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ABSTRACT 

Habitat selection with regard to water regime is not frequently addressed by researchers, being 

difficult to study and model. In the Biebrza River Valley (NE Poland), two species of eagles, Aquila 

clanga and Aquila pomarina, co-occur and hybridize. They have slightly different habitat preferences 

and hybridization occurs in intermediate habitats. We predicted that water regime might be a factor 

central to selection of a breeding territory. Using a numerical model of water regime in foraging sites 

of the eagles (area within 2 km from nest), we modeled the duration and extent of flooding. Foraging 

sites of the Greater Spotted Eagle were characterized by a considerably longer duration of flooding 

within a year and a higher mean and maximum depth of flooding. A key feature of foraging areas of 

the extremely rare Greater Spotted Eagle is shallow (approx. 20 cm) spring flooding, lasting at least 

from the beginning of May (on average up to 90 days per year). Water level is crucial especially in 

April, when the eagles return from their wintering sites and settle on territories. A plausible 

explanation of variation in habitat selection with respect to water regime might be different food 

preferences (A. clanga prefers prey of medium size while A. pomarina hunts small mammals, birds 

and amphibians) and evolutionary divergence due to landscape differences between the ranges of 

these two species.  

More attention should be given to studying water regime in analysis of habitat preference of 

endangered species, especially when ranges of two sister species overlaps, like in the case of the 

spotted eagles. 
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INTRODUCTION 

Water regime is one of the most important factors shaping the habitats of birds and other animals. 

Unfortunately, it is rarely addressed in comprehensive studies of habitat selection. One of the main 

reasons for this is that it is very difficult and time-consuming to construct hydrographic models, 

which usually require taking detailed geodetic measurements in the field. However, there are very 

rare species whose survival can depend precisely on preserving their required water regime. One of 

these species is the Greater Spotted Eagle Aquila clanga (GSE), whose population size in Europe 

amounts to mere 800-1,100 breeding pairs (BirdLife 2013). The Biebrza River Valley, North-Eastern 

Poland, marks the western edge of its range, with the population size of only about 15 pairs 

(Maciorowski & Mizera 2010). In areas of sympatric occurrence of GSE and the Lesser Spotted Eagle 

(LSE), these two sister species often hybridize (Väli et al. 2010). In the Biebrza Valley, mixed pairs, 

most typically formed by a GSE female and an LSE male, constitute up to nearly half of all breeding 

pairs (Maciorowski  2012, unpublished results ). Hybridization is considered to be one of the major 

threats to the extremely rare GSE in Europe (Väli et al. 2010, Väli 2011, Dombrovski  2012,). One of 

the main reasons for the high current rate of hybridization is disappearance of the ecological barrier 

that previously divided these two species. GSE is a species of unchanged wetland landscape 

(Dombrovski & Ivanovsky 2005, Pugacewicz 1995), while LSE inhabits mostly extensively used 

farmland (Väli et al. 2004, Mirski 2009, Zub et al. 2010). Habitat selection by these two species was 

studied in detail only in Estonia (Lõhmus & Väli 2004) and Poland (Maciorowski & Mirski 2013). The 

latter study showed that hybridization takes place mostly in transformed wetland habitats, which 

offer conditions intermediate between the requirements of the two eagle species. GSE habitats are 

characterized by a substantially larger wetland area compared to LSE and mixed pair habitats. 

However, detailed evidence for existence of an ecological barrier preventing hybridization, such as 

water regime, has been lacking. To our knowledge, no studies have proved the existence of such 

barriers in other avian species and the effect of water regime on avian groups other than waterbirds 
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has not been addressed frequently. It has been shown that both flooding depth and duration 

strongly affect densities of waterbirds (Ma et al. 2010, Tsai et al. 2012). Also, a high groundwater 

level has a positive effect on the abundance of birds of meadows and pastures (Klejin & Zuijlen 

2004). Waterbirds form one of the most important prey of GSE (Väli & Lõhmus 2002, Dombrovski 

2010, Maciorowski 2013) but are much less frequently hunted by LSE (Treinys & Dementavičius 2004, 

Zub et al. 2010). Given the differences in diet and habitat preferences between these two eagle 

species, we expected that areas occupied by GSE would be characterized by longer duration and 

higher depth of spring flooding. Both of these variables should allow clear differentiation of GSE and 

LSE habitats, in the past triggering divergence of these two similar species. In addition, description of 

water regime in GSE habitats appears to be crucial for understanding habitat requirements of this 

species and its better protection through appropriate management of wetlands. The key importance 

of water regime for the protection of GSE has been intuitive (Meyburg et al. 2001), however, clear 

guidelines that would improve management of water regime directed at protection of this extremely 

rare European species have been lacking. 

