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Abstract:

The aim of the study was to identify the current taxonomic composition and dominant structure of the
macrozoobenthos in the Maritsa River and estuarine zones of its main tributaries (Chepelarska, Sazliyka,
Stryama and Topolnitsa). The samples were collected from 15 sites in August and September 2020. The total
number of the identified taxa was 165 belonging to 15 benthic groups. The orders Ephemeroptera and Tri-
choptera as well as, and the family Chironomidae (Diptera) were presented with the highest number of taxa.
Leuctra hirsuta (Plecoptera) was reported for the first time for the Maritsa River. At the majority of sites,
the order Ephemeroptera was represented by high proportion in the abundance of the benthic communities
(up to 71.1%). Caenis pseudorivulorum was the species with the highest values of frequency of occurrence
and dominance (pF = 73.3%, DF = 40%). The other constant species was Baetis fuscatus. Six taxa had the
maximum degree of dominance and five of them occurred and dominated at one sampling site only. The
number of taxa at each sampling site varied between 16 and 35. The cluster analysis of the taxonomic com-
position separated the sampling sites into three main groups: sites with low anthropogenic pressure, sites in
the middle course of the Maritsa River and its tributaries, and sites in the lower stretches of the river.
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Introduction

The transboundary position of the Maritsa River
catchment area as well as the European and national
water requirements impose the need to maintain the
stability of the water communities and integrity of
the aquatic ecosystems. The Maritsa River and its
tributaries have been influenced by increased in-
dustrialisation and urbanisation that resulted in the

*Corresponding author: sungsol2@hotmail.com

decline of the aquatic environment. Previous stud-
ies and analyses of the taxonomic composition and
dominant structure of the macrozoobenthic com-
munities in the Maritsa River have been carried out
during the last 65 years. The most representative
benthic groups were Diptera, Ephemeroptera, Oli-
gochaeta, Simuliidae and Trichoptera (RUSSEV et al.
1981, Uzunov et al. 1981, UzuNov & KOVACHEV
1985).
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Topolnitsa River is a left tributary of the Maritsa
River; its mid-course (650-400 m a.s.l.) passes close
to an industrial region, thus pollution was reported
for the last decades of the 20th Century (METCHEVA
et. al. 1987, JANEwA et al. 1997). The coefficient of
species similarity was high (45.7%) for the river sec-
tion above of the pollutants discharge and low (20%)
for the section below (JANEvA et al. 1997). The or-
ders Ephemeroptera and Trichoptera (15 taxa in each
group) were the most dominant benthic groups, and
Oligochaeta were quantitatively abundant in 1995—
1996 (JANEVA et al. 1997). In 1987, the examinations
of water saprobic state and biological sufficiency de-
termined unfavourable conditions for the benthic ani-
mals in the Maritsa River catchment area (UzuNov et
al. 1991). GENINA et al. (2017) published data about
the substrate composition of the riverbed (gravel and
sand with organic slimes) and reported the impacts
of organic pollutants on the sediments in Maritsa,
Chepelarska and Stryama rivers near the city of Plov-
div. In the Maritsa River, the benthic macroinverte-
brates are the most abundant on stones and pebbles
(Uzu~ov & KovacHEv 1981).

This study aimed to identify the current taxo-
nomic composition and dominant structure of the
macrozoobenthic communities in the Maritsa River
and estuarine zones of its main tributaries.

Materials and Methods
Study area

The Maritsa River is the largest river on the Bal-
kan Peninsula. It originates from the Rila Mountains

(Bulgaria), flows to the southeast part of the country,
passes through Turkey and Greece and flows into the
East Aegean Sea. The length of the river in Bulgaria
is 321 km and its catchment area (21,084 km?) is one
of the river region units of the East Aegean Sea Riv-
er Basin (MOEW 2016a, 2016b). Totally, 15 sites
were sampled. Most of them were selected along the
course of the Maritsa River in Bulgaria (site 1, 2,
4-9, 12, 14-15) (Fig. 1). The other sites were located
at the estuarine zones of four of its main tributaries:
Topolnitsa River in Pazardzhik (site 3), Chepelarska
River under the Kemera Bridge (site 10), Stryama
River near the village of Manole (site 11) and Sazli-
yka River before the estuary of Musatjevska River
(site 13) (Fig. 1).

