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MEA  MeES The paper presents the results of the rapid assessment of stream integrity of stream segments in
the upper Vardar watershed in Skopje region, with an emphasis on the Vardar as the biggest and
the most important watercourse in Macedonia. The river Vardar is under significant anthropogenic

pressure, especially in Skopje and its surroundings.

The aim of this study is to evaluate stream segments integrity by estimating the land use impact on
adjacent riparian habitats, and the impact that multiscale environmental properties have on subba-

sin features. The results have principally been derived from field data, comb

ined with satellite im-

ages and Corine Land Cover, which have been computer-processed with ArcGIS software and set in
a model build up on Watershed Habitat Evaluation and Stream Integrity Protocol (WHEBIP).

The upper Vardar basin in Skopje region has been divided into 323 subbasins and 323 stream seg-
ments as appropriate; 41 of these have been rated as streams with excellent integrity, 53 as very

good, 61 as good, 72 as fair and 96 as poor.

The results obtained in this study can contribute towards setting priorities for integrated manage-

ment and a conservation plan for watersheds and streams in Skopje region,
the area is characterized by a high rate of urbanization.

which is crucial since
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WHEBIP

Bo crynujara ce mpesenTupanu pesynrature of ,,bp3ara mpouneHka Ha HHTETPUTETOT HAa PEUHHUTE
TEKOBH'‘ HA CETMEHTHUTE O] PEKUTE BO TOPHOTO CIIMBHO MOJipadje Ha Bapaap Bo CKOIICKHOT peruoH,
CO akKIeHT Ha Bappap xako HajroneM 1 HajBakeH BOJOTeK Bo Makenonuja. BoexHo oBoj BogoTek e

IO/l HAjrOJIeM aHTPOIOTeH IPUTUCOK, 0c0OeHO BO CKOIIje 1 OKOJIMHATA.

[{enTa Ha OBaa CTyAMja € J1a C€ OLICHU MHTETPUTETOT Ha BOJOTELIUTE IIPEKY MPOLIEHKA HA BIIMjaHUETO

Ha HMCKOPHCTEHOCTA Ha 3EMjHINTETO BP3 KPajpeyHHTE CTAHUINTA W MPOICHKA Ha BiIMjaHUjaTa
KoM arpuOyTHTE Ha JKUBOTHATA CPEIMHA I'M MMaaT BP3 KapaKTEPHCTUKHTE Ha CyO-OaseHHTE.
Mertozosorujara Ha rpoleHara 6asupa Ha MOJaTOLH O] TEPEHCKUTE HCTPaXKyBarba, KOMOMHUPAHN
co caremurcku cHuMkH u Corine Landcover m mocraBeHm Bo Monen paspadoreH co ArcGIS
co(TBep, a Bp3 OCHOBA Ha [IpOTOKOJIOT 3a NPOIEHKA HAa MHTEIPUTETOT Ha TEKOBHUTE U CIIMBHHTE

noxpadja (WHEBIP).
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TopHOTO CIMBHO Mopadje Ha Bapaap Bo CKOIICKHOT pervoH Oeliie mojeneHo Ha 323 cy6-6aseHu u

323 peunu cermeHTH cooaBeTHO. O cute 323 peuHu cerMeHTH, 41 Gea OLEHEeTH Kako TEKOBHU CO
OJUTMYEH MHTETPHUTET, 53 O MHOTY 100ap HHTErpHUTET, 61 co modap HHTETpUTET, 72 CO CUPOMALICH

1 96 cO MHOTY CHpOMAIIICH HHTETPHUTET.

Pesynratute on oBaa CTyaMja MOXKAaT Aa TPHIOHECAT KOH IMOCTABYBame HA IPHOPHTETH BO
n3paboTKa Ha IUIAHOBU 3@ MHTErPUPAHO YIPaByBarme W 3a4yByBarb€ HA PEYHUTE CIHBOBH BO
CKOIICKHOT PETHOH, IITO € OJf KJIy4HO 3Hauewe, Ouejku obiacta ce KapakTepusHpa co BHCOKa

cTamnka Ha ypbaHu3aruja.

