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Abstract

The aim of this paper is to more precisely define the borders of ecoregions shared on the territory of
Serbia, in regard to the original concept provided by lllies (1978) and accepted by the EU Water Framework
Directive (WFD 2000). The borders of lllies’s ecoregions are defined rather coarsely and could not be used
as a basis for water typology. According to data on the macroinvertebrate communities, as well as based
on general natural characteristics of the area and selected bio-geographical works, the territory of Serbia
is a part of 5 ecoregions: ecoregion 5 — Dinaric Western Balkan; ecoregion 6 — Hellenic Western Balkan;
ecoregion 7 — Eastern Balkan; ecoregion 10 — Carpathian; and 11 — Pannonian Lowland. Four of these
ecoregions (5, 6, 7, and 11) comprise wide areas within the country, while ecoregion 10 comprises only a
restricted area in Northeast Serbia. Although ecoregion 10 is restricted to a narrow area, the influence of the
Carpathians is evident in Northeast Serbia. A detailed discussion on the position of ecoregion boundaries
is provided in the paper.
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Introduction

The ecoregion concept defined by lllies (1978) and
accepted by the EU Water Framework Directive
(WFD, 2000), is frequently used as the basis
for stream typologies. lllies (1978) defined 25
European ecoregions (ER) and provided the map
and description of ecoregion boundaries.

The ecoregional approach is a widely used basis
for spatial classification of waters, according to
areas that represent entities in regard to distribution
of aquatic biota. However, the borders of lllies’s
ecoregions are defined rather coarsely. The
aim of this study is to more precisely set up the
ecoregion boundaries shared by Serbia according
to the concept proposed by lllies (1978). Namely,
the bordering zones of ecoregions shared on the
territory of the country are situated along the course
of the area’s largest rivers. Thus, the left and right
tributaries of rivers such as the Danube, Sava, Velika
and Juzna Morava belong to different ecoregions,
according to lllies (1978), which is not supported by
biogeographical discussions (Matvejev and Puncer,
1989; Lopatin and Matvejev, 1995; Stevanovic,
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1995) on the recent and historical distribution of the
biota. Therefore, our attempt was to use the data on
aquatic macroinvertebrates to more precisely define
these ecoregion boundaries.

The territory of Serbiais subdivided into 5 ecoregions,
according to lllies (1978) (Figure 1): ecoregion 5
— Dinaric Western Balkan; ecoregion 6 — Helenic
Western Balkan; ecoregion 7 — Eastern Balkan;
ecoregion 10 — Carpathians; and 11 — Panonnian
Lowland. Four of these ecoregions (5, 6, 7, and 11)
include wide areas within the country, while No. 10
comprises only a restricted area in Northeast Serbia.
Although, ecoregion 10 is restricted to a narrow
area, the influence of the Carpathians is evident in
the Northeast Serbia. Also, the influence of Southern
areas is apparent, especially in East Serbia.

Serbia could be clearly divided in two regions — the
Pannonian plain and the hilly/mountainous region
situated south of the Danube and Sava River.
The mountainous region is especially abundant
in factors influencing the distribution of flora and
fauna. The Pannonian basin is more homogenous in
environmental factors in relation to the mountainous
area. In an orographic and geological sense, the
mountainous complex is composed of five systems:
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1) The Rhodope Mountains, situated in Northern,
Central and Southern Serbia; 2) the Carpathian,
located in the northeastern part of the country; 3)
the Balkan mountain range that spreads across east
and south parts of Serbia; 4) the Dinaric mountains
in Metohija and Montenegro; and 5) the Skardo-
Pind mountains comprising several mountains in
Kosovo and Metohija.

The diversity of inland surface waters is enormous.
When one considers hilland mountain streams, large
rivers, lakes and wetlands, the diversity of these
ecosystems is clearly apparent. Additionally, area-
specific environmental factors greatly contribute to
the uniqueness of each aquatic ecosystem. Thus,
attempts to classify/group these waters, mostly for
applied purposes, are understandable.

