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Abstract. Greater Prespa Lake, located on the Balkan
Peninsula, is an ancient freshwater lake inhabited by
numerous endemic and endangered species and represents
an important part of Europe’s natural heritage. Between 2013
and 2015, standardized gillnet fishing was conducted for the
first time ever with the aim of obtaining large-scale
information on the status of the fish community in terms of the
relative abundance, biomass, and spatial distribution of the
species occurring in the lake. Although 15 fish species were
caught, the catches were numerically dominated by just five –

the native Prespa roach (Leucos basak), Prespa bleak
(Alburnus belvica), and Prespa spirlin (Alburnoides

prespensis), and the non-indigenous bitterling (Rhodeus

amarus) and topmouth gudgeon (Pseudorasbora parva).
Overall, the non-indigenous fishes combined outnumbered
the native species, while Prespa bleak, Prespa spirlin, Prespa
roach, and bitterling accounted for the highest biomass
proportions. The fish assemblages of the northeastern and
southwestern basins were more similar to each other than to
the fish communities at the other sampling sites. The results
indicated that non-indigenous fishes have become well
established in the lake within just 20 to 40 years of their initial
introduction. Altogether, the current data provide a solid basis
for the knowledge-based management of the aquatic
resources of this precious freshwater body.
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Introduction

Over the past few decades, the introduction of
non-indigenous species into new environments,
whether intentional or unintentional, has increas-
ingly become a topic of concern to environmental sci-
entists, regulators, and the general public. One
reason for this concern is that introduced species can
become invasive, thus negatively impacting native
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flora and fauna, ecosystem services, and human
well-being (IUCN 2021). Negative effects on native
biota caused by newly-introduced species outside
their natural ranges have been recorded across the
world and can lead to, inter alia, biodiversity loss and
species extinctions (Bellard et al. 2016, Doherty et al.
2016). Conversely, not every unintentional introduc-
tion of a species into a novel environment will result
in its wider spread (and negative effects) because the
invasion process is complex and comprises several
stages, such as transport, introduction, establish-
ment and spread, each of which presents hurdles or
barriers that must be overcome by non-indigenous
species for them to become invasive (Blackburn et al.
2011). Additionally, ecological impacts can vary de-
pending on a variety of factors that might be related
to the traits of the introduced species or the ecosys-
tem that is being invaded, the nature, number, and
strength of biological interactions among
non-indigenous species and native species, their evo-
lutionary background, and other factors (Ricciardi et
al. 2013).

Greater Prespa Lake, hereafter referred to as
Prespa Lake, is a large, relatively shallow natural
freshwater body on the Balkan Peninsula that is
shared by the riparian countries of Albania, North
Macedonia, and Greece. With an estimated age of
two to three million years (Reed et al. 2004), it is con-
sidered an ancient lake and, although its exact age is
still under debate (Wagner and Wilke 2011, Pashko
and Aliaj 2020), it is presumed to be one of the oldest
existing lakes in Europe (Wagner et al. 2010). Based
on its remarkable age and favorable environmental
conditions, Prespa Lake is home to myriad animal
and plant species, many of which are endemic to the
lake or region (Albrecht et al. 2012, Griffiths et al.
2004). For this reason, the lake and its surrounding
area form an important part of Europe’s natural heri-
tage that is regarded as a European and, as part of the
Balkan Peninsula, a global hotspot of biodiversity
(Myers et al. 2000, Griffiths et al. 2004, Darwall et al.
2014, van der Schriek and Giannakopoulos 2017).

