
Citation: Blazhekovikj-Dimovska, D.;

Stojanovski, S.; Taskinen, J.; Smiljkov,

S.; Rimcheska, B. Glochidia Infection

of Endemic Fishes from Lake Prespa,

N. Macedonia. Hydrobiology 2023, 2,

36–43. https://doi.org/10.3390/

hydrobiology2010003

Academic Editors: Genuario

Belmonte, Sotir Mali and

Spase Shumka

Received: 21 November 2022

Revised: 26 December 2022

Accepted: 28 December 2022

Published: 31 December 2022

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Article

Glochidia Infection of Endemic Fishes from Lake Prespa,
N. Macedonia
Dijana Blazhekovikj-Dimovska 1, Stojmir Stojanovski 2,* , Jouni Taskinen 3 , Stoe Smiljkov 4

and Biljana Rimcheska 5,6

1 Faculty of Biotechnical Sciences, University “St. Kliment Ohridski”, Partizanska bb.,
7000 Bitola, North Macedonia

2 Hydrobiological Institute, Naum Ohridski Str. 50, 6000 Ohrid, North Macedonia
3 Department of Biological and Environmental Science, University of Jyväskylä, 40014 Jyvaskyla, Finland
4 Faculty of Natural Sciences and Mathematics, Institute of Biology, Arhimedova Str.,

1000 Skopje, North Macedonia
5 Department of Aquatic Ecosystems, Institute of Biodiversity and Ecosystem Research, Bulgarian Academy of

Sciences, 1 Tsar Osvoboditel Blvd., 1000 Sofia, Bulgaria
6 Monitoring Station in Stenje, Environmental Department, Car Samuil 20, 7310 Resen, North Macedonia
* Correspondence: stojstoi@gmail.com

Abstract: Large freshwater mussels (Unionida) are long-lived, have large bodies, and produce
thousands to millions of larvae (glochidia) that usually must attach to host fish tissue to complete
their life cycle. This is an obligate parasitic stage of mussel larvae. However, less than one in
onemillion find a suitable host and survive. The degree of host specificity varies among unionid
species, from specialists that can successfully parasitize only one or a few closely related fish species
to generalists that can complete development on a taxonomically broad range of fish species. In
addition, freshwater mussels are among the most threatened groups of animals. This is due to habitat
destruction, the introduction of non-native species, and the loss of host fish on which their larvae
(glochidia) are obligate parasites. Glochidiosis harms fish by affecting their growth; on the other
hand, freshwater mussels play an important role in freshwaters by improving water quality and
ridding the water of bacteria, algae, and pollutants, they are an indicator species of water quality.
During our parasitological survey of fish from the Macedonian part of Lake Prespa in April 2022,
many glochidia were found on the gills, skin, and fins of two endemic fishes, Prespa roach (Rutilus
prespensis) and Prespa nase (Chondrostoma prespense), in the range of tens to thousands on one host.
We thus recorded these two endemic species as new hosts of A. cygnea.

Keywords: swan mussel; glochidia parasites; cyprinid fish; Rutilus prespensis; Chondrostoma prespense

1. Introduction

Lake Prespa is a high-altitude basin (approximately 850 m asl.) situated in the south-
western region of R.N. Macedonia (Figure 1). It consists of two interlinked lakes, Macro
Prespa (47.4 km2) and Micro Prespa (259.4 km2), which together constitute an inner-
mountainous basin that has no natural surface outflow. The Macro Prespa Lake is shared
between three countries: North Macedonia, Albania, and Greece. In the past, its maximum
depth was 54.2 m and the average depth was 18.74 m, a situation that has drastically
changed in recent years [1]. The lake has several small rivers as tributaries. In the past, its
trophic state was on the border between oligotrophic and mesotrophic. Nowadays, the
surface level of the lake has significantly decreased, especially in the last decade, due to a
long-term dry period, which has resulted in eutrophication. Consequentially, at present, its
trophic state has decreased to eutrophic and, in the near future, has the potential to become
a hyper-eutrophic ecosystem [1]. The lake wasformed in Pliocene and is the same age as
Lake Ohrid. Considering the fish fauna, this lake is a typical cyprinid lake, although the
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trout (Salmo peristericus) live in the rivers on the side of the Pelister Mountain and penetrate
the lake waters, particularly in the summer.
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Figure 1. Topographic map of the Ohrid and Prespa lakes (from Wikimedia Commons). 
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uable biodiversity but also key sectors such as tourism, water, and fisheries, all of which 
have been imperative in ensuring the local population’s socio-economic well-being [2]. 

