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Abstract: An updated checklist of freshwater gastropods of Bosnia and Herzegovina, including
144 species and subspecies from 59 genera and 17 families, is presented in this paper. Hydrobiidae
is the most diverse family, representing ~50% of the species richness in the country. In total, ~38%
of the recorded taxa are endemic. The highest number of species was recorded from underground
waters and/or springs, followed by rivers and standing waters. This inventory includes 18 crenobi-
otic taxa, of which 9 are endemic to Bosnia and Herzegovina. The country is divided between the
Dniester-Lower Danube and Dalmatia ecoregions. The Dalmatia ecoregion has the highest overall
diversity, i.e., 82 species and subspecies. Three invasive species are recorded in Bosnia and Herzegov-
ina. Our study reveals that most species still lack conservation assessments, and only five species are
nationally protected.

Keywords: freshwater gastropods; fauna; biogeography; ecology; biodiversity protection

1. Introduction

Freshwater gastropods play important roles in ecosystem processes and in the stability
of the trophic webs in freshwater ecosystems [1]. Given their high diversity and endemism
in some types of freshwater ecosystems—such as springs and underground waters—and the
fact that freshwater gastropods arecurrently very threatened by human-induced changes,
there is a need to prioritize species for conservation aims [2]. The first step in this direction
is to build comprehensive checklists at the national and regional levels in order to support
decision-making and the planning of conservation efforts.

Historically, the first checklist of the gastropod fauna of Bosnia and Herzegovina was
made in the second half of the 19th century by Otto von Mollendorff, as an integral part of
his inaugural dissertation for acquiring a Ph.D. [3]. This was the oldest publication that was
entirely devoted to the fauna of Bosnia and Herzegovina, and one part was focused on the
gastropod fauna [4]. The dissertation included data on 23 species of freshwater gastropods
in Bosnia and Herzegovina, including descriptions of3 species that were new to science at
the time. Up to the end of the 19th century, a large number of scientists made significant
contributions to the research on the diversity and distribution of freshwater snails in Bosnia
and Herzegovina, including Brancsik [5-7], Servain [8], Boettger [9], and Bourguignat [10].

In the mid-20th century, Jaeckel et al. [11] provided a list of terrestrial and freshwater
gastropods of the northern part of the Balkan Peninsula, providing data on the gastropod
fauna inhabiting both Bosnia and Herzegovina. The analysis of these faunistic data yielded
a total of 37 taxa of freshwater gastropods inhabiting the area of Bosnia and Herzegovina
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until that date. By the end of the 20th century, the number of authors and publications on the
freshwater gastropods of Bosnia and Herzegovina had considerably increased, including
Bole [12,13], Bole and Velkovrh [14], Boeters [15], Schiitt [16-22], and Radoman [23-28].

Almost three decades later, at the beginning of the 21st century, Karaman [29] gave
an overview of the previous investigations of gastropod fauna in Bosnia and Herzegovina,
listing 78 species and subspecies of freshwater snails. This number of taxa is the same as
the number reported by Bank and Neubert [30] for Bosnia and Herzegovina in their list of
the terrestrial and freshwater gastropods of Europe. However, despite the identical total
numbers of taxa, the comparison of the two lists shows a faunal discrepancy, indicating the
necessity of updating the checklists of freshwater gastropods of Bosnia and Herzegovina.

During the last decade, a large number of new species have been described from
Bosnia and Herzegovina, mainly by Peter Gloer and Jozef Grego. Most of these new species
were described from underground waters and spring habitats [31-43].

Considering all of the above, we aim to provide an updated checklist of freshwater
gastropods by including novel information that has recently been accumulated on the
diversity of this faunistic group in Bosnia and Herzegovina. In this paper, we also perform
a critical review of their diversity, endemism, and IUCN assessments, providing a robust
framework for the distribution and biogeography of freshwater gastropods inhabiting
Bosnia and Herzegovina.

2. Materials and Methods

Our updated checklist of freshwater gastropods of Bosnia and Herzegovina is based
on all available malacological publications, comprising both national and international
publications [3,5-70]. The nomenclature and taxonomical status of gastropods are defined
according to MolluscaBase [71], while ecoregional delimitation is given according to the
FEOW (Freshwater Ecoregions of the World) conservation science program [72] (Figure 1).