Kuyunn 36opoBu:

Bapnap, Ckomje, cinvBHO moxpadje, MOJACIMBHO MOIpadje, MPOIEHKa,

TEKOBH, Kpajpeunu cranuiira, ArcGIS, WHEBIP

Introduction

Intense anthropogenic land use activities in-
duce conversion and fragmentation of natural hab-
itats, thereby affecting the physical and biological
relations of adjacent stream ecosystems (Schloss-
er 1991; Roth et al. 1996; Allan 2004). The envi-
ronmental-societal need for providing sound stream
ecosystems has been recognized worldwide, while
improving stream integrity by restoration and revi-
talization of riparian habitats is a common practice
nowadays (Jensen & Platts 1985; Knopf et al. 1988;
Rood & Hughes 2003; Xiaoping 2006). Hence, the
need for practical approximation of the ecological
integrity of streams consequently prompts develop-
ment of rapid stream integrity assessment methods
based on remote sensing data on landscape indica-
tors.

Even if characterization of causal effects of land
use on both structural and functional integrity of
streams cannot fully capture the complexity of their
relations (Diana et al. 2006; Clapcott et al. 2012), a
general assessment of land use and physical habi-
tat variables of streams provides an equitable first
approximation of its ecological integrity (Rooth et
al. 1996; Lammert & Allan 1999; Goforth & Bain
2012). Evaluation of a variety of subbasin features
and riparian vegetation as a significant additional
variable enables a holistic approach in stream hab-
itat quality assessment (Roth et al. 1996; Allan et al.
1997). In this regard, Goforth & Bain (2012) have
put forward a stream-integrity protocol that relies on
“Interpretations of remotely sensed land-cover pat-
terns of riparian and subbasin areas adjacent to and
upstream from reaches of interest”, primarily for the
purpose of guiding watershed restoration priorities.

The river Vardar ecosystem has been a sub-
ject of several studies to date. These include river-
bed regulation and hydromorphology (Levkovski
1999; Skoklevski 1999, 2000), water quality and
pollution data based on physical-chemical parame-
ters (Grizo 1995; Melovski et al. 1997; Milovanovic
2007), diatom flora (Krsti¢ & Melovski 1994; Krsti¢
et al. 1994a, 1994b, 1999; Levkov & Krsti¢ 2002)
and physiologically active bacterial groups (Kungu-

lovski 1994). However, there is no survey address-
ing the effects of surrounding land use activities on
the river Vardar general stream integrity.

The goal of this study is assessment of
stream integrity of the Vardar within Skopje valley
and its tributaries while considering the applicability
of a multimetric assessment tool - Watershed Habitat
Evaluation and Stream Integrity Protocol (WHEBIP)
(Goforth & Bain 2012), and preferably identification
of management and conservation priorities.

Studied area

The survey area is represented by a part of the
upper Vardar watershed that is limited to Skopje Val-
ley, defined by Skopska Crna Gora (1,626 m) to the
north, mountains Zeden (1,260 m) and Osoj (1,368
m) to the west, mountain Karadica (2,473 m) to the
south ,and Katlanovo hill to the east (Jovanovié
1931), and extending to the hilltops of Bilo and
Preslap to the northeast. The assessed watershed
segment is confined by the state boundary of Mace-
donia with Kosovo to the north, the stream Radusa
subbasin to the west, Suva Planina Mt and Kozjak
man-made accumulation to the south (excluding
Kadina Reka subbasin and P¢inja subbasin to the
cast) (Fig. 1).

