Zoogeography and Faunistics
Research Article

ACTA ZOOLOGICA BULGARICA
Acta zool. bulg., 68 (2), 2016: 171-182

Taxonomic status and distribution of medicinal leeches
of the genus Hirudo L. (Hirudinea) in Bulgaria

Milcho Todorov', Snejana Grozeva', Zdravko Hubenov’, Lubomir Kenderov’,
Teodora Trichkova’

!Institute of Biodiversity and Ecosystem Research, Bulgarian Academy of Sciences, 1 Tsar Osvoboditel Blvd., Sofia 1000,
Bulgaria; E-mails: todorovmilcho@gmail.com; sgrozeva@gmail.com; trichkova@zoology.bas.bg;

2National Museum of Natural History, Bulgarian Academy of Sciences, 1 Tsar Osvoboditel Blvd., Sofia 1000, Bulgaria;
E-mail: zhubenov@nmnhs.com

3Faculty of Biology, Sofia University, 8 Dragan Tsankov Blvd., Sofia 1164, Bulgaria; E-mail: lubomir.kenderov@gmail.com

Abstract:

The medicinal leeches of the genus Hirudo are among the invertebrates with the best studied biology and
physiology, because of their wide application in medicine. However, till the end of the 20th century, there
was confusion regarding the taxonomic status of the different morphological forms of these leeches. The
prevailing view was that all varieties of the medicinal leeches in Europe represent the same species, i.c. H.
medicinalis. Recently, the application of molecular methods in studies of the medicinal leeches has led to
significant changes in taxonomy of the genus Hirudo and proved the existence of four Western Palaearctic
species with clearly delineated and non-overlapping ranges. In order to clarify the taxonomic status of the
medicinal leeches in Bulgaria, 56 potential sites were monitored during the period 2005-2014, and the
recorded specimens were studied, using morphological and karyological methods. The most important ex-
ternal morphological traits of 226 individuals from 16 populations across the country were analysed. Based
on the colouration and patterns of dorsum and venter, the medicinal leeches from all populations studied
were identified as H. verbana. The haploid chromosome number (n=13) confirmed belonging of the studied
medicinal leeches to H. verbana. Our results may be used as a basis for further monitoring of the medicinal
leech populations across the country and assessment of their conservation status in Bulgaria.
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Introduction

The medicinal leeches have been known to humans in
Egypt, Rome and Greece since ancient times mainly
because of their historical use in medicinal phlebot-
omy (blood-letting) (ELLioTT, KuTscHERA 2011). The
medicinal leeches have been used widely for drain-
ing haematomas from wounds, for removing post-
operative occlusions to enhance the success of tis-
sue transplants and the surgical joining of amputated
appendages, such as fingers and ears, as well as for
stimulating blood flow into the wound and the capil-
lary growth. The leech saliva is a significant source of
important bioactive compounds that include antico-
agulants, antistatins and other proteolytic inhibitors

as hirudin, histamine, hyaluronidase, bdellin, and
eglin (Tuszinsky et al. 1987, WELLS, CooMmBEs 1987,
HEeNrIOT ef al. 1990, SOLLNER et al. 1994, BASKOVA,
Zavarova 2001, SaLzer 2002, SiopaLL et al. 2007,
Erviort, KutscHEra 2011). The medicinal leeches
have also been used as a model organism in neurobi-
ology (e.g. NIcHOLLS, VAN ESSEN 1974, MULLER et al.
1981, Leake 1983, Erriort, KuTtscHErA 2011). The
widespread application of the leeches in medicine is
probably the main reason for their being among the
invertebrates with the best studied biology and phys-
iology (Davies, McLouGHLIN 1996). The same is not
valid with regard to their taxonomy, which has been
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substantially revised in recent years through some
modern molecular and cytogenetic methods.

Hirudo medicinalis Linnaeus, 1758 was con-
sidered as the only European medicinal leech for a
long time, in spite of the fact that some other species
were described meanwhile. In the 19" and 20" centu-
ries, most researchers accepted the view of MoQUIN-
Tanpon (1846) that all varieties of medicinal leeches
in Europe represent the same species, namely H. me-
dicinalis. One of the neglected species was H. ver-
bana Carena, 1820, first described by CARENA (1820)
from Lago Maggiore (Lacus Verbanus in Latin) in
northeast Italy, and later regarded as a subspecies of
the European medicinal leech (H. medicinalis ssp.
officinalis) (ELLioT, KuTscHERA 2011). In the period
from its description till the end of the 20" century, H.
verbana was “forgotten” by researchers. However,
NESEMANN, NEUBERT (1999) re-established the spe-
cies status of H. verbana and separated the European
medicinal leeches into the north-western H. medici-
nalis and the south-eastern H. verbana. In Bulgaria,
as in many other European countries, the findings of
medicinal leeches referred mainly to H. medicinalis.

