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Abstract:

Ecosystems of karst springs are insufficiently studied in Bulgaria. This study was focused on bottom
macroinvertebrate assemblages from this river type. Their taxonomic diversity, community structure and
habitat preferences in relation with the environmental factors were examined. During the summer of 2020,
seven rivers originating from karst spring areas were sampled at sites being located at different distances
from the sources. Diverse communities regarding their taxonomic richness and abundance were found,
with 148 taxa enlisted, identified to the lowest possible level (species, genus or family). The strong vari-
ability of the number of taxa (S, from 6 to 51), absolute abundance (N, from 351 to 7956 specimens) and
the values of the structural parameters (diversity indices, dominance and evenness) proved the highly vari-
able characters of these benthic communities, which predetermined the low level of similarity at the taxon
level (less than 21%). The correlation among biota and environmental variables such as altitude, distance
to source, substratum type and physical and chemical parameters reflected both abiotic specificities and
their impact on the benthic communities at a local and catchment scale.
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depending on the elevation of the water table. Karst

Introduction

Karst springs are the natural outflows of karst
groundwater onto the surface. They are transi-
tory ecosystems between groundwater and surface
aquatic habitats (BOoTOSANEANU 1998, BARQUIN &
ScarsBook 2007). As such, they have heteroge-
neous and variable characteristics, which harbour
specific biotic communities (KOPERSKI et al. 2011).
Although differing in the way they are formed, karst
springs have a number of common features, such as
unstable discharge regime and highly variable flow,

*Corresponding author: vidinova@yahoo.com

waters are considered as one of the global and sen-
sitive water sources under a high risk of pollution
(STEVANOVIC 2018).

Recently, the knowledge on the springs’ biota
has increased significantly due to the active stud-
ies on this aquatic environment. The influence of
the low fluctuations of water temperature (voN Fu-
METTI et al. 2017), relatively constant water chem-
istry (GLazier 1991, OrenpDT 2000) and discharge
regime (flow variability versus flow permanence)
(Woob et al. 2005) have been considered to be im-
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portant factors determining spring macroinverte-
brate communities (SMITH & WooD 2002).

Karst terrains occupy c. 23% of the Bulgarian
territory and include about 90 karst springs (Popov
1970). Most typical are the large springs giving rise
to rivers. According to the national typology in Bul-
garia, such aquatic ecosystems belong to the R15
River Type Karst springs and other source com-
munities. They are quite variable in terms of hydro-
morphological characteristics and their macroinver-
tebrate fauna is still poorly studied in Bulgaria. The
available data on the zoobenthos diversity of spring
areas are related mainly to faunistic studies on sys-
tematics of some insect groups. BRAASCH & JooOST
(1971) reported two stonefly species (Plecoptera)
from the spring area of Botunya River (NE Bulgar-
ia). From the nearby karst area, VIDINOVA & Rus-
SEV (1997) mentioned the finding of a mayfly spe-
cies (Ephemeroptera) in the karst spring Ruska Bela
(Mezdra Municipality, NE Bulgaria). Scarce data on
caddisflies (Trichoptera) from springs are presented
by Kumanskr (1969, 1975a, b, 1979, 1985, 1988,
2004) based mostly on records from the 1920s till
the 1970s.

The focus of the current study was the bottom
macroinvertebrate assemblages with their taxonomic
diversity and abundance, community structure, de-
gree of similarity and relations to the environment.

Materials and Methods

Study area

For the purposes of the study, seven rivers of karst
origin in various regions in Bulgaria were sampled
in August and September 2000 (Table 1). They be-
longed to Ecoregion 12 (Pontic Province) and Ecore-
gion 7 (Eastern Balkans) and to the following river
catchments: Iskar (ZlaPa), Osam (Maara), Provadi-
yska (Devne), Veleka (Aider and Dokuz), Mesta (I1z-

tok) and Struma (Petro) (Fig. 1, Table 1). The sam-
pling sites were located at different distances to the
sources and only two of them could be considered
as samples of the source areas (ZlaPa and Maara).

Environmental variables

The following physical and chemical water param-
eters were measured in situ using portable multi-pa-
rameter instruments: temperature (WT), hydrogen
ion concentration (pH), conductivity (EC, uS.cm™),
dissolved oxygen concentration (DO, mg.dm~) and
saturation (Og,,, %). The content of some biogen-
ic elements was analysed in a certified laboratory:
total nitrogen (TN, mg.dm~), ammonium nitrogen
(NH,-N, mg.dm?), nitrite nitrogen (NO,N, mg.dm®),
nitrate nitrogen (NO,N, mg.dm”) and total phospho-
rus (TP, mg.dm?) as well as biological oxygen de-
mand (BOD, mg.dm™) (Table 2).