The exceptional value of the lake both in terms of
biodiversity and species conservation is also reflected
by its unique fish community that includes several

endemic species (Oikonomou et al. 2014). Among
them are fishes with conservation statuses of either
vulnerable, endangered, or critically endangered ac-
cording to the Red List categories of the IUCN
(Freyhof and Brooks 2011, Miloševiæ and Talevski,
2015). To date, 26 fish taxa have been identified in
Prespa Lake (Ilik-Boeva et al. 2017, Shumka et al.
2020, Trajchevski et al. 2020). With the exception of
the catadromous European eel, Anguilla anguilla

(L.), none of them is a migratory species. At present,
the fish community of Prespa Lake faces many
stressors such as increasing eutrophication, toxicant
pollution, illegal fishing, climate change, and consid-
erable annual water level fluctuations (Popovska and
Bonacci 2007, Grazhdani et al. 2010, Markovic et al.
2017, Peveling et al. 2015, van der Schriek and
Giannakopoulos 2017). Additionally, at the end of
the twentieth century, several non-indigenous spe-
cies were introduced into the lake, and knowledge
about the status of these species in the lake is limited
(Piria et al. 2018, Bounas et al. 2021).

Since ancient times, fish and fishery have played
an important role in the lives of local people; thus,
there is some information from faunistic surveys and
catch statistics about the fish of Prespa Lake (Crivelli
et al. 1997, Talevski et al. 2009, Grazhdani et al.
2010, Spirkovski et al. 2012 a, Shumka et al. 2015,
Catsadorakis et al. 2018, Bounas et al. 2021). How-
ever, the available information is largely outdated,
and catch statistics are affected by fishing effort
(which is unknown) and reflects primarily market de-
mand rather than real species abundance. Conse-
quently, many species are currently exploited
haphazardly with little if any knowledge about the
status of stocks. The necessity of up-to-date sampling
has, therefore, been called for repeatedly (Wagner
and Wilke 2011, Shumka et al. 2015, Shumka and
Apostolou 2018).

Multi-annual fishing campaigns have been con-
ducted in Prespa Lake as part of the Technical Assis-
tance program implemented by the Deutsche
Gesellschaft für Internationale Zusammenarbeit
(GIZ) in the EU-candidate countries of Albania and
North Macedonia. For the first time ever, these were
performed across national borders and employed
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a standardized method. The primary objective of the
investigations was to provide information on the state
of the fish community in terms of abundance and
biomass, including threatened endemic and
non-indigenous species. Additionally, as
transboundary fishing resulted in the most compre-
hensive overview ever generated for this lake, it was
of particular interest whether there are specific spa-
tial patterns of fish species distribution in the lake.

Material and Methods

The hydrological and physicochemical conditions of
Prespa Lake are given in detail in Peveling et al.
(2015). Briefly, the Prespa Lakes Basin is a high alti-
tude system with a catchment area of over 2,500 km2.
It comprises the Greater Prespa and the Lesser Prespa
lakes, which are connected by a narrow artificial chan-
nel. Greater Prespa Lake, herein called Prespa Lake, is
a subtropical dimictic waterbody situated at an alti-
tude of 849 m a.s.l. It has a surface area of about 254
km2 with maximum and mean water depths of 48 m
and 14 m, respectively (Matzinger et al. 2006). Be-
cause of excessive nutrient inputs and subsequent
eutrophication, its water chemistry reflects conditions
typical of eutrophic lakes. Anoxic conditions below
depths of 15 m as well as areas with limited oxygen
content are currently regular phenomena during the
summer season (Spirkovski 2004, Skarbøvik et al.
2010). Annual water temperatures fluctu-
ate between about 1°C in winter and 27°C
in summer (Peveling et al. 2015). The flora
and fauna of the region is legally protected
by national laws and the establishment of
national parks in the respective riparian
states.

Fish collection followed the recom-
mendations in European standard EN
14757 (CEN 2015). As this standard was
developed for lakes up to a size of about
5,000 ha, for sampling, Prespa Lake was
divided into five sub-basins (SB) with SB 1
and SB 2 located in Albanian territory and