In this study, we additionally analyzed data from 105 springs located in the northwest-
ern part of Bosnia and Herzegovina. A list of the investigated springs and an overview of
their hydromorphological characteristics are available in the works of Dmitrovi¢ et al. [51],
Savi¢ et al. [66], and Pesi¢ et al. [73] (Figure 1). Springs are grouped as modified /natural
and permanent/intermittent. Statistical analyses were performed using PRIMER 7.0 [74].
We performed PCA (principal component analysis) in order to distinguish modified
springs from natural springs. This analysis was performed on centered and standard-
ized physicochemical data (i.e., water temperature, conductivity, pH, oxygen concentration,
and discharge). Physicochemical parameters were available for 86 springs. In order
to determine homogeneity in the assemblages of springs (modified /natural and perma-
nent/intermittent), and in order to determine which species are the main contributors to
those assemblages, we performed SIMPER analysis. Faunistic data were available for all
105 springs. The Mann—-Whitney test was used to determine the existence of statistically
significant differences in the average values of physicochemical characteristics between
modified and natural springs. To test uniformity of distribution of species belonging to
two ecoregions, we used the chi-squared test.

The overview of IUCN Red List categories of gastropod taxa inhabiting the territory of
Bosnia and Herzegovina was carried out based on the European Red List of Non-marine Mollusks
from 2011 [75], as well as relevant works published after that date (for example, [40,66,76,77]).



Diversity 2023, 15, 357

30f18

OQ

6‘322212 015
\}

.
23

Vediéi
27@
o )
i o
% e i
%, Rastik
28
7085 /93 9% 29
i @31 @30
32
» 3 11 oy 33
Zivinice 42 7 N
.. &%
18

|
1517

E
|
@24 s
39 35 43 =
® 33 45 ..
Bastaji
36
44
% <
2% %
(=N é%
4% Pavlovici
46 50 Lo (3 . 1km
o _#.% " Kostici )3 Bokani —
o
Banja Luka
s N / X 1
A1 Banja Luka \ A2 K
“ p w E
\ . \\(bas o
S
Kotor Varo$
Vs Vrrbanja
Sana
Knezevo
Mrkoniji¢ Grad
Ribnik
[ ]
36 [}
31
22@

Figure 1. The freshwater ecoregional delineations of Bosnia and Herzegovina according to the FEOW [72]:

the Dniester-Lower Danube ecoregion (DLDE) and the Dalmatia ecoregion (DE). Crenoecologically
explored area (A) by: Dmitrovi¢ et al. [51] (A1), Savi¢ et al. [66] (A2), and Pesic et al. [73] (A3).
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3. Results and Discussion
3.1. Diversity of Freshwater Gastropods in Bosnia and Herzegovina

A total of 144 species and subspecies of freshwater gastropods belonging to 59 genera
and 17 families (Table 1) are listed for Bosnia and Herzegovina. The most diverse family was
Hydrobiidae, with 71 species and subspecies (i.e., 49.3% of the gastropod species richness),
followed by Moitessieriidae (18 species; 12.5%) and Planorbidae (13 species; 9.0%). The
lowest number of taxa (one species each) was found in the families Amphimelaniidae, Tatei-
dae, Amnicolidae, and Acroloxidae. The most species-rich genus was Plagigeyeria Tomlin,
1930, with 16 species (11.1%), followed by Belgrandiella A.]. Wagner, 1928, with 10 species
(6.9%), and Paladilhiopsis Pavlovi¢, 1913, with 8 species (5.6%). All of the other genera were
individually represented, with species richness of less than 5% of the total fauna.

Table 1. An updated checklist with the distribution, habitat, and conservation status data of freshwa-
ter gastropods in Bosnia and Herzegovina. All taxa whose type localities are located in Bosnia and
Herzegovina are marked with an asterisk (*). Endemic species and subspecies are marked with two
asterisks (**). Ecoregional classification: Dniester-Lower Danube ecoregion (I), Dalmatia ecoregion
(II). Habitat classification: underground waters (A), springs (B, crenobionts = k), rivers (C), and
standing waters (i.e., lakes, ponds, and/or swamps) (D). The presence of taxa are marked with +.
The conservation status of taxa (CS) is given at the European level (standard IUCN abbreviations

were used).

