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Abstract: 	 Results of the monitoring on the diversity and density of macrozoobenthos from the littoral zone of the 
locality Krani in Lake Prespa are presented. Three depths along three transects in this locality were sam-
pled in spring and autumn of 2015. We recorded 25 taxa of macrozoobenthos belonging to eight classes: 
Turbellaria, Oligochaeta, Hirudinea, Gastropoda, Bivalvia, Amphipoda, Isopoda and Insecta. Seasonal 
changes (temperature, light availability, food availability and habitat conditions) as well as anthropogenic 
impacts affect macrozoobenthos communities. It was established that the density of communities is higher 
in autumn than in spring. Three species out of the 25 registered taxa were recorded with significantly 
higher densities: Dreissena carinata (14400 ind./m2), Gammarus triacanthus prespensis (4950 ind./m2) 
and Pyrgohydrobia prespaensis (4425 ind./m2). The results could contribute in obtaining a better under-
standing of the vertical and horizontal distribution, seasonal fluctuations in the population densities and 
the general state of the benthic fauna of this locality of high conservational importance.
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Introduction 
As ancient sister lakes are considered lakes, which 
are ancient and located in close geographical prox-
imity, share a related origin and have a significant 
period of coexistence; they usually have a hydro-
logical connection as well as a degree of faunal 
overlap and distinctness (Albrecht et al. 2008). 
Lake Prespa, located at an altitude of 849 m a.s.l., 
is the highest large lake on the Balkans. It cov-
ers an area of 254 km2 (Matzinger et al. 2006) 
and has a maximum depth of 58 m (Albrecht & 
Wilke 2008). According to Soria & Apostolova 

(2022), the lake lost 18.87 km2 of its surface dur-
ing the period 1984-2020 (6.9% of its size, drop-
ping from 273.38 km2 to 254.51 km2). Water loss 
was greater in 1987–1993 and 1998–2004. The 
analysis of normalised difference vegetation in-
dex (NDVI) in the area surrounding Lake Prespa 
(app. 4,950 km2) revealed an increase in the mean 
NDVI values over the period 1984–2020, pointing 
to a general increase in vegetation. According to 
Matzinger et al. (2006), Lake Prespa contributes 
approximately 50% of the water balance of Lake 
Ohrid by underground connections. Although the 
age of Lake Prespa remains unknown, the two lakes 
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presumably have co-existed for several hundreds of 
thousands of years (Radoman 1985). Lake Prespa, 
like Lake Ohrid (but to a lesser extent), harbours 
numerous endemic species, primarily found in the 
benthic fauna (Albrecht et al. 2011). The greatest 
diversity of macroinvertebrate communities can be 
observed on the western and south-eastern shores 
of Lake Prespa. The IUCN Red List assessment re-
vealed (A) a tendency toward changes in the mol-
lusc fauna, (B) a current decline and potential loss 
of mollusc diversity and (C) that all endemic spe-
cies are of conservation concern (Albrecht et al. 
2011).

Karaman (1971) suggested that the fish fauna 
of Lake Prespa is older than that of Lake Ohrid, at 
least as evidenced by the endemism data. The Lake 
Prespa Basin is an area of rich biodiversity that has 
been subjected to intense pressures from human ac-
tivities over the past decades (UNDP Project Final 
Report 2012). Unfortunately, in recent years, the 
entire ecosystem has faced serious environmental 
challenges such as pollution, ineffective planning 
for land- and water-use as well as poor preservation 
of rare and threatened species. The unsustainable 
agricultural, fishery, forestry, water, wastewater and 
solid waste management practices have had a severe 
impact on the ecosystem health (Petrovska et al. 
2014). Macrozoobenthos communities indicate dif-
ferent biological water quality in the littoral and pro-
fundal parts of the lake. At different sampling sites, 
littoral benthic fauna is composed of species and di-

versity indicating good to moderate ecological sta-
tus, while the profundal is almost totally inhabited 
by fauna indicative of poor to bad ecological status 
(Petrovska et al. 2014). 