The territory of Serbia is heterogeneous concerning
overall environmental conditions (climate, geological
substratum, relief, historical factors, hydrology, etc.)
and consequently, the distribution of plants and
animals is a complex issue (Stevanovi¢ and Vasic¢,
1995). Furthermore, the area is characterised by
specific and diverse flora and fauna and represents
one of Europe’s and Western Palearctic biodiversity
centres (Stevanovi¢ and Vasi¢, 1995). Therefore,
the characterisation of the aquatic ecosystems for
the territory of Serbia is a serious assignment.

Thanks to its geographic position, diverse climate,
petrographic and pedological types, orographic
characteristics, and historical factors, that strongly
influenced the recent biota, the territory of Serbia
is one of the most complex regions in Europe
concerning the distribution of plants and animals.

The distribution of aquatic biota in the region is also
a complex issue (Stankovi¢, 1962; Lopatin and
Matvejev, 1995). The diverse climate and pedological
characteristics contribute to the complexity of the
mountainous region. The types of climate zones and
the variations within zones, as well as the geological
and pedological nature of the area are discussed in
Stevanovi¢ and Stevanovi¢ (1995).

Study Design, Material and Methods

As the starting point, the borders of ecoregions
shared by Serbia, as proposed by lllies (1978), were
used (Figure 1). The borders of lllies’s ecoregions
are defined rather coarsely. Thus, our attempt was
to use the data on aquatic macroinvertebrates
and biogeographical discussions to present the
ecoregions boundaries more precisely (Matvejev
and Puncer, 1989; Lopatin and Matvejev, 1995;
Stevanovi¢, 1995).

The data on macroinvertebrate communities
derived from 351 sampling sites (Figure 2), on
159 watercourses in Serbia, during the 2003-
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Figure 2: Sampling sites for aquatic macroinvertebrates

2009 period, were used for precise delineation of
ecoregions. The dataset included 520 samples and
452 identified taxa.
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The following site data were collected: elevation, geographical coordinates (X, y), substrate type, width (minimal,
mean and maximal) and depth (mean and maximal) of the watercourses. The assessment of hydromorphological
(HYMO) degradation of the sampling sites was performed according to the criteria presented in Table 1.

Table 1: Criteria for the assessment of HYMO degradation at sampling sites

No changes of natural flow regime, no modification of banks and bottom.

Slight changes of natural flow regime; the influence of flow regime changes is of local
character (only few tenths of a meter); bank and bottom modification of local character
(only few tenths of a meter); no evident changes of macroinvertebrate communities at

Slight changes in flow regime; the influence of those changes evident at considerable
stretch (more than 50 m for small rivers, more than 200 m for medium sized rivers, and
more than 500 m for large rivers); bank or bottom modification evident in considerable
stretch (more than 50 m for small rivers, more than 200 m for medium sized rivers,

Significant changes in flow regime at considerable part of the stretch; intensive

HYMO
degradation:
1 No degradation
2 Slight
degradation
investigated sector (minimum 100 meters covered).
3 Moderate
degradation
and more than 500 m for large rivers).
4 Significant
degradation

sedimentation due to the changes of flow regime evident; serious modification of

banks and/or bottom in considerable stretch.

The size classes of the rivers used in the following
text corresponds to those used in the typology of
running waters in Serbia (Paunovic et al., 2007).
Therefore, large rivers are considered to be those
having a catchment area greater than 4.000 km?,
while very large rivers are those with a catchment
area greater than 10.000 km?.

Analyses of the selected parameters were performed
taking into consideration the relation of faunistic
composition (rough data, relative abundance of the
taxa in samples, as well as qualitative composition
of the community - presence/absence of the taxa).
In principle, the analyses were done in regard to
geo-morphological entities and large basins (spatial
data subsets), which attempted to investigate the
validity of the ecoregional approach (overtaken by
the WFD from lllies (1978)).