SB 3–5 in North Macedonian territory (Fig. 1). Fish
collection was conducted in lake areas belonging to
these two countries since the GIZ Technical Assis-
tance program targeted EU candidate countries but
not EU member states. When deployed, the
multi-mesh gillnets (MMG) covered lake areas of ap-
proximately 250–1,000 ha. The SBs sampled dif-
fered in part in physical and/or ecological conditions,
such as bathymetry, wind exposure, and plant cover-
age (Blinkov et al. 2017). Briefly, the sampling sites
were characterized as follows:
� SB 1 Liq (locality of Liqenas, AL): The bottom con-

sisted of rocks and gravel along the entire shore-
line up to depths of 5–6 m, and the littoral zone has
scattered patches of reed (Phragmites sp.) belts.
� SB 2 Kal (Kallamas, AL): Physical conditions on

the lake bottom were similar to those at SB 1. At
the shoreline, however, there were extensive areas
of reed belts growing into the lake up to about 40
m from shore.
� SB 3 Kon (Konjsko, MK): From the lakeshore to

a depth of about 4 m, the substrate consisted of
rocks and gravel, which became increasingly
sandy as depth increased (up to 12 m). The aquatic
flora in this area was composed primarily of
Phragmites sp. and Myriophyllum sp.
� SB 4 Ote (Otesevo, MK): From the lake shoreline

up to a depth of about 6 m the bottom was muddy
substrate, and the entire area displayed extensive
reed belts. In front of the reeds there were large
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Figure 1. Geographic location (left) of Prespa Lake (North Macedonia/Alba-
nia/Greece) and the sub-basins sampled (1- Liqenas, 2 - Kallamas, 3 - Konjsko,
4 - Otesevo, 5 - Asamati, right).



fields of underwater vegetation (Potamogeton sp.,

Myriophyllum sp.)

� SB 5 Asa (Asamati, MK): This site was under the

direct influence of the tributary of the Golema

Reka River, which was the main source of nutrient

loads from agricultural areas in the watershed

(Matevski et al. 2013). The structure of the lake

bottom as well as the extent and composition of

the aquatic flora was similar to conditions at SB 4.

Fish sampling was done in fall (October and No-
vember, respectively) in 2013, 2014, and 2015
(Ilik-Boeva et al. 2017). Benthic MMG composed of
12 panels each 30 m long and 1.5 m deep were em-
ployed. Mesh sizes ranged from 5 to 55 mm knot to
knot in a defined geometric series (CEN 2015). All
nets were set before dusk, were in position overnight,
and were collected after dawn (12 h of sampling) to
cover both of the highest circadian activity peaks. The
number of nets set per sampling site and year are
shown in Table 1. At each SB fish were sampled in
different directions relative to the shoreline at differ-
ent depth strata between 0 and 12 m below the water
surface. More details about the sampling methods
(including GPS coordinates of the individual nets
each year) are in Ilik-Boeva et al. (2017).

Table 1

Number of benthic multi-mesh gillnet set per sub-basin (SB)
and year

Sub-basin 2013 2014 2015 Total

SB 1, Liqenas 32 32 32 96

SB 2, Kallamas 32 32 32 96

SB 3, Konjsko 12 40 40 92

SB 4, Otesevo 12 40 40 92

SB 5, Asamati 15 40 40 95

All fish caught were identified to the species,
counted, weighed (to the nearest 0.1 g) and mea-
sured (total length to the nearest mm) with a portable
balance and fish measuring board, respectively. If
fewer than 50 specimens of each species were caught
per panel, all the fish were measured individually. In
cases when, for example, several hundred fish of
a species were caught per panel, the length and
weight of 50 specimens each were measured, and the

total weight of all fish of that species was then deter-

mined and divided by the mean weight of a fish from

the subsample to subsequently calculate the total

number of individuals of that species.

Data analysis

Catch per unit effort expressed as number of individ-
uals of species per net surface area (NPUE, ind. m-2)
and biomass of species per net surface area (BPUE,
g m-2) was calculated separately for each SB and
year. The normality of distribution and homogeneity
of variances were verified with the Kolmogorov-
Smirnov and Levene’s tests, respectively. Spatial
comparisons in fish abundance (number of fish per
net) were made using the nonparametric
Kruskal-Wallis test followed by Bonferroni-correc-
ted pairwise Mann-Whitney U-test (since the data
did not meet normality and homogeneity of variance
requirements for ANOVA).

