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Abstract
The diversity of freshwater leeches (Clitellata; Hirudinida) of Iran was estimated by
employing both DNA barcoding and species delimitation methods. Phylogenetic relationships of arhynchobdellid (including Hirudinidae, Praobdellidae, Haemopidae,
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based on the cytochrome c oxidase subunit I (COI) locus, using both new sequence
stagnalis (Linnaeus, 1758), Glossiphonia concolor (Aphathy, 1888), Erpobdella borisi
Cichocka & Bielecki, 2015, Dina lineata (O.F. Müller, 1774), Hirudo orientalis Utevsky
and Trontelj, 2005, Haemopis sanguisuga (Linnaeus, 1758), Limnatis paluda (Tennent,
1859), and two unidentified species of Dina and Trocheta (these did not find species-
level matches in GenBank) are present in Iran. A potential case of phenotypic change
in response to ecological adaptation was observed in E. borisi insofar as two genetically identical sub-and super-terranean morphotypes were distinguished. The glossiphoniids of Iran and Europe are admixed in the phylogenetic tree, revealing low COI
variation and no divergence within species between the continents for these taxa.
KEYWORDS

COI variation, freshwater leeches, Hirudinida, Iran, species delimitation

I NTRO D U C TI O N
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leech fauna of the southwestern Palearctic region, especially the
Middle East, are sporadic and/or largely incomprehensive (see

Leeches (Hirudinida sensu Tessler et al., 2018) are integral compo-

Almallah, 1968; Ali & Jaweir, 2013; Bilal et al., 2017 [Iraq]; Bromley,

nents of aquatic (especially freshwater), benthic communities (see

1994 [Israel]; Al-Safadi & El-Shimy, 1993 [Yemen]; Boye & Joshi,

Sawyer, 1986). In part, this is evinced by the impressive geographic

1994 [Saudi Arabia]). However, some regions in the southwestern

distribution of leeches—this taxon is present on all continents, in-

Palearctic are rather well documented when it comes to leech di-

cluding the waters of Antarctica and in all major bodies of water.

versity and this is especially true for the Turkish fauna (Arsalan &

In addition, some groups have successfully invaded land, particu-

Öktener, 2012; Kazanci et al., 2009; Kazanci et al., 2015; Sağlam

larly in tropical regions where travelers will know the nuisance that

et al., 2003; Sağlam et al., 2008; Sağlam et al., 2016).

these aggressive blood feeders create while hunting for blood. The

A handful of taxonomic studies, mainly concerning morphological

highest number of freshwater leech genera and species is found

aspects, have been carried out on the leech fauna of Iran, the largest

in the Palearctic region (Sket & Trontelj, 2008), but studies of the

country in the Middle East (Bennike, 1940; Darabi-Darestani et al.,
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2016; Egglishaw, 1980; Gholami, 2005; Grosser & Pešić, 2006; Kami
et al., 2007; Solgi et al., 2021; Utevsky & Trontelj, 2005; Zakikhani,

1439

2.2 | DNA extraction,
amplification, and sequencing

1994). Regarding molecular phylogenetic studies on leeches from
Iran, the first analysis was carried out on the piscicolid Pterobdellina

For each specimen, a small part (approx. 5 × 2 × 1 mm3) of the cau-

arugamensis (de Silva, 1963), from the Persian Gulf by Polgar et al.

dal sucker was cut using a sterile scalpel with special care given to

(2009). Further, Cichocka et al. (2015) identified a new freshwater

preventing cross contamination by matter from the digestive tract.

subterranean leech, Erpobdella borisi Cichocka & Bielecki, 2015,

A salting-out protocol, based on that of Sunnucks and Hales (1996),

from northwestern Iran using a DNA barcoding approach. Darabi-

was used for DNA extraction. Briefly, the method comprises tissue

Darestani et al. (2018) investigated the genetic variation within

digestion in a mixture of TNES (Tris, NaCl, EDTA, and SDS) buffer

specimens of the Persian medicinal leech, Hirudo orientalis Utevsky

and Proteinase K, followed by precipitation carried out by applying

& Trontelj, 2005, from Iran and neighboring regions. The most recent

NaCl 5 M for removal of proteins and cell debris and, finally, a DNA

studies of the leech fauna of Iran have mainly dealt with reproductive

precipitation step using ethanol.