The objectives of this study are to provide a 
macrozoobenthos taxonomic list, identify dominant 
species, present a better picture of the vertical and 
horizontal distribution and the seasonal fluctuations 
in the population density as well as to assess the 
general condition of benthic fauna from the Krani 
locality (Lake Prespa, North Macedonia).

Materials and Methods
The survey was based on spring and autumn sam-
pling during 2015. The samples of macrozooben-
thos from Lake Prespa were collected from the 
Krani locality, North Macedonia (N40°57ʹ13.7ʺ; 
E21°4ʹ914.34ʺ) (Fig. 1). We used standard limno-
logical methods: ISO: EN 27828: 1994 Multihabi-
tat transect method for benthic material, according 
to Lind (1985), Wetzel (1975), Wetzel & Lik-
ens (1979), Rosenberg et al. (1997), Mandaville 
(2002), Perez et al. (2004) and Dillon (2006). The 
samples were taken from three depth points (0.5–
1.5, 3–3.5 and 5–5.5 m) in the littoral zone of each 
transect. At least three replicate samples were taken 
at each sampling point. The deepest sampling point 
was the lowest depth limit of macrophyte vegeta-
tion. The samples were collected using the direction 
from the shore to the deeper zone (vertically) and 

Fig. 1. Location of the sampling locality Krani and transects in Lake Prespa, Republic of North Macedonia.
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each depth corresponded with three basic habitat 
types from the shore to the deeper zone. The three 
types of habitats were sandy-muddy (dominated 
by sand), muddy-sandy (dominated by mud) with 
macrophyte vegetation and muddy habitat. These 
three habitats were almost uniformly present in all 
transects.

The sampling site Krani was chosen based on 
differences in the level of anthropogenic pressures, 
bottom heterogeneity and availability of data from 
previous studies (taxonomic diversity, richness and 
diversity). For assessing both vertical and horizontal 
distribution of macrozoobenthos, a grab (type van 
Veen) of 225 cm² (15 x 15 cm) was used. The sam-
ples were transported from the field to the laboratory 
within a few hours after the collection and preserved 
in 96% ethanol. The densities have been represented 
as the number of individuals per m².

The identification of the benthic fauna was 
done using binocular stereomicroscope and keys for 
identification of freshwater invertebrates: Hadžišče 
(1958 II, III, 1974), Šapkarev (1964), Barnes 
(1980), Lukin (1976), Brinkhurst & Jamieson 
(1978), Karaman (1976), Radoman (1983), Ker-
ovec (1986), Kellogg (1994) and Krstanovski 
(1994).

Results 
Totally, 25 taxa were registered. They belonged to 8 
macrozoobenthic groups: Turbellaria, Oligochaeta, 
Hirudinea, Gastropoda, Bivalvia, Amphipoda, Isop-
oda and Insecta (Table 1). The most diverse fauna 
was the group of Insecta, which comprised seven 
taxa (28%) out of 25 taxa identified. Oligochaetes 
were the second most diverse group (24%), repre-
sented by six species (Table 1). These two groups 
were considered dominant in terms of the number 
of species. The lowest density was registered in the 
classes Turbellaria, Isopodа and Amphipoda, each 
with only one species (4%).

We recorded 15 macrozoobenthos taxa in 
spring while, in autumn, the recorded taxa were 
21. Only seven species (28%) of the recorded taxa 
were endemic, mostly representatives of Gastropoda 
(three species).

In the К1 transect, the macrozoobenthos was 
distributed on three types of facies: sandy-muddy 
(0.5–1.5 m), sandy-muddy with macrophyte vegeta-
tion (3.0–3.5 m) and muddy (5.0–5.5 m). In spring, 
nine taxa of five classes (Oligochaeta, Gastropoda, 
Amphipoda, Bivalvia and Insecta) were identified. 
The highest biodiversity was recorded on the sandy-
muddy (0.5–1.5 m) and muddy bottom (5.0–5.5 m) 

substrata, each with five taxa. The highest density of 
1175 ind./m2 was recorded at 3.0–3.5 m for Valvata 
piscinalis of Gastropoda. In autumn, ten taxa were 
identified, which belonged to five macrozoobenthic 
groups. The highest density was recorded at 5 m for 
Dreissena carinata (14,400 ind./m2).