The spatial distribution of the demersal fish assem-

blages was visualized with nonmetric multidimen-

sional scaling (NMDS). Ordination was calculated from

distance matrices based on square rooted numbers of

the fish species caught per gillnet using the Bray-Curtis

distance. The maximum number of iterations was set to

200. NMDS was performed using R software (version

3.4.2, R Development Core Team 2017) and the addi-

tional R picante package (Kembel et al. 2010).

Two-way PERMANOVA was used to test for the influ-

ence of year and sub-basin on the demersal fish assem-

blage. PERMANOVA analysis was based on

Bray-Curtis distance measure and 3,000 permutations.

Prior to PERMANOVA, permutation tests were con-

ducted to test for the homogeneity of multivariate dis-

persions. NMDS and PERMANOVA were performed

using R software (version 3.4.2, R Development Core

Team 2017) and the additional R picante (Kembel et al.

2010) and vegan (Oksanen et al. 2019) packages. To

prevent the influence of different sample sizes on

NMDS and PERMANOVA (Anderson and Walsh

2013), the number of nets per SB was narrowed down

to 15 randomly chosen nets per sampled SB and year.
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Results

During the three years of sampling, almost 62,000

fish were collected and analyzed. Using benthic

MMG, 15 fish species were caught during the sam-

pling campaigns (Fig. 2). Generally, the fish commu-

nity of Prespa Lake is composed predominantly of

five species (Table 2): Prespa bleak (Alburnus belvica

(Karaman)); Prespa roach (Leucos basak (Heckel));

Prespa spirlin (Alburnoides prespensis (Karaman));

bitterling (Rhodeus amarus (Bloch)); topmouth

gudgeon (Pseudorasbora parva (Temminck &

Schlegel)).

Other species contributed only slightly numeri-
cally to the whole fish community (Fig. 2). In terms of
absolute fish numbers, introduced species (especially
topmouth gudgeon and bitterling) dominated the
catches and clearly outnumbered native fishes.
Roughly speaking, three out of five fishes were
non-indigenous.

NPUE values (whole lake) varied among years
and ranged from 233.98 to 431.93 ind. 100 m-2 net.
Over time, site-specific NPUEs fluctuated between
107.94 and 569.23 ind. 100 m-2 net (Fig. 2). Prespa
bleak, Prespa spirlin, bitterling, and Prespa roach
contributed the most to the fish biomass in the sam-
ples (Fig. 2). Annual BPUE values for Prespa Lake as
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Figure 2. Standardized catches with benthic multimesh-gillnets in Prespa Lake in the three sampling years differentiated by lake basin.
Left: catches by number, right: catches by biomass.



a whole fluctuated between 1.79 and 3.21 kg 100
m-2 net with introduced species contributing about
one third of the overall biomass. Among sites, BPUE
varied between 0.87 and 4.51 kg 100 m-2 net (Fig. 2).

In terms of species occurrence, locality (SB), and
year (and their interactions), all three had a statisti-
cally significant effect on standardized species abun-
dance (NPUE) but, as indicated by the low r2 value,
the influence of sub-basin was small and that of year
was negligible (Table 3).

Global Multidimensional Scaling indicated that
the fish assemblages of SBs 1 and 2, and SBs 4 and 5

were more similar to each other than to the fish as-
semblages in the other SBs (Fig. 3). With regard to
species occurrence and abundance, SB 3 (Konjsko)
was midway between SBs 1 and 2, and SBs 4 and 5,
respectively (Fig. 3). The stress value of 0.28 indi-
cated, however, that the data were not very well rep-
resented in the two-dimensional display of the data
variation.