(Malek et al., 2019) and population biology (Amoozadeh et al., 2020)

Mitochondrial

cytochrome

c

oxidase

subunit

I

(COI)

of H. orientalis. Given the paucity of studies focusing on Iranian taxa,

fragments were amplified using the primers LCO 1490 5'-

the leech fauna of Iran is still only poorly understood, both from a

GGTCAACAAATCATAAAGATATTGG

general biodiversity perspective, but also from the standpoint of

TAAACTTCAGGGTGACCAAAAAATCA 3′ (Folmer et al., 1994;

genetic diversity. The objective of the present study was to amend

Trontelj & Utevsky, 2005). The PCR reaction tube volume was set

−3′

and

HCO

2198

5′

this situation by investigating the COI variation in some of the com-

at 25 µl containing PCR Grade H2O = 17.3 µl, Reaction Buffer in-

mon freshwater leeches of Iran, in order to identify newly collected

cluding 15 mM MgCl2 (BioFlux,) = 2.5 µl, dNTP 2.5 mM (GeneDireX,

specimens through a DNA barcoding approach coupled with species

Inc.) = 2 µl, forward primer = 0.5 µl, reverse primer = 0.5 µl, Taq

delimitation analyses. This was done in order to shed light on the

polymerase (BioReady rTaq 500-unit, Bulldog Bio, Inc.) = 0.2 µl, and

identity of Iranian leeches and to evince potential cryptic diversity

DNA = 4 µl.

or overlooked species-level diversity.

The PCR program was performed as follows: denaturation step
for 60 s at 94°C, five pre-PCR cycles for 30 s at 94°C, 90 s at 45°C,
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2.1 | Specimen collection

and 60 s at 72°C. Thereafter, 35 PCR cycles were performed as
follows: 30 s at 94°C, 90 s at 51°C, and 60 s at 72°C with a final
extension step for 5 min at 72°C. The gene fragments (60 samples prepared for sequencing after successful DNA amplifications
during the study) were sequenced at LGC Genomics GmbH (Berlin,

The specimens (∼80 samples) were aimed to be identified morpho-

Germany) using an ABI 3730XL (96-C apillary Array DNA Sequencer).

logically and then analyzed through DNA barcoding methodology
using mitochondrial cytochrome c oxidase subunit I (COI) fragment. Specimens were collected by hand from 17 geographically

2.3 | Phylogenetic analysis and species delimitation

separate localities (Table 1; Figure 1) in various freshwater basins
(including main parts of northern and southern slopes of Alborz

The newly generated sequences were assembled and edited using

Mountain and northwestern Iran, along with partial samplings

Chromas ver. 2.4.3 (Technelysium Pty Ltd), and the final sequences

from central, western, and eastern slopes of Zagros Mountain and

were deposited in GenBank under the accession numbers presented

southern regions of the country) in Iran. The material was trans-

in Table 1. The final dataset was augmented by 579 sequences from

ferred alive or preserved in 96% ethanol, to the Zoology Laboratory

GenBank for the relevant genera (Table S1). A multiple sequence

at the University of Tehran. Initial species identifications were car-

alignment was performed using the online version of MAFFT ver.

ried out morphologically on all collected samples based on several

7 (Katoh et al., 2019) applying a gap-opening penalty of 5.0 and de-

external characters (e.g., gonopore position, papillation, colora-

fault settings for all other parameters.