TAXA LIST I II A B C D CS

Familia: Neritidae Rafinesque, 1815

Theodoxus baeticus (Lamarck, 1822) + +

Theodoxus danubialis (C. Pfeiffer, 1828) + + LC
Theodoxus fluviatilis (Linnaeus, 1758) + + + + LC
Theodoxus subterrelictus Schiitt, 1963 * + + EN

Familia: Viviparidae J. E. Gray, 1847
Viviparus acerosus Bourguignat, 1862 + LC
Viviparus contectus (Millet, 1813) + + + + LC
Viviparus viviparus (Linnaeus, 1758) + + LC

Familia: Melanopsidae H. Adams and A. Adams, 1854

Esperiana esperi (Férussac, 1823) + + LC
Microcolpia daudebartii acicularis (A. Férussac, 1823) + + LC
Familia: Amphimelaniidae P. Fischer and Crosse, 1891
Holandriana holandrii (C. Pfeiffer, 1828) + + + LC
Familia: Bithyniidae Gray, 1857

Bithynia leachii (Sheppard, 1823) + LC

Bithynia mostarensis Mollendorff, 1873 * + + DD

Bithynia tentaculata (Linnaeus, 1758) + + + + + LC

Bithynia zeta Gloer and Pesi¢, 2007 + + EN

Familia: Moitessieriidae Bourguignat, 1864

Bosnidilhia vreloana Boeters, Gloer and Pesi¢, 2013 ** + + +

Lanzaia bosnica Bole, 1970 ** + + DD

Lanzaia edlaueri Schiitt, 1961 * + + DD

Lanzaia vjetrenicae Kuscer, 1933 * + + VU

Paladilhiopsis absoloni (A. J. Wagner, 1914) * + + LC
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Table 1. Cont.

TAXA LIST I II A CS
Paladilhiopsis arion Rysiewska and Osikowski, 2021 ** + +
Paladilhiopsis blihensis (Gloer and Grego, 2015) ** + +
Paladilhiopsis bosniaca (Clessin, 1910) ** + + DD
Paladilhiopsis brandisi (Clessin, 1911) * + + DD
Paladilhiopsis maroskoi (Gloer and Grego, 2015) ** + +
Paladilhiopsis montenegrina Schiitt, 1959 * + + EN
Paladilhiopsis solida Kuscer, 1933 * + + DD
Bythiospeum dervovici Gloer and Mulaomerovi¢, 2021 ** + +
Bythiospeum hrustovoense Gloer and Grego, 2015 ** + +
Bythiospeum petroedei Gloer and Grego, 2015 ** + +
Bythiospeum plivense Gloer and Grego, 2015 ** + +
Iglica bagliviaeformis Schiitt, 1970 + + EN
Iglica bosnica Schiitt, 1975 ** + + DD
Familia: Tateidae Thiele, 1925
Potamopyrgus antipodarum (J. E. Gray, 1843) + LC
Familia: Hydrobiidae W. Stimpson, 1865
Pseudamnicola confinis (Brancsik, 1897) ** + DD
Pseudamnicola troglobia Bole, 1961 ** + + LC
Pseudamnicola virescens (Kiister, 1853) + DD
Montenegrospeum bogici (Pesi¢ and Gloer, 2012) + +
Narentiana albida Radoman, 1973 + NT
Narentiana vjetrenicae (Radoman, 1973) ** + EN
Litthabitella chilodia (Westerlund, 1886) + + LC
Bracenica plana (Bole, 1961) + + NT
Hauffenia edlaueri (Schiitt, 1961) * + + DD
Hauffenia steffeki Haase, Grego, Eross, Farkas and Fehér, 2021 ** + + NT
Belgrandiella bajraktarevici Gloer and Mulaomerovi¢, 2021 **
Belgrandiella bozidarcurcici Gloer and Pesi¢, 2014 ** +
Belgrandiella dabriana Radoman, 1975 ** + NT
Belgrandiella driniana (Radoman, 1975) * +
Belgrandiella erythropoma Schiitt, 1959 ** +
Belgrandiella fontinalis (F.J. Schmidt, 1847) + LC
Belgrandiella koprivnensis Radoman, 1975 * + DD
Belgrandiella kurtovici Gloer and Mulaomerovi¢, 2021 ** +
Belgrandiella substricta (Kus¢er, 1932) + VU
Belgrandiella travnicensis (Radoman, 1975) ** + +
Graziana glinensis Radoman, 1975 * + LC
Graziana lacheineri (Kister, 1853) + LC
Graziana vrbasensis Radoman, 1975 ** + DD
Sarajana apfelbecki (Brancsik, 1888) ** + + DD
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Table 1. Cont.

