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Introduction

The assessment of habitat suitability is a key issue in species-
oriented conservation management (Larson et al., 2004; Fischer, 
Lindenmayer, 2007; Kaminski, Elmberg, 2014; Tellería, 2016). 
Meanwhile such an assessment is hampered by the fact that the 
animals choose habitats at a hierarchy of spatial dimensions 
(Tellería, 2016; Elafri et al., 2017) that matches the overall occur-
rence of ecological structures and processes across multiple spa-
tiotemporal scales (Nash et al., 2014). That is why it’s important 
to look for the habitat suitability at sequential spatial scales es-
pecially when considering duck species which often consistently 
use a suite of wetlands or wetland sections to breed, moult and 
replenish energetic resources on migration (Kaminski, Elmberg, 
2014; Bhattarai, 2019).

Among other Western Palearctic Aythya ducks, the Com-
mon Pochard, Aythya ferina (Linnaeus, 1758) (hereafter the 
Pochard), seems to use a wider range of habitats (Kear, 2005; 
Petkov, 2012). The species breeds at various natural water bod-
ies from oligotrophic lakes in forest zone to eutrophic lakes in 
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The habitat suitability for the Common Pochard, a duck species in decline, was studied in the middle reaches of the Orel’ River, Central Ukraine, in 
2015–2017. The ducks were counted on their breeding grounds with the use of the ground survey technique. The positions of individual birds were 
estimated by GPS and plotted on the Google Earth map. The Ecological Niche Factor Analysis (ENFA) was applied to assess the habitat suitability. 
Sentinel-2 image was used to extract 13 ecogeographical variables and to get two measures of the ecological niche (marginality and specialization). 
The ENFA procedure was applied twice at landscape and sub-landscape levels to describe the habitat selection across sequential spatial scales. Both 
the axes of marginality and specialization of the ecological niche of the species proved to be significantly different from the random alternatives. At 
landscape level, the distribution may be predicted with the use of Aerosol/Coastal, Vegetation and Hydrothermal Composite indices (marginality) 
and Modified Normalized Difference Water (MNDW) Index along with several vegetation indices (specialization). At sub-landscape level, MNDW 
played a crucial role. The importance of MNDW is mediated by the preference for the wetlands with the stretches of open water which are used by 
the ducks to initiate flight safely and to optimize diving possibilities. The ENFA is a reliable tool for the assessment of the habitat suitability and for 
setting the conservation priorities for the Common Pochard.
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steppes and equally readily on artificial fish ponds within the Eu-
ropean portion of the range (Fox, Stawarczyk, 1997). But despite 
the wide range of habitat tolerance, the Pochard demonstrated 
clearly negative trends throughout significant parts of its range 
in recent decades, and since 2015, the species was classified as 
globally vulnerable (BirdLife International, 2017). The causes of 
decline are not clear but probably are diverse and may vary in 
different parts of Europe (Fox et al., 2016).

In 1980s to 1990s, the Pochard was one of the commonest 
duck species in Ukraine as a whole and in Dnipro region, Cen-
tral Ukraine, especially, but later on the species has experienced 
significant decline (Bulakhov et al., 2008; Fox et al., 2016). The 
unfavourable status of the Pochard urges to collect more detailed 
data on its breeding distribution and on dependence of the latter 
on certain environmental factors. The assessment of the avail-
ability of water bodies which are suitable for Pochard is crucial 
because it probably limits the numbers of the species within the 
region (Bulakhov et al., 2008).

One of the strongholds of the Pochard in Dnipro region spe-
cifically and in Central Ukraine in general is the Orel’ River val-
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ley, which retained its value for the species to recent times (Fox 
et al., 2016). The valley was transformed in 1970s and early 1980s 
through development projects but still is rich in lakes of various 
sizes, oxbows and small to large wetlands. The great portion of 
the valley (about 200 thousands hectares) is planned to be pro-
tected within the proposed Orilskyi national park (Baranovsky et 
al., 2013). These plans need to be substantiated in assigning the 
protection status for certain parts of the territory which in turn 
should be based on the assessment of the importance of the habi-
tats for vulnerable species. Thus, our studies are in line with the 
realization of the specific protection measures for the territory of 
the prospective Orilskyi national park.