tion, and annulation) and were later corroborated using specialized

Prior to phylogenetic analyses, the best-fitting model of nucle-

literature (e.g., Nesemann & Neubert, 1999) during the course of

otide evolution, as well as the optimal partitioning scheme, was es-

the study. After preliminary identifications of species, all individu-

timated with PartitionFinder ver. 1.1.1 (Lanfear et al., 2017) under

als of each species were used for further molecular analyses. For

the greedy search algorithm. For this purpose, each codon position

Trocheta sp. 1 and Glossiphonia concolor (Apáthy, 1888), only a sin-

was assessed separately. Mesquite ver. 3.11 (Maddison & Maddison,

gle individual was used for each species, due to scarcity of speci-

2019) and ALTER (Glez-Peña et al., 2010) were used to reformat

mens collected and the limited success of DNA amplifications.

the dataset for phylogenetic analyses, and the alignment was cut to

Voucher specimens were deposited in the Zoological Museum at

cover the “Folmer region” of the COI locus. Subsequently, a maximum

the University of Tehran [for accession numbers, refer to Darabi-

likelihood tree search was performed in RAxML ver. 8 (Stamatakis,

Darestani et al. (2016)].

2014) using the CIPRES Science Gateway cluster (Miller et al., 2010).
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TA B L E 1 Detailed information for each sample of freshwater leech species of Iran including their geographic location, the GenBank
accession numbers of the gene fragment COI, and museum voucher numbers
Species

Locality

Province

Coordinates

Genbank acc. no.

Voucher no.

