (Tapia et al. 
2007) or Sicily (Di Vittorio & López-López 2014), where the 
presence of golden eagle at the territory scale was positively 
related with the extension of arable lands. 

At the same time, golden eagle seems to tolerate mosaic 
vegetation k30 (shrubland or forest with cropland), the Max-
ent predicted increased occurrence  in zones where this vari-
able ranges from 3 to 35 points/km2 (Fig. 3 f). Open habitats 
such as mosaic vegetation and open broadleaved forest (ele-
vation between 700-1200 m) are preferred by eagles as hunt-
ing zones in Romania, considering the large distribution of 
these habitats in the Carpathians.  The breeding success of 
golden eagle is mainly influenced by food availability, for 
which open lands, such as mosaic vegetation favours prey 
detection and hunting success. 

Broadleaved forests (k50), which occupy 30.4% of the 
Carpathians (Chiriță et. al. 1981), had a major importance in 
predicting the golden eagle distribution in Romania (accord-
ing to the Maxent model), considering the fact that this habi-
tat variable produced a relatively higher gain of the model 
when it was used in isolation, and also decreased the gain 
considerably when it was omitted from the model (Fig. 1). 
The predicted distribution probability decreased in areas 
with a k50 density over 30 points/km2 (Fig. 3 g), which sug-
geststhat the species prefers more open forest habitats in 
Romania. However, studies regarding the relationship be-
tween golden eagle and forest areas (which has the potential 
to come into conflict with this species) in Scotland (McGrady 
et al. 1997, McGrady et al. 2002) showed that eagles gener-
ally chose open habitats such as coarse grasslands, brackens, 
smooth grasslands with scrub, bogs, broadleaved forests etc. 
According to (Watson et al. 1987), forest areas would have a 
negative effect on golden eagle if it exceeds more than 40% 
of eagle’s home range. 

Together with topography and food supply, climate is 
the main factor which influences the geographical distribu-
tion of the species (Rapoport 1982). Our study showed that, 
in Romania (temperate zone), golden eagle mainly prefers 
relatively colder places in winter (tdj) and more temperate 

places in summer (tjj). The Maxent model indicated that the 
probability of golden eagle presence in Romania increased in 
areas where tjj was between 14ºC and 22ºC and tdj was be-
tween -8ºC and 4 ºC (Fig. 3 d, e). Indeed, the potential distri-
bution of the species may be restricted by climate,, colder 
temperature in January and more temperate temperatures in 
July were found to be the best climatic predictors of golden 
eagle occurrence in the Castellón province of Spain (López-
López et al. 2006). On the same note, the best predictor of 
breeding output of golden eagle in Sicily at the territory 
scale was the mild annual temperature, which had a positive 
effect. Therefore, this result confirmed that the presence of 
golden eagle in Sicily is influenced by climate, this species 
shows a preference for areas with higher altitude and aver-
age temperature values (Di Vittorio & López-López 2014). In 
the temperate zone (high latitude), the biological year is 
governed by temperature, unlike the tropical zone (low lati-
tude), where the biological year depends on rainfall (New-
ton 1979, Newton 2003). Golden eagle is a Holarctic species 
that shows a relatively higher ecological range in terms of 
temperature, as reflected by its distribution range around the 
world (Ferguson-Lees & Christie 2001, Moreno-Rueda et al. 
2009). In southern parts of its range, golden eagle seems to 
use high elevations to tolerate high summer temperatures 
(Braham et al. 2015, Nielson et al. 2016). However, extreme 
weather conditions may affect the breeding success of 
golden eagle especially late and heavy snowfalls may cause 
some pairs to abandon their nests leaving their eggs behind 
in some years (Watson 1997). The breeding performance of 
golden eagle was poorer in Western Scotland in years when 
the average temperature in February was lower than in years 
with milder climate for this period (Watson 1997). However, 
given the number of variables involved, it is very difficult to 
isolate the effects of different weather conditions (tempera-
ture, rainfall, snow, wind, etc.) on breeding success in bird 
populations (Watson 1997). 
 
Recommendations for conservation 
The raptors have suffered in the past and given people’s 
mentality regarding these species, they will continue to suf-
fer in the future. . The spatial distribution model developed 
for golden eagle in the current study could contribute to fu-
ture management strategies and conservation projects aimed 
at protection of this species in Romania. Our study could 
provide valuable information for conservationists regarding 
habitat preferences and distribution patterns of this species 
in Romania, which may be used to identify the most suitable 
conservation areas. In order to maintain golden eagle popu-
lations in suitable areas, we recommend that management 
decisions involve a rational management of open and mosaic 
forest habitats. 
 
 
Conclusions 
 
Our results suggest that topography measurements are the 
best tools for predicting the spatial distribution of golden 
eagle in Romania. Eagles in Romania prefer high-elevation 
areas with steeper slopes, especially in the Carpathian 
Mountains. In addition, our models suggest that croplands 
(k14) and June-July (tjj) and December-January (tdj) tempera-
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tures have an important role in predicting the golden eagle 
occurrence in Romania, since the species avoids agriculture 
areas and mainly prefers relatively colder places in winter 
and more temperate places in summer. The Maxent model 
also revealed that the spatial distribution of golden eagle in 
Romania was shaped by the presence of mosaic vegetation 
and deciduous forest habitats in its territory, the latter being 
wide spread in the Carpathian Mountains. 
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