In the first step of the analyses, samples from sites
that are under considerable anthropogenic influence
were excluded. The relevant filtering of the data was
performed based on the field data (notes on hydro-
morphological degradation and data on physico-
chemical parameters measured in situ - oxygen
concentration, oxygen saturation, nitrates, nitrites,
orthophosphates, pH and electrical conductivity), as
well as based on the data derived from routine water
quality monitoring of Serbian waters during the 2000-
2007 period (Republic Hydrometeorological Service
of Serbia and Serbian Environmental Protection
Agency). For the preliminary status assessment
based on the data from routine monitoring,
basic physico-chemical parameters (oxygen
concentration, oxygen saturation, nitrates, nitrites,
amonium ion, orthophosphates, pH and electrical
conductivity), and saprobic index values (Pantle and
Buck, 1955) were taken into consideration.

Table 2: The criteria used for preliminary assessment of the status of sites covered by the study

Site
quality
0 Unknown No enough data to assess the status
No evident disturbance; no hydromorphological changes recorded on site, or upstream the
1 Reference site; organic or nutrient pollution not recorded based on data available; if the data from routine
sites monitoring available, the assessed water quality status does not exceed the threshold values
for the first class.
Near The site is under slight anthropogenic influence and it is evaluated that this disturbance does
2 natural not influence macroinvertebrate community; if the data from routine monitoring available, the
sites assessed water quality status does not exceed the threshold values for the first class for
majority of the parameters.
Although the anthropogenic influence is evident (hydromorphological degradation and/or
3 Good nutrient and organic pollution), the deviation of macroinvertebrate community from reference
status one is slight; the values of relevant metrics do not exceed threshold values for second water
quality/status class.
Moderately Moderate anthropogenic influence evident; aquatic macroinvertebrate community moderately
4 degraded changed; recorded values of physico-chemical parameters mostly within the third water quality
habitats  class; values of saprobic index mostly within third class.

High anthropogenic influence evident; macroinvertebrate community changed in regards to

5 Degraded
habitats

expected one; one or several taxa groups tolerant to organic and nutrient pollution dominates
in majority of the samples; recorded values of physico-chemical parameters within the third

and fourth water quality class; values of saprobic index mostly within third and fourth class.
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The criteria used for the preliminary assessment of site
status covered by the study are described in Table 2.

The data derived from sites that are assessed as
5 (Degraded), 4 (Moderately degraded) or 0 (No
data available) are excluded from all analyses.
Furthermore, in the selected analyses, the data
derived from sites characterised as reference, or
near natural, are taken into consideration only in
order to eliminate the influence of anthropogenic
stress on the results. It was impossible to use only
the data from reference and near natural sites in
all analyses, due to the lack of reference and near
natural sites for some water types.

The number of sites and relevant taxa included in
each step of the analyses, following above described
filtering, is presented at each resulting graph.

The taxonomical fitting of the biological data was
also performed. Thus, the rare taxa that could be
characterised as accidental findings and/or that
are not identified to the satisfactory taxonomical
level (species/genus) taxa were eliminated from the
analyses (Bryozoa, Porifera, Nematoda, Polychaeta,
Arachnida, Megaloptera and Collembola).

For the analyses of the basic spatial data subsets
(division of lowland part of the territory from the
hilly/mountainous region), the distribution (relative
abundance per sample) of the most important (in
regard to abundance, number of recorded taxa
among the group and frequency of occurrence
in samples) faunistic groups were analyzed,
which comprised: Turbellaria (Platyhelminthes),
Oligochaeta, Hirudinea (Annelida), Gastropoda,
Bivalvia (Mollusca), Gammaridae (Crustacea),
Ephemeroptera, Trichoptera, Plecoptera,
Coleoptera, Odonata, and Diptera (Insecta). This
was performed due to the fact that analyses on the
species level did not provide the visible separation
of samples in regards to spatial gradient.

Non-metric Multidimensional Scaling (NMS) and
Correspondence Analyses (CA) were used to
detect and visualise differences in sites/samples
in regards to spatial position and to identify the
relevant community patterns, as effective statistical
procedure for the analyses of ecological datasets
(Mc-Cune and Mefford, 1999; Karadzi¢ and
Marinkovi¢, 2009). The following software packages
were used for statistical analyses: “Flora” (Karadzic,
1998) and Statistica for Windows for CA "PC-Ord
4.2" (Mc-Cune and Mefford, 1999) for NMS.

As the bases for delineation of ecoregion borders,
the boundaries of larger basins were taken into
consideration, as the distribution of aquatic biota is
closely related to characteristics of catchments that
represent natural entities.