All of these processes are believed to be responsible for today’s negative demo-
graphic trends in the region. The local population’s migrations, inside and outside the 
country, are an additional major concern. The authorities and the local communities are 
becoming increasingly aware that the restoration and maintenance of ecosystem func-
tions are of critical importance to ensure a sustainable future for the generations to come 
[2]. 

Luckily, the international community has been generously supporting these pro-
cesses. Thanks to the technical and financial support from the UNDP, the Global Envi-
ronment Facility (GEF), the Swiss Development Cooperation Agency (SDC), KfW, GTZ, 
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Unfortunately, over recent years, the entire ecosystem has faced serious environmen-
tal challenges such as pollution, ineffective planning for land and water use, and poor
preservation of rare and threatened species. The unsustainable agricultural, fishery, forest,
water, wastewater, and solid waste management practices have had a harsh impact on the
ecosystem’s health [2].

In addition, due to the unfavorable hydrological conditions, the system lost excessive
quantities of freshwater which resulted in a 9-meter water level decline over a period
of 25 years. This has not only severely affected valuable shoreline habitats but has also
intensified major degradation processes [2].

The pollution and eutrophication processes have not only affected the region’s valuable
biodiversity but also key sectors such as tourism, water, and fisheries, all of which have
been imperative in ensuring the local population’s socio-economic well-being [2].

All of these processes are believed to be responsible for today’s negative demographic
trends in the region. The local population’s migrations, inside and outside the country,
are an additional major concern. The authorities and the local communities are becoming
increasingly aware that the restoration and maintenance of ecosystem functions are of
critical importance to ensure a sustainable future for the generations to come [2].

Luckily, the international community has been generously supporting these processes.
Thanks to the technical and financial support from the UNDP, the Global Environment
Facility (GEF), the Swiss Development Cooperation Agency (SDC), KfW, GTZ, and others,
a variety of projects in the areas of agriculture, nature conservation, solid waste manage-
ment, river restoration, infrastructure development, and forest regeneration have been
successfully implemented. Numerous positive initiatives were and are still being piloted to
help modify the unsustainable management practices, support the region’s people with
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long-term economic and social development, conserve the rich biodiversity, and protect the
waters of the Prespa Lake Basin [2].

The measures are based on the Watershed Management Plan’s recommendations
from the UNDP project RESTORATION OF THE PRESPA LAKE ECOSYSTEM — Im-
plementation of the Prespa Lake Watershed Management Plan, aiming at reducing the
pressures from:

- Agriculture (through the introduction of agro-ecological practices);
- Forestry (erosion control by reforestation and control of torrents);
- River pollution (wetland restoration techniques would be used for flood control and

water filtering of the Golema Reka River);
- Wastewaters (use of wetlands to upgrade the technology of the existing municipal

wastewater treatment plant for nutrient removal);
- Solid waste (upgrade of the agricultural waste management systems).

Freshwater mussels (order Unionoida) play an important role in lakes and rivers by
constantly filtering water as they breathe and feed. They are filter feeders and improve
water quality by filtering out bacteria, algae, organic matter, and pollutants. In the process,
they accumulate contaminants in their bodies but do not break them down. They help
remove excess nitrogen from water by incorporating it into their shells and tissues as they
grow. Mussels move as much as 30 L of water per day through their internal filtration sys-
tems and play a key role in aquatic environments, modifying aquatic habitats as“ecosystem
engineers”, and making them more suitable for themselves and other organisms. They
are also an indicator of water quality since they are sensitive to excess siltation and low
dissolved oxygen levels and cannot escape these unhealthy conditions. In addition, mussel
shells provide an important substrate for algae and insect larvae to attach to.