In the K2 transect, ten taxa were identified. 
They belonged to seven macrozoobenthic groups. 
Three bottom habitat types were identified, with the 
muddy bottom covered with shells of Bivalvia and 
Gastropoda being the most attractive for the macro-
zoobenthos communities. At a depth of 5.0–5.5 m, 
six taxa were registered. Despite the lower diversity, 
the depth of 0.5–1.5 was characterised by the high-
est density, represented by the population of Gam-
marus triacanthus prespensis (4000 ind./m2). In au-
tumn 2015, 12 taxa were identified, which belonged 
to seven macrozoobenthic groups. The highest den-
sity of 3300 ind./m2 was recorded at 5.0–5.5 m for 
Dreissena carinata.

The density of the macrozoobenthos in K3 
transect was higher than in K1 and K2; however, the 
diversity was somewhat lower than in the former 
two transects. Nine taxa of five systematic groups 
were identified. They were distributed across sandy-
muddy, muddy and muddy-sandy facies. The most-
densely populated habitat was the muddy facies at 
depth of 3.0–3.5 m. At this depth, we recorded the 
highest community density (6925 ind./m2) as well 
as the highest density per species (4950 ind./m2, 
Gammarus triacanthus prespensis). In the samples 
from the autumn of 2015, 13 taxa were identified, 
which belonged to eight groups. The highest density 
of 8775 ind./m2 of a single species was recorded at 
3.0–3.5 m depth (for D. carinata).

The total percentage of endemism in the mac-
rozoobenthos community at Krani was 18%. The ra-
tio of cosmopolitan to endemic taxa was on the side 
of the cosmopolitan taxa, with 72% (18 taxa) cos-
mopolitan and 28% (seven species) endemic (Table 
1). The highest number of endemic species (three 
species, or 57%) belonged to the class Gastropoda. 

In the autumn, the average value of density was 
296 ind./m2; the diversity (21 taxa) was higher in the 
autumn of 2015 (Fig. 2a). The species composition 
of the benthic fauna depended on the season: more 
taxa were recorded in autumn as compared to spring 
in all three transects (Fig. 2b).

The vertical and horizontal distribution of the 
macrozoobenthos of Lake Prespa followed differ-
ent patterns (Fig. 3). The highest number of taxa 
were recorded at the shallowest sampling points 
(0.5–1.5), then it sharply decreased at 3.0–3.5 m and 
increased again at the deepest sampling point. 
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The spring values of the densities were lower 
in comparison with the autumn values (Fig. 4). In 
other words, the higher densities in autumn were in 
correlation with the more diverse composition of 
benthic fauna, which was also registered in autumn 
(with the exception of K2, where the autumn values 
were lower than those in spring, see Fig. 2b).

The species composition also depended on 
depth (Fig. 5). The highest density occurs at the 
shallowest sampling point, decreases at depths of 
3.0–3.5 m and then fluctuates at 5.0–5.5 m. Further-
more, according to Fig. 5, it appeared that density 
was more influenced by depth. The seasonal impact 
on density at various depths was irregular. The max-

imum density of the group of Amphipoda (16000 
ind./m2) was recorded in spring.

Discussion
Angelovski et al. (1995) studied the composition 
of the bottom fauna of Lake Prespa in 1992 using a 
transect between the village Stenje and Krani. The 
study found that oligochaetes and chironomids were 
the most abundant and widespread groups, particu-
larly chironomid larvae. Bivalves and amphipods 
were less common. Most animal groups, including 
gastropods, bivalves, oligochaetes, leeches, amphi-
pods and chironomids, peaked in population during 

Table 1. Macrozoobenthos composition at the Krani Locality, Lake Prespa, in spring and autumn of 2015. The symbol 
● denotes endemic species.