Skopje Valley is under significant Mediterra-
nean and moderate continental climatic influence.
The result of these two influences is existence of a
particular local climate highly modified by the fea-
tures of the valley. The average annual precipita-
tion in Skopje valley is 515 mm; thus, this valley
may be characterized as one of the most arid regions
in Macedonia. The vegetation period starts in May
and ends in November (Lazarevski 1993). The soil
is mostly alluvial dominated by clay, with high con-
tent of organic substances. In the lower part of Skop-
sko Pole field, the soil is fertile and of high agricul-
tural value (Todorovi¢ 1931).The groundwater lev-
el in the south-east part is artificially kept below the
surface of the terrain by a drainage network and it is
discharged into the Vardar before Taor gorge. The
drainage network was constructed in the 1950s to
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drain most of the Katlanovo marsh for the sake of
agricultural expansion (Levkovski 1999).

The upper Vardar river basin is densely popu-
lated. The central part is occupied by city of Sko-
pje - the major administrative and industrial centre
in Macedonia, with a total population of 506,926
(State Statistical Office of the Republic of Mace-
donia 2002). Along with the city of Skopje, the ba-
sin comprises the municipalities of Zelino, Sopiste,
Cucer-Sandevo, Studenitani, Zelenikovo, Ilinden,
Aracinovo and Petrovec — municipalities with a total
population of 78,367. More than 80% of the settle-
ments and villages situated in the area are adjacent
to rivers and streams. These data indicate the severi-
ty of the anthropogenic pressure upon the river Vard-

ar and its tributaries.

Materials and Methods

The data for quantifying the stream integrity
in the upper Vardar watershed segment have been
generated from vector and topography maps, scale
1:25,000 (Agency for Real Estate Cadastre of the
Republic of Macedonia), coupled by CORINE Land
Cover 2006 layers. The vector land use layer has on-
ly been used for calculating the river Vardar seg-
ments’ integrity (given its significance as a carry-
ing watercourse). The vector land use layer has been
digitized based on topography maps (1:25,000),
combined with 2007 Google Earth satellite image-
ry. The data quality for the land use layer has been
complemented by field surveys, conducted during
autumn and spring in 2009/10. Computer process-
ing has been performed with the ArcGIS 9.3 soft-
ware package.

In order to assess stream integrity, anchored in
evaluations of riparian and subbasin environmental
properties, interpreted from the available remotely
sensed data sources (land cover/use maps), we have
adapted an ArcGIS model, founded on the multimet-
ric assessment tool - the Watershed Habitat Evalua-
tion and Biotic Integrity Protocol (WHEBIP), elabo-
rated by Goforth & Bain (2012) and preliminary pre-
sented in Carlsen et al. (2004).

The model generates and sums up the scores of
12 category metrics (Tab. 1), comprising four groups
of riparian and subbasin properties, which, accord-
ing to Goforth & Bain (2012), significantly influence
stream ecological processes and functions: riparian
structure, subbasin land-use composition, watershed
slope gradient, populated places and conservation
enhancements.

All streams in the upper Vardar watershed have
been digitized and categorized by order of stream
and consistency of flow. The following have been
taken into consideration as relevant for the analysis:
streams with continuous flow, intermittent streams

with noticeable basins and intermittent streams that
delineate considerable change in land use along the
mainstream basin. Segmentation has been avoided
on minor streams or those whose basins are char-
acterized by consistent land use. Channels have al-
so been assessed due to their large catchment area
and the nature of the substrate of regulated water-
courses and aquifers. Each segment’s integrity has
been calculated separately. All stream segments and
basins have been marked with a unique code. For
calculating the WHEBIP scores of category 7 and
8, both the values of its upstream tributary subba-
sin and its prior segment subbasin have been cal-
culated as an upstream effect. Where a stream seg-
ment has no upstream tributaries, then the values for
WHEBIP scores of category 7 and 8 have been re-
entered from category 1 and 6, respectively (the an-
alyzed stream segments are considered as their own
tributaries), otherwise, the scores have been calcu-
lated as a sum of all the upstream tributaries (tribu-
tary subbasins).