The aim of this work is to assess the suitability of the habi-
tats in the middle reaches of the Orel’ River, Central Ukraine, for 
breeding Pochards and to identify the predictors of the distribu-
tion of the species through a range of wetland habitats in Ukrain-
ian steppe zone.

Material and methods

The Orel’ River is one of the largest left-bank tributaries of the 
Dnipro River. Its total length is 346 km. The basin area is 9810 sq. 
km. The basin itself is situated in Prydniprovya lowland within 
northern portions of the steppe zone in Ukraine. There are 47 
small rivers longer than 10 km (total length 1587 km) and 448 
small rivers shorter than 10 km (total length 941 km) within the 
basin. The density of river network is 0.26 km/sq. km. The width 
of the Orel’ River valley changes from 2 to 3 km in upper reaches 
to 16‒22 km in lower reaches. The asymmetry of the valley is ap-
parent through steep right banks and gentle left banks. The valley 
is well-terraced. There is a plenty of oxbows and lakes and wet-
lands in Orel’ River floodplain. Very peculiar lake-like expanses 
of the channel are scattered across the middle reaches of the river 
(Banik et al., 2013; Manyuk, Manyuk, 2016).

The hydrological regime and relief of floodplain terrace of 
the Orel’ River were dramatically transformed when a mighty 

Dnipro-Donbass canal was constructed in 1969‒1982. The chan-
nel of the canal traverses floodplain terrace along with a network 
of branch canals. The levees were constructed along the chan-
nel as well as water pumping stations and inverted tunnels. The 
banks were framed by planted tree and shrubby vegetation. The 
canal was constructed for water-carrying capacity of 120–125 
m3/s (Abroskin, 1975), but from the start date, it never have been 
used by more than one third of its capacity and often even much 
lower (e.g. 5.5–10 m3/s in 1998–2000 years; Ekhnych, Kress, 
2006). The semi-natural landscapes dominate in the Orel’ River 
basin nowadays. The study area is between Chernetchyna and 
Pereshchepyne settlements within middle reaches of the Orel’ 
River in Dnipro region, Ukraine (Fig. 1).

The field expedition trips were accomplished in May to July 
in 2015–2017. As all major water bodies within the study area 
were concentrated in several portions of the Orel’ River valley, 
they were chosen as census polygons to carry out the surveys. 
The waterfowl censuses were made using the ground survey 
technique at early morning or evening hours (Dzubin, 1969; Re-
sources Inventory Committee, 1999). The total of 68 waterfowl 
and waterbird species was recorded within the study period. The 
total of 5542 of single registrations of waterfowl and waterbird 
individuals of which 214 were those of the Pochard was made. 
The total area that was surveyed comprised 938 ha within poly-
gon no. 1 (66 registrations of single birds or groups), 2851 ha 
within polygon no. 2 (19 registrations), 11,321 ha within polygon 
no. 3 (84 registrations) and 3537 ha within polygon no. 4 (45 reg-
istrations). The spatial position of individual birds was estimated 
by means of GPS navigator Garmin e-trex. This was done at first 
by the fixation of geographical position of the observers and then 
by determining the azimuthal direction to the location of indi-
vidual bird or bird groups from several observation points. The 
location of the birds or bird group was finally plotted on printed 
satellite images of certain lakes or other water bodies by trian-
gulation method. Additionally, we have used certain landmarks 
(e.g. free standing reed clumps, promontories and arms and so 

Fig. 1. The location of the sample polygons and the distribution of the points of the Pochard’s registrations (dots). Spatial variation of NDVI 
values based on the results of remote sensing of the Earth’s surface by satellite Sentinel-2.
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on) to make more accurate estimates of the location of the birds. 
The location points were then plotted in Google Earth and ex-
ported into text format in the laboratory.