Taxa Spring 
2015

Autumn 
2015

Total density of the 
group

Turbellaria 4%
● Dendrocoelum adenodactylosum (Stanković & Komarek, 1927) √
Oligochaeta 24%
Limnodrilus hoffmeisteri Claparède, 186 √ √
● Rhynchelmis komareki Hrabe, 1927 √
Potamothrix hammoniensis (Michaelsen, 1901) √ √
Criodrilus lacuum Hoffmeister, 1845 √
Tubifex tubifex (Müller, 1774) √
Eiseniella tetraedra (Savigny, 1826) √
Hirudinea 12%
Erpobdella octoculata (Linnaeus, 1758) √ √
Dina latestriata Neubert & Nesemann, 1995 √ √
Dina sp. √
Gastropoda 16%
Valvata piscinalis (Muller,1774) √ √
● Bithynia prespensis Hadžišče, 1963 √
● Pyrgohydrobia prespaensis (Urbanski, 1939) √ √
● Prespolitorea valvataeformis Radoman, 1973 √
Bivalvia 2%
● Dreissena carinata (Dunker, 1853) √ √
Pisidium casertanum (Poli, 1791) √
Amphipoda 4%
● Gammarus triacanthus prespensis (Karaman S. & G., 1959) √ √
Isopoda 4%
Asellus aquaticus (Linnaeus, 1758) √ √
Insecta 28%
Chironomus plumosus (Linnaeus, 1758) √ √
Leptocerus sp. √
Limnephilus sp. √ √
Glossosoma sp. √
Ephemera danica Muller, 1764 √
Baetis vernus Curtis, 1834 √
Gomphus vulgatissimus (Linnaeus, 1758) √
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spring. Macrozoobenthos communities were dens-
est in spring, moderately dense in winter, sparser in 
autumn and least dense in summer. In our study, the 
richest diversity was recorded within Insecta (7), 
Oligochaeta (6), Gastropoda (4), Hirudinea (3) and 
Bivalvia (2). The other three groups (Turbellaria, 
Amphipoda and Isopoda) took part with only one 
representative each. Overall, the density of macro-
zoobenthos was highest in autumn, while a consid-

erably lower density was recorded in spring. Diver-
sity (21 taxa) was higher in the autumn, when the 
average density was 296 ind./m2. This probably was 
a result of the better living conditions and the food 
availability in the period between the two sampling 
campaigns.

The highest species density was reached at K1 
and K3 in autumn, while the most densely populated 
depth point was at 5.0–5.5 m; the latter was covered 
by muddy facies where Dreissena carinata dominat-
ed. The presence of Oligochaeta as well as Hirudinea 
and Chironomus plumosus (Insecta) is indicative of a 
water ecosystem under an anthropogenic impact, i.e. 
polluted ecosystems (Trajanovski 2014). 

It is interesting to point out that the maximum 
density was recorded during the autumn for the 
majority of macrozoobenthic groups. We noticed a 
deviation at K2 where the values in autumn were 
lower than those in spring. This could be explained 
by the possibility that more taxa survived the winter 
conditions in a larval phase and were present in the 
samples.

Fig. 2. (а) The average density (ind./m2) and total diver-
sity in both sampling seasons. (b) Seasonal differences of 
the number of taxa in each transect.

Fig. 3. Seasonal/depth variations of the number of taxa at 
different depths in the littoral zone at Krani site.

Fig. 4. Seasonal variations in the total density (ind./m2) of 
benthic fauna at Krani site.

Fig. 5. Seasonal/depth density of the benthic fauna at dif-
ferent depth points in the littoral zone at Krani site.

1 
 

(a) 

(b) 
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Veljanoska-Sarafiloska & Patceva (2012) 
described Ohrid Lake as oligotrophic and indicated 
that Prespa Lake is undergoing intense eutrophica-
tion, already showing mesotrophic conditions; they 
also believed that, according to other studied param-
eters, the lake might shift towards a eutrophic state. 
According to Krstic (2012), if the turnover towards 
a fully eutrophic system is completed, the activi-
ties to restore and improve the water quality will be 
much more difficult or even impossible. At the sam-
pling site Krani, the conditions were unfavourable, 
the number of submerged species was very low and 
the reed was less frequent and less abundant (Tra-
janovska et al. 2019). 