Field works and data analysis

The study was conducted during the period 11 Au-
gust — 17 September 2020. The geographic coordi-
nates and altitudes of each sampling site were deter-
mined using GPS application (My Altitude 2.8.2) on
a mobile device. The classification of the substrate
in the riverbed was based on the size of the particles:
large boulders (20—40 cm), boulders / stones (620
cm), cobbles (2—6 cm), pebbles (0.2-2 cm), sands
(0.063—2 mm) and silt / mud (< 0.063 mm). The land
use and (or) disturbance around the sampling sites
were also observed. Benthic invertebrates were col-
lected applying a multi-habitat sampling approach
(CHesHMEDIJIEV et al. 2011) according to the EU
standards and national water legislation (standards
BDS ENISO 10870:2012 and EN 16150:2012). The
taxa were identified in a laboratory after cleaning
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Fig. 1. Map of the 15 sampling sites in the Maritsa River catchment area.
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and sorting the samples. The nomenclature of the
macroinvertebrates followed in general Fauna Eu-
ropaea (DE JONG et al. 2014). Additional keys were
used for identification of various systematic groups:
BAUERNFEIND & SoLDAN (2012) for Ephemerop-
tera, MURANYI (2008) and DE WALT et al. (2021) for
Plecoptera, Kumanski (1985, 1988), HOLZENTHAL
(2011), WARINGER & WOLFRAM (2011) and MORSE
(2020) for Trichoptera, PaPE et al. (2011) for Dip-
tera, SCHMIDT (1993), ANDERSEN et al. (2013) and
Bitusik & HAMERLIK (2014) for Chironomidae
(Diptera), CHEKNOVSKAYA (1962) and ERESUS et al.
(2008) for Oligochaeta and HrRBaC¢K (1980), NAGEL
(1989) for the other insect orders.

The frequency of occurrence (pF), frequency
of dominance (DF), and degree of dominance (DT)

were calculated according to the dominant analysis
of DE VRIES (1937) and KozHova (1970). In addition,
cluster analysis (Average group method, Sérensen re-
semblance) in PRIMER-E, Version 6, was performed
to present the similarity in the taxonomic composition
of the macrozoobenthos between the studied sites.

Results

Short description of the sampling sites

The difference in the altitude between the highest
(site 1) and the lowest (site 15) sampling sites was
about 800 m, and the total length of the Maritsa River
between them was 236.4 km (Table 1). Sites 1 and 2
were at higher elevation than the other ones and were
about 50 km apart from the next one (site 3). Seven
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Fig. 2. Percentage share of substrate at each sampling site.
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Fig. 3. Number of the taxa belonging to the 15 basic benthic groups found at all sampling sites.
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Table 1. Continuation.

Tree vegetation - on the right
bank- natural; on the left — artificial

(Populus Gen. sp., Amorpha sp.)

Wastewater discharge from cow

farms. Heavy pollution upwards

the river flow.

Stone threshold, barrier. Many

invasive plants (4dmorphasp.)

Arable agricultural land. Urbanized

environment - road bridge, con-
crete thresholds (barriers). Invasive

mammals (Myocastor coypus).
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*R3: Mountain rivers in the ecoregion 7; R5: Semi-mountain rivers with gravel substrata; R12: Large lowland rivers with fine substrata in the ecoregion 7; R13: Small and

medium-size lowland rivers with fine substrata in Aegean Region.

*HMWB (Heavily Modified Water Body).

of the sampling sites were located at natural water
bodies and the others (8) were at heavily modified
water bodies, where significant anthropogenic pres-
sures by waste discharge from agriculture, farms,
industries and domestic wastewaters was registered.

At most of the sampling sites (4, 6-8, 10-15),
pebbles had the highest proportions (up to 98%),
and tended to increase downstream (Table 1, Fig.
2). Exceptionally, at the site 9, the share of boulders
and stones was the highest (45%). Upstream (> 700
m a.s.l.), the percentages of the large boulders and
stones were as high as 50%. At the sites 3 and 5,
cobbles amounted between 40 and 60%.

Taxonomic composition of macrozoobenthos

Totally, 165 taxa of benthic macroinvertebrates be-
longing to 134 genera and 69 families were recorded
(Table 2). They were representatives of 15 systemat-
ic benthic groups (Fig. 3). The order Ephemeroptera
was presented with the highest number of taxa (26),
followed by the Chironomidae (25) and the Trichop-
tera (22). The species Leuctra hirsuta (Plecoptera)
was found at the Site 1 and reported for the first time
for the Maritsa River. The number of taxa found at
each sampling site varied between 16 at the site 14
(Maritsa River after Harmanli) and 35 at the site 11
(Stryama River) (Fig. 4).

Considering the quantitative proportions of
the benthic groups at each sampling site, the order
Ephemeroptera had the highest values at ten sites
(up to 71.1%) (Fig. 5). The order Trichoptera domi-
nated at the sites 9 and 10 (52.7% and 74.5% resp.),
Odonata and Chironomidae at the site 13 (23.7%
each) and Mollusca at the downstream sites (up to
48.1%). Plecoptera was the second largest group up-
stream (35.2% at the site 2). Taxa of Chironomidae
were recorded at all sites but their shares were rela-
tively low (av. 11.5%).

Dominant analysis

According to the frequency of occurrence, 11 taxa
can be considered as “constant” (pF > 50%). Baetis
fuscatus and Caenis pseudorivulorum (Ephemer-
optera) occurred more frequently in the study area
(pF=73.3%) (Table 2). Other taxa with high values
of this index were Simuliidae gen. sp. (pF=66.7%)),
Asellus aquaticus and Gammarus sp. of Crustacea,
Conchapelopia sp., Cricotopus sp. and Polypedi-
lum sp. of the family Chironomidae (pF=60%),
and Hydropsyche bulbifera and Hydropsyche sp. of
Trichoptera (pF=53.3%). The number of accompa-
nying taxa (pF=25-50%) was 16 and the other taxa
were less common (occurring only at one to three
sampling sites).
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Table 2. Taxa found in Maritsa River and some of its main tributaries in 2020 with their frequency of occurrence (pF),
frequency of dominance (DF) and degree of dominance (DT).