A description of the relative proportion of bot-
tom substrata (in %) was also performed before
sampling, distinguishing the following types: bed-
rock (Bdr), big stones >40 cm (St>40), stones 20-40
cm (St_20-40), middle-sized stones 6-20 cm (St_6-
20), small stones 2-6 cm (St_2-6), gravel (Gr), sand
(Sa), silt (Si), higher plants (HP) and coarse woody
debris (CDW) (Table 2).

Benthic macroinvertebrate sampling

The collection of macroinvertebrates followed the
pro-rata multi-habitat sampling approach, using
a hand net (mesh size 500 pm) and a set of hyd-
robiological sieves for sandy and silt substrata
(CHESHMEDIJIEV et al. 2011) according to the stand-
ards BDS EN ISO 10870:2012 and EN 16150:2012.
The laboratory processing included separation of the
macroinvertebrates by systematic groups, followed
by taxonomic determination to the lowest possible
level and enumeration of specimens. The abundance
of each taxon was presented as a percentage of the
total numbers per sample. All collected and deter-

Table 1. List of the sampling sites with geographical attributes.

River Site Site code NCoordmatesE Alg::;de D:)tl‘:‘:c? (;?n:;le
Zlatna Panega at spring area ZlaPa 43.5304 24.9381 181 0.2
Maarata upstream Krushuna Village Maara 43.14765 | 25.020051 144 0.25
Devnenska before the river mouth Devne | 43.179109 | 27.626486 4 25
Aidere at Stoilovo Village Aider 42.03337 27.51272 213 13
Dokuzak downstream Malko Tarnovo Dokuz | 42.028969 | 27.503175 241 10

Iztok before the mouth in Mesta River Iztok 41.89277 23.54382 759 16
Petrovska before the mouth in Pirinska Bis- | o 41 40653 | 2343201 | 174 27

tritsa River
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Fig. 1. Map with the location of the studied sites (for site abbreviations, see Table 1).

mined specimens were preserved and stored in 80
% ethanol. The nomenclature of the macroinver-
tebrates in the enclosed taxonomic list followed
in general Fauna Europaea (DE JONG et al. 2014).
Determination keys and morphological descriptions
for different macroinvertebrate groups or single taxa
were used (HRBACEK 1980, NAGEL 1989, SCHMIDT
1993, WARINGER & GRAF 2011, BAUERNFIEND &
SOLDAN 2012, ANDERSEN et al. 2013, Brrusik &
Hamerlik 2014, DE WALT et al. 2021).

Data analyses

In order to characterise the bottom macroinverte-
brate communities, the following metrics and indices
were calculated: number of taxa (S), total abundance
(N), relative abundance per taxon (%), frequency of
occurrence of the species (pF, %, DE VRies 1937),
species diversity — H (SHANNON & WEAVER 1949),
species richness — d (MARGALEF 1958), evenness (e)
(P1eLOU 1966) and index of dominance (c) (SIMPSON
1949).

Pearson correlation was performed using the
Data Analyses tool of Microsoft Excel (2010). The
presence of statistically significant correlations be-
tween the physical and chemical water parameters,
measured in situ and the parameter “number of taxa
per site” on one hand and ten types of substrata, dis-
tance to the source and the altitude on the other was
tested. Principal Component Analysis (PCA) in the
CANOCO 5 program for Windows was applied to
explore the inherent patterns within distance to the

source, altitude, substratum types and the measured
environmental factors — WT, DO, TN, TP, BOD, pH
and EC.

Primer v6 statistical package was used to de-
termine the similarity between the macrozoobenthos
of the surveyed sites. The macroinvertebrate taxon
richness for each site was obtained and Bray-Curtis
index of similarity between the sites was calculated.
A cluster analysis (Ward’s method, complete link-
age) was performed based on both presence/absence
and abundance of taxa. Non-parametric distance-
based linear model regression was also used to ana-
lyse the relationship between the biological (abun-
dance) and environmental (physical and chemical
variables) data matrices. Prior to analyses, biologi-
cal data were square-root transformed and environ-
mental data were log transformed and normalised.

Results

Environmental variables

The study sites were located in two altitude ranges:
up to 200 m and up to 800 m a.s.l., between 4 m
(Devne) and 759 m a.s.l. (Iztok). The water tempera-
ture and pH varied in narrow ranges: from 14.1°C to
18.6°C and from 7.55 to 8.4, respectively (Table 2).
A more significant difference between the minimum
and maximum values were recorded for EC (with a
difference of 371 pS.cm™), oxygen indicators (DO
with a difference of 5.47 mg.dm™ and O_, — 55.3%),
BOD (11.59 mg.dm?), TN (8.55 mg.dm?) and ni-
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Table 2. Values of physical and chemical parameters and distribution of the substratum types per site (%). For site

codes, see Table 1.