Freshwater mussels represent one of the most severely endangered groups of animals
due to habitat destruction, excess sedimentation, fragmentation from dams, pollution,
the introduction of invasive non-native species, and, more recently, an intense drought
in the southern plains which has contributed to the destruction of mussel beds. That is
why mussels are very endangered; massive die-offs have occurred and their population
hasdeclined by nearly 70 percent all over the world [3]. Rapid climatic and anthropogenic
changes have led to the global decline of native freshwater mussels and an increased spread
of those which are invasive. Efforts to maintain freshwater mussel diversity have prompted
many programs for their conservation and management. One key point to such programs is
the collection, maintenance, and use of mussel glochidium larvae, which require attachment
to a fish host in a sensitive parasitic stage of their lifecycle. Loss of host fishes, to which
their larvae (glochidia) are obligate parasites, endangers the existence of mussels as well.
Understanding the thermal requirements and host-fish preferences of both native and
non-native glochidia can increase knowledge of mussel larval survival and ultimately aid
in the development of conservation and management programs [3].

Female mussels fertilize their eggs with sperm from a male. The fertilized eggs are
brooded in the female’s gills, where they develop into tiny larvae called “glochidia”. Once
mature, females may release their glochidia into the water. Large freshwater mussels
(Unionida) have very long life spans, are large-bodied, and produce thousands to millions
of larvae (glochidia), which typically must attach to host fish tissues (gills, fins, or skin) to
complete their life cycle. It is an obligatory parasitic stage of mussel larvae to complete
the reproductive process. However, fewer than one in one million find a suitable host and
survive [4]. Over a few weeks to several months, the glochidia develop (metamorphose)
into juvenile mussels while attached to the host fish. The degree of host specificity varies
among species of unionids, from specialists able to successfully parasitize only one or
a few closely related fish species to generalists which can complete development on a
taxonomically wide range of fish species. The young mussel releases from the fish and falls
into the sandy sediment of the river, where it will live for about 20 years.

Glochidiosis damages fish by impairing their growth, but on the other hand, freshwater
mussels play an important role in freshwater by improving the water quality and filtering
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out bacteria, algae, and pollutants constantly. Therefore, they are an indicator species of
water quality as well.

Although the relationship between glochidium larvae of freshwater mussels Unionoida
and their obligatory fish hosts has been frequently described as phoretic commensalism
(glochidia benefit from transportation services by fish, with no harm to fish) [5] or even
symbiotic (both partners benefit [6]), increasing evidence has indicated that the relation-
ship is parasitic. Stable isotope analysis, during the glochidial attachment to the fish host,
indicates the acquirement of nutrients from the fish [7,8]. A heavy glochidia load can
induce mortality of fish, indicating clear harm to the fish host [9]. When infected with
glochidia, the fish host develops acquired immunity, indicating an activation of the immune
system because of the attached glochidia [2,10,11]. Consequently, several adverse effects of
glochidiosis on the fish host have been reported, including, for example, energetic cost and
dysfunction of the liver, kidneys, and gills [12], altered behavior [13], and reduced expres-
sion of secondary sexual traits and decreased sperm quality [5]. The growth effect on brown
trout can be expected to be low in natural infection intensities of less than 1000 glochidia of
Margaritifera margaritifera per fish, but a lack of mortality effects is observed [14].

These negative effects of glochidia can be expected to reduce the fitness of the fish host,
thereby suggesting the role of freshwater mussels (glochidia) as a selective force, emphasiz-
ing the possibility of mussel-fish coevolution. Indeed, the recent findings of population-
specific adaptations of mussels to infect certain host species or local fish hosts [15–17]
support the view of (antagonistic) co-evolution between mussels and their fish hosts. In
addition, these adverse effects may turn public opinion against the restoration of dis-
appeared mussel populations if the fish host is an important target for commercial or
recreational fisheries.

The aim of this research is thus to determine the infestation of cyprinid fish from Lake
Prespa with the glochidia of freshwater mussels.