TAXA LIST I II A B C D CS
Plagigeyeria angyaldorkae Grego 2020 ** + +
Plagigeyeria erossi Grego 2020 ** + +
Plagigeyeria inflata (A.]. Wagner, 1928) ** + +
Plagigeyeria jakabi Grego, 2020 ** + +
Plagigeyeria konjicensis Grego, 2020 ** + +
Plagigeyeria lewarnei Grego, 2020 ** + +
Plagigeyeria listicaensis Grego, 2020 ** + +
Plagigeyeria ljutaensis Grego, 2020 ** + +
Plagigeyeria mostarensis Kuscer, 1933 * + + DD
Plagigeyeria olsavskyi Grego, 2020 ** + +
Plagigeyeria ozimeci Grego, 2020 ** + +
Plagigeyeria plagiostoma (A. J. Wagner, 1914) ** + + DD
Plagigeyeria pseudocostellina Grego, 2020 ** + +
Plagigeyeria reischuetzorum Grego, 2020 ** + +
Plagigeyeria vriosticaensis Grego, 2020 ** + +
Plagigeyeria zetatridyma Schiitt, 1960 + +
Travunijana edlaueri (Schiitt, 1961) * + + DD
Travunijana gloeri Grego, 2020 ** + +
Travunijana nitida (Schiitt, 1963) * + + DD
Travunijana ovalis (Kus&er, 1933) ** + +
Travunijana robusta (Schiitt, 1959) * + + DD
Travunijana tribunicae (Schiitt, 1963) * + + CR
Travunijana vruljakensis Grego and Gloer, 2019 ** + +K
Saxurinator brandti Schiitt, 1968 * + + vuU
Saxurinator orthodoxus Schiitt, 1960 CR
Cilgia dalmatica (Schiitt, 1961) * + + DD
Kerkia briani Rysiewska and Osikowski, 2020 ** + +
Kerkia minuta Grego and Hofman, 2022 ** + +
Kerkia tabanensis (Boeters, Gloer and Pesi¢, 2014) + +
Horatia klecakiana Bourguignat, 1887 + + LC
Iglicopsis butoti Falniowski and Hofman, 2021 ** + +
Sadleriana fluminensis (Kiister, 1853) + + + + + LC
Sadleriana sadleriana (Frauenfeld, 1863) + + LC
Sadleriana schmidtii (Menke, 1849) LC
Radomaniola bosniaca (Radoman, 1973) * + +K DD
Radomaniola curta germari (Frauenfeld, 1863) + +k LC
Radomaniola curta mostarensis (Radoman, 1973) * + + + LC
Radomaniola curta narentana (Radoman, 1973) ** + + + LC
Radomaniola curta pivensis (Radoman, 1973) * + + LC
Radomaniola nachtigallae Delicado and Hauffe, 2022 ** + +k

Anagastina hadouphylax (Schiitt, 1959) * + + CR
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Table 1. Cont.

TAXA LIST I II A B C D CS
Islamia bosniaca Radoman, 1973 ** + + vuU
Islamia buturovici Gléer and Mulaomerovic¢, 2021 ** + +
Islamia dmitroviciana Boeters, Gloer and Pesi¢, 2013 ** + + +
Islamia steffeki Gloer and Grego, 2015 ** + +
Islamia valvataeformis (Mollendorff, 1873) ** + + + DD
Pyrgula annulata (Linnaeus, 1758) + + LC
Familia: LithoglyphidaeTryon, 1866
Dabriana bosniaca Radoman, 1974 ** + + NT
Lithoglyphus fuscus (C. Pfeiffer, 1828) + + LC
Lithoglyphus naticoides (C. Pfeiffer, 1828) + + LC
Lithoglyphus pyramidatus Mollendorff, 1873 ** + +

Familia: Amnicolidae Tryon, 1863
Marstoniopsis vrbasi Bole and Velkovrh, 1987 ** + + CR
Familia: Bythinellidae Locard, 1893

Bythinella austriaca austriaca (Frauenfeld, 1857) + + LC
Bythinella marici Gloer and Pesi¢, 2014 ** + +

