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Abstract. This preliminary study evaluated the ecological condition of selected river sections in
the Drini i Bardhé basin, Kosovo. Marked spatial variation was observed: Burim-Istog, Drelaj,
and Jasiq-Erenik showed comparatively high ecological quality, whereas downstream and
urban-influenced sections had lower diversity and poorer condition. Nutrient enrichment and
wastewater effects were evident at several sites. Of the 19 sites with complete classifications,
21.1% were in good, 26.3% in moderate, 47.4% in poor, and 5.3% in bad status. The findings
confirm the value of biological quality elements for Water Framework Directive-oriented
assessment in Kosovo and emphasize the need for standardized georeferencing, seasonal
replication, quantitative fish records, and complete site-level datasets.
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Introduction

Freshwater ecosystems are among the most
important and dynamic natural environments,
supporting biodiversity, nutrient cycling, water
supply, and wider ecosystem functioning. Never-
theless, these systems are increasingly affected by
untreated wastewater discharge, agricultural run-
off, hydromorphological modification, gravel ex-
traction, water abstraction, and land-use change
(European Parliament & Council of the European
Union, 2000; Allan, 2004). The European Water
Framework Directive (WFD) introduced an inte-
grated approach in which ecological status is asses-
sed through Biological Quality Elements (BQEs),
supported by physicochemical and hydromor-
phological quality elements (European Commis-
sion, 2003a).

Among the BQEs, benthic macroinvertebra-
tes are particularly effective indicators because
they integrate environmental conditions over time
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and differ in sensitivity to organic pollution, ha-
bitat degradation, and hydrological disturbance
(Alba-Tercedor & Sanchez-Ortega, 1988; AQEM
Consortium, 2002). Metrics such as Biological Mo-
nitoring Working Party (BMWP), Average Score Per
Taxon (ASPT), and Ephemeroptera-Plecoptera-
Trichoptera (EPT) richness are widely used to cha-
racterize river quality. Macrophytes and fish com-
munities provide complementary evidence of nu-
trient conditions, habitat structure, longitudinal con-
nectivity, and cumulative ecological pressure (Euro-
pean Commission, 2003b; Zhushi Etemi et al.,
2020). Recent evidence continues to emphasize the
value of long-term, standardized macroinverte-
brate monitoring for detecting changes in river bio-
diversity and diagnosing the effects of pollution
and management interventions (Johnson et al., 2026).

The Drini i Bardhé River basin is Kosovo's
largest river basin and one of the country’s most
important freshwater resources. Although upper
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mountain and spring-fed sections may retain re-
latively undisturbed conditions, many down-
stream reaches are exposed to wastewater pollu-
tion, nutrient enrichment, gravel extraction, water
abstraction, and habitat alteration (Whalley & Fa-
loutsos, 2020; World Bank, 2018). The aim of this
study was therefore to provide a preliminary eco-
logical assessment of selected river sections in the
basin by applying macroinvertebrate, macro-
phyte, and fish indicators together with suppor-
ting environmental parameters, in accordance
with the principles of the WFD.

Materials and methods

Study area and sampling design

Sampling was conducted during 2022 at 20
sites distributed across the Drini i Bardhé River
basin. The sites represented mountain streams,
spring-fed tributaries, and lowland river sections
exposed to different degrees of anthropogenic pres-
sure. Potential reference sites included Burim-
Istog, Drelaj, Prevallé, and Burimi i Lumit Brod. A
schematic overview of Kosovo and the principal
rivers associated with the basin is shown in Fig. 1.
Exact GPS coordinates were not available in the
compiled dataset used for this preliminary manus-
cript; future surveys should record latitude, lon-
gitude, elevation, sampling date, and reach length
for every station in a standardized site table.
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Biological and supporting measurements

Macroinvertebrates were sampled using a
modified AQEM/STAR multi-habitat approach
(AQEM Consortium, 2002; European Committee
for Standardization, 2012). Sixteen subsamples
were collected at each surveyed reach with a hand
net of 0.5-mm mesh size, and BMWP, ASPT, and
EPT richness were calculated. Macrophytes were
surveyed during summer campaigns using semi-
quantitative abundance estimates following Sua-
rez et al. (2005). Fish assemblages were assessed
by electrofishing within representative reaches.
The available field records support a presence/com-
position-based interpretation; the total number of
fish individuals caught was not recorded consis-
tently across all sites and therefore cannot be re-
ported reliably. Future monitoring should report
total catch, catch per unit effort, reach length, elec-
trofishing time, and species-specific abundance.