Sites ZlaPa Maara Devne Aider Dokuz Iztok Petro
Parameters

T°C 15 16.7 17.9 15.4 14.8 14.1 18.6
EC 346 495 667 473 543 296 410
pH 7.55 8.01 7.9 8.3 8.4 7.61 7.61
DO 6.35 9.62 4.15 9.23 9.08 9.2 7.7
Oy 61.7 98.9 43.6 94.7 91.2 94 89
BOD 2.13 1.52 12.5 1.16 0.91 1.79 1.17
N 1.04 8.97 0.96 0.42 2.39 1.17 0.56
NH,N 0.01 0.01 0.03 0.01 0.01 0.11 0.01
NO,N 0.01 0.01 0.067 0.01 0.01 0.07 0.01
NO,N 0.94 8.52 0.665 0.409 0.688 0.59 0.57
TP 0.031 0.023 0.163 0.01 0.01 0.13 0.042
Substratum type

Bedrock 0 40 50 20 0
Stones >40 0 50 20
Stones 20-40 0 10 10 50
Stones 6-20 0 25 0 20 20 0
Stones 2-6 10 10 10 20 10
Gravel 5 10 0

Sand 45 30 20 10 20

Silt 30 0 20

Higher plants 10 20 50 10
Coarse woody debris 0 10 10 10

trates (8.11 mg.dm™) (Table 2). No significant corre-
lations were found except a negative one bordering
on significance between EC and altitude (r=-0.713;
p=0.072).

Concerning the microhabitat diversity, over-
all ten types of substrata in different proportions
were identified at the observed localities. The small
stones (St _2-6) were present at all sites except Iztok
but with low percentages (up to 20 %). The most
pronounced variety of substrata was registered at
Maara (7 types), followed by ZlaPa, Devne, Aider,
Petro (5 types) and Dokuz and Iztok (4 types). The
dominance of one type (45-50 %) or related ones
(e.g., different sizes of stones) was observed at all
the studied sites, except for Maara as mentioned
above (Table 2).

Taxon diversity

During the study, we found in total 148 taxa, of
which 67 were determined to the species level, 57
to the generic level and 21 to the family level. They
all belonged to 20 benthic systematic groups, 71
families and 98 genera. The nematodes, water mites
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and gammarids were not identified in detail (Ta-
ble 3). Regarding the proportion of the numbers of
families, genera and species established within each
systematic group, the most diverse (with more than
ten taxa) were Oligochaeta, Gastropoda, Ephemer-
optera, Coleoptera, Trichoptera and Diptera (Fig. 2,
Table 3). The groups Hydrozoa, Gordioidea, Decap-
oda and Megaloptera were the poorest ones, found
with one taxon each (Table 3).

Despite the rich taxon diversity recorded, the
frequency of occurrence of individual species as
a whole remained quite low (Table 3). The most
common were only two species: Asellus aquati-
cus (Isopoda) and Baetis rhodani (Ephemeroptera)
(pF=57.14), followed by Pisidium (Casertiana) ca-
sertanum (Bivalvia) and Ibisia marginata (Diptera)
(pF=42.86). The rest of the species were found twice
(18 species, pF=28.57) or only once (42 species,
pF=14.29). None of the caddis species was recorded
at more than two sites. The genus Hydropsyche was
the most frequent one, recorded at four sites (Table
3). Of the family Chironomidae (Diptera), repre-
sentatives of 13 genera were registered, of which
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Table 3. List of the macroinvertebrate taxa established during the study with the relative abundance (%) and frequency

of occurrence (pF).

Taxa ZlaPa | Maara | Devne | Aider | Dokuz | Iztok | Petro pF
Hydrozoa

Hydra sp. 0.10 0.62

Turbellaria

Dugesia lugubris — polychroa 0.09 0.10 28.57
Dugesia sp. 1.04

Girardia tigrina (Girard, 1850) 0.25 14.29
Polycelis felina (Dalyell, 1814) 3.32 41.34 28.57
Nematoda, indet. 0.06 0.22