Even though the fish assemblages were similar at
all SBs, there were, overall, both more individual
fishes and species in the southwestern parts of the
lake (SBs 1 and 2) than in the north/northeastern
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Table 2
Annual and total abundances of species (all sub-basins combined, in %)

Species
Endemism and IUCN

Red List status1

Year
Years (and sub-basins)
combined2013 2014 2015

Alburnoides prespensis e, VU 8.85 27.98 18.82 18.46

Alburnus belvica e, VU 9.52 14.66 8.03 10.60

Barbus prespensis n, LC 0.67 0.12 0.11 0.29

Carassius gibelio i, NE 0.13 0.02 0.18 0.11

Chondrostoma prespense e, VU 0.70 0.38 1.69 0.95

Cyprinus carpio n, VU 0.58 0.13 1.37 0.72

Leucos basak n, LC 6.78 13.33 12.86 11.03

Pelasgus prespensis e, EN 1.24 1.27 0.38 0.94

Pseudorasbora parva i, LC 16.44 17.99 26.42 20.53

Rhodeus amarus i, LC 49.55 23.41 29.14 33.97

Squalius prespensis e, LC 0.24 0.04 0.37 0.22

Tinca tinca i, LC 0.28 0.05 0.04 0.12

Lepomis gibbosus i, LC 4.79 0.30 0.43 1.80

Cobitis meridionalis e, VU 0.24 0.328 0.15 0.22

Salmo peristericus e, EN 0.005 0 0.01 0.005
1According to iucnredlist.org; e: endemic (to the lake or basin), i: introduced, n: native; VU: vulnerable, LC: least concern, NE: not
evaluated, EN: endangered

Table 3
PERMANOVA results comparing the species composition of the net catches from different sub-basins of Prespa Lake in the
2013–2015 period (D.f.: degree of freedom, Sums of sqs.: sums of squares, Mean sqs.: mean squares)

Factor D.f. Sums of sqs. Mean sqs. F Model r2 p

Year 2 2.76 1.38 9.59 0.06 0.0003

SB 4 9.08 2.27 15.78 0.20 0.0003

Year:SB 8 4.80 0.60 4.17 0.10 0.0003

Residuals 204 29.35 0.14 - 0.64 -

Total 218 46.00 - - 1.0 -



areas. Furthermore, spatial comparisons at the spe-
cies level revealed that, combined over all years, the
abundances of Prespa minnow (Pelasgus prespensis

(Karaman)) and Prespa barbel (Barbus prespensis

(Karaman)) were both significantly higher at each
SB 1 and SB 2 compared to the more northern

sampling locations SB 3 to SB 5 (Fig. 4). Differences
in the abundances of endemic species were also
noted in Prespa spirlin and Prespa bleak (Fig. 4).
Conversely, the abundance of Prespa nase
(Chondrostoma prespense (Karaman)) was not signif-
icantly different among all five SBs (data not shown).
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Figure 3. NMDS plot of the square root transformed CPUE (fish/net) for demersal fish assemblages in the five sub-basins. To improve
readability, the NMDS plot is divided into plots (a) and (b). a) SB 1 (gray), SB 5 (black); b) SB 2 (black), SB 4 (red), and SB 3 (gray). The fi-
nal stress value of 0.28 for the two-dimensional solution was reached after 20 iterations.

Figure 4. Abundance (fish per net, all years combined) of endemic Prespa minnow, Prespa barbel, Prespa spirlin, and Prespa bleak (top,
left to right) and introduced pumpkinseed, bitterling, topmouth gudgeon, and Prussian carp (down, left to right) in different sub-basins
(SB) of Prespa Lake. Boxplots reflect numbers (medians, 1st and 3rd quartiles) of fish per net for the different sub-basins. Significant dif-
ferences among sampling sites are marked by different letters. Please note the different scaling of the y-axes.



The introduced pumpkinseed (Lepomis gibbosus

(L.)), bitterling, and topmouth gudgeon were, in over-

all, significantly more abundant at SB 1 and SB 2

(Fig. 4). Prussian carp (Carassius gibelio (Bloch))

numbers per net were statistically lower at SB 3 and

SB 5 compared to the other sites. These differences,

however, were marginal.