Physical and chemical parameters indicate 
that Lake Prespa is undergoing eutrophication. 
Besides the increased phosphorus level, the water 
level has also lowered (ICR 2015, Stojov 2020). 
Thus, the area of distribution of endemic species 
of macrozoobenthos is decreasing and the diver-
sity of species that are tolerant to pollution is in-
creasing. The ongoing processes of eutrophication 
in Lake Prespa were confirmed by Veljanoska-
Sarafiloska et al. (2019) and Schneider et al. 
(2020), who found that the changes in the volume 
of the lake had a direct effect on the concentrations 
of dissolved nutrients. Based on available data 
(Rimcheska 2022), the intensive negative influ-
ence of the rivers flowing into Lake Prespa has an 
additional impact, which is especially manifested 
in the littoral and pelagic zones. Thus, in the up-
per sections of the studied rivers, the water quality 
differs from the water quality of the lower sections 
as evidenced by the fact that in the upper river sec-
tions a higher diversity and lower abundance of 
benthic macroinvertebrates have been registered 
(Rimcheska 2022). The water quality in the litto-
ral zone depends on the quality of the water flow-
ing from the rivers, which affects the diversity and 
density of macrozoobenthos species.

Conclusions
The fauna of macrozoobenthos at the locality of 
Krani in Prespa Lake (North Macedonia) was rep-
resented by 25 taxa belonging to eight taxonomic 
classes. The richest diversity was recorded in the In-
secta (7), Oligochaeta (6), Gastropoda (4), Hirudin-
ea (3) and Bivalvia (2), while the remaining three 
groups (Turbellaria, Amphipoda and Isopoda) took 
part with one representative each. Quantitatively, 
the most abundant were Dreissena carinata (14400 
ind./m2) and Gammarus triacanthus prespensis 
(4950 ind./m2), followed by Pyrgohydrobia pres-

paensis (4425 ind./m2) and Valvata piscinalis (1175 
ind./m2). The density of the macrozoobenthos was 
highest in autumn, while considerably lower density 
was recorded in spring. 

In the future, the following recommendations 
should be taken into account: 

Long-term monitoring of the state of the lake 
through biological and chemical parameters is of 
crucial importance for creating an action plan and 
strategy to mitigate the consequences related to im-
proper water collection and direct and indirect an-
thropogenic impacts on the lake and its basin.

A set of activities towards the improvement of 
the water quality should be immediately adopted, 
whereby the joint cooperation of the three neigh-
bouring countries on the protection of the Prespa 
Lake should be an imperative.

References

Albrecht C. & Wilke T. 2008. Ancient Lake Ohrid: biodiversity 
and evolution. Hydrobiologia 615: 103–140. 

Albrecht C., Hauffe T., Schreiber K. & Wilke T. 2011. Mol-
lusc biodiversity in a European ancient lake system: Lakes 
Prespa and Mikri Prespa in the Balkans. Hydrobiologia 
682: 47–59.

Albrecht C., Wolff C., Glöer P. & Wilke T. 2008. Concur-
rent evolution of ancient sister lakes and sister species: 
the freshwater gastropod genus Radix in lakes Ohrid and 
Prespa. Hydrobiologia 615: 157–167.

Angelovski P., Šapkarev J., Karaman B. & Smiljkov S. 1995. 
Vertical distribution and seasonal dynamics of the popula-
tions of the macrozoobenthos from Lake Prespa. Macedo-
nian Journal of Ecology and Environment 3 (1–2): 21–34. 

Barnes R. D. 1980. Invertebrate Zoology, Saunders College, 
Philadelphia.

Brinkhurst R. O. & Jamieson B. G. 1978. Aquatic Oligochaeta 
of the World. Oliver & Boyd, Edinburgh.

Dillon R. T. Jr. 2006. Chapter 21. Freshwater Gastropoda. In: 
Sturm C. F., Pearce T. A. & Valdés A. (Eds.): The Mol-
lusks: A Guide to Their Study, Collection and Preserva-
tion. American Malacological Society, Pittsburgh, PA, 
U.S.A., pp. 251–260.

EN 27828. 1994. Water quality – Methods of biological sam-
pling. Guidance on hand net sampling of aquatic benthic 
macroinvertebrates (ISO 7828: 1985).