Physicochemical measurements included dis-
solved oxygen, pH, electrical conductivity, nitrate,
ammonium, phosphate, five-day biochemical oxy-
gen demand (BODs), and chemical oxygen de-
mand (COD). Hydromorphological observations
included substrate composition, channel condi-
tion, and riparian vegetation. Ecological-status in-
terpretation followed the WFD framework (Euro-
pean Parliament & Council of the European
Union, 2000; European Commission, 2005).

Schematic location of Kosovo and principal rivers in the Drini i Bardhé basin
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Fig. 1. Schematic location of Kosovo and principal rivers associated with the Drini i Bardhé basin.
The figure is intended as a geographic overview and not as a substitute for station-level GPS
coordinates.
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Data analysis

Descriptive analyses included ranges for
BMWP and ASPT, taxonomic totals, and frequen-
cies and percentages of ecological-status classes.
Mean values and standard deviations require
complete site-level observations. Because the com-
piled manuscript dataset contained only index
ranges and categorical totals rather than the full
numerical values for each site, means and stan-
dard deviations for BMWDP, ASPT, nutrients, and
other physicochemical parameters could not be
reconstructed without introducing unsupported
values. This limitation is stated explicitly, and fu-
ture analyses should present site-level data and
report the mean + standard deviation (or median
and interquartile range for non-normally distribu-
ted variables).

Results

Frequently recorded macroinvertebrate groups
included Baetidae, Perlidae, Gammaridae, and Hi-
rudidae. Burim-Istog and Drelaj showed the
highest biological quality, with higher BMWP and
ASPT values and the presence of pollution-sensi-
tive taxa. BMWP values ranged from 10 at Lumi i
Plavés to 69 at Burim-Istog, while ASPT values
ranged from 2.5 to 10.0. Sites classified as good
generally displayed greater taxonomic richness
and biological diversity than sites classified as mo-

derate, poor, or bad. Overall, 32 macroinverte-
brate families and 57 macrophyte taxa were recor-
ded throughout the study area.

Macrophyte records included Amblystegium
fluviatile, Equisetum fluviatile, Mentha aquatica, and
Cladophora sp. The increased abundance of fila-
mentous algae at several locations suggested loca-
lized nutrient enrichment (Dodds & Welch, 2000).
Fish assemblages also reflected a longitudinal eco-
logical gradient: upper reaches were dominated
by Salmo trutta m. farioides, associated with cold,
oxygen-rich waters, whereas lower sections sup-
ported species such as Barbus rebeli/ balcanicus, Rho-
deus amarus, and Alburnoides ohridanus. Because fish
counts were not consistently retained in the com-
piled field dataset, these results describe species
composition rather than abundance or catch per
unit effort.

Physicochemical observations indicated ele-
vated nitrate, ammonium, and phosphate concen-
trations at several urban- and agriculture-influen-
ced sites. A complete ecological-status class was
available for 19 of the 20 investigated sites: four
were classified as good, five as moderate, nine as
poor, and one (Lumi i Plavés) as bad. Thus, poor
status was the most frequent class (47.4%), follo-
wed by moderate (26.3%), good (21.1%), and bad
(5.3%). One site lacked sufficient information for a
final categorical assignment.

Table 1. Frequency distribution of ecological-status classes. Percentages are calculated using the 19
sites with a complete classification.

Ecological status Number of sites Percentage of classified sites
Good 4 21.1%
Moderate 5 26.3%
Poor 9 47.4%
Bad 1 5.3%
Total classified 19 100.0%

Discussion

The results demonstrate substantial ecologi-
cal variation within the Drini i Bardhé River basin.
BQEs, especially macroinvertebrates, effectively
distinguished relatively undisturbed upper rea-
ches from more strongly affected downstream
sections. Similar patterns have been reported in
Balkan and European rivers, where upstream ha-
bitats generally support more sensitive and di-
verse biological communities (Mihaljevi¢ et al.,
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1998; AQEM Consortium, 2002). The elevated nu-
trient concentrations observed at several locations
indicate continuing anthropogenic pressure asso-
ciated with untreated wastewater and agricultural
runoff (Zhushi Etemi et al., 2020; Korca & De-
maku, 2022).

Macrophyte communities reflected environ-
mental heterogeneity, and the occurrence of Clado-
phora sp. at multiple sites was consistent with nu-
trient enrichment and eutrophic tendencies. Fish



assemblages showed expected longitudinal dif-
ferentiation, with brown trout in colder upper
streams and more heterogeneous cyprinid assem-
blages in lower sections (Karr, 1981; Schiemer &
Waidbacher, 1992). However, the absence of con-
sistently recorded fish counts prevents quanti-
tative comparison of abundance among sites. Li-
kewise, the lack of a complete site-level numerical
matrix prevented calculation of robust means,
standard deviations, confidence intervals, or infe-
rential statistics. These gaps should be addressed
in subsequent monitoring campaigns.