For calculating scores of WHEBIP categories
1-8, the existing land use/cover types have been re-
classified in order to address the 4 land use/cover
groups relevant for the analysis (riparian woodlands;
riparian scrubland, grassland and wetland; pastures
and grasslands; agricultural, barren and artificial ar-
eas). All input data have been vectorized prior to
the analysis, and additional “buffer” layers (poly-
gon vector data covering the area of and around fea-
tures of other vector layers, up to a specified dis-
tance) have been generated prior to the analysis. The
scores of WHEBIP categories 1 (stream subbasin)
and 7 (upstream) have been determined by the dom-
inant land use/cover group inside the 30 m stream
segment(s) buffer(s) areca. The calculation of the
score of WHEBIP 7 category that has been assigned
to a stream segment includes 30m buffer(s) of the
upstream segment(s). The score of WHEBIP cate-
gory 1 has been calculated by applying only the par-
ticular streams’ 30m segment buffer. The score for
WHEBIP category 2 has been calculated as the ar-
ea of riparian land cover inside a 50 m buffer of the
stream segment divided with twice the stream seg-
ment length, thus representing the average width of
the riparian belt. The score for WHEBIP category 3
has been calculated as the percentage of the stream
segment length that is intersected with the 5 m buff-
er of the riparian land cover, thus representing the
riparian canopy continuity. The WHEBIP score 4
has been calculated as the area of wetland land cov-
er categories inside a 30 m buffer of the stream seg-
ment. WHEBIP scores 5, 6 and 8 refer to the stream
segment subbasin(s), where score 5 refers to the ag-
riculture land cover percentage in the subbasin, and
scores 6 and 8 (upstream score) refer to the forest or
brush land cover percentage in the subbasin(s). The
score of WHEBIP 8 category assigned to a stream
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segment has been calculated from all upstream sub-
basins. The score of WHEBIP category 6 has been
calculated directly, using only the particular stream
segment subbasin. The score of WHEBIP category
9 has been calculated as the most common of the
three terrain slope range categories in stream seg-
ments’ subbasin (1. [0-4]; 2. [4-8]; 3. [>8] degrees
slope). The slope raster data have been yielded from
the Digital Elevation Model (ASTER GDEM). The
score for WHEBIP category 10 has been calculat-
ed as the presence or absence of intersection be-
tween the union of populated places polygons and
50 m buffer(s) of the pollution source points (PE
“Water Supply and Drainage”) with the stream seg-
ments (for differentiation between the low and mid-
dle score) and the stream segments’ subbasin (for
differentiation between middle and high score). The
score for WHEBIP category 11 has been calculated
as the presence or absence of intersection between
the stream segment and the 30 m buffer(s) of roads
and bridges (differentiation between the high and
middle score) or as an intersection of the stream seg-
ment with 2 m buffer(s) of roads and 10 m buffer(s)
of bridges (differentiation between middle and low
scores). The score of WHEBIP category 12 has been
calculated by the time length of a conservation ac-
tivity (Macedonian Ecological Society 2011) in a
stream segments’ vicinity (the presence of a protect-
ed area in a 50 m buffer of a stream segment). In
addition, if a stream segment’s WHEBIP category 6
score has been high - 35 (76-100 % forest or brush
in the subbasin), then the score of WHEBIP catego-
ry 12 becomes high (25).

The integrity ratings have been assessed by the
generated sums of scores for all metrics on the basis
of the scale presented in Goforth & Bain (2012) (<
80 poor; 81-159 fair; 160-254 good; 255-314 very
good; 315-360 excellent). The terminology in this
study follows the one of Goforth & Bain (2012).