Taxa Stations pF (%) DF (%) DT (%)
TURBELLARIA
Dugesiidae
Girardia tigrina Gerard, 1850 413,15 20.0
Schmidtea lugubris (Schmidt, 1861) 11 6.7
S. polychroa (Schmidt, 1861) 12 6.7
OLIGOCHAETA
Naididae
Branchiura sowerbyi Beddard, 1892 15 6.7
Rhyacodrilus coccineus (Vejdovsky, 1875) 4 6.7
Nais variabilis Piquet, 1906 8,15 13.3
Limnodrilus hoffmeisteri Claparéde, 1862 12,15 13.3
L. claparedeanus Ratzel, 1868 12,13 13.3
L. sp. 7,11,13,14,15 333 6.7 20.0
Psammoryctides albicola (Michaelsen, 1901) 13 6.7
Lumbriculidae gen. sp. 8 6.7
Lumbricidae gen. sp. 2,5,11,14 26.7
HIRUDINEA
Erpobdellidae
Erpobdella octoculata (Linnaeus, 1758) 5,6,7,8,9 333
Rhynchobdellida
Glossiphoniidae
Helobdella stagnalis (Linnaeus, 1758) 7,8 13.3
Helobdella sp. 5 6.7
MOLLUSCA
BIVALVIA
Sphaeriida
Sphaeriidae
Musculium sp. 13 6.7
Pisidium sp. 2 6.7
P. casertanum casertanum (Poli, 1791) 13 6.7
Venerida
Cyrenidae
Corbicula fluminea (O. F. Miiller, 1774) 12,13,14,15 26.7 20.0 75.0
Gastropoda
Bithyniidae
Bithynia sp. 4,12 13.3
Planorbidae
Ancylus fluviatilis (O. F. Miiller, 1774) 11 6.7
Planorbis planorbis (Linnaeus, 1758) 5 6.7
Basommatophora
Lymnaeidae
Radix auricularia (Linnaeus, 1758) 13,15 13.3
Physidae
Physella acuta (Draparnaud, 1805) 5,6,7,8,13,15 40.0 6.7 16.7

Heterotropha
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Table 2. Continuation

Valvatidae

Valvata piscinalis piscinalis (O.F.Miiller, 1774) 6,8,13,15 26.7

Hygrophila

Lymnaeidae

Radix labiata (Gloer, 2002) 2,6,12 20.0

ARACHNIDA

Araneae gen. sp. 11,12 133

Hydracarina gen. sp. 1,2,3,5,9,11,12 46.7

CRUSTACEA

Malacostraca

Isopoda

Asellidae

Asellus aquaticus (Linnaeus, 1758) 2,3,5,6,7,8,9,10,11 60.0 6.7 11.1

Amphipoda

Gammaridae gen. sp. 6 6.7 6.7 100.0
Gammarus sp. 2,3,4,5,7,8,9,11,12 60.0 20.0 333

Decapoda

Potamidae

Potamon ibericum (Bieberstein, 1808) 9,14 13.3

INSECTA

Ephemeroptera

Baetidae

Alainites muticus (Linnaeus, 1758) 2 6.7

Baetis alpinus (Pictet, 1845) 2 6.7 6.7 100.0
B. buceratus Eaton, 1870 6,8,9 20.0 13.3 66.7
B. fuscatus (Linne, 1761) 3,4,5,6,7,8,9,10,11,12,14 73.3 20.0 273

B. melanonyx (Pictet, 1845) 1,2 133 13.3 100.0
B. nexus (Navas, 1918) 4,5,6 20.0

B. rhodani (Pictet, 1845) 1,2 13.3 6.7 50.0
B. vardarensis Ikonomov, 1962 10,12 13.3

B. sp. 3,4,5,8,10,11 40.0 6.7 16.7
Procloeon pulchrum (Eaton, 1885) 4 6.7 6.7 100.0
Cloeon dipterum (Linnaeus, 1761) 6,7,12,13 26.7 6.7 25.0
Labiobaetis atrebatinus (Eaton, 1870) 6 6.7

L. tricolor (Tshernova, 1928) 8,12,14 20.0

Procloeon pennulatum (Eaton, 1870) 6,7 13.3

Pseudocentroptiloides nana (Bogoescu, 1951) 12,13 13.3 6.7 50.0
Raptobaetopus tenellus (Albarda, 1878) 9 6.7