Hirudo orientalis

Bashman, Anzali

Gilan

N 37° 29′ 59.2″
E 49° 21′ 11.1″

MN314116

6023

Hirudo orientalis

Bashman, Anzali

Gilan

N 37° 29′ 59.2″
E 49° 21′ 11.1″

MN314117

1008

Hirudo orientalis

Bashman, Anzali

Gilan

N 37° 29′ 59.2″
E 49° 21′ 11.1″

MN314118

1009

Hirudo orientalis

Solouklee Wetland

Golestan

N 37° 24′ 47.8″
E 55° 46′ 26.6″

MN314119

1010

Hirudo orientalis

Solouklee Wetland

Golestan

N 37° 24′ 47.8″
E 55° 46′ 26.6″

MN314120

1011

Hirudo orientalis

Solouklee Wetland

Golestan

N 37° 24′ 47.8″
E 55° 46′ 26.6″

MN314121

1014

Hirudo orientalis

Solouklee Wetland

Golestan

N 37° 24′ 47.8″
E 55° 46′ 26.6″

MN314122

1018

Hirudo orientalis

Miandoab

Azarbaijan Gharbi

N 36° 52′ 18.4″
E 46° 14′ 46.9″

MN314123

1024

Hirudo orientalis

Miandoab

Azarbaijan Gharbi

N 36° 52′ 18.4″
E 46° 14′ 46.9″

MN314124

6016

Hirudo orientalis

Miandoab

Azarbaijan Gharbi

N 36° 52′ 18.4″
E 46° 14′ 46.9″

MN314125

6070

Haemopis sanguisuga

Rudbar

Gilan

N 36 ° 55′ 44.8″
E 49° 30′ 56.4 ″

MT627172

6029

Haemopis sanguisuga

Rudbar

Gilan

N 36 ° 55′ 44.8″
E 49° 30′ 56.4 ″

KY989487

6025

Haemopis sanguisuga

Khalkhal

Ardabil

N 37 °40.9′ 50″
E 48 °30.2′ 21″

KY989488

6054

Haemopis sanguisuga

Khalkhal

Ardabil

N 37 °40.9′ 50″
E 48 °30.2′ 21″

KY989489

6057

Limnatis paluda

Sheshtamad

Khorasan Razavi

N 35° 53´ 51.4″
E 57° 44´ 13.8″

KY989471

5990

Limnatis paluda

KalateAziz Abad

Khorasan Razavi

N 35° 53´ 51.4″
E 57° 44´ 13.8″

KY989472

5992

Limnatis paluda

Kalate Rouhani

Khorasan Razavi

N 35° 54´ 40.8″
E 57° 51´ 26.2″

KY989473

5994

Limnatis paluda

Kohne Qanat

Khorasan Jonoubi

N 35° 18´ 0.5 ″
E 58° 22´ 01.6 ″

KY989474

5996

Limnatis paluda

Bayrambadan

Golestan

N 37° 24′ 02.9″
E 56° 11′ 56.1″

MT635047

6009

Limnatis paluda

Takagaj

Ardabil

N 38° 28′ 32.8″
E 48° 14′ 50″

MT635048

6055

Limnatis paluda

Kourbolagh

Azarbaijan Gharbi

N 38° 59′ 37″
E 45° 00′ 19.3″

MT635049

6068

Limnatis paluda

Chaldoran

Azarbaijan Gharbi

N 39° 02′ 48.9″
E 44° 19′ 56.1″

MT635050

6062

Dina sp.1

Kamsorkh village

Kerman

N 29° 35′ 51.05″
E 57° 26′ 14.61″

KY989475

6035

Dina sp.1

Kamsorkh village

Kerman

N 29° 35′ 51.05″
E 57° 26′ 14.61″

KY989476

6035

Dina sp.1

Kamsorkh village

Kerman

N 29° 35′ 51.05″
E 57° 26′ 14.61″

KY989477

6035

(Continues)
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TA B L E 1 (Continued)
Species

Locality

Province

Coordinates

Genbank acc. no.

Voucher no.