 

METHODS 

The study was carried out mainly between 1996 and 2012, in the Biebrza River Valley. With its area 

of more than 1,900 km2, it is the largest fen mire group in Central Europe. About 30% (680 km2) of 

the valley is covered by forests. Open areas are both natural fen mires, dominated by Carex and 

Phragmites plant communities, and dried mires, transformed mainly into regularly mown meadows. 

The Biebrza River Valley is partly protected, by the Biebrza National Park and, on a larger area, by a 

Natura 2000 Special Protection Area (PLB 200006).  

Territories and nests of the two eagle species were searched through observation in the spring and 

summer. In addition, potential nesting tree stands were searched in the winter and nests of raptors 
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found were checked the following spring. The Greater Spotted Eagle in the Biebrza River Valley has 

been monitored since 1988, which is the longest study period of this species in Europe. Location of 

nests was recorded with GPS devices. 14 territories were selected for a detailed study of water 

regime. Of nine territories with 'pure' GSE pairs, six the most stable and long-standing breeding sites 

were selected. Similarly, in the case of LSE, six breeding sites were chosen that were occupied 

exclusively by this species for the past few years, and were no more than 5-10 km away from the 

center of adjacent GSE territories. In addition, two breeding sites of mixed GSE and LSE pairs were 

included, to carry out a pilot study of water regime in a hybridization zone. In all cases  the species  of 

each breeding pair was determined genetically, according to Väli et al. (2010). For the purposes of 

water regime analysis, a territory was assumed to be an area within a two-km radius from an 

occupied nest, which is consistent with home ranges identified through radio-tracking (Scheller et al. 

2001) and is generally adopted in similar studies (Treinys 2004, Väli,Treinys & Lõhmus 2004, Mirski 

2009). If residential land or forest was present within a territory, it was excluded from the analysis 

since these areas are not used by eagles for hunting (Zub et al. 2010).  

In our study we assumed that the most important hydrographic features of foraging sites were 

flooding or water logging (i.e. presence of water over ground surface irrespective of water source) 

(Chormaoski et al. 2011). Due to scarcity of hydrographic data on the Biebrza Marshes and lack of 

direct, long-term observations of water regime on the foraging sites we applied an indirect method: 

extrapolation of the available piezometric and water gauge measurements for the areas considered 

to be foraging sites. Because hydrographic processes are highly variable, in the analysis we included a 

period of 21 years (1990-2010), in order to cover both wet and dry years. We used data from 31 

water gauges belonging to various institutions. 

This approach required selection of hydrographic data suitable for the proposed analysis, checking 

their quality and, if necessary, extending data series using a regression of piezometric measurements 

on multiple-year series of water gauge measurements. In our study, to identify relationships 



6 

 

between the variables under study (water levels observed in selected locations and water levels or 

water flows obtained from the state monitoring network), we applied a linear regression. For each of 

the analyzed locations, a set of simple regression equations was generated for the studied variables 

(water levels or water flows recorded at water gauges). Next, multiple regression was used, to 

include explanatory variables from a number of water gauges. This approach allowed to select a 

regression model that best fitted the data. Statistical analysis was carried out using the STATISTICA 

software by StatSoft. The significance of regression was assessed using: (1) Pearson linear correlation 

coefficient (r), (2) coefficient of determination (R2), which is a measure of the strength of a linear 

relationship between data, denoting the part of variation in the dependent variable Y that is 

explained by a linear effect of the explanatory variable X, and (3) root mean squared error (RMSE), 

which is the standard deviation of the model's residuals. 