2. Materials and Methods

Fish material from a total of 27 specimens of two endemic cyprinid fish species was
investigated parasitologically: Prespa roach Rutilus prespensis (15 specimens) and Prespa
nase Chondrostoma prespense (12 specimens) were subjected to a parasitological investigation,
during spring 2022. Only fresh fish were subjected to routine identification, dissection, and
observation methods. Cleaned parasites were separated and put in fixatives (70% alcohol),
and prepared for determination with staining and clearing techniques [18]. For the collec-
tion of glochidia, the stereomicroscope “Zeiss Stemi 305”and microscope “Zeiss Primovert”
were used. For morphological examination, permanent slides of the whole individual para-
site were prepared. Identification was made throughout the morphology of glochidia [18].
The difference in the intensity of infection (mean number of glochidia per infected fish)
between the R. prespensis and the C. prespense was statistically analyzed using a t-test.

3. Results and Discussion

The native distribution of the swan mussel Anodonta cygnea (Linnaeus, 1758) is
European-Siberian. It was previously found in Lake Prespa [19], which coincides with the
findings of our parasitological investigations of fish and the sampling of adult mussels
from Lake Prespa (Figure 2).

A parasitological examination was performed on the fish from the Macedonian part of
Lake Prespa in April 2022 (Figure 3). Two endemic cyprinid fish species were investigated
parasitologically: Prespa roach Rutilus prespensis (Karaman, 1924)—15 specimens and
Prespa nase—Chondrostoma prespense Karaman, 1924—12 specimens. Infestation with
glochidia of A. cygnea was found with nine roaches (60%) and eight nases (66.67%) (Figure 4).
This is the first evidence of A. cygnea glochidia on R. prespensis and C. prespense.
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The mean (± S.E.) number of glochidia per infected fish was 40.0 ± 17.6 in the Prespa
nase and 4.4 ± 0.9 in the Prespa roach. The difference was statistically marginally significant
(t-test for non-equal variances, two-sided p = 0.083). This indicates that there is a trend
for a higher intensity of glochidia infection in the Prespa nase than in the Prespa roach.
However, further studies are needed to verify these preliminary results with respect to the
possible difference between the nase and the roach in the suitability as a host of A. cygnea.

Many glochidia on the gills, skin, and fins of the two endemic fishes, Prespa roach—
Rutilus prespensis (Karaman, 1924) and Prespa nase—Chondrostoma prespense (Karaman,
1924), were found, in the range of tens to thousands on a single fish host (Figure 4).

The heavy glochidia load found in our investigations induces clear harm to the fish
host (Figures 3 and 4).

Indeed, it is not surprising that mussel species that attach to fish for several months,
growing remarkably in size during that time [14,18], activate the fish immune system [2],
intake nutrients from the host [5], cause respiratory burden and damage to gills [19,20],
and possibly impair the feeding efficiency [21] of the fish host, resulting in the significantly
lower weight of the fish [22]. A heavy glochidia load can even induce mortality of the
fish [7].

The adverse effects of glochidia parasites on a host are usually density-dependent [15].
For example, a negative effect of Margaritifera margaritifera glochidia on the critical swim-
ming speed of brown trout increased with the intensity of infection and was evident only
when it exceeded 10,000 glochidia per host [15]. Inhibition of respiration reduces the
capacity of oxygen transportation to the muscle, which reduces nutrient intake due to the
reduced anaerobic metabolism. In the current natural populations, the mean intensity of
M. margaritifera infection in salmonids only rarely exceeds 1000 glochidia per fish. Yet, it is
possible that a negative growth effect of M. margaritifera glochidia on the fish host in natural
infection intensities of less than 1000 glochidia is also evident, although less prominent [15].

The record of glochidia of swan musselsin endemic fish species from the Lake Prespa,
Prespa roach and Prespa nase in the present study, is considered the first in N. Macedonia.
At the same time, both fish species represent new hosts for this glochidia worldwide.

The problem with introducing fish and other animal species to non-native regions of
the world is that almost completely unknown species of parasites are then introduced to
them. Data on non-native fish parasites are important for evaluating the health status and
their general impact on native fish populations. The introduction of non-native species can
also have notable effects on the populations of native species and the ecosystem and may
also result in socio-economic consequences for a country due to major damage to fisheries
and aquaculture.