Bythinella opaca (M. von Gallenstein, 1848) + + +k LC

Bythinella samecana Clessin, 1911 ** + +K DD

Familia: Emmericiidae Brusina, 1870

Emmericia narentana Bourguignat, 1881 + + + DD
Emmericia patula (Brumati, 1838) + + + LC
Emmericia ventricosa Brusina, 1870 + + + vU
Familia: Valvatidae Gray, 1840
Valvata cristata O. F. Miiller, 1774 + LC
Valvata macrostoma Morch, 1864 LC
Valvata montenegrina Gloer and Pesi¢, 2008 + + EN
Valvata piscinalis piscinalis (O. F. Miiller, 1774) + + + + + LC
Familia: Lymnaeidae Rafinesque, 1815
Galba truncatula (O. F. Miiller, 1774) + + + + + LC
Ladislavella occulta (Jackiewicz, 1959) +
Stagnicola palustris (O. F. Miiller, 1774) + + LC
Radix auricularia (Linnaeus, 1758) + + + + LC
Ampullaceana balthica (Linnaeus, 1758) + + + + LC
Peregriana labiata (Rossmdssler, 1835) + + + + + LC
Lymnaea stagnalis (Linnaeus, 1758) + + + + LC
Familia: Physidae Fitzinger, 1833
Physa fontinalis (Linnaeus, 1758) + + + + + LC
Physella acuta (Draparnaud, 1805) + + + + LC
Aplexa hypnorum (Linnaeus, 1758) + + LC

Familia: Planorbidae Rafinesque, 1815
Planorbis carinatus O. F. Miiller, 1774 LC
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Table 1. Cont.

TAXA LIST I II A B C D CS
Planorbis planorbis (Linnaeus, 1758) + + + LC
Anisus spirorbis (Linnaeus, 1758) + + LC
Anisus vortex (Linnaeus, 1758) LC
Bathyomphalus contortus (Linnaeus, 1758) + + LC
Gyraulus albus (O. F. Miiller, 1774) + + + + + LC
Gyraulus parvus (Say, 1817) + LC
Planorbarius corneus (Linnaeus, 1758) + + LC
Hippeutis complanatus (Linnaeus, 1758) + + LC
Segmentina nitida (O. F. Miiller, 1774) LC
Ancylus fluviatilis O. F. Mtller, 1774 + + + + LC
Ancylus recurvus E. von Martens, 1873 + + + + VU
Ferrissia californica (Rowell, 1863) + + LC
Familia: Acroloxidae Thiele, 1931
Acroloxus lacustris (Linnaeus, 1758) + + LC

Taxa with doubtful records for the territory of Bosnia and Herzegovina or species
with unclear status were excluded from the updated checklist due to the lack of reliable
documentation of their presence in the country. For example, Bythinella tumidula Clessin,
1910 [49], and Limnaea plaskiensis Letourneux, 1878 [8], have an uncertain taxonomic status
according to MolluscaBase [71], so they were excluded from the list. Six taxa listed by
Karaman [29] are not included in our updated list because the ranges of these species are
outside Bosnia and Herzegovina, i.e., Belgrandiella saxatilis (Reyniés, 1844) [56], Saxurinator
sketi (Bole, 1960) [78], Bythinella kapelana Radoman, 1976, B. magna Radoman, 1976 [32],
Theodoxus (Theodoxus) danubialis stragulatus (C. Pfeiffer, 1828) [54], and Adriohydrobia gagatinella
(Kiister, 1852) [28].

The territory of Bosnia and Herzegovina includes two freshwater ecoregional units:
the Dalmatia and Dniester-Lower Danube ecoregions (Figure 1). Our study showed that the
largest number of freshwater gastropods belonged to the Dalmatia ecoregion (82 species
and subspecies), while a smaller number (76 species and subspecies) belonged to the
Dniester-Lower Danube ecoregion. Using the chi-squared test, we concluded that there is
no statistically significant difference (p = 0.633). Twenty species and subspecies inhabit both
ecoregions, while the ecoregional affiliation of Saxurinator orthodoxus [44] and Sadleriana
schmidtii [30] could not be determined with certainty due to the lack of more precise data.
In both ecoregions, the highest number of species and subspecies belonged to the family
Hydrobiidae (Figure 2).

In comparison with the fauna of other Balkan countries, Bosnia and Herzegovina has
the highest diversity of freshwater gastropods. For example, the freshwater gastropods of
Croatia and Montenegro are represented by 122 and 120 taxa, respectively [30,79], while
the fauna of Serbia is represented by only 65 species [80].
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Figure 2. Percentage share of families of freshwater gastropods from two ecoregions in Bosnia and

Herzegovina.