Discussion

Of the 26 fish species that have ever been recorded in
Prespa Lake, 15 were sampled in the current study
using MMG. Given the fact that several species, such
as grass carp (Ctenopharyngodon idella (Valenci-
ennes)), bream (Parabramis pekinensis

(Basilewsky)), and rainbow trout (Oncorhynchus

mykiss (Walbaum)) have not been caught over the
past few decades and might be locally extinct by now,
using MMG to sample fishes is a good method to ob-
tain an overview of the fish inventory of Prespa Lake.
Some fishes that could not have been caught in-
cluded the Eastern mosquitofish (Gambusia

holbrooki (Girard)) and the European eel, which was
not surprising since, because of their small size or
elongated shape, these species are underrepresented
in gillnet catches or typically not caught with gillnets
at all (Olin and Malinen 2003, Ravn et al. 2019). Ac-
cording to previous research, MMG fishing generally
underestimates the relative abundance of individuals
and species of fishes that are small (body lengths
< 4–5 cm) and large (body lengths > 30 cm) (Olin and
Malinen 2003, Šmejkal et al. 2015, Ravn et al.
2019). On the other hand, it overestimates the rela-
tive abundance of active species compared to passive
and/or territorial species (Prchalová et al. 2010).

By standardizing the method applied and con-

ducting transboundary sampling, the current study is

the first ever to permit quantitative insights into the

fish community on a larger spatial scale. The large

portion of non-indigenous fishes in terms of both the

number of individuals and biomass of the present

fish stock was striking. The introduced species

topmouth gudgeon and bitterling, in particular,

appear to have exceptionally good conditions for sur-
vival, reproduction, and dispersal, and they seem to
be able to withstand anthropogenic and natural
stressors (such as eutrophication, water level fluctua-
tions, interspecific competition) better than their na-
tive competitors. When assuming a similar
catchability, the higher numbers of bitterling individ-
uals (as reflected by higher NPUE values) relative to
topmouth gudgeon were surprising since the repro-
duction of this fish is bound to the existence of bi-
valves (Unio spp. and Anodonta spp., respectively),
and changes in bivalve population dynamics, there-
fore, should affect the bitterling population. Further-
more, considering that bitterling first appeared in the
lake in the 1990s (topmouth gudgeon was intro-
duced in the 1970s), this lake seems to offer ideal
conditions for this species (Spirkovski et al. 2012a).
Therefore, the available data show that, despite the
considerable size of the water body and the specifics
of this species’ reproduction, a period of only 20
years was sufficient for bitterling to spread through-
out the lake and to develop into one of the most
abundant fish species. Furthermore, in view of the
fact that MMG fishing results can be affected by fish
size (see above), presumably the high numerical
abundances of small non-indigenous species, such
as bitterling and topmouth gudgeon, were signifi-
cantly underestimated despite their high numerical
presence in the catches. Conversely, the abundance
of active perch was presumably overestimated in the
catches made with benthic multi-mesh gillnets (Olin

et al. 2016, Linl�kken and Haugen 2006).

Other fishes that were highly abundant in the
lake were Prespa roach, Prespa bleak, and Prespa
spirlin, which underlined the cyprinid character of
this waterbody. Prespa roach and Prespa bleak are
omnivorous species that are comparatively unde-
manding in terms of their habitat conditions and,
therefore, they were previously noted in large num-
bers in Prespa Lake (Crivelli et al. 1997, Spirkovski
et al. 2012 b, Bounas et al. 2021). In contrast, Prespa
spirlin is a rheophilous fish that normally inhabits
lotic waters. Because of competition with introduced
species, its numbers were assumed to be declining in
Prespa Lake (Spirkovski et al. 2012a, b); however,
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the current data showed that Prespa spirlin is still
very abundant in the lake although there were spatial
differences in occurrence (see below). Regarding the
abundance of the other fishes combined over all
years and sites, pumpkinseed contributed almost 2%
in numbers to the fishes sampled while the relative
abundances of all other species was less than 1%. As
shown in Table 2, the pattern of the five numerically
dominating species being highly abundant and all
other fishes being very rare was stable throughout
the sampling period, which suggests that, under the
current environmental conditions, this situation is
typical of this lake.