In order to calculate the depth of flooding above the terrain surface, we used terrain elevation of the 

sampled areas and determined the timing of flooding. For the purpose of this study, we verified the 

existing Numerical Terrain Models (developed in earlier hydrographic studies, Chormaoski, Mirosław-

Świątek & Michałowski 2009) for our study area in the field and assessed their accuracy of 

representation. The fieldwork involved measuring elevation of the terrain using the GPS RTK 

technique and corrections obtained real-time from the ASGEUPOS system. The measurements were 

taken using the WGS84 coordinate system, taking the GRS80 ellipsoid as a reference for terrain 

elevation. Measurements were taken in 862 points and a distribution of differences between the 

measurements and the NTM elevation values was generated. This allowed to identify inaccurate 

representation. 

The main derived variable in our analysis was the mean number of days in a multi-year series with 

flooding above the terrain surface, averaged over the foraging site. In addition, the mean number of 

days with flooding in a given month of a multi-year series was calculated. For this purpose, 

hydrographic and topographic data were collated in an MS Access database, which contained the 
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following data: (1) minimum, maximum and mean terrain elevation on a given foraging site; (2) 

elevation of water surface, obtained from the ground water levels monitoring network (including 

data extrapolated with the regression model) between 1989-11-01 and 2010-10-31; (3) terrain 

elevation of ground water level monitoring stations; (4) information linking the ground water 

monitoring stations to the respective foraging sites. 

The calculations were performed using a code written in the VisualBasic language in MSAccess and 

consisted of: (1) overlaying information about water regimes from the water level monitoring 

network on foraging sites using terrain slope; (2) interpolation of water surface on foraging sites 

using interpolation of triangle network of water levels; (3) interpretation of flooding as water depth 

of at least 15 cm over the ground; (4) calculating hydrographic features for each foraging site. 

The obtained results were compared in GSE vs. LSE pairs using the U-Mann Whitney Test. Sample 

sizes in both groups were low, mainly due to the rarity of GSE (the study covered 66% sites of 'pure' 

breeding pairs in the Biebrza Valley) and the long duration of fieldwork necessary to model the 

hydrographic data of eagle territories. 

In order to refer the number of days with ground surface flooding to the phenology of the two eagle 

species, we used data obtained from a GPS tracking study in the Biebrza Valley (Maciorowski & 

Mirski, unpubl.). Dates of arrival and departure of Greater Spotted Eagles were averaged from a few 

breeding seasons for 6 GSE males (8 arrival dates, 10 departure dates) and 3 LSE males (2 arrival 

dates , 4 departure dates).  

 

RESULTS 

In all regression models we observed a strong (0.7<r<0.9) or very strong (r>0.9) correlation between 

water levels in the sampled locations and hydrographic data used to build our model. The coefficient 
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of determination (R2), which shows how well the regression model fitted our data, was between 

0.528 in the worst case to 0.988 in the best case, exceeding 0.9 in most equations, indicating a good 

fit. The RMSE ranged from 2.5 to 25 cm, with a mean value of 9.8 cm. Accuracy assessment of the 

numerical model showed a mean accuracy of 15 cm. 

 

The water regime models indicated significant differences between habitats of GSE and LSE (Fig.1). 

Each of the variables under study showed that GSE habitats had a considerably higher water content. 

The mean number of days with flooding in a territory, based on a multi-year series ranged from 8 to 

294 days in the case of GSE and 0 to 3 days in the case of LSE (U=0, Z=2.8022, p<0.01). The mean 

depth of flooding was 6 to 33 cm in GSE habitats and 0 to 1 cm in LSE habitats (U=0, Z=2.8022, 

p<0.01). The maximum depth of flooding, based on yearly means, reached 95 cm in the case of GSE 

and only 16 cm in the case of LSE (U=0, Z=2,8022, p<0,01). The maximum flooding depth over a 
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multi-year time series was 147 cm for GSE and 47 cm for LSE (U=1, Z=2.6421, p<0.01). Results for the 

two mixed pairs  A. clanga x pomarina resembled more the GSE than LSE results, although they were 

not consistent. The mean number of days with flooding was 8 and 265 days and the mean flooding 

depth was 3 and 65 cm. The maximum flooding depth, based on yearly means, was 16 and 124 cm, 

and the maximum flooding depth based on a multi-year time series was 43 and 222 cm. 

The dynamics of flooding in GSE habitats varied across the year, showing the highest number of days 

with flooding in March and April. In LSE habitats there was no flooding at all or it was very low (Fig. 

2). 