We have used the Ecological Niche Factor Analysis (hereafter 
the ENFA) to assess the habitat suitability for the Pochard within 
the study area (Hirzel et al., 2001; Zimaroeva et al., 2016). The 
ENFA is based on the comparison of the environmental char-
acteristics of the points where the species was occurred with the 
characteristics of the whole study area (Hirzel et al., 2002; Yor-
kina et al., 2018). These characteristics are called ecogeographi-
cal variables (thereafter EGV) (Hirzel et al., 2002). The essence 
of the ENFA is in comparison of the distribution of the species 
regarding EGV with the overall distribution of EGV within the 
study area. The measure which accounts for the differences in 
the mean of the two distributions is called marginality, while 
another measure called specialization deals with the differences 
in the variance (Hirzel et al., 2002). The latter is indeed a set of 
factors consecutively extracted when relating the variance of the 
overall distribution of EGV to the variance of the species distri-
bution. Marginality and specialization are quite useful to define 
the habitat suitability for a given species (Hirzel et al., 2001). 
Graphical representation is one convenient way to demonstrate 
the significance of both marginality and specialization. The re-
sults of the applied statistical procedures are often used to pro-
duce maps showing the zones of the likelihood of the occurrence 
of the species.

The sensitivity of the ENFA procedure to the reference area 
was already stressed by the authors of the method (Hirzel et 
al., 2002). We have used this to get more comprehensive view 
of the habitat preferences of the Pochard. We have applied the 
ENFA procedure twice, at whole-plot level for the study area 
as a whole and at sub-plot level within four designated sample 
polygons. This strategy of changing the scale of the reference 
area for the ENFA procedure corresponds to the implications 
from B.E. Hutchinson’s concept of ecological niche (Hutchinson, 
1957, 1965). Each such change can be considered as an attempt 
to estimate realized versus fundamental niche at sequential spa-
tial scales that reflect the habitat choice at landscape and sub-
landscape levels. When detecting habitat suitability at landscape 
level, we try to understand what is distinct in used landscape 
elements as compared to non-utilized. At subordinate levels, we 
can catch preferred habitat characteristics or even micro-habitat 
choice in heterogeneous habitats (Ponomarenko, 2017). This ap-
proach was successfully used to analyse habitat preferences of the 
Great Tit, Parus major Linnaeus, 1758 (Zimaroeva et al., 2016), 
and the Mute Swan, Cygnus olor (Gmelin, 1789) (Andrushenko, 
Zhukov, 2016).

A satellite image taken by Sentinel-2 (2017/05/17, ID: L1C_
T36UXV_A009928_20170517T084016) was used to extract 
EGV for the purpose of this study (for spectral band character-
istics, see Drusch et al., 2012; Sentinel-2, 2012). The following 
environmental indices (ratio of spectral bands B1–B12) were de-
rived from the satellite image and applied in the ENFA: 

Aerosol/Coastal Index (AC-Index = (B1 − B2)/(B1 + B2)) 
characterizes the concentration of aerosols in the atmosphere 
and may also help to tell apart areas of shallow waters within 
coastal zone or in inland water bodies (Yale Center for Earth Ob-
servation, 2019).

Hydrothermal Composite (or Mineral Composite, or Iron 
Oxide Composite) (HC = B4/B2) allows to differentiate water 

objects from soils and is sensitive to the iron compounds’ con-
tent of the upper soil layers (ERDAS Field Guide, 2002).

Vegetation Index (VI = (B11 − B12)/(B11 + B12)) is sensi-
tive to non-photosynthetic vegetation (vegetation types) and soil 
cover (van Deventer et al., 1997; Jensen, 2005; Dai et al., 2018).

Normalized Difference Vegetation Index (NDVI = (B8 − 
B4)/(B8 + B4)) accounts for primary production and transpira-
tion rate (Jensen, 2005; Clerici et al., 2017; Ranjbar et al., 2018). 
Green Normalized Difference Vegetation Index (GreenNDVI = 
(B7 − B3)/(B7 + B3)) is the vegetation index which is sensitive 
to the chlorophyll content in vegetation (Gitelson et al., 1996; 
Navarro et al., 2017). Red Edge Chlorophyll Index (CIRedEdge = 
(B7 − B5)/(B7 + B5)) is an index of the chlorophyll content in 
vegetation; it can be used also to differentiate burnt areas (Sims, 
Gamon, 2002; Addabbo et al., 2016; Fernández-Manso et al., 
2016).