Gordioidea

Gordius sp. 0.04

Oligochaeta

Stylaria lacustris (Linneaus, 1767) 0.90 14.29
Aulodrilus pluriseta (Piguet, 1906) 0.10 14.29
Psammoryctides albicola (Michaelsen, 1901) 0.12 14.29
P. barbatus (Grube, 1861) 0.17 14.29
Limnodrilus claparedianus Ratzel, 1869 0.05 3.64 28.57
Limnodrilus sp. 2.28 0.31 0.56 2.03
Potamothrix hammoniensis (Michaelsen, 1901) 0.05 14.29
Rhyacodrilus coccineus (Vejdovsky, 1876) 0.11 0.51 28.57
Tubificinae, gen. sp. 1.42 0.10 0.31 0.11

Lumbriculus variegatus (Miiller, 1774) 0.05 0.67 28.57
Lumbriculidae, gen. sp. 1.14

Lumbricidae, gen. sp. 0.04 0.76
Hirudinea

Erpobdella octoculata (Linnaeus, 1758) 0.04 0.22 28.57
Erpobdellidae, gen. sp., juv. 0.25 1.23

Glossiphonia complanata (Linnaeus, 1758) 0.20 0.11 28.57
Gastropoda

Bithynia tentaculata (Linnaeus, 1758) 1.61 14.29
Potamopyrgus antipodarum (Gray, 1843) 1.16 14.29
Bythinella sp. 15.59

Hydrobiidae, gen. sp. 14.78

Valvata piscinalis (O. F. Miiller, 1774) 13.68 28.91 14.29
Acroloxus lacustris (Linnaeus, 1758) 0.06 14.29
Radix auricularia (Linnaeus, 1758) 0.28 14.29
Peregriana labiata (Rossméssler, 1835) 0.28 14.29
Physella acuta (Draparnaud, 1805 0.70 14.29
Physa fontinalis (Linnaeus, 1758) 0.45 14.29
Ancylus fluviatilis O. F. Miiller, 1774 0.28 14.29
Gyraulus (Armiger) crista (Linnaeus, 1758) 0.05 14.29
G. (Torquis) laevis (Alder, 1838) 0.10 14.29
Planorbis planorbis (Linnaeus, 1758) 0.10 14.29
Theodoxus fluviatilis (Linnaeus, 1758) 5.88 14.29

Bivalvia
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Table 3. Continuation.

Taxa ZlaPa | Maara | Devne | Aider | Dokuz | Iztok | Petro pF
i’;sszg'mm (Pseudeupera) subtruncatum Malm, 6.28 14.29
P. (Casertiana) casertanum (Poli, 1791) 0.04 11.56 1.78 42.86
Pisidium sp. 0.51
Amphipoda

Gammarus sp. 3533 | 64.60 1.81 91.58 | 96.06 0.51

Isopoda

Asellus aquaticus (Linnaeus, 1758) 3.42 5.93 4.15 0.25 57.14
Jaera sp. 0.05

Decapoda

Potamon ibericum (Bieberstein, 1809) 0.76 14.29
Hydracarina, indet. 11.40 11.76 0.25
Ephemeroptera

Baetis buceratus Eaton, 1870 0.05 0.90 28.57
B. fuscatus (Linnaeus, 1761) 1.23 14.29
B. melanonyx (Pictet, 1843) 0.11

B. muticus (Linnaeus, 1758) 0.04 6.16 28.57
B. pavidus Grandi, 1949 4.06 14.29
B. rhodani (Pictet, 1843) 0.47 0.24 4.15 17.77 | 57.14
B. vernus Curtis, 1834 4.26 14.29
Baetis sp. 0.15 0.18 6.72

Centroptilum luteolum Miiller, 1776 9.97 0.04 28.57
Ecdyonurus (Helvetoraeticus) sp. 0.22

E. (Ecdyonurus) sp. 5.08
Ecdyonurus sp. 0.06 6.60
Ephemera danica Miiller, 1764 2.71 0.38 28.57
Habroleptoides sp. 0.06

Ephemerella ignita Poda, 1761 4.93 14.29
Caenis macrura Stephens, 1835 7.61 14.29
C. pseudorivulorum Keffermiiller, 1960 0.28 14.29
C. robusta Eaton, 1884 1.16 14.29
Odonata

Ischnura elegans (Linden, 1820) 0.35 14.29
Coenagrionidae, gen. sp. 0.90

Calopteryx splendens (Harris, 1780) 0.10 2.03 28.57
C. virgo (Linnaeus, 1758) 3.42 14.29
Platycnemis pennipes (Pallas, 1771) 0.75 14.29
Libellula sp. 0.05

Gomphus vulgatissimus (Linnaeus, 1758) 6.09 14.29
Onychogomphus forcipatus Linnaeus, 1758 0.11 2.54 28.57
Brachytron pratense (Miiller, 1764) 1.78 14.29
Aeshnidae, gen. sp. 0.04

Plecoptera

Leuctra albida Kempny, 1899 0.67 14.29
L. fusca fusca (Linnaeus, 1758) 15.23 14.29
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Table 3. Continuation.