Results

The assessed part of the upper Vardar watershed
(as defined above), covers 140,400 ha and it includes
the basins of the river Vardar (the main watercourse
with narrow basin drainage area of 21,450 ha) and its
larger tributaries: Lepenec and Serava to the left and
Treska and Markova Reka to the right. Their basins
occupy a total of 75,978 ha of the watershed. Several
minor rivers and brooks, such as Raduska Reka, Re-
ka, Mala Rada (Krnjova Reka), Moranska Reka and
Oresanska Reka river inflow into the Vardar with to-
tal basin drainage area of 8,139 ha, and a number
of streams of intermittent nature with total drainage
coverage of 3,229 ha. The Suva Reka basin and the
basins of the rivers and streams draining from Skop-
ska Crna Gora Mt that are directed into Taor channel

(Skopsko Pole drainage system) occupy a total of
31,643 ha. Individual stream segments integrity rat-
ings are detailed in Tab.1 (see also Fig. 1).

The river Vardar basin drainage area has been
divided into 15 subbasin areas (coded 1000001 to
1000015). The integrity of 73 % of the stream seg-
ments has been rated as poor. There are no stream
segments rated as very good or excellent.

The stream Raduska Reka basin (1001001) cov-
ers only 405 ha, and its stream integrity has been rat-
ed as fair.

The Reka river covers 1,996 ha, and it has been
divided into 11 subbasins containing 11 stream seg-
ments (codes 1002001 to 1002011), 8 of which, up
to the river confluence in the vicinity of. Svilare vil-
lage, are rated as fair, but it enters the Vardar rated
as poor.

The Lepenec river basin, with total area of
16,360 ha, includes the basin of the Vrazanska Reka
river, which in turn encompasses the basins of riv-
ers Krbijicka Reka, Banjanska Reka and Kuc¢evishka
Reka (Mirkovacka Reka). The river Lepenec basin
has been divided into 56 subbasins (segments’ sub-
basin codes starting with 1003). The quality of the
river Lepenec declines from good (upon entry into
Macedonia) to fair, and then to poor upon the con-
fluence with the river Vardar. In general, 40 % of the
streams’ segments in Lepenec basin have been rated
as fair or poor.

The Serava river basin covers 9,478 ha, and it
includes the basins of the rivers of Mala Reka, Ljub-
ska Reka, Ljubanska Reka, Turchevska Reka and
Jazirska Reka. The Serava river basin has been di-
vided into 31 subbasins (segments’ subbasins code
starting with 1004). The integrity of 56 % of the
stream segments in the Lepenec basin has been rat-
ed as poor or fair.

The Treska river basin (as defined above) in-
cludes the basin of theReka river, the Treska’s major
tributary in the area. The Treska basin covers 23,260
ha in the area of interest, and it has been divided in-
to 39 subbasins with codes starting with 1006. The
integrity of 54 % of the stream segments in the Tres-
ka river basin has been rated as poor or fair, 90%
of which can be attributed to its tributary — the Re-
ka river. The stream integrity of the Treska river de-
clines from good to fair right before the river exits
Matka Canyon, and upon receiving the waters of the
Reka river its integrity rates as poor.

The Markova Reka river basin covers 26,880
ha, comprising the basins of the rivers of Patiska
Reka, Ramna Reka, Suva Reka, Brezovi¢ka Reka,
Umovska Reka, Stagarska Reka, Cvetkovska Reka,
Ganareva Reka and Reka. The Markova Reka basin
has been divided into 66 subbasins with codes start-
ing with 1007. Only 18 % of the stream segments in
the Markova Reka basin have been rated as excel-
lent and very good, 32 % are good, while 50 % of the
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stream segments have been rated as fair or poor.

The Mala Rada/Krnjova Reka basin encompass-
es the basins of the rivers of Mala Rada and Krnjova
Reka. It covers 2,877 ha, and it has been divided in-
to 16 subbasins with a code starting with 1008. The
integrity of 56 % of the stream segments in the basin
has been rated as fair or poor).

The Moranska Reka basin covers 1,677 ha, and
it has been divided into 5 subbasins only, coded
1009001 to 1009005. The integrity of 80 % of the
stream segments in the basin has been rated as very
good or excellent.

The OreSanska Reka basin covers 1,183 ha, and
it has been divided into 7 subbasins with codes start-
ing with 1010. The integrity of 70 % of the stream
segments in the basin has been rated as good, very
good or excellent.