The study should therefore be interpreted as
a preliminary basin-scale screening rather than a
complete WFD classification exercise. Seasonal
variability was not fully captured, hydromorpho-
logical assessment was not standardized against
all WED requirements, exact station coordinates
were unavailable in the compiled dataset, and one
site lacked a complete ecological-status category.
Nevertheless, the combined biological and envi-
ronmental evidence provides a useful basis for
prioritizing future monitoring, wastewater-con-
trol measures, and the protection of potential re-
ference reaches.

Conclusions

Biological Quality Elements provide a prac-
tical and scientifically defensible basis for preli-
minary ecological assessment in the Drini i Bardhé
River basin. Macroinvertebrate communities were
especially informative and reflected clear differen-
ces between less disturbed upper reaches and down-
stream or urban-influenced sections. Among the
19 classified sites, most were in poor or moderate
condition, while only four achieved good status.
The findings support the progressive implement-
tation of WFD principles in Kosovo and highlight
four priorities for future work: standardized GPS
documentation, complete site-level databases, re-
plicated seasonal sampling, and quantitative fish-
abundance reporting. Long-term monitoring, im-
proved wastewater treatment, and protection of
ecologically valuable spring-fed and mountain
sites are essential for conserving the basin’s fresh-
water ecosystems.

References

Alba-Tercedor, J., & Sanchez-Ortega, A. (1988). Un
método rapido y simple para evaluar la cali-
dad biolégica de las aguas corrientes basado

38

Rifat Morina et al.

en el de Hellawell (1978). Limnetica, 4(1), 51-66.
Retrieved from:

[in Spanish]

Allan, J.D. (2004). Landscapes and riverscapes: The
influence of land use on stream ecosystems.
Annual Review of Ecology, Evolution, and Syste-
matics, 35, 257-284.
doi:

AQEM Consortium. (2002). Manual for the applica-
tion of the AQEM system: A comprehensive
method to assess European streams using benthic
macroinvertebrates. Version 1.0. Retrieved from:

Dodds, WK., & Welch, E.B. (2000). Establishing
nutrient criteria in streams. Journal of the North
American Benthological Society, 19, 186-196. doi:

European Commission. (2003a). Common implemen-
tation strategy for the Water Framework Directive
(2000/60/EC): Guidance Document No. 7 -
Monitoring under the Water Framework Directive.
Retrieved from:

European Commission. (2003b). Cormmon implemen-
tation strategy for the Water Framework Directive
(2000/60/EC): Guidance Document No. 10 -
Rivers and lakes: Typology, reference conditions
and classification systems. Retrieved from:

European Commission. (2005). Common implemen-
tation strategy for the Water Framework Directive
(2000/60/EC): Guidance Document No. 13 -
Overall approach to the classification of ecological
status and ecological potential. Retrieved from:

European Committee for Standardization. (2012).
EN 16150:2012 Water quality — Guidance on pro-
rata multi-habitat sampling of benthic macroinver-
tebrates from wadeable rivers. Brussels, Belgium:
European Committee for Standardization.

European Parliament, & Council of the European
Union. (2000). Directive 2000/60/EC establishing
a framework for Community action in the field of
water policy. Official Journal of the European Com-
munities, L327, 1-73. Retrieved from:

Johnson, A.C., Outhwaite, C.L., Isaac, N.J.B., Po-
well, K., Bishop, I, Roy, D.B,, Jones, J.I., Mur-
phy, J.E.,, Qu, Y., Vaughan, L.P., Ormerod, S.J.
& Wilkes, M.A. (2026). What has happened to
river macroinvertebrate biodiversity in En-


https://www.limnetica.com/documentos/limnetica/limnetica-4-1-p-51.pdf
https://www.limnetica.com/documentos/limnetica/limnetica-4-1-p-51.pdf
https://doi.org/10.1146/annurev.ecolsys.35.120202.110122
https://forschung.boku.ac.at/
https://doi.org/10.2307/1468291
https://circabc.europa.eu/
https://circabc.europa.eu/
https://circabc.europa.eu/
https://eur-lex.europa.eu/

Integrated ecological assessment of the Drini i Bardhé River Basin (Kosovo) based on biological quality

elements: preliminary studies

gland and Wales over the past 30 years? Jour-
nal of Environmental Management, 401, 128954.
doi: 10.1016/j.jenvman.2026.128954