Taxa ZlaPa | Maara | Devne | Aider | Dokuz | Iztok | Petro pF

Coleoptera
Platambus maculatus (Linnaeus, 1758) Ad 1.14 0.11 28.57
Dytiscidae, gen. sp. La 0.11
Dytiscidae, gen. sp. Ad 0.05
Gyrinus sp. Ad 1.27
Haliplus ruficollis (De Geer, 1774) 0.20 14.29
Helophorus sp. La 0.11

Hydrophilidae, gen. sp. La 0.05
Limnebius sp. La 0.04
Ochthebius sp. La 0.11
Hydraena sp. Ad 0.67
Dryopidae, gen. sp. Ad 0.06
Elmis sp. La 0.04
Esolus sp. La 7.88
Limnius sp. La 1.02

Oulimnius sp. La 0.85
0. sp. Ad 1.22
Elmidae, gen. sp. La 0.37 1.34
Elmidae, gen. sp. Ad 3.42 0.06 1.44
Helodes sp. 0.05 0.24
Coleoptera, indet. Ad 0.17
Heteroptera
Gerris sp. 0.09
Gerridae, gen. sp. 0.51
Velia sp. 0.17
Veliidae, gen. sp. 0.05
Mesovelia sp. 0.04 0.05

Plea minutissima minutissima Leach, 1817 0.25 14.29

Megaloptera
Sialis sp. 0.04
Trichoptera
Hydropsyche angustipennis (Curtis, 1834) 0.28 14.29
H. bulbifera McLachlan, 1878 0.56 14.29
H. incognita Pitsch, 1993 3.03 2.28 28.57
Hydropsyche sp. 0.04 8.74 0.51

Plectrocnemia sp. 0.28

Polycentropus sp. 0.22
Lype reducta (Hagen, 1868) 0.09 14.29
Tinodes sp. 0.17 0.19
Brachycentrus maculatus (Fourcroy, 1785) 0.06 8.63 28.57
Halesus digitatus (Schrank, 1781) 0.17 28.57
Halesus spp. 0.25

Limnephilidae, gen. sp. 0.04

Helicopsyche cf. bacescui Orghidan & Botosa-

noant 1953 0.06 14.29
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Table 3. Continuation.

Taxa

ZlaPa

Maara

Devne

Aider

Dokuz

Iztok

Petro

pF

Sericostoma flavicorne/personatum

0.78

0.06

28.57

Hydroptila sp.

0.57

0.20

Orthotrichia sp.

0.30

Oxyethira sp.

0.15

Hydroptilidae, gen. sp.

0.25

Gen. sp., pupae

0.04

0.35

Rhyacophila sp.

0.04

0.25

Diptera

Chironomidae

Polypedilum sp.

3.42

0.25

0.18

1.57

3.81

Paratanytarsus sp.

1.16

0.45

Micropsectra sp.

5.70

Tanytarsini, gen. sp.

0.43

Brillia sp.

0.34

Corynoneura sp.

1.14

Cricotopus sp.

0.35

3.30

Epoicocladius sp.

0.11

Eukiefferiella sp.

0.56

Tvetenia sp.

0.11

Ablabesmyia sp.

1.14

0.10

Conchapelopia sp.

1.98

0.20

0.22

Procladius sp.

1.27

Simuliidae, gen. sp.

0.09

1.12

Tipulidae

Tipula sp.

0.25

Limoniidae

Hexatoma sp.

0.06

0.25

Athericidae

1bisia marginata (Fabricius, 1781)

0.30

0.12

0.25

42.86

Athericidae, gen. sp.

0.48

Tabanidae

Tabanus sp.

0.04

Muscidae

Limnophora riparia (Fallen, 1824)

0.22

14.29

Ceratopogonidae

Bezzia sp.

0.09

Dixidae

Dixella sp.

0.09

Psychodidae

Psychoda sp.

0.04

Tonnoiriella sp.

0.06

Stratiomyidae

Oxycera sp.

0.12

Sciomyzidae, gen. sp.

0.40
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only the genera Polypedilum, Cricotopus, Paratany-
tarsus and Conchapelopia were recorded two times
or more within the studied sites (Table 3).