Most parasitic organisms are in a co-evolutionary arms race with their host species.
In horizontally transmitted endoparasites, this generally results in relatively low parasitic
virulence for the parasites’ adult stages in the final host. Additionally, invasive species can
contribute to the life cycle of native parasites. If an invasive species can serve as a suitable
(e.g., intermediate, paratenic, or final) host for local parasites, these parasites may “spill
back” to other local hosts which will consequently increase their infection rates within the
native host populations in newly invaded habitats [23].

Globalization, the transfer and the invasion of non-indigenous species, has caused
widespread biotic homogenization and the replacement of local species, resulting in a world-
wide biodiversity loss. Several mechanisms, such as different environmental tolerance,
higher reproduction rates, or different aggression and mutual predation, can be involved in
the regulation of the competitive interactions between native and non-indigenous species.
Following the replacement of the native fauna, non-indigenous species can transform
habitats and even threaten entire ecosystems. They can alter ecosystem processes, causing
serious problems to the environment and major economic losses. The invasion of a new
habitat by a host species infected with parasites can have different effects on the local
parasite fauna: (1) loss of the original parasite burden of the invader (enemy release hy-
pothesis), (2) introduction of a new parasite species with the invader (parasite spillover),
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(3) the invasive species can successfully act as intermediate hosts or vectors for existing
parasites or diseases (parasite spillback), and (4) loss of the local parasite species, if the
invader replaces local host species but cannot act as intermediate or definitive host in the
parasite life cycles (dilution effect) [24].

During the investigations that will follow, we expect to discover more data on the rate
of infestation and the effect of glochidia on the health status of fish. The previously reported
host fishes of A. cygnea include species such as Salmo trutta, Gobio gobio, Leuciscus idus,
Scardinius erythrophthalmus, Gymnocephalus cernua, Perca fluviatilis, and Lepomis gibbosus [25].
Now, two new fish species can be added to the list of suitable hosts of A. cygnea, Prespa
roach Rutilus prespensis and Prespa nase Chondrostoma prespense.

Author Contributions: Conceptualization, D.B.-D., S.S. (Stojmir Stojanovski), J.T., S.S. (Stoe Smiljkov)
and B.R.; methodology, D.B.-D., S.S. (Stojmir Stojanovski), J.T., S.S. (Stoe Smiljkov) and B.R.; software,
S.S. (Stojmir Stojanovski); validation, D.B.-D., S.S. (Stojmir Stojanovski), J.T. and B.R.; formal analysis,
D.B.-D., S.S. (Stojmir Stojanovski), J.T. and B.R.; investigation, D.B.-D., S.S. (Stojmir Stojanovski), J.T.,
S.S. (Stoe Smiljkov) and B.R.; resources, S.S. (Stojmir Stojanovski) and B.R.; data curation, S.S. (Stojmir
Stojanovski), J.T. and B.R.; writing—original draft preparation, D.B.-D., S.S. (Stojmir Stojanovski),
J.T. and B.R.; writing—review and editing, S.S. (Stojmir Stojanovski), J.T. and B.R.; visualization,
D.B.-D., S.S. (Stojmir Stojanovski), J.T., S.S. (Stoe Smiljkov) and B.R.; supervision, D.B.-D., S.S. (Stojmir
Stojanovski), J.T. and S.S. (Stoe Smiljkov); project administration, S.S. (Stojmir Stojanovski); funding
acquisition, S.S. (Stojmir Stojanovski); All authors have read and agreed to the published version of
the manuscript.

Funding: This research was supported by PONT (Prespa Ohrid Nature Trust) “Understanding
anthropogenic pressures on Lake Prespa” and the EU Co-operation in Science and Technology (COST)
project Confremus (CA18239).

Institutional Review Board Statement: Not Applicable.

Informed Consent Statement: Not Applicable.

Data Availability Statement: Data are available from the authors upon request.

Acknowledgments: We would like to thank for the grant support of PONT (PrespaOhrid Nature
Trust) for the project section “Understanding anthropogenic pressures on Lake Prespa” as well
as the EU Co-operation in Science and Technology (COST) project Confremus (CA18239) which
enabled us to gain experience working on this research. Through ČONFREMUS, Dijana Blažekovicj-
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