3.2. Endemism Patterns

A total of 55 species and subspecies of endemic freshwater snails occur in Bosnia and
Herzegovina, of which 31 taxa occur in the Dniester—Lower Danube ecoregion, and 26 in
the Dalmatia ecoregion (Table 1). Compared to the other Balkan countries—such as Serbia,
where endemic species represent ca. 15% of the total fauna [80]—the endemic species of
Bosnia and Herzegovina represent ~38% of the total fauna.

In terms of endemic species and subspecies, the most diverse families are Hydrobiidae
(39 taxa) and Moitessieriidae (11 taxa). The genus Plagigeyeria is also represented by a high
number of endemic taxa (14 species). All five species of the genus Islamia in Bosnia and
Herzegovina are endemic. Moreover, the genera Iglicopsis and Dabriana are endemic to
Bosnia and Herzegovina.

Most of the endemic species of Bosnia and Herzegovina are point endemics (over 90%),
known only from the type locality or a small number of localities. Such are the majority of
endemic species that inhabit springs or underground habitats (Table 1). In the territory of
Bosnia and Herzegovina, there are type localities of 78 species and subspecies of freshwater
snails (Table 1), of which 37 type localities belong to the Dniester—-Lower Danube ecoregion,
and the remaining 41 to the Dalmatia ecoregion. We consider species living in only one or
a few localities to be faced with the danger of extinction. These localities—especially the
springs (Figure 3)—are highly susceptible to various human-induced changes, including
land-use changes, water extraction, and climate change.



Diversity 2023, 15, 357 10 0of 18

Figure 3. Type localities of selected species endemic to Bosnia and Herzegovina: Bosnidilhia vreloana
(A), Travunijana vruljakensis (B), Islamia dmitroviciana (C), Belgrandiella bozidarcurcici (D), and Bythinella
marici (E). Photos: Pesi¢ V. (B,D), Mari¢ D. (E), and Dmitrovi¢ D. (A,C).



Diversity 2023, 15, 357

110f18

3.3. Diversity of Freshwater Gastropods in Spring Habitats

An analysis of the presence of freshwater gastropods in Bosnia and Herzegovina per
habitat shows that underground waters and springs (with 62 and 54 taxa, respectively) have
the highest overall diversity, followed by rivers (34 taxa) and standing waters (17 taxa). It
is important to mention that a large number of species collected from springs are hypogean
species that come from the aquifers that feed the springs through constant washing. These
include representatives of the genera Plagigeyeria, Paladilhiopsis, Bythiospeum, Iglica, and
Bosnidilhia, which are often washed out and brought together in springs (thanatocoenosis)
from geographically isolated areas [81].

Our list includes 18 crenobiotic taxa that exclusively inhabit springs (Table 1), nine of
which are endemic to Bosnia and Herzegovina. Most of these species belong to the genus
Belgrandiella (7 taxa). The genus Belgrandiella is distributed in the Dinaric karst and includes
a large number of endemic species [33,39]. The separation of crenobiotic species (which
exclusively live in springs) and crenophilous species (which prefer these habitats, but also
inhabit other types of habitats, such as higher-order streams) is not always clear, due to the
small number of available data on the distribution of these species and the lack of detailed
ecological studies [81].

Over the last decade, we conducted a comprehensive survey on the macroinvertebrate
assemblages of springs in the northwestern part of Bosnia and Herzegovina [51,60,66,73,82-87].
These studies showed that freshwater gastropods represent an important component of
crenobiotic assemblages. Hydrobioid snails mostly dominated in terms of both diversity
and abundance in the gastropod assemblages of the studied springs [51,66,73].

In this study, we analyzed a total of 105 springs located in the northwestern part of
Bosnia and Herzegovina [51,66,73]. A total of 19 species belonging to the following families
were found: Moitessieriidae (3 taxa), Tateidae (1 taxon), Hydrobiidae (8 taxa), Amnicolidae
(1 taxon), Bythinellidae (1 taxon), Lymnaeidae (3 taxa), and Planorbidae (2 taxa).