The taxon richness of the macrozoobenthos
measured by the number of taxa (S) varied widely.
The most diverse communities were established in
Devne (51 taxa), followed by Iztok (42), Maara (37)
and Petro (33). The poorest was the community in
the Dokuzak River, where the number of recorded
taxa was only seven. In parallel with this, the num-
ber of benthic groups per site generally followed the
same pattern as the number of taxa, varying in wide
ranges: from 15 (Devnenska River at its mouth) to
five (Dokuzak River) (Fig. 3).

Abundance

The absolute abundance of the macroinvertebrates
at each site also varied considerably: from 351
specimens (ZlaPa) to 7,956 specimens (Devne).
The main systematic groups with the highest abun-
dance were Gastropoda and Amphipoda (more than
4,000 ind. within all samples), followed by Bival-
via (more than 1000 ind.), Turbellaria, Hydracarina

and Ephemeroptera (between 800 and 1000 ind.)
and Isopoda, Coleoptera, Trichoptera and Diptera
(less than 600). The detailed analysis showed strong
dominance of individual taxa and groups (with total
abundance more than 1000 individuals each), which
was due to the higher abundance of the communities
in five of the sampling sites (Fig. 4a). The most abun-
dant taxa were the family Hydrobiidae (Gastropoda)
(at Maara and Devne, Fig. 4c, d), Valvata piscinalis
(Gastropoda) (Devne, Fig. 4d), Gammarus sp. (Am-
phipoda) (Fig. 4c, d, e, f), Hydracarina (Devne, Fig.
4d), Polycelis felina (Turbellaria) (Iztok, Fig. 4g)
and Pisidium casertanum (Bivalvia) (Devne, Fig.
4d), with a number of individuals varying between
738 and 2300 ind. per sample (Fig. 4).

Structure of communities

The values of the coenotic indices of diversity “H”,
species richness “d”, dominance “c” and evenness
“e” varied considerably among the separate sites
(Fig. 5 A, B). Diversity indices were higher for
Devne, Iztok and Petro (H>3.4 and d>12) while the
lowest values were established for the Dokuz: H=
0.32, d= 1.99 and e= 0.11, accompanied with the
very high dominance (c= 0.92). Although with low-
er values compared to the above-mentioned sites,
the coenotic indices for ZlaPa showed a balanced
macroinvertebrate community. The situation was
the opposite for Maara and Aider sites, with quite
low Shannon diversity and reverse trend of the ratio
between evenness and dominance, particularly pro-
nounced for Aider (c= 0.84) (Fig. 5B).

Taxonomic similarity

The cluster dendrogram of similarity among the
sampling sites proved the notably different char-
acter of the studied benthic communities, which
was predetermined by the low level of compliance.
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ZlaPa and Dokuz only were in a separate cluster,
where the least similar benthic taxa and systematic
groups have been established. Overall, the resem-
blance among the sites was relatively low and did
not exceed 21% (Fig. 6A). The second dendrogram
of similarity based on the abundance of taxa per
sites, grouped into a separate cluster Maara, Aider
and Dokuz, where strong dominance of the family
Gammaridae was registered. The rest of the sites
were separated in a group with relatively low level
of similarity (Fig. 6B).

Relation with the aquatic environment

A PCA, presented on a correlation biplot diagram,
summarised the variation of the environmental fac-
tors within the studied sites/rivers (Fig. 7). PCA
statistics showed that the first two principal compo-
nents (eigenvalues A1 = 0.347; A2 = 0.240) cumula-
tively explained 58.77% of the total variance of the
data.

Axis 1 reflected two gradients: the first posi-
tively correlated with WT (0.730), BOD (0.762), HP
(0.905), CWD (0.600) and Si substrata (0.536); the

second correlated negatively with the DO (— 0.853)
and separated the Devne with both high WT, high
percentage of HP substratum (50%) and lowest val-
ues of the DO. The first axis was also positively as-
sociates to distance to the source (0.511), TP (0.596)
and middle-sized stone substratum (0.518), and sep-
arated the Petro sampling site, which was the most
remote from its spring and the middle-sized stones
were presented to the greatest extent.

Axis 2 was also followed two gradients: the
first one positively correlated with altitude (0.865)
and St>40 substratum (0.947) and separated the
Iztok as this site was located at the highest altitude
and predominant substratum consisted of bigger
stones. The second gradient was negatively re-
lated with pH (— 0.707), total nitrogen (— 0.297),
gravel (— 0.265) and small-sized stone substrata.
It separated the Maara with the highest value of
TN, Dokuz — with the highest values of pH and
Maara, Dokuz and Aider with the largest propor-
tion of gravel and small-sized stone substrata. The
ZlaPa site did not group with any of the other sites
(Fig. 7), both due to its proximity to the spring
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source and the predominant sandy substratum at
the sampling site (45%).