In terms of biomass, the abundant occurrence of
rather small-bodied fishes (such as Prespa spirlin,
topmouth gudgeon, Prespa roach, and bitterling) in
the samples meant that these species also had a sig-
nificant share of the biomass of the total catch. More-
over, since high numbers of individuals of
non-indigenous species were caught, their propor-
tionate biomass values were also high. On some oc-
casions carp (Cyprinus carpio (L.)) reached
noteworthy shares of total biomass; however, this
was because of its higher body mass relative to other
species so that a few (comparatively large) individu-
als distinctly increased their share of the BPUE,
which differed from the mean BPUE of 171.3 g h-1

m-2 net that Bounas et al. (2021) calculated. The dis-
crepancies between these two studies are likely be-
cause of sampling differences. For example, the
authors mentioned above collected fish only at a sin-
gle sampling site, conducted the field work in early
summer (April to June), and also used different
mesh sizes than in the present study. Compared to
other large lakes in the Balkan region, the annual
BPUE of about 1.7–3.2 kg 100 m-2 net determined in
the current investigation is somewhat lower than that
of the highly productive, eutrophic Shkodra/Skadar
Lake, where the BPUE fluctuates between 2.5–3.5 kg
100 m-2 net (Mrdak et al. 2017), but it is higher than
that of the oligotrophic Ohrid Lake with a BPUE that
varied between 1.1 and 1.9 kg 100 m-2 net
(Spirkovski et al. 2017).

The species composition and abundance of the
fish assemblages at SB 1 and SB 2 were more similar

to each other than those of the fish assemblages in
the other SBs. The same applied to the fishes at SB 4
and SB 5. This pattern most probably stemmed from
the geographical distance and associated structural
dissimilarity of the sampling locations. Sub-basins 1
and 2 were situated on the southwestern shore of the
lake and are, therefore, relatively far away from SB 4
and SB 5, which were both located in the northeast-
ern part of Prespa Lake. The lake bottom at SBs 1 and
2, for example, were rocky and consisted of gravel
and stones, whereas the bottoms at SBs 4 and 5 were
largely muddy, presumably as a result of the heavy
nutrient loads from the nearby Golema Reka River
(Matevski et al. 2013, Vasilevska et al. 2019). More-
over, there were also slight differences in the
macrophyte communities between the southwestern
and northern sites with rigid hornwort
(Ceratophyllum demersum) and Eurasian water
milfoil (Myriophyllum spicatum) dominating at the
former, and fan-leaved water-crowfoot (Ranunculus

circinatus) and pondweed species (Potamogeton

spp.) prevailing at the latter (Peveling et al. 2015). In
conclusion, differences in habitat conditions between
the northern and southwestern shores, even if small,
led to variations in local fish assemblages. Nonethe-
less, it must be stated that, in general, these differ-
ences were minor as indicated by the high stress
value of the NMDS.

Knowledge about the spatial distribution of spe-
cies is important for, among other things,
transboundary fisheries management and conserva-
tion. In the current study, the majority of species oc-
curred at all sampling sites although it again was the
southwestern SBs where the highest numbers of both
species and individuals were noted. At present, it is
unclear whether the higher numbers of fishes at SBs
1 and 2 relative to the other SBs is a permanent or
merely a seasonal phenomenon since fish sampling
was restricted to the fall. Conversely, it must be taken
into account that some fishes, such as tench (Tinca