Results and Discussion

As the bases for consideration of spatial distribution
of macroinvertebrate fauna and ecoregions
delineation, the following prerequisites were taken
into consideration:

- The territory of Serbia could be clearly divided
in two regions — Pannonian Plain and the hilly/
mountainous region to the south of the Danube
and Sava River;

- The influence of the Pannonian region is evident
in the area situated northward of the Danube-
Sava line, through larger River valleys, e.g.
Velika Morava, Drina and Kolubara valleys;

- The border between ecoregion 5 and 7 should
be moved more to the east, since there is no
clear evidence of significant differences between
the left and right tributaries of the Juzna Morava;

- The western boundary of the Timok River Basin
could be considered as a border between
ecoregions 5 and 7, since the area is under the
influence of the Balkan Mountains. Faunistic
specificity of the Timok catchments was underlined
in the investigation of Simi¢ (1993). Fukarek (1977),
in the discussion on the faunistic and floristic
(biogeographical) division of former Yugoslavia,
considers the Timok catchment part of the Moesian
Balkan and the bordering zone between the Sub-
Carpathian and the Moesian Balkan;

- In addition, the area of Stara Planina Mountain
(partially within the Timok catchment) is a
part of the Balkan Massif and the region is
characterised by high biological diversity of
insects (Radovi¢ et al., 1995), algae belonging
to Charophyta (Blazenci¢ et al., 1995), as well
as higher plants (Stevanovi¢ et al., 1995). The
area is also characterised by high diversity of
aquatic macroinvertebrates (Simi¢ 1995; Zivi¢ et
al., 2005). Simic¢ (1995) considers the catchment
of Beli Timok a separate hydro-faunistic region;

- The area in North-East Serbia in the region of
the “Derdap“ National Park is specific in general
natural characteristics, that was confirmed by the
discussion of Fukarek (1977), as well as by the
investigation of Simic¢ (1993). The region is in the
bordering zone of ecoregions 10 and 11. Fukarek
(1977) considers the area as Sub-Carpathian,
which reveals the influence of the Carpathian
Mountains on the region;

- The area of the Timok catchments and “Derdap”
National Park (comprised of mostly smaller
direct tributaries of the Danube River, having
the characteristics of hilly watercourses, but at
small elevations) is additionally specific since
it is a narrow area where a mosaic of different
biomes is represented (Matvejev and Puncer,
1989) - Sub-Mediterranean Oak Woodlands,



Paunovic et al.

Water Research and Management, Vol. 2, No. 1 (2012) 65-74

South European mostly deciduous foothill and
mountain  woodlands, (Oro) Mediterranean
mountains and forests in gorges (on slopes and
on the peaks, especially in areas not influenced
by the last glaciation).

The distribution pattern of the macroinvertebrate
fauna was used to further analyze the spatial model
and to propose the ecoregion boundaries for Serbia.

In the first step, the analysis was performed on
292 samples (after filtering in regards to the
preliminary status assessment as described in
Materials and Methods) from belonging to all river
types covered by the study (large, medium sized
and small rivers), taking into consideration the
distribution (quantitative data) of 12 taxa groups
that were found to be the principle component
of the macroinvertebrate communities in the
analysed dataset - Turbellaria (Platyhelminthes),
Oligochaeta, Hirudinea (Annelida), Gastropoda,
Bivalvia (Mollusca), Gammaridae (Crustacea),
Ephemeroptera, Trichoptera, Plecoptera,
Coleoptera, Odonata, Diptera and Diptera (Insecta).

1.5

The sites characterised as Moderately degraded (4)
and Degraded (5 according to criteria presented in
Table 2) were excluded from the analyses.