In the last decade, the application of some mo-
lecular methods in studies of the medicinal leeches
has led to significant changes in the taxonomy of the
genus Hirudo Linnaeus, 1758 and proved the exist-
ence of four Western Palaearctic species with clearly
delineated and non-overlapping ranges (TRONTELJ
et al. 2004, Utevsky, TrRonNTEL] 2005, TRONTELJ,
UTtevsky 2005, UTEVSKY et al. 2009, 2010, TRONTELI,
Urtevsky 2012, KutscHira, ELLiort 2014). In ac-
cordance with the above finding, KuTtscHErA (2012)
noted that these four, well-defined taxa, must be in-
terpreted as a complex of closely related species (the
Hirudo medicinalis species complex). This species
complex includes four taxa: the European medici-
nal leech (m. 1.) H. medicinalis, the Mediterranean
m. 1. H. verbana, the Caucasian m. 1. H. orientalis
Utevsky et Trontelj, 2005, and the North African
m. 1. H. troctina Johnson, 1816. The European m.
. H. medicinalis is the northernmost species, occu-
pying a vast area from France, Britain and Norway
to the Urals. The southern border of its range is far
from Bulgaria and passes through France, northern
Italy, Hungary, Ukraine and southern Russia. The
Mediterranean m. 1. H. verbana is the second most
distributed species in the Western Palaearctic. This is
the only species of the genus Hirudo subdivided into
an Eastern phylogroup (Eastern Europe, Turkey and
Central Asia) and a Western phylogroup (Western
Balkans and Italy). The border between these phy-
logroups passes through the Balkan Peninsula
(Serbia), and the distribution of the Eastern phylo-
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group agrees with the Danubian drainage basin, and
this one of the Western phylogroup roughly coin-
cides with the Adriatic and Aegean drainage basins
(TronTELJ, UTEVSKY 2012, UTEVSKY, TRONTELJ 2016).
Bulgaria falls entirely within the range of the Eastern
phylogroup of H. verbana. The third of the Western
Palearctic species is the Caucasian m. 1. H. orientalis,
whose habitats are patchy and scattered in the moun-
tainous areas of Central Asia and Transcaucasia. The
fourth species is the African m. 1. H. troctina, which
inhabits arid landscapes and has a limited distribu-
tion on the Iberian Peninsula and North Africa. The
existence of the four species of the genus Hirudo has
also been proved by differences in their colouration
and the biochemical composition of their saliva, as
well as by different chromosome numbers (UTEVsKY,
TroNTELJ 2005, TrRONTELJ, UTEVSKY 2005, SIDDALL et
al. 2007, Baskova et al. 2008, UTEVsSKY et al. 2009,
ErLiort, KuTtscHERA 2011, TRONTELI, UTEVSKY 2012,
KutscrEra, Erviorr 2014). Cytogenetic study of
three Hirudo species from different populations in
Azerbaijan, Kazakhstan, Russian Federation,Ukraine
and Uzbekistan shows that these species can be dif-
ferentiated by their haploid number of chromosomes:
H. medicinalis with n=14, H. verbana with n=13
and H. orientalis with n=12 (KovaLENKoO et al. 2007,
UTtevsky et al. 2009), thus the validity of the taxon
can be corroborated by the chromosome number.
Considering the molecular taxonomy and ac-
cepted boundaries of the ranges of the above-men-
tioned four species, it may be expected that H. ver-
bana occurs in Bulgaria. This suggestion was also
supported by Juec (2010), who, on revising the ex-
isting collection of leeches at the Museum of Natural
History in Berlin, reported the species Hirudo ver-
bana Carena, 1820 (determined by AUGENER, 1925,
as H. medicinalis), for the first time in Bulgaria. JUuEG
(2010) assumed that all populations of the medicinal
leeches in Bulgaria belong to this species. Recently,
TricHKOVA et al. (2013) reported the finding of H.
verbana in the Asparuhov Val Reservoir (Danube
River basin). In all other publications related to the
Bulgarian medicinal leeches only H. medicinalis has
been mentioned (HrisTovicH 1892, AUGENER 1925,
VarLkanov 1926, 1934, 1936, 1957, ARNDT 1943,
ANGELOV 1956, Russev 1959, Russev, MARINOV
1964, Russev, KANEVA-ABADJIEVA 1973, RUSSEv,
JAaNEvA 1975, 1976, Uzunov et al. 1981, 2001, 2011,
Kovachuev, Uzunov 1986, JANEvA 1989, KOVACHEV
et al. 1999, UzuNov, VARADINOVA 2001, VARADINOVA
et al. 2009, 2011, 2012, 2013, Vipinova et al. 2011).
In the context of that apparent contradiction, and
as there have been no detailed studies on the tax-
onomy and distribution of the Bulgarian medicinal
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leeches from the genus Hirudo so far, by this study
we aimed to clarify the taxonomic status and distri-
bution of leeches in the genus Hirudo in Bulgaria.
For this purpose, various populations of medicinal
leeches throughout this country were studied, using
morphological and karyological methods.