Dina sp.1

Gilan-e-Gharb

Kermanshah

N 34° 07′ 46″
E 45° 56′ 19.8″

KY989478

6037

Dina sp.1

Gilan-e-Gharb

Kermanshah

N 34° 07′ 46″
E 45° 56′ 19.8″

MT635126

6037

Dina sp.1

Gilan-e-Gharb

Kermanshah

N 34° 07′ 46″
E 45° 56′ 19.8″

MT635127

6037

Dina sp.1

Gilan-e-Gharb

Kermanshah

N 34° 07′ 46″
E 45° 56′ 19.8″

MT635128

6037

Dina sp.1

Songhor

Kermanshah

N 34° 46′ 29.4″
E 47° 36′ 32.7″

MT635129

6050

Dina sp.1

Songhor

Kermanshah

N 34° 46′ 29.4″
E 47° 36′ 32.7″

MT635130

6050

Dina sp.1

Songhor

Kermanshah

N 34° 46′ 29.4″
E 47° 36′ 32.7″

MT635131

6050

Dina lineata

Solouklee Wetland

Golestan

N 37° 24′ 47.8″
E 55° 46′ 26.6″

KY989479

6006

Dina lineata

Jolfa

Azarbaijan Gharbi

N 38° 51′ 25.9″
E 45° 51′ 22.7″

KY989480

6060

Trocheta sp. 1

Gandoman wetland

Chaharmahal-va-
Bakhtiari

N 31° 49′ 56.3″
E 51° 08′ 11.8″

KY989486

6041

Erpobdella borisi

Heydar-Abad

Azerbaijan Sharghi

N 38° 32′ 15.1″
E 48° 08′ 27.1 ″

KY989494

6056

Erpobdella borisi

Heydar-Abad

Azerbaijan Sharghi

N 38° 32′ 15.1″
E 48° 08′ 27.1 ″

KY989493

6057

Erpobdella borisi

Ghotoursouei

Azerbaijan Sharghi

N 38° 32′ 15.1″
E 48° 08′ 27.1 ″

KY989492

6058

Erpobdella borisi

Ghotoursouei

Azerbaijan Sharghi

N 38° 32′ 15.1″
E 48° 08′ 27.1 ″

KY989491

6059

Erpobdella borisi

Ghotoursouei

Azerbaijan Sharghi

N 38° 32′ 15.1″
E 48° 08′ 27.1″

MT635046

6071

Erpobdella borisi

Ghotoursouei

Azerbaijan Sharghi

N 38° 32′ 15.1″
E 48° 08′ 27.1″

MT635045

6072

Erpobdella borisi

Ghotoursouei

Azerbaijan Sharghi

N 38° 32′ 15.1″
E 48° 08′ 27.1″

MT635044

6073

Glossiphonia concolor

Bashbolakh

Azerbaijan Gharbi

N 38° 19′ 31.1″
E 47° 51′ 15.9 ″

KY989481

6019

Helobdella stagnalis

Solouklee Wetland

Golestan

N 38° 19′ 31.1″
E 47° 51′ 15.9 ″

KY989485

5991

Helobdella stagnalis

Douzaghol

Azerbaijan Gharbi

N 37° 24′ 47.8″
E 55° 46′ 26.6″

KY989482

6061

Helobdella stagnalis

Aharchay river

Azerbaijan Gharbi

N 38° 51′ 25.9″
E 45° 51′ 22.7″

KY989483

6062

Tree searches consisted of 1000 replicates with 25 initial GAMMA

distance-based and tree (character)-based species delimitation ap-

rate categories and final optimization using four GAMMA shape cat-

proaches (sensu DeSalle & Goldstein, 2019) were employed. For the

egories; bootstrap values were calculated using 1000 pseudorepli-

distance-based methods, the Automatic Barcoding Gap Discovery

cates with the rapid bootstrap algorithm applying default settings.

(ABGD; Puillandre et al., 2012) software was run online (https://

For basic assessment of COI distances (after partitioning based

bioin
fo.mnhn.fr/abi/publi
c/abgd/) with the following parameters:

on taxonomic groups), pairwise comparisons were performed in

Pmin = 0.001, Steps = 100, X = 1, Nb bins = 20, distance = Simple

MEGA X (Kumar et al., 2018) applying uncorrected p-distances

distance, and Pmax 0.1. For tree-based methods, single-threshold

with pairwise deletion of gaps; standard errors were calculated

Bayesian PTP (bPTP) analyses (Zhang et al., 2013) were performed

using 500 bootstrap replicates. To unveil species boundaries, both

online (http://speci
es.h-
its.org/ptp), running the analyses for
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F I G U R E 1 Distribution map for the localities in the Iranian basins (dark green = Tigris and Euphrates; light green = Northern Hormoz;
brown = Esfahan; pink: Namak; yellow: Caspian Highlands; light blue: Orumiyeh; red: Kura-South Caspian; gray: Turan plain; orange:
Kavir and Lut deserts; purple: Baluchistan). The numbers correspond to collection localities of the various species: 1 = Limnatis paluda;
2 = Trocheta sp. 1; 3 = Glossiphonia concolor; 4 = Dina lineata; 5 = Dina sp. 1; 6 = Helobdella stagnalis; 7 = Haemopis sanguisuga; 8 = Hirudo
orientalis; 9 = Erpobdella borisi. Photographs from some sampling areas are provided below the map

500,000 generations, with thinning value = 100 and burn-in = 0.25;

3.1 | Erpobdelliformes

trace files were inspected for convergence and stationarity using
Tracer ver. 1.7 (Rambaut et al., 2018).

The erpobdellids were found in various basins of Iran (Figure 1).
The family was found to have three representative genera includ-

3

|

R E S U LT S

ing Dina, Erpobdella, and Trocheta. Two species of Dina were recovered among the Iranian samples: Dina lineata (O.F. Müller, 1774)
and a hitherto unidentifiable species, Dina. sp. 1. The phylogenetic

The final dataset included 625 COI sequences (including 46 new se-

analysis placed the Iranian specimens of D. lineata together with

quences derived from nine Iranian species, Data S1), and the final

European specimens of this taxon (Figure 2) with high support (likeli-

alignment length was 657 sites. The phylogenetic hypothesis re-

hood bootstrap support [LBS] = 100%). Further, the species is the

sulting from the maximum likelihood search is shown in Figure S1.

sister taxon to a large clade composed of several different species of

Because of its large size, we show only subsections of the tree in the

Dina (LBS = 96%) from Lake Ohrid (D. ohridana group), Iran (D. farsa

following account of phylogenetic relationships, as well as COI dis-

Grosser & Pešić, 2008), and Turkey (Dina sp.). There was no COI vari-

tances and species delimitation approaches; note that the subtrees

ation observed between the Iranian specimens, whereas the mean

are cut directly from the larger tree.