Karr, J.R. (1981). Assessment of biotic integrity
using fish communities. Fisheries, 6, 21-27. doi:
10.1577/1548-
8446(1981)006%3C0021: AOBIUF %3E2.0.CO;2

Korga, B. & Demaku, S. (2022). Evaluation of water
quality and its potential threats along the River
Drini i Bardhé. Polish Journal of Environmental
Studies, 31(4), 3163-3172.
doi: 10.15244/ pjoes,/ 146478

Mihaljevi¢, Z., Kerovec, M., Tavéar, V. & Bukvi, 1.
(1998). Macroinvertebrate community on an
artificial substrate in the Sava River: Long-
term changes in the community structure and
water quality. Biologia, 53(5), 611-620.

Schiemer, F. & Waidbacher, H. (1992). Strategies for
conservation of a Danubian fish fauna. In
Boon, P.J., Calow, P., & Petts, G.E. (Eds.), River
Conservation and Management. Chichester, UK,
John Wiley, pp. 364-384.

Suarez, M.L., Mellado, A., Sanchez-Montoya, M.M.,
& Vidal-Abarca, M.R. (2005). Propuesta de un
indice de macréfitos (IM) para evaluar la cali-
dad ecoldgica de los rios de la cuenca del Se-
gura. Limnetica, 24(3-4), 305-318. doi:
10.23818/1imn.24.30 [in Spanish]

Whalley, P., & Faloutsos, D. (2020). Drin Basin:
Transboundary diagnostic analysis. Global Water
Partnership-Mediterranean. Retrieved from:
https:/ / gwpo-
gwp.org/mediterranean/work-
areas/thematic-areas-and-key-
projects/ water-energy-food-ecosystems-
nexus/ see-nexus-project/ drin-phase-i-nexus-
assessment/

World Bank. (2020). Kosovo: Water security outlook.
The World Bank, Washington DC. Retrieved
from:
https:/ /documentsl.worldbank.org/curated
/en/496071548849630510/ Water-Security-
Outlook-for-Kosovo.pdf

Zhushi Etemi, F., Cadraku, H., Bytyci, A., Kuci, T,
Desku, A., Ymeri, P. & Bytyci, P. (2020). Corre-
lation between physical and chemical para-
meters of water and biotic indices: The case
study the White Drin River basin, Kosovo.
Journal of Water and Land Development, 46, 229-
241. doi: 10.24425/jwld.2020.134585

39

Received: 20.05.2026
Accepted: 21.07.2026


https://doi.org/10.1016/j.jenvman.2026.128954
https://doi.org/10.1577/1548-8446(1981)006%3C0021:AOBIUF%3E2.0.CO;2
https://doi.org/10.1577/1548-8446(1981)006%3C0021:AOBIUF%3E2.0.CO;2
https://doi.org/10.15244/pjoes/146478
https://doi.org/10.23818/limn.24.30
https://gwpo-gwp.org/mediterranean/work-areas/thematic-areas-and-key-projects/water-energy-food-ecosystems-nexus/see-nexus-project/drin-phase-i-nexus-assessment/
https://gwpo-gwp.org/mediterranean/work-areas/thematic-areas-and-key-projects/water-energy-food-ecosystems-nexus/see-nexus-project/drin-phase-i-nexus-assessment/
https://gwpo-gwp.org/mediterranean/work-areas/thematic-areas-and-key-projects/water-energy-food-ecosystems-nexus/see-nexus-project/drin-phase-i-nexus-assessment/
https://gwpo-gwp.org/mediterranean/work-areas/thematic-areas-and-key-projects/water-energy-food-ecosystems-nexus/see-nexus-project/drin-phase-i-nexus-assessment/
https://gwpo-gwp.org/mediterranean/work-areas/thematic-areas-and-key-projects/water-energy-food-ecosystems-nexus/see-nexus-project/drin-phase-i-nexus-assessment/
https://gwpo-gwp.org/mediterranean/work-areas/thematic-areas-and-key-projects/water-energy-food-ecosystems-nexus/see-nexus-project/drin-phase-i-nexus-assessment/
https://documents1.worldbank.org/curated/en/496071548849630510/Water-Security-Outlook-for-Kosovo.pdf
https://documents1.worldbank.org/curated/en/496071548849630510/Water-Security-Outlook-for-Kosovo.pdf
https://documents1.worldbank.org/curated/en/496071548849630510/Water-Security-Outlook-for-Kosovo.pdf
https://doi.org/10.24425/jwld.2020.134585