Material and Methods

From September 2005 till November 2014, we mon-
itored 56 potential sites of medicinal leeches (par-
ticularly eutrophic ponds and marshes) throughout
Bulgaria, including almost all localities, where me-
dicinal leeches have been reported previously. The
localities were in the three main water drainage ba-
sins in Bulgaria (the Danube River, Black Sea and
Aegean Sea).

The leeches were collected by hands or using a
hand-net and were stored in plastic boxes for a short
time until their counting and examining on place.
The main external morphological traits, such as the
colouration of the dorsum and venter, character of
pattern on the dorsum, presence or absence of pig-
mentation on the venter, and presence or absence of
a pair of black ventro-lateral stripes were analysed.
Once the leeches were identified, counted and pho-
tographed, they were released back at the same lo-
calities where caught. A single specimen from each

locality was stored in 95% ethanol and taken for
laboratory analysis.

The collection of Hirudinea at the Institute of
Biodiversity and Ecosystem Research, Bulgarian
Academy of Sciences, was also examined for pre-
served comparative material of the genus Hirudo.

Seven medicinal leeches from Dragichevo
Marsh were collected in the spring of 2015 for the
karyological analysis. The specimens were narco-
tised in 10% ethanol and then dissected on the ven-
tral side to locate testisacs in Carnoy fixative (3:1
95% ethanol and glacial acetic acid). The dissected
gonads were squashed in a small drop of 45% ace-
tic acid. The cover slips were removed by dry ice
technique. Preparations were stained, using Schiff-
Giemsa method to check the number of chromo-
somes, and analysed, using light/ fluorescent micro-
scopy (Axio Scope Al — Carl Zeiss Microscope) at
100x magnification and documented with a ProgRes
MFcool — Jenoptik AG digital camera.

Summarised information about all localities,
in which the medicinal leeches were found or previ-
ously reported in literature, is given in Table 1 and
Fig. 1, and includes: name of locality, date of find-
ing, altitude, geographic co-ordinates and number of
observed individuals. Some of the typical and most
suitable habitats for those leeches in Bulgaria are
presented in Fig. 2.
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Fig. 1. Localities of medicinal leeches in Bulgaria (the numeration is the same as in Table 1)
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Fig. 2. Typical habitats of H. verbana in Bulgaria, characterised by high population density of medicinal leeches: A
- Dragichevo Marsh; B — Dragoman Marsh; C - Arkutino Marsh; D - Alepu Marsh; E - Brashlyan Marsh; F - Garvan-

Popino Marsh

Results

Medicinal leeches were found in a total of 16 lo-
calities, of which 12 are new to Bulgaria (Table 1,
Fig. 1). Most of the localities (9) are in the Danube
River basin (the Ibisha Reserve on Tsibar Island,
Asparuhov Val Reservoir, old riverbed of Iskar River
at the village of Bregare and at the town of Cherven
Bryag, marshes of Dragoman, Kaikusha, Brashlyan,
and Garvan-Popino, Srebarna Lake); four locali-
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ties are in the Black Sea basin (Orlovo Marsh at
Durankulak Lake, and marshes Alepu, Arkutino, and
Stamoplo); and three localities are in the Aegean
Sea basin (Dragichevo Marsh, the wetlands near the
Koprivshtitsa Railway Station, and small reservoir
at the village of Madzharovo). The highest altitude,
at which the medicinal leeches were found was 958
m a.s.l. (Dragichevo Marsh, Lyulin Mountains), but
most of the localities were of low altitude - from 0 to
100 m a.s.l. (Table 1).
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The main external morphological traits of 226
individuals from all the localities were analysed
(Table 1, Fig. 3). The results showed that individu-
als of all populations studied had similar colouration
and patterns of the dorsum and venter. The basic ex-
ternal characters of the individuals studied were: (1)
dorsum with reticulate pattern, with two broad and
diffuse paramedian stripes, which were pale-orange
in colour; (2) venter was unicolourly greenish to yel-
low; and (3) lack of ventral pigmentation and pres-