intraspecific variation within D. lineata as a whole was 2.90 ± 0.40%.

|
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By contrast, the mean interspecific COI variation between D. lineata

COI variation within Dina sp. 1 amounted to 0.14 ± 0.10%. By con-

and its sister clade was 10.00 ± 1.07%, and within all members of

trast, the interspecific COI variation between Dina sp. 1 and the re-

the genus, the corresponding value was 10.90 ± 1.08%. The phylo-

mainder of the genus was 15.40 ± 1.40%.

genetic analysis placed the Iranian specimens of Dina sp. 1 as sister

The maximum likelihood analysis placed the newly derived se-

to D. latestriata Neubert & Nesemann, 1995 from the Balkan region

quences of E. borisi Cichocka & Bielecki, 2015 next to a clade in-

(Figure 2) with high support (LBS =100%). The mean intraspecific

cluding Erpobdella octoculata (Linnaeus, 1758) distributed in the
Palearctic region, mainly western, central, and northern Europe and
also reported from the Mediterranean region, E. japonica (Pawlowski,
1952) from Japan and E. testacea (Savigny, 1820) from northern and
western Europe (LBS<75%) (Figure 3). Oddly, the only included
sequence of Dina mauchi Nesemann, 1995 (=Trocheta intermedia
Kutschera, 2010) places in close proximity to E. borisi sequences.
Regardless, the mean intraspecific variation within E. borisi was estimated at 1.20 ± 0.30% and the mean interspecific distance between
this species and its sister clade was 12.20 ± 1.20%.
The only included Iranian specimen of Trocheta sp. 1 nests with a
sequence of Trocheta sp. from the Caucasus (unpublished data) with
short (Figure 4) branch length (LBS = 100%), indicating that these
are conspecifics. Although more robust morphological and molecular analyses are needed, the lack of representation in GenBank for
this species serves as a first indicator that it might be new to science. In turn, Trocheta sp. 1 (including the Iranian specimen) is placed

F I G U R E 2 Part of maximum likelihood (ML) tree depicting
Dina spp. relationships using COI sequences. Branches are drawn
proportional to amount of change. Bootstrap support values are
given at nodes relevant to the discussion. Iranian samples are
denoted in red

in a clade (LBS = 100%) together with three sequences labeled as
T. bykowskii Gedroyc, 1913 from western and northwestern Europe;
T. cylindrica Örley, 1886 from eastern Europe mainly in Ukraine; and
T. haskonis Grosser, 2000 from Germany, respectively, and this clade
places as the sister to a clade formed by T. danastrica Stschegolew,
1938; T. blanchardi Khomenko et al., 2020 from Ukraine; and Trocheta

F I G U R E 3 Part of maximum likelihood
(ML) tree depicting Erpobdella spp.
relationships using COI sequences.
Branches are drawn proportional to
amount of change. Bootstrap support
values are given at nodes relevant to the
discussion. Iranian samples are denoted
in red. Note: E. borisi is only known from
Iran so far

1444
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sp. (LBS = 79%). The mean intraspecific variation within Trocheta sp.

a distinct species (PP = 0.981). For E. borisi, ABGD suggested that

1 was estimated at 1.80 ± 0.50%, whereas the average interspecific

the Iranian specimens represent a unique mOTU, separate from

distance between members of this sub-clade and T. bykowkii, T. cylin-

other Erpobdella species. By contrast, the bPTP analysis suggested

drica, and T. haskonis as a whole was 10.20 ± 1.01%.

that our seven newly derived sequences represent three distinct

Whereas the distance-
based species delimitation method

mOTUs, one of which (northwestern Iran) had significant support

employed herein (ABGD) suggested that the specimens of D. lin-

(PP = 0.997). Finally, ABGD suggested that Trocheta sp. 1 from

eata recovered in Iran with two molecular Operational Taxonomic

Western Iran may be a separate mOTU. The bPTP method sup-

Units (mOTU) are indeed part of that taxon and that this species is

ported this status for Trocheta sp. 1 from Western Iran with high

distinct from other species of the genus, the tree-based method

support (PP = 0.998).