The majority of the springs (100) were permanent, while 5 springs were intermittently
dried. The SIMPER analysis revealed that gastropod assemblages of intermittent springs
show a higher level of homogeneity (similarity = 24.25) in comparison to the communities
of permanent springs (similarity = 6.44) (Table A1, Appendix A). The hydrobioid species
Bythinella opaca proved to be the most important species for structuring the gastropod
assemblages in both permanent and intermittent springs. Other species that had a large
contribution were Belgrandiella bozidarcurcici and Galba truncatula. Dmitrovié et al. [51],
who studied snail assemblages in 19 springs in northwestern Bosnia and Herzegovina,
found that spring specialists (crenobionts/crenophilous species) such as Bythinella opaca
and Islamia dmitroviciana inhabit springs with intermittent dry periods.

Our study showed that most springs in our dataset from northwestern Bosnia were to
some degree hydromorphologically modified. The hydromorphological changes vary from
‘pipe’ springs, where the water springs from an artificial pipe, to heavily ‘dammed” springs
that form a stone- or concrete-protected basin. As demonstrated in recent studies [66,73],
hydromorphological changes in spring habitats result in changes to their ecological param-
eters, such as electrical conductivity and temperature. Pesi¢ et al. [73], who studied the
macroinvertebrate groups of springs in the northwestern part of Bosnia, assumed that the
higher values of conductivity in modified springs are probably the result of the dominance
of leaves in the substrate in the latter type of spring.

Changes in environmental parameters, in turn, affect the structure of groups of snails
in modified springs [73]. As can be seen from Figure 4, the PCA of 86 springs in north-
western Bosnia did not show a clear separation of gastropod groups from modified and
natural springs. There were also no statistically significant differences between modified
and natural springs in terms of physicochemical characteristics (Table A2). As emphasized
by Pesi¢ et al. [73], hydromorphological changes such as spring tapping do not necessarily
lead to a decrease in the diversity of spring communities, provided that the discharge and
substrate composition do not change significantly. On the other hand, SIMPER analysis
showed that groups of freshwater gastropods from the natural springs in our dataset show
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greater homogeneity (similarity = 7.56) than communities inhabiting modified springs
(similarity = 6.53) (Table A3). The hydrobioid species Bythinella opaca and Belgrandiella bozi-
darcurcici mainly contributed to the structuring of gastropod assemblages in both modified
and natural springs. Galba truncatula in modified springs and Ancylus recurvus in natural
springs can be considered to be key species for distinguishing the gastropod assemblages
inhabiting these two types of springs in the investigated region of northwestern Bosnia.

modified
e e @ modified
@ natural
(]
P L I
& ‘.o
3 ® @ °
i | pH value [N 1] ® P
S ol [ o0 » @
o Water temperature (°C) = = o_ O
o \ X J
O \ [ () °
& Conductivity (cF) / ° g @
\ )
[ N
Oxygen concentratiop (mg/L) (] (4
[ ] ° ‘ ) Oﬁ..
[ ]
\
‘D\schalgs(k_/mln/)
5L
) f } |
-10 -5 0 5
PC1 (50.1%)

Figure 4. Results of PCA of the investigated dataset of 86 springs in the northwestern part of Bosnia
and Herzegovina (see dataset in Savi¢ et al. [66], and Pesi¢ et al. [73]).

3.4. IUCN Red List Assessments

TUCN assessments for threatened species identify the conservation status of species,
defining a Red List category by applying specific criteria that include information about
population sizes, range, and descriptions of the habitat and ecology of the selected species, as
well as the main threats and conservation actions needed for their successful conservation [88].

Habitat fragmentation and invasive species are recognized as the main threats to
endemic freshwater gastropod species in the Dinaric region [89]. Based on the available
data, three invasive species—i.e., Potamopyrqus antipodarum, Physella acuta, and Ferrissia
californica—have been registered for Bosnia and Herzegovina (Table 1). These species have
also been recorded in neighboring countries: all three species in Croatia [90], and the latter
two in Serbia [80] and Montenegro [79].

Habitat conservation of endemic species warrants particular attention [91]. Our study
showed that most endemic species that occur in Bosnia and Herzegovina still lack conser-
vation assessments. For example, fewer than 10 endemic taxa have a defined IUCN status.