Discussion

The low scores of stream integrity of the stream
segments of the Vardar river watershed are consist-
ent with the general condition of the habitats in the
Vardar basin observed during the field surveys. The
fragments of natural habitats observed along the
Vardar are scattered and with different degradation
stages as a result of the high anthropogenic impact.

The riparian vegetation mostly consists of poplar
and willow belts, while the riparian groves of poplar
and willow [Populetum albae-nigrae Slavnic (1942)
1952 and Salicetum albae fragilis, Soo (1930) 1934]
are highly fragmented. The reed belts along the river
are often associated with bulrush and willows (Ty-
pha latifolia and Salix alba). The reed belts can also
be found on the periphery of excavation depressions
in the degraded portions of the river bank. Fragmen-
tation is the most extensive where the riverbed is
completely regulated, near settlements or agricultur-
al areas. The best preserved and most representative
riparian vegetation has been recorded in the vicinity
of Rasce (in the north-western part of the basin).

The forests in the basin predominantly entail
Pubescent Oak forests (Querco-Carpinetum orienta-
lis), commonly found in a degraded state, developed
on the eroded hills. Better developed forests, or only
with partial degradation have been observed in Taor
and Zelenikovo (the south-eastern part of the basin).
At present there are few areas left with typically de-
veloped plant communities.

Grasslands are represented by partially eroded
hill pastures with xerophytic composition. Riparian
grasslands are primarily of a ruderal type, on sites
with Rubus sanguineus, Alnus glutinosa and ripari-
an willow stands remnants. Meadows and wet mead-
ows are mainly found within the poplar and willow
groves at Rasce.

Most of the area along the study corridor of the

Vardar accounts for settlements and an agricultural
area. Prior to irrigation, most of the agricultural are-
as had been located in the narrow drainage basin of
the Vardar and some adjacent to the river. Landfills
and refuse disposal sites in and around the river, nu-
merous sand extraction sites and excavation points
are common.

All of the assessed streams in the case of the up-
per Vardar watershed segment, using WHEBIP (Go-
forth & Bain, 2012), have confirmed the relation of
stream integrity decrease with intensification of land
use (Fig.1; Tab. 1).

There have not been any studies whatsoever
dealing with the influence of land use on stream in-
tegrity in Macedonia. The noteworthy studies in re-
gard to the river Vardar have chiefly been based on
physical-chemical parameters and focused on wa-
ter quality and pollution (Grizo 1995; Melovski et
al. 1997; Milovanovic 2006). More complex sapro-
biological studies that make a reference to the dia-
tom flora of the river have been done by Krsti¢ &
Melovski (1994) and Krsti¢ et al. (1994a, 1994b).
When determining the ground for employing dia-
tom microflora as a parameter for monitoring of wa-
ter quality, Krsti¢ et al. (1999) and Levkov & Krstié¢
(2002) have provided an overview of the intensity
of anthropogenic impact on the river Vardar. These
studies point to the high level of contamination and
abundance of diatom species assemblages known
for severely polluted waters. A more general discus-
sion of the unfavourable status of the river Vardar in
terms of riverbed regulation and hydromorphology
has been rendered in Skoklevski (1999, 2000). The
literature with respect to complex surveys linking
stream integrity with benthos, micro-invertebrate
or vertebrate diversity of the Vardar tributaries (the
rivers and streams assessed in this study) is scarce.
Thus, the studies referred to cannot be viewed as a
direct assertive reference to the results on stream in-
tegrity of all stream segments assessed in this study,
except partially for the river Vardar, in view of Clap-
cott et al. (2012) indications that physical-chemical
variables of streams can be significantly correlated
to land use/cover effect on stream integrity. There
are many questions raised as to whether site-spe-
cific features (Rooth et al. 1996; Lammert & Allan
1999; Dolph et al. 2011) or catchment-wide factors
(Allan et al. 1997; Allan 2004), or a combination of
both (Clapcott et al. 2012; Cianfrani et al. 2012) of-
fer better insight into stream integrity. Nonetheless,
it has been recognized by all that stream integrity is
strongly influenced by land use at multiple scales.
In this regard, the WHEBIP protocol ensures a mul-
tiscale approach in assessment of streams by refer-
ring to the related effects of the immediate riparian
vegetation and the landscape attributes in the stream
subbasin. The resulting approximate estimations of
stream segments integrity in the current study offer a
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Fig. 1. Overview of stream integrity in Upper Vardar watershed in Skopje region
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solid foundation for defining priority areas for man-
agement of Vardar watershed and its streams. More-
over, the simplicity of integration and adaptation of
basic assessment metrics into the ArcGIS-supported
model allows for rapid and practical approximation
of the ecological integrity of streams, and, if adjust-
ed, the model is applicable to any watershed.

