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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./m?), Gammarus triacanthus prespensis (4950 ind./m?)
and Pyrgohydrobia prespaensis (4425 ind./m?). 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 km? (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 km? of its surface dur-
ing the period 1984-2020 (6.9% of its size, drop-
ping from 273.38 km? to 254.51 km?). 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 km?) 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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Fig. 1. Location of the sampling locality Krani and transects in Lake Prespa, Republic of North Macedonia.

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).

KArRAMAN (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-

394

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°57'13.7";
E21°4'914.34") (Fig. 1). We used standard limno-
logical methods: ISO: EN 27828: 1994 Multihabi-
tat transect method for benthic material, according
to LiNnD (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
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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 cm? (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 m?.

The identification of the benthic fauna was
done using binocular stereomicroscope and keys for
identification of freshwater invertebrates: HADZISCE
(1958 1II, III, 1974), Sapkarev (1964), BARNES
(1980), LuxkiN (1976), BRINKHURST & JAMIESON
(1978), KaArRAMAN (1976), RapDOMAN (1983), KER-
OVEC (1986), KELLOGG (1994) and KRSTANOVSKI
(1994).

Results

Totally, 25 taxa were registered. They belonged to 8
macrozoobenthic groups: Turbellaria, Oligochaecta,
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, Isopoda 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 K1 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./m? 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./m?).

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./m?). In au-
tumn 2015, 12 taxa were identified, which belonged
to seven macrozoobenthic groups. The highest den-
sity of 3300 ind./m? 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./m?) as well
as the highest density per species (4950 ind./m?,
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./m? 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./m?; 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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Table 1. Macrozoobenthos composition at the Krani Locality, Lake Prespa, in spring and autumn of 2015. The symbol

e denotes endemic species.

Taxa

Autumn
2015

Spring
2015

Total density of the
group

Turbellaria

4%

® Dendrocoelum adenodactylosum (Stankovi¢ & Komarek, 1927)

Oligochaeta

24%

Limnodrilus hoffmeisteri Claparéde, 186

® Rhynchelmis komareki Hrabe, 1927

Potamothrix hammoniensis (Michaelsen, 1901)

2|2 | <2

Criodrilus lacuum Hoffmeister, 1845

Tubifex tubifex (Miiller, 1774)

Eiseniella tetraedra (Savigny, 1826)

Hirudinea

12%

Erpobdella octoculata (Linnaeus, 1758)

Dina latestriata Neubert & Nesemann, 1995

< | <2

Dina sp.

Gastropoda

16%

Valvata piscinalis (Muller,1774)

® Bithynia prespensis Hadzisce, 1963

® Pyrgohydrobia prespaensis (Urbanski, 1939)

< |2 |2

® Prespolitorea valvataeformis Radoman, 1973

Bivalvia

2%

® Dreissena carinata (Dunker, 1853)

Pisidium casertanum (Poli, 1791)

Amphipoda

4%

o 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.

2|2 |2 |2 < <

Ephemera danica Muller, 1764

Baetis vernus Curtis, 1834

Gomphus vulgatissimus (Linnaeus, 1758)

< |2 | <] < < < < < | < < |2 < <L |2 |2 < |2 |2 /<2 < <

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-
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imum density of the group of Amphipoda (16000
ind./m?) 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
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Fig. 2. (a) The average density (ind./m?) and total diver-
sity in both sampling seasons. (b) Seasonal differences of
the number of taxa in each transect.
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Fig. 3. Seasonal/depth variations of the number of taxa at
different depths in the littoral zone at Krani site.

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-

25000 -
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Fig. 4. Seasonal variations in the total density (ind./m?) of
benthic fauna at Krani site.

16000 -

u Spring 2015
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Fig. 5. Seasonal/depth density of the benthic fauna at dif-
ferent depth points in the littoral zone at Krani site.

erably lower density was recorded in spring. Diver-
sity (21 taxa) was higher in the autumn, when the
average density was 296 ind./m?. 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.
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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, Stosov 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
(RiMmcHESKA 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./m?) and Gammarus triacanthus prespensis
(4950 ind./m?), followed by Pyrgohydrobia pres-
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paensis (4425 ind./m?) and Valvata piscinalis (1175
ind./m?). 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.
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