Heptageniidae

Ecdyonurus helveticus (Eaton, 1883) 2 6.7

E. (Helvetoraeticus) sp. 1 6.7 6.7 100.0
E. (Ecdyonurus) sp. 3 6.7

E. sp. 3,11 133

Heptagenia sulphurea (Miiller, 1776) 13,14 13.3

Ephemerellidae

Serratella ignita (Poda, 1761) 2,3,4.8,11 333

Caenidae
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Table 2. Continuation

Caenis macrura(Stephens, 1835) 3,4,10,11 26.7
C. pseudorivulorum (Keffermiiller, 1960) 3,4,5,6,7,8,9,11,12,13,14 73.3 40.0 54.5
Leptophlebiidae

Habroleptoides confusa Sartori & Jacob, 1986 1 6.7
Ephemeridae

Ephemera sp. 3 6.7
Plecoptera

Nemouridae

Protonemura intricata intricata (Ris, 1902) 1 6.7
P. montana Kimmins, 1941 1 6.7
P. praecox praecox (Morton, 1894) 1 6.7
Leuctridae

Leuctra fusca fusca (Linnaeus, 1758) 1,2,3,10,11 333 6.7 20.0
L. hirsuta Bogoescu & Tabacaru, 1960 1 6.7
Perlidae

Perla marginata (Panzer, 1799) 1 6.7
Odonata

Gomphidae

Gomphus flavipes (Charpentier, 1825) 12 6.7
G. vulgatissimus (Linnaeus, 1758) 13 6.7
Onychogomphus forcipatus forcipatus (Linnaeus,

1758) 11 6.7
O. forcipatus ssp. 6.7
Aeshnidae gen. sp. 6 6.7
Calopterygidae

Calopteryx splendens (Harris, 1780) 6,13,14,15 26.7
C. virgo (Linnaeus, 1758) 8,12 13.3
C. sp. 11 6.7
Coenagrionidae gen. sp. 15 6.7
Ischnura elegans (Vander Linden, 1820) 7 6.7 6.7 100.0
Libellulidae gen. sp. 12,15 133
Libellula sp. 4 6.7
Orthetrum sp. 13 6.7
Platycnemididae

P. pennipes (Pallas, 1771) 6,13 133 6.7 50.0
Coleoptera

Dytiscidae gen. sp. Ad. 4,13,14 20.0
Dytiscidae gen. sp. Lv. 7 6.7
Hydaticus transversalis (Pontoppidan, 1763) Ad. 5 6.7
Gyrinidae gen. sp. Lv. 3 6.7
Elmidae gen. sp. Lv. 1 6.7
Limnius sp. Ad. 13 6.7
Haliplidae gen. sp. Lv. 1 6.7
Hydrophilidae gen. sp. Ad. 3,7 133
Helophorus sp. Ad. 6 6.7
Hydraenidae gen. sp. Lv. 1,2 13.3
Coleoptera Indet. Lv. 10 6.7
Heteroptera gen. sp. 13 6.7
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Table 2. Continuation

Aphelocheiridae

Aphelocheirus aestivalis (Fabricius, 1794) 14 6.7
Corixidae gen. sp. 11,12 133 6.7 50.0
Corixa sp. 4,7,13 20.0
Micronecta sp. 13,15 133
Gerridae gen. sp. 13 6.7
Hydrometridae

Hydrometra sp. 7,13 13.3
Mesoveliidae

Mesovelia sp. 7 6.7
Naucoridae

Ilyocoris cimicoides ssp. 7 6.7
Nepidae

Nepa cinerea (Linnaeus, 1758) 7 6.7
Notonectidae

Notonecta sp. 11 6.7
Pleidae

Plea minutissima minutissima (Leach, 1817) 6.7
Veliidae gen. sp. 6.7
Velia sp. 6.7
Trichoptera

Rhyacophilidae

Rhyacophila (s. str.) sp. 2,3 13.3
R. (s. str) gr. nubila-obliterata 1,2,11 20.0
Glossosomatidae

Agapetinae gen. sp. 3,11 13.3
Agapetus sp. 3 6.7
Philopotamidae

Philopotamus montanus (Donovan, 1813) 1 6.7
Psychomyiidae

Psychomyia pusilla (Fabricius, 1781) 3,9,10,11 26.7
Hydropsychidae

Cheumatopsyche lepida (Pictet, 1834) 3 6.7
Hydropsyche angustipennis (Curtis, 1834) 9,10 13.3
H. bulbifera McLachlan, 1878 4,5,6,7,8,9,10,11 533 133 25.0
H. incognita Pitsch, 1993 9,10,11 20.0
H. instabilis (Curtis, 1834) 1 6.7
H. modesta Navas, 1925 8,9,10,14 26.7 6.7 25.0
H. tabacarui Botosaneanu, 1960 1 6.7
H. sp. 2,3,4,5,8,9,10,11 533 20.0 375
Limnephilidae

Potamophylax sp. 1,2 13.3
Chaetopterygini gen. sp. 1 6.7
Sericostomatidae

Sericostoma cf. flavicornev Schneider, 1845 1 6.7
Odontoceridae

Odontocerum hellenicum Malicky, 1972 1 6.7
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Table 2. Continuation