The stream integrity ratings presented in (Fig.1)
provide a relevant overview of the overall status of
the stream integrity in the upper Vardar watershed
segment, while the individual ratings of categories
(Tab. 1) provide an outline of the key land use at-
tributes that contribute most to the negative stream
integrity rating.

For the purpose of this study, comments will
be made only for the river Vardar, as the carrying
watercourse in this watershed. Management should
primarily be focused on maintenance and improve-
ment of the stream integrity upon entry to the city of
Skopje - 1000001, where protection practices have
already been established owing to the location of
Rasée (Skopje water supply source). Management
practices should be aimed at fostering the well-pre-
served riparian vegetation, enhancing riparian cano-
py continuity not only around Ras¢e but in the wid-
er area. This also implies mitigating the erosion and
the integrity of Raduska Reka. Improvement of the
stream segments integrity - 1000013, 1000014 and
1000015 downstream from Zelenikovo - could also
be considered. So as to tackle and improve the gen-
eral state of the river Vardar in the city of Skopje and
in accordance with recommendations of Miltner et
al. (2003), management should be directed first to-
wards control of environmental stressors and recrea-
tional uses. In this regard, management plans should
ponder stream considerable urban planning and riv-
erbed regulation, full treatment of household and in-
dustrial wastewater, and regulation of solid waste
dumps and establishing a regular monitoring of the
river Vardar.

Conclusions

The stream integrity and individual category rat-
ings obtained in this study indicate that WHEBIP is
a useful tool in general assessment of stream integ-
rity even with vast watersheds and through different
land use patterns.

Increasing anthropogenic pressure and intensifi-
cation of land use, as an intensive process of degra-
dation and fragmentation of riparian habitats in the
upper Vardar watershed segment, significantly im-
pairs the integrity of all rated watercourses, which
gradually declines from source to inflow points.
More than 50 % of all of the assessed stream seg-
ments have resulted in poor or fair stream integrity.
All of the Vardar’s largest tributaries in the area in-

flow this watercourse with stream integrity rated as
poor, thus contributing to the unfavourable state of
the Vardar.

The resulting data of the current study allow for
an initial orientation of management and restoration
practices towards streams, and they can be used as
baselines for further more detailed research.
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Tab. 1. WHEBIP stream integrity ratings in Upper Vardar watershed in Skopje region
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Moranska Reka 2269 1009001 1009003 35 35 25