According to the non-parametric distance-
based linear model regression, only biological
oxygen demand (BOD), pH and total phosphorus
(TP) as variables had statistical significance (0.049,
0.047 and 0.015, respectively). The sampling sites
were grouped on the ordination plot by basin where
the rivers were located (Danube, North Black Sea,
South Black Sea and West Aegean) (Fig. §). Only
Devne (North Black Sea Basin) had considerably
higher value of BOD together with high concentra-
tion of TP (Table 2). This corresponded with the val-
ues of oxygen parameters, which were the lowest
at this sampling site. [ztok and Petro (West Aegean
Basin) had the lowest pH and higher values of TP,
while in turn Aider and Dokuz (South Black Sea Ba-
sin) were with the highest pH values and the low-
est TP concentration (Table 2). The sampling sites
within the Danube River Basin (ZlaPa and Maara)
were located at an intermediate position between the
West Aegean and South Black Sea Basins, mainly
due to their values of pH and TP: ZlaPa was closer
to the group of West Aegean Basin and Maara was
closer to the South Black Sea Basin group (Fig. 8).

Discussion

Karst springs and other spring ecosystems is a spe-
cific river type in Bulgaria and refers to river sec-
tions near the springs. By definition, this type in-
cludes river sections located no further than 5 km
away from the springs (PASSPORTS OF NATIONAL RIV-
ER TYPES IN BULGARIA). It is a highly heterogeneous
“point” type, common throughout the territory of
Bulgaria in both eco-regions — Eastern Balkans (7™)
and Pontic Province (12™). The most typical are the
large karst springs, giving rise to rivers and having a
strong influence of groundwater.

Because of the high habitat complexity and the
large number of different types, springs are consid-
ered as unique aquatic habitats that contribute sig-
nificantly to local and regional biodiversity (CAN-
TONATI et al. 2012). According to HYNEs (1970), the
studied karst ecosystems belong to distinct catego-
ries in terms of their spring nature, i.e., limnocrene
(Z1aPa) and rheocrene (all others).

Compared to the data from other European re-
gions, the benthic macroinvertebrate fauna of the
karst ecosystems in Bulgaria (148 taxa, 20 benthic
systematic groups, 74 families, 98 genera enlisted,
see Table 3) can be defined as quite rich and diverse
at regional scale. Mori1 (2003) reported 76 taxa and
33 families from 16 karst springs from the Slove-

nian part of the Julian Alps. Forty-nine families or
subfamilies and four higher taxa (Hydrozoa, Turbel-
laria, Nematoda and Hydracarina) were found in the
springs from Krakéw-Czestochowa Upland, Poland
(DumniIcka et al. 2007).

We established taxa, which are both commonly
found in diverse aquatic environments and others
that are very rare. E.g., within the caddisflies, all the
three taxa of the genus Hydropsyche identified to the
species level are defined as common or very com-
mon for Bulgaria, while B. maculatus is very rarely
found in the country but, when recorded, it is very
abundant (KumMansk1 1988). This is the case also in
this study. Most of the genera of the family Chirono-
midae recorded are common in Bulgaria, with the
exception of the genus Epoicocladius, which is rela-
tively rarely found in other Bulgarian rivers, lakes
and dams. The mayfly B. rhodani, which exhibits
the highest pF in our study, could be found in a wide
range of microhabitats, yet due to its preference for
moderate water velocity (VILENICA et al. 2018); this
species reaches the highest number of individuals
preferably at stony substrata (Iztok and Petro sites).

Concerning the taxon richness, our data con-
firmed that midge taxa were much more dissimilar
than the environmental characteristics of the springs
they inhabited (PLOCIENNIK et al. 2016). This was
valid even for springs that were located nearby
(Lenciont et al. 2011). Chironomids did not achieve
high abundance and frequency (LENCIONI et al.
2011, 2012). Nevertheless, the subfamily Orthocla-
diinae stood out as the richest group (also confirmed
by PLOCIENNIK et al. 2016), with seven taxa out of
13 recorded for the whole family.

The springs are characterised by the stability
of many environmental parameters such as water
temperature, certain water chemistry parameters and
bottom substratum type (DumnICKA et al. 2007).
However, relatively permanent environmental pa-
rameters could be disturbed due to the longitudinal
changes downstream the outflowing streams.