Hadžišče S. 1958-II. Prilog poznavanju gastropoda Prespanskog 
Jezera. Zbornik na rabotite, Hidrobioloski zavod, Ohrid, 
6-16 (32): 1–6.

Hadžišče S. 1958-III. Prilog poznavanju gastropoda Prespanskog 
Jezera. Zbornik na rabotite, Hidrobioloski zavod, Ohrid. 
6-17 (33): 1–4.

Hadžišče S. 1974. The fauna of the snails in Lake Ohrid as an 
animal group rich with endemic forms and its spread in 
the separate zones of benthal region. Congress for Problem 
of the Regulation of Lake Ohrid. Skopje, pp. 260–271.

ICR-Initial characterization of Lakes Prespa, Ohrid and Shkodra/
Skadar. 2015. Implementing the EU Water Framework 



Abundance and Depth Distribution of Macroinvertebrates in Krani, South-eastern Part of Lake Prespa...

399

Directive in South-Eastern Europe. Deutsche Gesellschaft 
für Internationale Zusammenarbeit (GIZ) GmbH, Bonn 
und Eschborn, 568 S.

Karaman M. 1971. Zoogeographische Verhältnisse des Prespa 
und Ohridsees. Izdanja, Institut de Pisciculture de la RS 
de Macédoine (4): 1–21.

Karaman M. 1976. Contribution to the knowledge of the Am-
phipoda 75. Description of one new species of the genus 
Gammarus (family Gammaridae) from the Lake Ohrid 
(G. stankokaramani n. sp.). Poljoprivreda i sumarstvo, 
Titograd.

Kellogg L. L. 1994. Save Our Streams: Monitor’s Guide to 
Aquatic Macroinvertebrates. Izaak Walton Leagua of 
America. 

Kerovec M. 1986. Priručnik za upoznavanje Beskralješnjaka 
naših potoka i rijeka. Sveučilišna Naklada Liber, Zagreb. 
Posebno izdranje, pp. 18-22.

Krstanovski Z. 1994. Taxonomy and ecology of Planaria from 
Lakes Ohrid, Prespa and Dojran and adjacent water-bodies. 
PhD thesis, Sts Cyril and Methodius University, Skopje.

Krstic S. 2012. Environmental changes in lakes catchments as a 
trigger for rapid eutrophication – a Prespa Lake case study. 
In: Studies on Environmental and Applied Geomorphology. 
Rjerka: Intech Open, pp. 63–118.

Lind O. T. 1985. Handbook of common methods in limnology. 
The C. V. Mosby Company, St. Luis-Toronto-London, 
199 p.

Lukin E. I. 1976. Fauna USSR: Leeches (First part). Academy of 
Sciences of USSR, Institute of Zoology. Leningrad: Nauka.

Mandaville S. M. 2002. Benthic macroinvertebrates in fresh-
waters – taxa tolerance values, metric, and protocols. 
(Project H-1) Soil & Water Conservation Society of Metro 
Halifax, 48 p.

Matzinger A., Spirkovski Z., Patceva S. & Wüest A. 2006. 
Sensitivity of ancient Lake Ohrid to local anthropogenic 
impacts and global warming. Journal of Great Lakes Re-
search 32 (1): 158–179.

Perez K. E., Clark S. A. & Lydeard C. 2004. Freshwater Gas-
tropod: Identification Workshop: ‘Showing your Shells’. A 
primer to freshwater gastropod identification. Freshwater 
Mollusk Conservation Society. University of Alabama, 
Tuscaloosa, Alabama, 61 p.

Petrovska M., Conevski T., Krstić S., Blinkov I., Stavric V., 
Cukaliev O., Longholt J., Ristovski I., Kočovski Z., 
Minčev I. et al. 2014. Prespa Lake Watershed Manage-
ment Plan. Report. Ministry of Environment and Physical 
Planning. Skopje, North Macedonia.

Radoman P. 1983. Hydrobioidea, a superfamily of Prosobran-
chia (Gastropoda). I. Systematics. Monographs, Serbian 
Academy of Sciences, Belgrade, 256 p.

Radoman P. 1985. Hydrobioidea, a superfamily of Prosobranchia 
(Gastropoda), II. Origin, zoogeography, evolution in the 
Balkans and Asia Minor. Monographs, Institute of Zoology. 
Faculty of Science, Belgrade 1 (1): 1–173.