Moranska Reka 5860 1009003 1009005 35 35 25 10 25 35 50 30 10 10 25 25 315 e

Moranska Reka 3889 1009005 1000008 1 1 1 1 1 1 50 1 10 1 1 1 70 P

Oresanska Reka 948 1010002 1010004 25 35 35 20 25 35 50 1 10 25 25 25 311 vg

Oresanska reka 5174 1010004 1000009 1 1 10 10 15 10 50 1 10 1 1 1 111 f

Stream 1340 1010102 1010103 35 35 10 10 25 35 50 30 10 25 25 25 315 e

Stream 7114 1011001 1011002 35 35 35 10 25 35 50 30 10 25 25 25 340 e

Stream 1298 1011101 1011103 35 35 35 1 25 35 50 30 10 25 25 25 331 e

Stream 1793 1011103 1011105 35 35 35 1 25 35 50 10 10 25 25 25 311 vg

Stream 737 1011105 1011107 35 35 35 1 15 20 50 1 10 25 25 1 253 g

Stream 360 1011107 1011002 35 35 35 1 25 35 50 1 10 25 25 25 302 vg

Babin Dol 1527 1013001 1013002 35 35 25 1 15 20 50 20 10 25 1 1 238 g

Stream 723 1013101 1013103 35 35 35 1 25 35 50 30 10 25 25 25 331 e

Stream 90 1013103 1013002 35 35 35 1 25 35 50 1 10 25 10 25 287 vg

Stream 1033 1014002 1014003 35 35 35 1 15 20 50 20 10 25 25 1 272 vg

Stream 2314 1014004 1014005 35 35 10 10 15 20 50 20 10 1 25 1 232 g

Stream 1504 1015001 1000015 35 35 10 1 25 35 50 30 10 25 1 25 282 vg

Deran 1598 1016002 1016003 1 1 1 1 5 1 1 1 20 1 1 1 35 p

Stream 2058 1016101 1016102 1 1 1 1 1 1 1 1 15 1 25 1 50 p

Channel 5207 1016103 1005808 1 1 1 1 1 1 1 1 20 10 1 1 40 p
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Rapid assessment of stream integrity on stream segments in the upper Vardar watershed in Skopje Region
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Burinarski Rid 6122 1025003 n/a 1 1 1 1 1 1 1 1 10 10 1 130 P
Stream 7012 1025701 1025703 1 25 1 10 15 10 1 10 10 1 1 86 f
Stream 1897 1025702 1025703 1 1 1 1 1 1 1 1 15 1 25 1 50 P
Metlarica 10165 1025703 1005806 1 1 1 10 1 1 1 1 15 1 1 1 35 P

Watershed Habitat Evaluation and Biotic Integrity Protocol (WHEBIP) metric descriptions and rating criteria for each metric accord-
ing to Goforth & Bain (2012): Dominant riparian land cover (WHP1): riparian woodlands (35); riparian scrubland, grassland and wet-
land (25); pastures and grasslands (5); agricultural, barren and artificial areas (1); Average Width of Riparian Belt (WHP2): > 30 m
(35); 5-30 m (25); < 5 m (1); Riparian canopy continuity along stream reach (WHP3): No breaks in the riparian canopy (35); Breaks
up to 10% of canopy (25); Breaks of 10-50% of canopy (10); Breaks compose >50% of canopy (1); Presence of Wetlands (WHP4):
Wetlands compose more than 50% of riparian area (20); Wetlands compose less than 50% of riparian area (10); No wetlands present (1);
Active Agriculture (WHP5): 0-25% (25); 26-50% (15); 51-75% (5); 76-100% (1); Forest or Brush (WHP6): 76-100% (35); 51-75%
(20); 26-50% (10); 0-25% (1); Upstream Riparian Vegetation (WHP7): riparian woodlands (50); riparian scrubland, grassland and wet-
land (40); pastures and grasslands (10); agricultural, barren and artificial areas (1); Upstream Forest or Brush (WHP8): 76-100% (30);
51-75% (20); 26-50% (10); 0-25% (1); Watershed Land Gradient (WHP9): Low or flat (20); Moderate (15); High (10); Point Source
Pollution (WHP10): No point source(s) likely (25); Point source(s) likely within watershed (10); Point source(s) likely along stream (1);
Presence of Roads (WHP11): No roads (25); Roads pass within 30m of stream (10); Roads cross through streambed or cross over bridg-
es (1); Conservation Activity (WHP12): Conservation actions for > 10 yrs (25); Conservation actions 5-10 yrs (15); Conservation actions
within <5 yrs (10); No conservation actions (1); WHEBIP rating: p - poor, f - fair; g - good; vg - very good; e - excellent
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