Modified Normalized Difference Water Index (MNDW = 
(B3 − B11)/(B3 + B11)) is an efficient tool for differentiating wa-
ter objects (Xu, 2006; Du et al., 2016). Xanthophyll Index (XI 
= (B3 − B4)/(B3 + B4)) is the index which is sensitive to the 
xanthophyll content in vegetation (Sims, Gamon, 2002; Kunah, 
Papka, 2016). Chlorophyll Index (Chl = (B8a/(B3 + B4)) is the 
index which is sensitive to the chlorophyll content in vegetation 
(Kunah, Papka, 2016). Land Surface Water Index, Normalized 
Difference Infrared Index (LSWI = (B8a − B11)/(B8a + 11)) is 
the index which is sensitive to the water content of vegetation 
and soil surface (Chandrasekar et al., 2010).

Normalized Burn Ratio Index (NBR = (B8a − B12)/(B8a + 
B12)) is sensitive to the state of open soil surfaces and to the 
severity of burnt areas (Key, Benson, 2006; Escuin et al., 2008; 
Fernández-Manso et al., 2016). Normalized Difference Moisture 
Index (NDMI = (B8a − B2)/(B8a + B2)) is sensitive to the water 
content of the vegetation (Wilson, Sader, 2002; Jin, Sader, 2005). 
Leaf Area Index (LAI = (B5 − B4)/(B5 + B4)) is the ratio of the 
area of the leaves to the area of ground surface (Delegido et al., 
2011).

The statistical significance of the ENFA model was tested 
with the use of the Monte Carlo procedure able to generate the 
alternative distributions randomly. The procedure was applied 
to generate 99 random distributions of the Pochard within the 
study area which then were compared to the actual distribution 
of the species with the use of the function randtest of the library 
ade4 (Dray, Dufour, 2007).

Statistical calculations were performed by the Statistica 7.0 
software and the project for statistical computations R (R Core 
team, 2015) using adehabitat (Calenge, 2006) and vegan (Ok-
sanen et al., 2017) libraries. Two-dimensional mapping, estima-
tion of geostatistics and creation of asc-files with data of spatial 
variability of the environment indicators were accomplished 
with the use of Surfer 8.0 and ArcGis 10.0 software.

Results

The distribution of the Pochard at landscape level

The distribution of the Pochard registrations regarding the stud-
ied EGV differs from that of the set of cells for the whole studied 
area (Fig. 2). These differences can be presented in the terms of 
its means and thus be interpreted as the marginality of the spe-
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Fig. 2. The histograms of the available resource distribution (white bars) and histograms of the used resource distribution (grey bars) for the 
Pochard within the study area.
Notes: AC-Index, Aerosol/Coastal Index; Hydrothermal Composite, Hydrothermal Composite Index; VI, Vegetation Index; NDVI, Nor-
malized Difference Vegetation Index; GreenNDVI, Green Normalized Difference Vegetation Index; CIRedEdge, Red Edge Chlorophyll Index; 
MNDW, Modified Normalized Difference Water Index; Xanthophyll, Xanthophyll Index; Chlorophyll, Chlorophyll Index; LSWI, Land Sur-
face Water Index; NBR, Normalized Burned Ratio Index; NDMI, Normalized Difference Moisture Index.
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cies niche on the corresponding EGV. In turn, the differences be-
tween variances reflect the specialization of the ecological niche. 
Indeed, ecological marginality on the different EGV may be cor-
related that is why we can extract axes as integral measure of the 

marginality of the ecological niche. Similar considerations may 
be applied to the specialization of the species niche. The ENFA 
approach allows distinguishing the axis of marginality and the 
axis of specialization. The statistical test proved that an axis of 

Ecogeographical variables Mar Spe1 Spe2
AC-Index (aerosol concentration, water turbidity, shallows) 0.65 0.05 0.02
Hydrothermal Composite (water surface, soil) −0.29 0.08 0.23
VI (non-photosynthetic vegetation, soil) −0.47 −0.02 0.03
NDVI (vegetation production) −0.15 −0.13 −0.25
GreenNDVI (chlorophyll content) −0.18 −0.53 −0.03
CIRedEdge (chlorophyll content, burnt areas) −0.01 0.42 0.20
MNDW (water objects) 0.19 −0.59 −0.54
Xanthophyll (vegetation yellowness) 0.19 −0.03 0.03
Chlorophyll (chlorophyll content) −0.06 −0.33 0.03
LSWI (water content of vegetation) 0.15 0.13 0.26
NBR (open soil surface, burnt areas) −0.13 0.09 −0.05
NDMI (water content of vegetation) −0.20 0.04 −0.66
Leaf Area Index (leaf area) −0.25 0.14 0.21

Table 1. The correlation of the ecogeographical variables (EGV) and the axes of marginality and specialization of the Pochard at landscape level.