ence of a pair of black ventro-lateral stripes (Fig. 3).
Based on these characters all recorded individuals
were identified as H. verbana.

Our review of the collection of the Hirudinea at
the Institute of Biodiversity and Ecosystem Research,
Bulgarian Academy of Sciences (IBER, BAS), showed
that there is no preserved material of the family
Hirudinidae and the genus Hirudo, while the material
of leeches of the families Glossiphoniidae, Piscicolidae
and Erpobdellidae in the same collection is very rich.

{
-
-
3
=
i
:

st B W

TSI 1

Fig. 3. Views of H. verbana caught from different localities, showing characteristic diffuse orange paramedian stripes
and reticulate pattern on dorsum, and unicolourly greenish-to-yellowish venter without ventral pigmentation: A —
Dragoman; B - Koprivshtitsa Railway Station; C - Kaikusha; D - Dragichevo; E - Srebarna; F - Orlovo Marsh at Du-
rankulak Lake; G - Garvan-Popino; H - Stamoplo; I - Alepu; J-K - Arkutino
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Fig. 4. Hirudo verbana: A-E — Diakinesis, F-G — Metaphase I plates. Chromosomes can be easily counted as n=13.

Scale-bar (A-G): 10um

The results of the cytogenetic study showed that
the preparations of the leeches’ chromosomes were
abundant of cells at late prophase stages of sperma-
togenesis, while the metaphase plates were quite rear
and not well spread. All the examined specimens
were found to have the same haploid chromosome
number, n=13 (Fig. 4), which confirms the species
identification as H. verbana (UTEVSKY et al. 2009).
The chromosomes can be classified as metacentric,
submetacentric and acrocentric.

Discussion

The recent molecular systematic investigations of
the medicinal leeches have clearly discriminated
four European species of the genus Hirudo, and
showed that each of those species have a specific
colouration pattern (TRONTELJ ef al. 2004, UTEVSKY,
TroNTELJ 2005, SippALL et al. 2007, UTEVSKY et al.
2009, 2010, ErLLiort, KuTscHERA 2011, TRONTELJ,
UTtevsky 2012, KuTscHERA, ELLIOTT 2014). Based on
the similar colouration and patterns of dorsum and
venter, our study showed that the medicinal leeches
from all populations studied belong to only one spe-
cies. Moreover, the identified morphological charac-
ters are typical of H. verbana, and distinguish clearly
this species from other European leeches of the genus
Hirudo, in particular from H. medicinalis (UTEVSKY,
TroNTELJ 2005, SipDALL et al. 2007, UTEVSKY et al.
2009, 2010, Erriort, KuTtscHERA 2011, TRONTELIJ,

UTtEvsky 2012, KutscHERrA, ELLioTT 2014). The hap-
loid chromosome number (n=13) of the medicinal
leeches from Dragichevo Marsh also confirmed the
belonging of the species to H. verbana.