tinca (L.)) and Prespa trout (Salmo peristericus

(Karaman)), were only caught in very small numbers
or as single individuals, and their occurrence in the
lake is probably generally very low. Consequently,
their collection at SBs 1 and 2 might have been
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accidental rather than a reflection of the particular
habitat conditions at these locations. Similarly,
Prespa barbel and Prespa minnow were statistically
significantly more abundant in SBs 1 and 2 than in
the other SBs, but their numbers were generally low
so these sites cannot truly be regarded as preferred
habitats of these two species or sites where these
fishes gather for certain purposes. Prespa spirlin
numbers have occasionally been mentioned as de-
clining as a result of the introduction of
non-indigenous competitors, especially topmouth
gudgeon and pumpkinseed (Spirkovski et al. 2012a,
b, Bounas et al. 2021). The current results indicated,
however, that this species is still very common in the
lake although less so in the north (SBs 4 and 5).
Whether Prespa spirlin abundance had declined at
the northern sites and whether this is related to the
presence of the two competitors is hard to determine
especially since topmouth gudgeon was widespread
and highly abundant everywhere in the lake and
pumpkinseed abundance was statistically signifi-
cantly higher in southern SBs 4 and 5 compared with
SBs 1 and 2. These facts did not result in low Prespa
spirlin numbers at the former sites (although a re-
duction at SBs 4 and 5 can still not completely be
ruled out either as earlier data for comparative pur-
poses are unavailable). Therefore, the current find-
ings suggested that if Prespa spirlin numbers in the
north did indeed decrease, this observation might not
be solely because of the concurrent presence of
topmouth gudgeon and/or pumpkinseed.

To sum up, after a period of only 20–40 years, in-
troduced species are currently widely distributed
and well established in Prespa Lake. By numbers,
they dominated the native fish community and also
formed a significant share of the overall fish biomass
of this ancient lake. Of course, it also would have
been valuable if comparable data from the Greek
(i.e., southeastern) part of Prespa Lake had been
available which, unfortunately, was impossible this
time. Nonetheless, recent data from both fish moni-
toring and catch statistics of Greek fishers indicate
that, consistently with the present results, Prespa
bleak, Prespa roach, and pumpkinseed are also
highly abundant in the southeastern lake basins

(Leonardos 2016, Catsadorakis et al. 2018, Bounas
et al. 2021). Unfortunately, small-sized fishes such
as topmouth gudgeon were not included or targeted
in these studies, so direct comparisons cannot be
made. Whether introduced fishes have impaired the
native fish community is conceivable, given that the
former might use resources (such as food or habitats)
which are otherwise available to the latter. It is, how-
ever, not clear whether this also translates into effects
at the population level. Fishery data from the past
show that carp, Prespa bleak, and Prespa nase have
historically had high shares in the catches (Crivelli et
al. 1997, Spirkovski et al. 2012b), but, as already in-
dicated, fisheries most often target species that are in
high market demand, therefore, catches do not re-
flect the composition or abundance of species in
lakes. Thus, the comparatively low numbers of carp
and Prespa nase caught in the present study could be
related to methodological differences between scien-
tific fish sampling and artisanal fishing. Global
meta-analysis has shown that, in general, invaders at
the same trophic level tend to cause linear declines in
native local populations (Bradley et al. 2019). In
Lesser Prespa, the sister lake of Prespa Lake, there
are indications that the introduction of pumpkinseed
caused a reduction in Prespa spirlin biomass
(Bounas et al. 2021); however, a similar negative im-
pact on native fishes at the population level has thus
far not been shown in Prespa Lake.

In conclusion, the present investigation provided
the first large-scale data about the relative abun-
dance, biomass, and spatial distribution of Prespa
Lake fish species. The results showed that
non-indigenous fishes have become well established
in the lake and outnumber native species. We pro-
pose implementing a regular fish monitoring pro-
gram, which ideally also includes the Greek part of
the lake, to facilitate the proper management of this
lake’s precious aquatic resources. Moreover, in order
to obtain a more precise picture of the fish commu-
nity and to avoid misinterpretations stemming from
the size selectivity of fishing gears, fish sampling ac-
cording to European standard EN 14757 should be
accompanied by other methods, such as trawling,
electrofishing, and the additional use of large mesh
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gillnets (Olin and Malinen 2003, Šmejkal et al.
2015).
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