Most of the freshwater gastropods of Bosnia and Herzegovina (61 taxa) belong to
the categories of lower risk: 5 taxa are Near Threatened (NT), and 56 taxa are of Least
Concern (LC). Based on the available data, 16 taxa belong to endangered categories: 4 taxa
are Critically Endangered (CR), 6 taxa are Endangered (EN), and 6 taxa are Vulnerable
(VU). However, the IUCN status of many taxa of freshwater gastropods of Bosnia and
Herzegovina is still unknown, and 23 taxa have a status defined as Data Deficient (DD).
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Table 2 lists the crenobiotic species evaluated by authors as under threat of regional
extinction in Bosnia and Herzegovina. One species was evaluated as critically endangered,
six as endangered, and seven as vulnerable (Table 2).

Table 2. List of crenobiotic species evaluated as under threat of regional extinction in Bosnia and

Herzegovina.
IUCN Red List Category Taxa
Critically Endangered (CR) Travunijana vruljakensis

Belgrandiella dabriana

Belgrandiella erythropoma

Endangered (EN) Belgrandiella travnicensis

Graziana vrbasensis

Sarajana apfelbecki

Radomaniola nachtigallae

Narentiana albida

Belgrandiella bozidarcurcici

Belgrandiella driniana

Vulnerable (VU) Belgrandiella koprivnensis

Graziana glinensis

Radomaniola bosniaca

Bithynella samecana

According to national legislation, only a few species of freshwater gastropods in Bosnia
and Herzegovina have a defined conservation status. Lithoglyphus fuscus has the status
of protected wild species, while representatives of four taxa are strictly protected wild
species (Belgrandiella bozidarcurcici, Graziana vrbasensis, Islamia dmitroviciana, and Bosnidilhia
vreloana) [92]. In that sense, it is necessary to invest significant science research efforts in
order to form a realistic image of the threat status for each taxon of freshwater gastropod
in Bosnia and Herzegovina, with the goal of implementing adequate measurements for
their conservation.

Author Contributions: Conceptualization, D.D. and V.P.; methodology, D.D., A.S. and V.P,; validation,
D.D., AS., G.S. and V.P; formal analysis, D.D., A.S. and GS,; investigation, D.D. and G.S.; resources,
D.D., G.S. and V.P; data curation, D.D., A.S., G.S. and V.P; writing—original draft preparation, D.D.
and V.P; writing—review and editing, D.D., A.S,, G.S. and V.P; visualization, D.D., A.S. and V.P;
supervision, V.P.; project administration, D.D. and V.P,; funding acquisition, D.D., A.S,, G.S. and VP
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.



Diversity 2023, 15, 357 14 of 18

Appendix A

Table Al. Results of SIMPER analysis for gastropods assemblage in permanent/intermittent groups
of springs.

Group I permanent: average similarity = 6.44

Group Il intermittent: average similarity = 24.25 Group Tand IT: average dissimilarity = 92.65

species Av. Abund. Av. Sim. Contrib. % Cum. %
Group I
Bythinella opaca 12.22 3.52 54.75 54.75
Belgrandicla. 31.65 2.08 3235 87.1
bozidarcurcici
Galba 33 0.32 5.05 92.14
truncatula
Group II
Bythinella opaca 31.8 24.25 100 100

Table A2. Results of Mann-Whitney test for differences in physicochemical parameters between
modified and natural springs.

N Mean Std. Deviation z Sig.
modified 25 11.28 3.37
Water temperature —1.850 0.064
natural 59 12.34 4.23
modified 25 7.92 0.22
pH value —0.688 0.491
natural 59 7.86 0.28
o modified 25 4.76 2.83
Conductivity —1.135 0.256
natural 59 4.73 3.58
. modified 25 7.18 0.90
Oxygen concentration —1.837 0.066
natural 59 6.91 1.12
. modified 25 2.68 1.11
Discharge —1.806 0.071
natural 59 2.20 1.08

Table A3. Results of SIMPER analysis for gastropods assemblage in natural/modified groups of
springs.

Group I modified: average similarity = 6.53

Group II natural: average similarity = 7.56 Group I and II: average dissimilarity = 94.23

species Av. Abund. Av. Sim. Contrib. % Cum. %
Group I
Bythinella opaca 16.35 3.49 53.41 53.41
Galba 7.6 135 20.62 74.03
truncatula
Belgrandiela 12.9 1.09 16.66 90.69
bozidarcurcici
Group II
Bythinella opaca 11.18 4.25 56.21 56.21
Belgrandiela 40.75 25 33.01 89.22
bozidarcurcici
Ancylus 0.89 0.63 83 97.53

recurous
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