Leptoceridae gen. sp. 10 6.7
Mystacides azurea (Linnaeus, 1761) 11 6.7
Hydroptilidae gen. sp. 12,13,14 20.0
Hydroptila sp. 4,8,9,11 26.7
Diptera

Tipulidae gen. sp. 5 6.7
Diptera Indet. 12 6.7
Tipula sp. 1,12 13.3
Psychodidae gen. sp. 4,5 13.3
Culicidae gen. sp. 13 6.7
Ceratopogonidae gen. sp. 11 6.7
Chironomidae

Ablabesmyia sp. 7,14 13.3
Brillia sp. 1,2 133
Chironomus sp. 2,7,8,9 26.7
Cladotanytarsus sp. 3 6.7
Conchapelopia sp. 2,3,4,59,10,11,12,13 60.0
Corynoneura sp. 5,8,9 20.0
Cricotopus sp. 4,5,7,8,9,11,12,13,15 60.0 6.7 11.1
Cryptochironomus sp. 12 6.7
Diamesa sp. 10 6.7
Diamesinae gen. sp. 1,10 133
Eukiefferiella sp. 1,2,3,8 26.7
Glyptotendipes sp. 12 6.7
Krenopelopia sp. 1 6.7
Micropsectra sp. 10 6.7
Microtendipes sp. 6.7
Parametriocnemus sp. 6.7
Paratanytarsus sp. 4,5,6,7,9,11,12,14 53.3 13.3 25.0
Polypedilum sp. 2,3,5,7,8,11,12,14,15 60.0
Potthastia sp. 3 6.7
Procladius sp. 7,13,15 20.0
Prodiamesa olivacea (Meigen, 1818) 2,11 13.3
Rheocricotopus sp. 3,10,12 20.0
Rheotanytarsus sp. 5 6.7
Tanytarsini gen. sp. 2 6.7
Tanytarsus sp. 8 6.7
Simuliidae gen. sp. 1,2,3,4,5,6,8,9,10,11 66.7 13.3 20.0
Stratiomyidae gen. sp. 2,11 13.3
Stratiomys sp. 7 6.7
Tabanidae

Tabanus sp. 4,13,15 20.0
Athericidae gen. sp. 3 6.7
Ibisia marginata (Fabricius, 1781) 3,12 13.3
Empididae gen. sp. 2,3 13.3
Dolichopodidae gen. sp. 1 6.7
Sciomyzidae gen. sp. 4 6.7
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The number of dominant and subdominant
taxa was 27. The species with the highest fre-
quency of dominance was Caenis pseudorivulorum
(DF=40%).

Six taxa had the highest degree of dominance
(DT=100%): Gammaridae gen. sp. (Amphipoda),
Baetis alpinus, B. melanonyx, Procloeon pulchrum,
Ecdyonurus (Helvetoraeticus) sp. (Ephemerop-
tera) and Ischnura elegans (Odonata). All of them
had low values of the frequency of occurrence and
dominance indices (pF=6.7%, DF=6.7% or 13.3%).
Baetis melanonyx was recorded at two sites (1 and
2), while the other five taxa were found only at one
site (1, 2, 4, 6 and 7) (Table 2).

The cluster analysis of similarity of the mac-
rozoobenthos taxonomic composition separated the
sampling sites into three main groups (Fig. 6). The
first group was formed by sites, which belonged to
the mountain type of water bodies (R3) and were
characterised with low anthropogenic pressure (site
1 — M_RADUIL and site 2 — M_DBANYA). The
second group included most of the sites and was
divided into three subgroups. The sites from the
first subgroup were located on the tributaries of the
Maritsa River (site 10 — CHEPELARSKA R, site
3-TOPOLNITSA R, and site 11— STRYAMA_R).
The second subgroup was formed by the closely
situated sites within the main Maritsa River (site 4
— M _PAZARDZHIK, site 5 — M_OGNYANOVO,
site 8 — M_VACHA, and site 9 — M_PLOVDIV),
which were distinguished by different types of hu-
man impacts (Table 1). The third subgroup con-
sisted of sites (site 6 — M_GOVEDARE, and site 7
— M_STAMBOLIYSKI), which were positioned in
arable agricultural lands. The third cluster covered
the sites, which were located in the lower stretches
of the Maritsa River (sites 12-15).

Discussion

The formation of the macrozoobenthic communi-
ties is strongly influenced by the substrate composi-
tion in rivers as the proper substrates provide shel-
ters from the river flow and supply food (Uzunov
et al. 1981, RUssev & JANEvA 1983, MOLOKWU et
al. 2014). The dominance of mayflies in the Maritsa
River is related to the pebbles, which are the pref-
erable substrate to them (RuUssEv & JANEva 1983).
The high proportions of stones and boulders at the
sites 9 and 10 create favourable conditions for the
dominance of caddisflies (Figs. 2 and 5). The order
Plecoptera is presented by relatively high propor-
tions upstream, where the percentage of boulders
and stones is higher (Figs. 2 and 5). The taxonomic
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composition of the macrozoobenthos indicates that
the conditions there can be considered close to the
natural ones. This is also evidenced by the presence
of Leuctra hirsuta (Plecoptera); this oligosaprobic
species is a Balkan endemic and falls into the cat-
egory of Vulnerable (VU) species (TYUFEKCHIEVA
et al. 2019). The higher frequency of occurrence of
stoneflies at sites with stones and pebbles than at
sites with silt and sand has been found in the study
by Uzunov & KovacHEV (1981).