Fig. 3. The indices of the habitat preference of the Pochard within surveyed polygons. The colour chart of the probability of the occurrence 
of the Pochard in certain habitat is given beside each image.
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marginality of the ecological niche of the Pochard (γmarg = 0.48, 
p < 0.01) and two axes of specialization (γspec1 = 3.90, p < 0.03; 
γspec2 = 2.89, p < 0.01) are significantly different from the random 
alternatives. The ENFA results reveal that the marginality axis is 
most correlated with Aerosol/Coastal Index, Vegetation Index 
and Hydrothermal Composite (Table 1). The correlation between 
specialization axis 1 and EGVs shows the considerable role of 
the MNDW, GreenNDVI, CIRedEdge and Chlorophyll indexes in 
shaping the specialization aspect of the ecological niche of the 
Pochard (Table 1). The specialization axis 2 is most correlated 
with NDMI and MNDW index (Table 1).

The distribution of the Pochard at sub-landscape level

The records of the Pochard within the study area were concen-
trated within four polygons (Fig. 3). The ENFA procedure was 
applied within the polygons to get clearer picture of the habitat 
preferences of the Pochard. The data on marginality and spe-
cialization coefficients for the sub-landscape round of the ENFA 
application are given in Table 2. At sub-landscape level, the mar-
ginality is represented by EGV which are mainly linked to vege-
tation characteristics such as NDVI, GreenNDVI and NDMI but 
also to water objects, e.g. MNDW and Hydrothermal Composite 
(Table 2). The vegetation indices (NDVI, CIRedEdge, LAI and oth-
ers) demonstrated also considerable role at both axes of speciali-
zation though not consistent for every polygon (Table 2).

Discussion

The highest correlation coefficient among EGV at the marginal-
ity axis at landscape level was for the AC-Index. As the study area 
is far apart from coastal regions where the index can point main-
ly to the water turbidity and shallows, it’s reasonable to account 
for its strong correspondence to the aerosol and dust content in 

the atmosphere preferentially. The scattering by dust particles in-
creases the reflectance in the red channel concurrently decreas-
ing the vegetation indices (Gitelson et al., 1996). In other words, 
the effects at aerosol-coastal band are most probably a reflection 
of the link between the distribution of the Pochard in relation to 
the vegetation production (see also the inverse signs of the coef-
ficients for the AC-Index and vegetation indices; Tables 1 and 2).

VI is the second most important among EGV at marginal-
ity axis. The distribution of the Pochard is inversely related to 
the extent of non-photosynthetic vegetation that in this case 
can be possibly the dead reed stems at wetland complexes. But 
this explanation remains dubious as there is no indication of the 
links between this index and the Pochard distribution at sub-
landscape level.

Hydrothermal Composite is the third most important fac-
tor for the distribution of the Pochard at landscape level. This 
index which is sensible to yellow parts of the spectrum is used 
most often to indicate the high content of clay or to indicate bare 
sites. But it also is useful to tell water objects from soil surfaces, 
to estimate the moisture content and prospective yield in crops. 
We consider the relation of this index to the distribution of the 
Pochard as merely an indication of the preference for the water 
bodies.

Specialization coefficients correspond to the breadth of 
the habitat preferences of the species (Francesiaz et al., 2017). 
MNDW was the most important among EGV for specialization 1 
axis at landscape level. This index is a powerful tool for discrimi-
nating open water areas from other types of surface, e.g. built-up 
areas, bare soils and areas covered by vegetation of any kind (Xu, 
2006). The role of this index for the distribution of the Pochard 
is detailed below.