Based on the performed CA (Figure 3), two basic
spatial data subsets were identified in our results
— data originated from sites located in the lowland
part of Serbia, in the Pannonian region, situated
northward to the Danube and the Sava Rivers, as
well as data originated from the sites located to the
south of the above mentioned rivers, situated in the
hilly/mountainous region of Serbia. According to the
results graph, the lower section of the Velika Morava
River, Mlava River and watercourses belonging
to the lower part of the Kolubara catchment area,
are less different in regards to potamon type rivers
in the region (the Danube, the Sava and the Tisa
Rivers) in comparison to other watercourses.
The data presented, therefore, indicates that the
sites situated northward to the Danube and Sava
(including those rivers), namely, the lower stretch
of the Velika Morava, Kolubara and Mlava River,
belong to ecoregion 11.

Input Table (Samples x Selected taxa groups): 292 x 12
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Figure 3: Resulting graph of CA based on the data from 292 sampling sites and density of selected taxa groups

The resulting graph of CA that contains data of
the large and very large rivers only, (rivers with
catchments larger than 4,000 km?) (Figure 4)
described a similar pattern in the sites distribution
as CA performed on the whole dataset (Figure 3).
The data only, from large and very large rivers, are
taken into consideration in order to eliminate the
differences in the community that are a consequence
of the river size.

In order to eliminate misinterpretation of the data,
due to analyses on the level of principal taxa groups,
the NMS on the genus level was also performed.
(Figure 5). In addition, very large rivers (the Danube,
Sava and the Tisa) were excluded from the analysis,
in order to minimise the specificity of the fauna of
potamon type rivers that was confirmed by the
previous investigations, as well as by the analyses
presented in Figures 3 and 4.
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Input table (Sites x Taxa - abundance): 80 x 252
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Figure 4: Resulting graph of CA based on the data from large and very large rivers (catchments area
larger than 4,000 km?) and species abundance
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Figure 5: Resulting graph of NMS analysis on the data from sites belonging to large rivers (the Danube,
Sava and Tisa Rivers excluded from the analysis) - the genus level.

Additionally, the samples from lowland parts (ecoregion 11) were excluded from the analyses. The analysis was
performed on 94 samples, taking into account only sites assessed as 1 and 2 according to criteria presented in
Table 2. According to the CA resulting graph (Figure 6), the samples from the Timok River catchment area were
found to be separated from the rest of the sites, as well as samples from the Zapadna Morava Basin.
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Input table 243 Taxa x 94 Samples

6 o
= §
5 Z.. Morava catchments 1
g s °
o o J
<)
=]
12 | - Ly
7 4 Elipse coefficient 0.95 ]
es!
i o
&
= 37 1
E o
= Mlava, Upper stretch s
L Lepenica (VM)
= o}
vt
wh B
g o
o 1F Timok catchment
Ve o ]
-]
i o©® o
X, oo 0 o ® @® o ©
© 0 o © o] OO C& foYe) 0@6%0 1
= 0 o
) o
= limok cat ]
= -l
<+
o
-2.5 -2.0 -1.5 -1.0 -0.5 0.0 0.5

Dimension 1; Eigenvalue: .85323 (4.190% of Inertia)

Figure 6: Resulting graph of CA based on the results from reference or near natural sites belonging to
hilly mountainous watercourses (lowland rivers excluded from the analysis).
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Figure 7: Resulting graph of CA based on the results from sites characterized as good or above (class 1,
2 and 3 according to criteria listed in Table 2) belonging to hilly mountainous watercourses (lowland

rivers excluded fro

The resulting graph of CA (Figure 7) showed that sites
from the Stara Planina Mountain are separated from
the rest of the samples. The analysis was performed
on the input table containing the larger dataset, since
the sites characterised as having good status (label 3
in Table 2) were taken into consideration.

Based on the qualifications described at the beginning
of the Results and Discussion section, as well as

m the analysis).

results on spatial distribution of macroinvertebrate
fauna that were presented above, the boundaries of
the ecoregions are proposed, as presented in Figure 8.