In 1976-1977, the total number of taxa report-
ed for the Maritsa River was 229 belonging to 130
genera; it had gradually decreased in comparison
with the numbers (305 species) in 1955 and (284
species) in 1966 (Uzunov et al. 1981). The ten-
dency of reduction of the taxonomic diversity has
been continuing over the last 65 years (165 taxa in
2020). The order Ephemeroptera has been recorded
as the group with the highest taxa richness but it has
decreased considerably when compared with previ-
ous studies. The number of species identified was
51 (18 genera and 11 families) in 1955-1966, and 56
(16 genera and 9 families) in 1976—1977 (Russev &
JANEVA 1983) but in 2020 only 26 species (14 genera
and 6 families) were found, i.e. less than the half
reported before. The composition of mayfly assem-
blages could vary depending on the geological and
hydrological conditions as well as due to the sensi-
tivity to the ecological changes (RUSSEV & JANEvA
1983). Furthermore, this is one of the most impor-
tant and representative groups in the formation of
the benthic communities in rivers. The decrease of
the diversity of Ephemeroptera in the Maritsa River
indicates the considerable changes in the ecological
situation caused by human impacts.

The number of taxa of macrozoobenthos de-
creases downstream, which is a tendency oppo-
site of the natural one. Most of the sampling sites
are located either close to arable agricultural lands
and pastures or in urbanised areas (Table 1). Fur-
thermore, excessive amounts of waste disposal and
discharge of wastewater were observed at the river-
sides. Macroinvertebrates respond to water quality
changes and impacts of anthropogenic pressures on
macrozoobenthic communities in the Maritsa River
have been reported in previous studies (METCHEVA
et. al. 1987, UzuNov et al. 1991, JANEVA et al. 1997,
GENINA et al. 2017). Thus, the water pollution along
the river has led to the decreasing trend in the taxa
diversity downstream, despite the self-purification
abilities of the river and the adaptations of the more
tolerant species.

The dominant species within the mayflies
(Ephemeroptera) have changed in comparison to the
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previous study periods. Baetis vernus (pF=46.3%,
DF=14.7%, DT=31.8), which was a common spe-
cies in the period of 1976-1977 (RUSSEV & JANEVA
1983), was currently replaced by B. fuscatus in 2020.
The species has considerably increased its frequency
of occurrence (pF=73.3%) compared to 19761977
(pF = 6.3%) (Russev & JANEVA 1983). Another may-
fly species, i.e. C. pseudorivulorum, has the highest
values of frequency of occurrence and dominance
(pF=73.3%, DF=40%). It is more frequent in recent
years and can be found in large numbers (VIDINO-
VA 2003, VIDINOVA et al. 2018).

The fact that all six taxa with the maximum de-
gree of dominance have very low values of pF and
DF indices means that the species occur and domi-
nate under some specific environmental conditions,
which differ along the river even in the same river
type (Table 1). This is supported also by the results
from the cluster analysis of similarity of the macro-
zoobenthos taxonomic composition. Baetis alpinus
inhabits stony streams at 200-2,600 m a.s.l. and B.
melanonyx occurs at 600-1,400 m a.s.l.; these two
species move upstream to lay eggs on stable rocks
(LEYs et al. 2016). They are typical for the upper
river stretches characterised by high flow velocity,
low temperature and high dissolved oxygen content.
Their DT values have dramatically increased dur-
ing the last decades in comparison with the ones in
1976-1977, which were 41.6 % and 9.2 % for B.
alpinus and B. melanonyx, respectively (RUSSEV &
JANEVA 1983).

Conclusion

The taxonomic composition and dominant struc-
ture of the macrozoobenthos in the studied stretch-
es of the Maritsa River and some its tributaries
varied greatly. They indicated both habitat hetero-
geneity (including the substrate composition) and
differences in the environmental conditions, even
at short distances. The taxonomic composition and
the great taxa richness upstream testify to condi-
tions close to the natural ones. The change of the
ecological situation has led to a considerable re-
duction of the invertebrate fauna downstream the
Maritsa River.

Acknowledgements: The study was funded by the World Bank
through the project “Validation of the typology and classifica-
tion system in Bulgaria for the ecological status assessment
of the surface water bodies in categories “river”, “lake” and
“transitional waters” (Grant no. 71 957 35/17.4.2020, DICON-
UBA). The authors would like to express their gratitude to Gana
Gecheva and Minko Mihaylov for assistance in the field works.