NDMI proved to be the most important factor in the dis-
tribution of the Pochard by specialization 2 axis at landscape 
level. NDMI points to the water content in vegetation (but also 

Ecogeographical 
variables

Polygon 1 Polygon 2 Polygon 3 Polygon 4
Mar Spe1 Spe2 Mar Spe1 Spe2 Mar Spe1 Spe2 Mar Spe1 Spe2

AC-Index 0.21 0.00 0.00 0.21 0.00 0.00 0.26 0.00 0.00 0.26 0.02 0.00
HC −0.30 0.02 0.03 −0.30 −0.03 0.00 −0.28 −0.03 0.00 −0.24 −0.05 0.01
VI −0.05 0.00 0.01 −0.03 0.00 0.10 0.02 0.01 −0.09 0.00 −0.24 −0.11
NDVI −0.31 0.80 −0.47 −0.28 −0.82 −0.72 −0.25 −0.80 0.77 −0.27 −0.09 0.37
GreenNDVI −0.37 −0.13 −0.43 −0.38 0.22 0.11 −0.38 0.09 −0.32 −0.39 0.18 0.39
CIRedEdge −0.30 −0.49 0.62 −0.30 0.41 0.43 −0.28 0.49 −0.30 −0.31 −0.07 −0.56
MNDW 0.43 −0.01 −0.14 0.48 0.02 −0.05 0.50 0.02 0.07 0.53 0.14 0.05
Xanthophyll 0.20 −0.03 −0.11 0.19 0.08 0.05 0.21 0.02 −0.15 0.11 0.04 0.22
Chlorophyll −0.26 0.12 −0.11 −0.24 −0.13 −0.18 −0.22 −0.10 0.17 −0.23 0.09 0.02
LSWI 0.19 0.00 0.07 0.15 −0.02 0.22 0.15 0.00 −0.21 0.07 −0.57 −0.26
NBR 0.11 0.01 −0.02 0.09 0.01 −0.32 0.11 −0.02 0.26 0.05 0.72 0.32
NDMI −0.38 −0.06 −0.09 −0.40 0.08 0.00 −0.40 0.06 0.00 −0.42 0.13 0.07
LAI −0.25 −0.30 0.38 −0.20 0.29 0.30 −0.16 0.32 −0.20 −0.14 −0.06 −0.41

Table 2. The correlation of the ecogeographical variables (EGV) and the axes of marginality and specialization of the Pochard at sub-
landscape level.

Notes:  AC-Index, Aerosol/Coastal Index; HC, Hydrothermal Composite Index; VI, Vegetation Index; NDVI, Normalized Difference Veg-
etation Index; GreenNDVI, Green Normalized Difference Vegetation Index; CIRedEdge, Red Edge Chlorophyll Index; MNDW, Modified Nor-
malized Difference Water Index; Xanthophyll, Xanthophyll Index; Chlorophyll, Chlorophyll Index; LSWI, Land Surface Water Index; NBR, 
Normalized Burned Ratio Index; NDMI, Normalized Difference Moisture Index; LAI, Leaf Area Index.
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to the changes in vegetation biomass; see Wilson, Sader, 2002) 
and can be considered within a group of other vegetation indi-
ces which proved to be significant in shaping specialization axis 
1 (GreenNDVI, CIRedEdge, Chlorophyll). The distribution of the 
Pochard is shifted to the areas where the values of these indices 
are lower or in other words where there are less dense and less 
developed vegetation of any kind.

The results of the application of the ENFA show that AC-Index, 
VI and Hydrothermal Composite may be used to find and delineate 
the territories which are suitable for the Pochard at landscape level.

The highest marginality coefficient at sub-landscape level 
was for the Modified Normalized Difference Water (MNDW) 
Index. This EGV dominated as main marginality parameter at 
every of four studied polygons proving the significance of the 
results. The MNDW Index itself as was already mentioned is 
a very powerful tool in telling open water surfaces from other 
surface types including urbanized lands and built-up territories 
and more importantly wetlands overgrown by vegetation (Xu, 
2006). At sub-landscape level within our study area where there 
are no great artificial water reservoirs, MNDW Index most prob-
ably indicates the presence of the stretches of open water within 
wetland complexes with considerable areas covered by emergent 
vegetation, e.g. cattail and reed stands.