 

 

DISCUSSION 

Our results, although based on a small sample, clearly indicate that the water regime is a key factor 

differentiating the biotops of the two eagle species under study. Foraging sites of GSE were 

characterized by relatively long duration of flooding in open areas, lasting on average 87 days per 

year. Flooding in the foraging sites of GSE was also relatively shallow, with the average depth of 20 

cm. In the Biebrza Valley, areas with shallow but long flooding are dominated by hydrogenic plant 
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communities, such as Carex or Phragmites communities, moist meadows and shrubland (Bartoszuk 

2005). GSE settled areas with a high fraction of mires and moist shrubland. Its breeding territories 

were also located significantly closer to the river compared to those of Lesser Spotted Eagles and 

mixed pairs (Maciorowski & Mirski 2013). These results are consistent with observations made nearly 

20 years ago (Pugacewicz 1995).  

A likely reason for the divergence of habitats can be food preferences and ensuing ecological 

adaptations. In the Biebrza Valley and on other areas within its range, GSE much more frequently 

hunts greater prey, such as waterbirds (Spotted Crake Porzana porzana, Snipe Gallinago gallinago) 

and larger rodents (Water Vole Arvicola amphibius) (Dombrovski 2010, Maciorowski 2013), which 

breed far more numerously on waterlogged and flooded areas (Dyrcz 2005). In turn, LSE hunts mainly 

small rodents (mostly Common Vole Microtus arvalis or Root Vole Microtus oeconomus), frogs and 

passerines (Zub et al. 2010). Finally, GSE has a larger body size compared to LSE, which will also 

affects the optimal prey size (Jaksid & Braker 1983). 

A very important factor can be the phylo-geographical context of these two species divergence. GSE 

is a species with a broad, Euro-Asian range, extending from Eastern Russia and China to Eastern 

Poland. LSE, although more common, occurs on a less extensive area, mainly in Eastern Europe - 

from the Mediterranean Basin and Near East, through Eastern Europe, to the Baltic states (Cramp & 

Simmons 1980). Both of these ranges differ considerably by landscape features at a macro-scale. GSE 

inhabits mostly Siberian wetlands and other wet, unused or extensively used areas with natural 

vegetation and high densities of intermediate size prey (Karyakin 2008). In turn, LSE occurs in 

extensively managed farmland, foraging on areas transformed by man, typically with low vegetation - 

mainly meadows and pastures (Väli et al. 2004). Wetlands and water bodies are not preferred by LSE 

and can even be avoided (Treinys 2004, Maciorowski & Mirski 2013). Therefore, it is highly probable 

that GSE selects areas with shallow flooding, which are its evolutionary primary habitat and offer 
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high abundance of medium-sized prey, whereas LSE prefers anthropogenic farmland landscape with 

moderate water content, where it hunts small prey. 

The water regime of the foraging areas of the two eagles in river valleys varies both between years 

and within a given season. In the Biebrza Valley, a key period in terms of habitat selection is April, 

when most eagles return from their wintering sites (some return as early as in the last days of 

March), settle on territories and search for mates. Despite these two Aquila species show high 

fidelity to their territories and most often occupy the same areas every year (Meyburg et al. 2005), in 

the Biebrza Valley exchange of individuals, or even exchange of species between pairs occurs 

relatively frequently (Maciorowski et al. 2013, unpublished results) It cannot be excluded that a 

source of this variation is variability in water regime on river valley marshes. 

It appears that water regime can be considered the most important barrier preventing hybridization 

of these two eagle species. Most hybridization cases concern LSE males and GSE females. Since it is 

the male that feeds the female and chicks during most of the breeding season (Väli & Lõhmus 2002), 

its selection of food and foraging areas can be expected to affect the probability of hybridization. Of 

the two analyzed territories of mixed pairs, one had a relatively low water content, although higher 

than that of LSE habitats, while the other one was located in the center of a highly flooded part of 

the Biebrza Valley and had a very high number of days with flooding per year and a high flooding 

depth. High water content in a breeding territory can be compensated by foraging further away from 

the nest. It would be very informative to conduct a similar study using territories estimated with GPS 

telemetry. Future studies should also be based on a higher number of mixed pairs, in order to 

provide a conclusive answer to whether water regime can prevent hybridization between these two 

eagle species. 
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