References

ANDERSEN T., CRANSTON P. S. & EPLER J. H. 2013. (Sci. eds) The
larvae of Chironomidae (Diptera) of the Holarctic Region
— Keys and diagnoses. Insect Systematics & Evolution,
Suppl. 66: 1-571.

BAUERNFEIND E. & SoLpAN T. 2012. The mayflies in Europe
(Ephemeroptera). Ollerup, Denmark: Apollo Books. 781 p.

BrTusik P. & HAMERLIK L. 2014. Identification key for Chiron-
omidae larvae of Slovakia. Part 2. Tanypodinae. Belianum,
Vydavatel'stvo Univerzity Mateja Bela v Banskej Bystrici,
Slovakia, 96 p. (In Slovak).

CHEKNOVSKAYA O.V. 1962. Aquatic oligochaete worms of fauna
of the USSR. The USSR Academy of Sciences, Moscow
— Leningrad, 411 p.

CHESHMEDIJIEV S., SOUFI R., VIDINOVAY., TYUFEKCHIEVA V., YA-
NEVA L., UzuNov Y. & VArRADINOVA E. 2011. Multi-habitat
sampling method for benthic macroinvertebrate communi-
ties in different river types in Bulgaria. Water Research and
Management 1(3): 55-58.

DE JONG Y., VERBEEK M., MICHELSEN V., BjorN PDE P., Los
W., STEEMAN F., BaiLLy N., BASIRE C., CHYLARECKI P.,
STLOUKAL E., HAGEDORN G., WETZEL FT., GLOCKLER F.,
Kroura A., KorB G., HOFFMANN A., HAUSER C., KOHL-
BECKER A., MULLER A., GONTSCH A., STOEV P., PENEV L.
2014. Fauna Europaea — all European animal species on
the web. Biodiversity Data Journal 2: e4034. doi: 10.3897/
BDJ.2. e4034.

DE VRiEs M. 1937. Methods used in plant sociology and agri-
cultural botanical grassland research. Herbage Review,
Aberystwyth, 5: 76-82.

De Warr R.E., MAenr M.D., Hopkins H., NEU-BECKER U. &
STUEBER G. 2021. Plecoptera Species File Online. Version
5.0/5.0. [retrieval date]. <http://Plecoptera.SpeciesFile.
org>.

ErEesus C., WETZEL M. J. & GusTavssoN L. 2008. ICZN rules
- a farewell to Tubificidae (Annelida, Clitellata). 2008.
Zootaxa 1744: 66—68. ISSN 1175-5334 (online edition).

GENINA V.M., GECHEVA G.M., VELCHEVA 1.G. & MaARINOV MLL
2017. Assessment of organic pollutants in sediments from
Maritsa River basin (Bulgaria). Bulgarian Chemical Com-
munications 49: 231-236.

JANEWVA 1., PEHLIVANOV L., VIDINOVA Y., STOICHEV S., TYUFEK-
CHIEVA V. & KumANsk1 K. 1997. A comparative ecological
characterization of lotic benthal zoocoenoses from two
streams under different anthropogenic influence. — In:
Ecomonitoring in Rozhen and Srednogorie — Bulgaria.
Ministry of Environment, SDC — Swiss Agency for De-
velopment and Cooperation, Sofia, 101-112.

HoLzenTHAL R. W. 2011. Animal biodiversity: an outline of high-
er-level classification and survey of taxonomic richness:
Order Trichoptera Kirby, 1813. Zootaxa 3148: 209-211.

HrBASK J. (ed.), 1980. Kli¢ vodnich larev hmyzu. — Ceskoslovenské
Akademie Véd, Praha, 524 p.

Koznova O. M. 1970. Formation of the phytoplankton in the
Bratsk Water Reservoir. Formation of the Natural Condi-
tions and Life in the Bratsk Water Reservoir, Moscow:
Nauka, pp. 26—-160. (In Russian).

Kumanskr K. 1985. Fauna Bulgarica 15, Trichoptera,
Annulipalpia. Sofia: Publishing House of the Bulgarian
Academy of Sciences, 243 p. (In Bulgarian).

Kumanski K. 1988. Fauna Bulgarica 19, Trichoptera, Integripal-

73



Park J., Sakelarieva L., Varadinova E., Evtimova V., Vidinova Y., Tyufekchieva V., Georgieva G.,

Ihtimanska M. & Todorov M.

pia. Sofia: Publishing House of the Bulgarian Academy
of Sciences, 353 p. (In Bulgarian).

Leys M., KELLER 1., RASANEN K., GATTOLLIAT J. L. & ROBINSON
C.T. 2016. Distribution and population genetic variation
of cryptic species of the Alpinemayfly Baetis alpinus
(Ephemeroptera: Baetidae) in the Central Alps. BMC
Evolutionary Biology, 16: 77.

METCHEVA R., KARAPETKOVA M. & GERASIMOV S. 1987. An ac-
cumulation of heavy metals in bioindicatory species of
vertebrate animals from the Srednogorie region. 1-st Na-
tional Conference on Problems of Biological Monitoring,
22-24 October 1987, Plovdiv, pp. 174-177 (In Bulgarian).