Furthermore, the current distribution and pop-
ulation density of H. verbana in Bulgaria was as-
certained within this study. Although H. verbana
is widespread throughout the country, the wetlands
along the Danube River stand out as the most suit-
able habitats for that leech. Until the mid-20™ cen-
tury, in this region there were more than 20 relatively
large marshes, characterised by extremely rich fresh-
water fauna and abundant populations of medicinal
leeches (Russev, JANEva 1976). From that time on,
as part of the measures against malaria in Bulgaria,
some large-scale activities for the marsh drainage
were implemented and many of those marshes no
longer exist. However, our results show that in the
marshes on the Danube River islands, as well as in
the remaining relatively small marshes along the
main river channel, leeches are still abundant. Very
high population density of H. verbana was registered
in the marshes Brashlyan and Garvan-Popina (Table
1). In literature, there were three reports on finding
of medicinal leeches reported as H. medicinalis in
the Danube River (Russev 1959, Russev, MARINOV
1964, Russkev, JANEvVA 1976). Most likely those were
a result of accidental introductions of single individ-
uals from the adjacent wetlands to the main channel
of the river (after flooding or human activities).
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During our study, the medicinal leeches were
relatively abundant in the swampy freshwater la-
goons along the Black Sea coast, where the species
was registered at four localities (Table 1, Fig. 1).
One of these localities, Orlovo Marsh at Durankulak
Lake, was characterised by a very high population
density of H. verbana. At the other three localities
in the southern Black Sea coast (marshes Alepu,
Arkutino and Stamoplo) the population density of
the species was much smaller and only single speci-
mens were registered. This may be due to the fact
that these marshes have been relatively less studied:
access to the water body of Arkutino is restricted be-
cause of its special conservational status, while Alepu
and Stamoplo are highly overgrown with reeds and
the access to open water is very difficult.

In the rest of the country, medicinal leeches
were found in small local populations, which inhab-
ited mainly old and swampy eutrophic water basins,
such as the marshes Dragoman and Dragichevo, with
a high quantity of organic matter, muddy bottom and
dense aquatic vegetation. Dragichevo Marsh was
characterised by a very large amount of H. verbana
and very good condition of its population. The me-
dicinal leeches have been reported (as H. medicina-
lis) in water bodies that are not typical habitats for
them, such as the Cherna River, Maritsa River, Mesta
River and Struma River (Russev, JANEva 1975, 1976,
UzunNov et al. 1981, 2011, Kovacuev, Uzunov 1986,
Janeva 1989, Uzunov, Varabinova 2001). Finding
of these species in such habitats may be explained
by the accidental transfer of the leeches, by cattle or
humans, from some stagnant basins in the vicinity
of those rivers. In our opinion, although medicinal
leeches can survive for some time in such condi-
tions, the rivers with swift current are generally not
suitable habitats for their successful reproduction
and development. Furthermore, the medicinal leech-
es have high temperature requirements: the optimum
temperatures range from 22 to 25°C for living and
from 25.5 to 27.5°C for breeding (Kaiser 1954,
Erviort 2008, KutscHeraA, ELLioTT 2014). They can-
not reproduce and survive in many water bodies sim-
ply because of the low water temperatures (ELLIOTT,
TuLLETT 1986).

It should be noted that nearly all localities
where medicinal leeches have previously been re-
ported from Bulgaria were examined in this study.
H. verbana was found only in four of them (Srebarna
Lake, marshes on Belene Island, Garvan-Popino
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Marsh and Orlovo Marsh at Durankulak Lake). An
important reason for the limited distribution of the
medicinal leeches may be that some of the previ-
ous water basins, such as Novoseltsi and Nessebar
marshes, no longer exist, while others have changed
and no longer provide suitable habitats for the spe-
cies any more. Among the latter, Varna and Beloslav
lakes, have experienced an increased shipping traffic
and their exposition to sea water was increased by
widening and deepening the relevant connecting ca-
nals. This led to changes in the physical and chemical
conditions of the water in those lakes and to signifi-
cant water pollution with oil products, thus probably
making both lakes unsuitable for medicinal leeches.
In the case of Rabisha Lake, it was transformed into
a reservoir with a much larger area, which led to sig-
nificant modification of its water regime; therefore,
this water body is no longer a proper habitat for the
leeches. On the other hand, our study established 12
new localities of the medicinal leeches in Bulgaria
(six in the Danube River basin, three in the Black
Sea basin and three in the Aegean Sea basin). Most
likely the new findings do not reflect some expan-
sion in the distribution of the species in Bulgaria, but
rather may be explained by the insufficient informa-
tion on the species in the past.

In conclusion, our results from the morphologi-
cal study of 226 individuals of medicinal leeches
from 16 localities throughout Bulgaria, and karyo-
logical study of one population in Dragichevo
Marsh, show that currently only one species occurs
in Bulgaria, and this species has been identified as
H. verbana. Based on the geographic range of this
and other species of the genus Hirudo in Europe, it
can be assumed that the previous published records
of H. medicinalis in Bulgaria may also refer to H.
verbana. Further studies are needed to confirm this
assumption. Our results may be used as a basis for
future monitoring of the medicinal leech populations
across the country and assessment of their conserva-
tion status in Bulgaria.
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