Due to the different distance of the sampling
sites from the sources and the river catchments af-
filiation, in some cases we have recorded signifi-
cant variations in abiotic characteristics between the
sites. The most pronounced difference in values was
observed for Devnenska River, the upper stretch of
which was dried up and the sampling site was lo-
cated in a section with very slow water flow. At this
site, we recorded the lowest concentration and satu-
ration of oxygen, most likely also due to the pres-
ence of abundant submerged higher vegetation (Fig.
9). These levels of oxygen were directly related to
the extreme high value of BOD (12.5 mg.dm?).

87



Vidinova Y., Tyufekchieva V., Ihtimanska M., Evtimova V., Varadinova E., Todorov M. & Georgieva G.

Fig. 9. General view of the Devnenska River before the river mouth (Photo by B. Gyosheva).

Obviously, the overgrowth of aquatic plants and
algae consumes dissolved oxygen, even when
they decompose. In addition, the concentrations of
TP and NH,-N had higher values than at the other
sites, which indicated a significant organic load on
the river in this section and corresponded to mod-
erate ecological status (RBMP-BSRB, 2016-2021).
WiLLiams et al. (1997) also reported significant
differences among the spring communities associ-
ated with different levels of urbanisation and water
chemical conditions.

It is considered that the karst systems have
characteristically high levels of water hardness, al-
kalinity and pH (JENNINGS 1985, cited after RiGHI-
CAVALLARO et al. 2010). The values of pH registered
during the study were in the alkaline spectrum (7.55
and above). Govonr et al. (2018) found that the
chironomid abundances were negatively correlated
with pH values, i.e., non-chironomid taxa domi-
nated the spring communities at higher pH. Accord-
ing to our data, the abundance of chironomid larvae
(as a percentage of the total numbers) was higher at
the stations with lower pH (ZlaPa, Iztok and Petro).
CARROLL & THORP (2014) found that chironomid
midges were not the most numerous group within
the insects in spring brooks and they represented
1-3 % of the overall abundance in each spring dur-
ing the summer. Our results confirmed these data,
since the abundance of the chironomid larvae var-
ied between 1 and 3% of the total abundance, with
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the exception of ZlaPa and Petro samples where the
percentage was 11% and 8%, respectively. In those
samples, the lower abundance of the representatives
of the other benthic taxa could be a possible reason
for the higher percentage of chironomid larvae.

GLAZIER (1991) offered a hypothetical frame-
work to explain the dominance of non-insect taxa
in hard-water limestone springs, emphasising on
the importance of a non-emergent lifestyle and high
population densities in springs, as peracaridans,
molluscs and triclads dominated the hard-water
limestone springs. This fact is confirmed by our re-
sults, with the abundant presence of P. felina (Tur-
bellaria) at Iztok and Maara, species of the family
Hydrobiidae as well as Valvata piscinalis and Theo-
doxus fluviatilis (Gastropoda) at Devne and Byth-
inella sp. (Gastropoda) at Maara River site.

Many authors stressed on particular environ-
mental factors influencing the diversity and abun-
dance of benthic macroinvertebrates. According to
Dumnicka et al. (2007), substratum type is found to
be the main discriminatory factor with regard to the
fauna density, while faunal composition is related
to the geographical position of springs. Altitude and
dissolved oxygen content were found to be the most
important environmental variables determining the
EPT community structure in springs (PASTUCHOVA
2006). The author distinguished two types: (1) EPT
communities of natural streams and (2) EPT com-
munities of disturbed streams, where two types of
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stressors were identified: organic pollution and low
discharge. The orders Trichoptera, Odonata and
Plecoptera are dependent on water temperature and
on nitrates, phosphates and pH, which in turn de-
pend on underground flow and influence upstream
sites during different seasons. Moreover, the insect
community is formed under specific physical and
chemical conditions along the river course (Raba &
SANTIC 2014). In Karst rivers, HABDIIA et al. (2002)
found significant differences in caddis community
structure depended on vegetation cover associated
with substratum type and river area.

Conclusions

Based on the obtained results, we can conclude that
the benthic communities in the studied karst rivers
are characterised by very diverse taxonomic compo-
sition. We recorded almost 150 taxa from seven karst
springs as the most taxon-rich groups were the classes
Oligochaeta and Gastropoda and the orders Ephemer-
optera, Coleoptera, Trichoptera and Diptera. Overall,
the communities of the studied karst springs were
very different compared to each other as evidenced
by their low level of similarity. This was likely owing
to their variable flow and the different environmen-
tal conditions. Our analyses suggest that the habitat
heterogeneity due to the substratum types as well
as the natural change in the environmental factors
downstream of each of the studied rivers are among
the most important factors for the diversity and abun-
dance of benthic communities. Future research will
help to elucidate the mechanism of benthic commu-
nity formation in these specific ecosystems.
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