MOEW (Ministry of Environment and Water) 2016a. River Basin
Management Plans 2016-2021.

MOEW (Ministry of Environment and Water) 2016b. River Basin
Management Plans 2016-2021. East Aegean basin man-
agement plan and National Implementation Programme
(in Bulgarian).

MoLokwU N. D., Vaz P. G., BRADSHAW T., BLAKE A., HENESSEY
C. & MERTEN E. 2014. EFFECTS OF SUBSTRATE ON THE BEN-
THIC MACROINVERTEBRATE COMMUNITY: AN EXPERIMENTAL
APPROACH. ECOLOGICAL ENGINEERING 73: 109-114.

Morsk J. C. (Ed.) 2020. Trichoptera. World Checklist. http://
entweb.clemson.edu/database/trichopt/index.htm (Ac-
cessed 10 October 2020).

MuURrANYI D. 2008. Taxonomical problems and zoogeographi-
cal investigation of the stonefly (Plecoptera) fauna of the
Carpathian Basin and the Balkans. PhD Thesis, Eotvos
Lorand University, Department of Systematic Zoology and
Ecology Doctoral School of Biology. 149 p. (In Hungarian,
English Summary).

NAaGEL P. 1989. Bildbestimmungsschliissel der Saprobien: Mak-
rozoobenthon. Gustav Fischer Verlag Stuttgart/New York:
183pp. ISBN 3-437-20438-6.

PaPE T., BLAGODEROV V. & MosTOvsKI M. 2011. Order Diptera
Linnaeus, 1758. In: ZHANG Z.-Q. (Ed.). Animal biodiver-
sity: An outline of higher-level classification and survey
of taxonomic richness. Zootaxa 3148: 222-229.

Russev B. K., Uzunov J. 1., KovacHEV S. G., YANEVA 1. Y. &
Ivanova L. S. 1981. Tendencies of the changes in the sap-
robic condition of the Maritsa River. Bulgarian Academy of
Sciences. Hydrobiology (Sofia) 14: 51-64 (in Bulgarian).

74

Russev B. K. & JANEvA L. J. 1983. The significance of mayflies
(Ephemeroptera, Insecta) as structural constituents of ben-
thic zoocenoses of the Maritsa River. Bulgarian Academy
of Sciences. Hydrobiology (Sofia) 19: 14-23.

ScuMIDT P. 1993. A key to the larval Chironomidae and their
instars from Austrian Danube region streams and rivers.
Part I: Diamesinae, Prodiamesinae and Orthocladiinae.
Federal Institute for Water Quality, Wien-Kaisermuehlen.
Wasser und Abwasser, Supplement 3.

TYUFEKCHIEVA V., EvIIMOVA V. & MURANYI D. 2019. First check-
list of stoneflies (Insecta: Plecoptera) of Bulgaria, with
application of the [IUCN Red List criteria at national level.
Acta Zoologica Bulgarica 71 (3): 349-358.

Uzunov J. 1., KapusTiNA L. I. & PETRAKOVA Z. B. 1991. Ecologi-
cal situation in the Maritsa River basin assessed by stan-
dardized biotic criteria. Bulgarian Academy of Sciences.
Hydrobiology (Sofia) 37: 59—68 (in Bulgarian).

UzunNov J. 1. & KovacHEV S. G. 1981. The effect of the substrate
on the structure of the macrozoobenthic communities in the
Maritsa River. Bulgarian Academy of Sciences. Hydrobiol-
ogy (Sofia) 14: 65-74 (in Bulgarian).

Uzunov J. I. & KovacHEv S. G. 1985. Macroinvertebrate com-
munities structures in the Maritsa River under human activ-
ity impact. Bulgarian Academy of Sciences. Hydrobiology
(Sofia) 24: 33-47.

UzunNov J. 1., Russev B. K., KovacHEV S. G. & JANEVA L. J. 1981.
Species composition and distribution of the macrozooben-
thos of the Maritsa River. Bulgarian Academy of Sciences.
Hydrobiology (Sofia) 14: 3—15 (in Bulgarian).

VipiNova Y. N. 2003. Contribution to the study of mayfly fauna
(Ephemeroptera) in Bulgaria. In: Gamvo E (Ed.). Research
Update on Ephemeroptera and Plecoptera. University of
Perugia, Perugia, Italy, pp. 159-163.

VipiNnova Y. N., EviiMovA V. V. & TyUFEKcHIEVA V. G. 2018.
Ephemeroptera, Plecoptera and Trichoptera (Insecta) from
Water Bodies in the Region of Plovdiv City. Faunistic
diversity of the city of Plovdiv (Bulgaria), Vol.1 — Inverte-
brates. Bulletin of the Natural History Museum — Plovdiv,
Supplement 1: 69-79.

WARINGER J. & WOLERAM G. 2011. Atlas of Central European
Trichoptera Larvae. Erik Mauch Publishers. ISBN: 978-
3-00-032177-1.