According to the more precise delineation of the
ecoregions boundaries presented in Figure 8,
ecoregion 11 (ER 11) within the territory of Serbia
covers an area of 29,185.7 km? and is located in the
northern lowland area of the country. This area is more
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| ER 11

Figure 8: Revised boundaries of ecoregions in Serbia

homogenous regarding general natural conditions
than hilly/mountainous areas. Part of the Sava
catchment belongs to ER 11, part of the Kolubara
basin (lower Kolubara), as well as the main course of
the Sava River and its tributaries. Additionally, ER 11
in Serbia includes the direct tributaries of the Danube
and basins of the Tisza, Begej, TamiS, lower parts of
the Velika Morava and Mlava Rivers, as well as small-
sized watercourses of the Vojvodina Province. The
area surrounding the lower stretch of the Drina River
(up to the LeSnica tributary) was also considered
as a part of the ER 11. According to our research,
the region is characterised by the fauna of aquatic
macroinvertebrates, as well as fish fauna (Simonovic,
2003) characteristic for lowland areas of Europe.

Ecoregion 5 (ER 5) in the area of Serbia covers an
area of 45.692,0 km?. According to our results, ER 5
covers part of the Kolubara basin (sub-catchments
of the rivers Gradac, Jablanica, Obnica, Ribnica
incl. the Lepenica), a larger part of the Drina basin
(except the most downstream part — see explanation
bellow) and the basins of the Lim and the Uvac
Rivers. Additionally, ER 5 includes part of the Velika
Morava, catchments of the rivers Zapadna and
JuZna Morava, and the Ibar basin. The streams of
the “Upper” Kolubara catchments are characterised
by fauna of aquatic macroinvertebrates which is
significantly different from that recorded in other
tributaries of the Kolubara (“Lower” Kolubara) and,
according to the characteristics of the community,
is more similar to rivers at the catchment of the
Zapadna Morava and tributaries of the Drina,
excluding the rivers Jadar and Le3nica.

The area is heterogeneous regarding general
natural conditions (Simi¢, 1995; Simi¢ and Simic,
1999), but due to distribution of mountain massifs,
as well as to historical factors, fauna of aquatic
macroinvertebrates consisted mainly of widely
spread forms, but also recorded the taxonomy of
narrow spreading and forms of different levels of
endemic characteristics (Filipovi¢, 1979; Marinkovi¢-
Gospodneti¢, 1980; Radovic et al.,, 1995).
Heterogeneity has caused certain differences in
communities of water macro-invertebrates, hence,
the area is divided into hydro-faunistical subregions
(Paunovic¢, 2007).

The border between the Danube and Adriatic Basins
was considered to be the southern boundary of
ecoregion 5. The part of the Danube basin shared by
Serbia and the Adriatic Basins are distinguished enough
to be separated as different ecoregions in regard to
overall natural characteristics, as well as in regard to
distribution of aquatic biota (Banaresku, 1991).

The boundary of the ecoregion 5 and 7 is situated at
the border of the Timok Basin (western border) in its
northern part, while in its southern part the division
is positioned on the border between the Danube
and Aegean Basin. Based on macroinvertebrate
fauna data from the Timok basin (mostly sites from
the upper part of the basin), the area is significantly
different in comparison to other basins.

The boundary of ecoregions 5 and 10 is positioned
on the east boundary of the Pek River and next to
the massifs of Homolj and Deli Jovan Mountains.
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Ecoregion 7 (ER 7) in the area of Serbia covers an
area of 4,497.8 km? and comprises the Timok River
Basin. As it was previously emphasised, the area is
specific according to overall natural characteristics,
and consequently in regard to its macroinvertebrate
community.

Ecoregion 10 (ER 10) covers the direct tributaries
of the Danube in the Iron Gate Sector (“Derdap”
National Park Area) in the southeastern part of
Serbia and comprises an area of 2,501.6 km?2,
We are of the opinion that the influence of the
Carpathian Mountains is significant in the area
which was confirmed by investigation of aquatic
macroinvertebrate fauna, as well as by the above
presented bio-geographical discussions (Fukarek,
1977; Matvejev and Puncar, 1989). The massif of
Homolj and Deli Jovan Mountains partially separates
the area from the region situated in southern direction
(the Timok, Mlava and Velika Morava catchments).

The part of Serbia that belongs to the Adriatic
Basin belongs to ecoregion 6 (ER 6), with an area
of 5,425.4 km2. Although we do not have recent
data to confirm this division, the separation of
the two large basins is a reasonable solution and
general differences in aquatic biota distribution are
confirmed by Starobogatov (1970).
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