Rimcheska B. 2022. Ecological status assessment of mountainous 
rivers (Prespa Lake watershed) via various biotic indices 
based on aquatic macroinvertebrates. Acta Musei Mace-
donici Scientiarum Naturalium 25: 71–77. 

Rosenberg D. M., Davies I. J., Cobb D. G. &Wiens A. P. 1997. 
Protocols for measuring biodiversity: benthic macroin-
vertebrates in fresh waters. Department of Fisheries and 
Oceans, Freshwater Institute, University of Manitoba, 
Canada, 39 p.

Sapkarev J. 1964. Fauna of Oligochaeta from Lake Ohrid. 
Godsen Zbornik na Prirodno-matematickiot Fakultet na 
Univerzitetot vo Skopje 15: 5–98.

Schneider C. S., Biberčić V., Braho V., Budzakoska Gjo-
reska B., Cara M., Dana Z., Đurašković P., Eriksen E. 
T., Hjermann D., Imeri A., Jovanović K., Krizmanic 
J., Kupe L., Loskoska T., Kemp L. J., Marković A., 
Patceva S., Rakočević J., Stojanović K., Talevska 
M., Trajanovska S., Trajanovski S., Veljanovska-
Sarafilovska E., Vidaković D., Zdraveski K., Zivić I. 
& Vermaat E. J. 2020. Littoral eutrophication indicators 
are more closely related to nearshore land use than to water 
nutrient concentrations: a critical evaluation of stressor-
response relationships. Science of the Total Environment 
748: 141193.

Soria J. & Apostolova N. 2022. Decrease in the water level 
of Lake Prespa (North Macedonia) studied by remote 
sensing methodology: relation with hydrology and ag-
riculture. Hydrology 9(6): 99. https://doi.org/10.3390/
hydrology9060099

Stojov V. 2020. Climate and anthropogenic impacts on the wa-
ter reserves of the Prespa Lake. (In Macedonian). https://
www.moepp.gov.mk/wp-content/uploads/2020/12/pre-
spa_klima_antropogeni_vlijanija_20201129.pdf

Trajanovska S., Talevska M., Budzakoska-Gjoreska B. & 
Trajanovski S. 2019. Macrophyte-based assessment of 
nutrient pollution of Lake Prespa, Republic of Macedonia. 
Acta Zoologica Bulgarica, Suppl. 13. Biodiversity and Eco-
logical State of Ancient Lakes Ohrid and Prespa, Republic 
of Macedonia. Dedicated to the 80th Anniversary of the 
Hydrobiological Institute Ohrid, pp. 45-49.

Trajanovski S. 2014. Macroinverterates of Ohrid and Prespa. 
Initial Characterisation of Lakes Prespa, Ohrid and Shko-
dra/Skadar. GIZ Volume of Annexes, pp. 293–323.

UNDP Project Final Report, 2012. Restoration of the Prespa Lake 
Ecosystem – Implementation of the Prespa Lake Watershed 
Management Plan.

Veljanoska-Sarafiloska M. E. & Patceva S. 2012. Trophic sta-
tus of Lakes Ohrid and Prespa during 2004–2006. Journal 
of International Environmental Application & Science 7 
(2): 291–299.

Veljanoska-Sarafiloska M. E., Lokoska L. & Patceva S. 
2019. Water quality of Lakes Ohrid and Prespa based on 
physical-chemical and biological parameters in 2013-
2014. Acta Zoologica Bulgarica, Suppl. 13. Biodiversity 
and Ecological State of Ancient Lakes Ohrid and Prespa, 
Republic of Macedonia. Dedicated to the 80th Anniversary 
of the Hydrobiological Institute Ohrid, pp. 25–32. 

Wetzel R. G. & Likens G. 1979. Limnological Analyses. Phila-
delphia, London & Toronto: W. B. Saunders Co. 357 p.

Wetzel R. G. 1975. Limnology. Philadelphia: Saunders College 
Publishing, 767 p.

Received: 20.06.2023 
Accepted: 15.05.2024