The significance of MNDW Index in shaping habitat suitabil-
ity profile for the Pochard is most likely in optimal for the species 
balance between stretches of open, comparatively deep waters 
and shallow sites with high vegetation production. In general, 
diving ducks demonstrate a trade-off between adaptations to 
diving and flying abilities (Bethke, Thomas, 1988). The Pochard 
was reported to be more prone to open and deeper waters as e.g. 
Red-crested Pochard, Netta rufina (Pallas, 1773) (Amat, 1984). 
The Pochards need bigger distances when running over open 
water to take flight comparing to other Palearctic Aythya ducks 
(Hori, 1966; Cramp, 1977). There may be a strong preference in 
the Pochard for water bodies with reasonable areas of open sur-
face which are necessary and sufficient for these ducks to initiate 
flight safely and to meet optimal possibilities for diving.

MNDW Index may be an effective instrument for deline-
ation of the habitats which are highly suitable for the Pochard 
while its dynamics may have an effect on the occurrence of the 
Pochard and its density.

Three more comparatively high coefficients on marginality 
axis were those for  NDMI, GreenNDVI and CIRedEdge indices, 
while the most significant EGV on specialization axes (Spe1, 
Spe2) at polygons 1–3 was the Normalized Difference Vegetation 
Index (NDVI), which points to the vegetation primary produc-
tion. CIRedEdge index apart of NDVI was the most significant at 
both specialization axes 1 and 2, while correlation coefficients 
for GreenNDVI and LAI indices were comparatively high at spe-
cialization axis 2. All these vegetation indices can be considered 
together as additional clues for the characterization of the habi-
tats of the Pochard, but no special causal links are indeed appar-
ent apart from the trivial relation to the areas where the density 
and biomass of the vegetation is lower.

Comparatively high correlation coefficients for AC-Index 
and Hydrothermal Composite at marginality axis at sub-land-
scape level are quite similar to the results for the landscape level 
and indicate both possible interrelations of AC-Index with veg-
etation indices and the natural dependence of the Pochard on 
water bodies and wetlands (see above).

The essential aspects of the Pochard distribution are discern-
able on satellite images (Figs 1 and 3). The Pochard occurs on 
lake systems but not on desolate water bodies within the study 
area. The water bodies which are most suitable for the Pochard 
are clustered as can be seen on all images (Fig. 3). This is in 
line with the known habitat requirements of the Redhead, Ay-
thya americana (Eyton, 1838), the Pochard’s Nearctic counter-
part, which uses smaller wetlands in surroundings of the bigger 
lakes as optimal breeding sites (Custer, 1993). However, for the 
Pochard in Central Ukraine, this is only a preliminary observa-
tion to be demonstrated at larger spatial scale.

All four polygons represent the systems of oxbows and lake-
like expanses of the Orel’ River channel which are largely de-
graded nowadays. Initially, such lakes were bigger and much 
of the current fragments were connected in all-in-one branchy 
water body. The fragmentation probably has begun after the con-
struction of the Dnipro-Donbass canal and is now apparent at 
every studied polygon, especially polygons 2 and 3. The main 
causes of the fragmentation are the disturbance of hydrological 
regime due to the canal construction and the absence of seasonal 
spring floods in the last two decades. The processes of overgrow-
ing and eutrophication paralleled the fragmentation. Probably, 
all these processes resulted in critical reduction of the areas at 
water bodies which are suitable for the Pochard. 

Conclusion

The results of this study clearly show that the ENFA is an effective 
tool for the detection and assessment of the habitats which are suita-
ble for breeding Pochards. The ENFA procedure enabled not only to 
estimate the habitat suitability but also to detect the areas which are 
prospectively important for the Pochard. The results demonstrated 
also that the Pochard is not an over-generalistic species in its use of 
the habitats but prefers the water bodies of certain nature.

The Orel’ River valley, Central Ukraine, possesses the areas 
with suitable habitats which are sufficiently large to maintain vi-
able population of the species. The habitat requirements of the 
Pochard proved to be distinct at landscape level (the whole study 
area) and at sub-landscape level (polygons). Most probably, the 
Pochard relies on the presence of the stretches of open water 
within wetland complexes. The tendency to breed on complexes 
or groups of lakes and avoidance of desolate water bodies should 
be better substantiated in the future.
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