(bPTP) suggested that the sequences are part of two separate species groups (posterior probability [PP] = 0.998 for the northern
population and 0.997 for the northwestern population). In addition,

3.2 | Hirudiniformes

the included specimens of Dina sp. 1 are suggested by bPTP to be
The hirudinids were mainly recorded from northern slopes of the
Alborz Mountain and northwestern Iran (Figure 1). Three hirudinid families including Hirudinidae, Haemopidae, and Praobdellidae,
each with only one representative genus and species, were found
in the present study. The phylogenetic relationships for Haemopis
sanguisuga (Linnaeus, 1758), mainly distributed in western Palearctic
(Haemopidae) and its congeners are presented in Figure 5. Our
newly derived sequences nest as the sister group to European members of H. sanguisuga (LBS = 100%) (including also a single sequence
labeled Haemopis caeca Manoleli et al., 1998). The average COI
distance within our Iranian samples was 0.50 ± 0.20% and within
F I G U R E 4 Part of maximum likelihood (ML) tree depicting
Trocheta spp. relationships using COI sequences. Branches are
drawn proportional to amount of change. Bootstrap support values
are given at nodes relevant to the discussion. Iranian sample is
denoted in red

H. sanguisuga as a whole was 3.30 ± 0.50%. The average interspecific variation between H. sanguisuga and the remainder of Haemopis
was 14.30 ± 1.20%.
For Praobdellidae, the maximum likelihood tree showed that the
newly collected specimens of Limnatis nest tightly with sequences of
Limnatis paluda (Tennent 1859) from the Middle East (Figure 6; LBS

F I G U R E 5 Part of maximum likelihood (ML) tree depicting Haemopis spp. relationships using COI sequences. Bootstrap support values are
given at nodes relevant to the discussion. Iranian samples are denoted in red
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F I G U R E 6 Part of maximum likelihood (ML) tree depicting Limnatis spp. relationships using COI sequences. Branches are drawn
proportional to amount of change. Bootstrap support values are given at nodes relevant to the discussion. Iranian samples are denoted in
red

=100%). This clade, however, includes also several sequences of the

H. sanguisuga and H. caeca represent a single species-level taxon.

congener Limnatis nilotica (Savigny, 1822); the relationships between

However, neither Iranian nor European groups showed significant

these taxa have been questioned before (Phillips & Siddall, 2009),

support in this regard (0.763 and 0.738, respectively).

and it is still unclear whether or not both represent valid species.

As expected, ABGD categorized all L. paluda and L. nilotica

This clade is, in turn, the sister to Limnobdella mexicana Blanchard,

(AY425452, MG831390) together as a single group (mOTU), and

1893 from Mexico (LBS = 100%). Mean intraspecific variation within

as separate from other praobdellids (the partitions for ABGD over-

the L. paluda/L. nilotica clade averaged 2.80 ± 0.20%. No other

lapped in all cases at 95% cutoff value).

Limnatis species were represented among our data, but, as a com-

However, bPTP separated these taxa into individual groups with

parison, the average interspecific distances between this clade and

relatively significant support (PP = 0.985)—
one of these groups

the remainder of praobdellids averaged 16.80 ± 1.20%.

included northeastern Iranian specimens of L. paluda along with

The phylogenetic placements of the new H. orientalis Utevsky

Kazakhstani samples, and the other group (PP = 0.895) comprised

& Trontelj, 2005 (Hirudinidae) sequences are presented in Figure 7.

population of L. paluda from northwestern Iran. Oddly, the sequence

The Persian medicinal leech H. orientalis places as the sister taxon

MG831390 of L. nilotica was detected as having separate species-

to H. verbana Carena, 1820 distributed from eastern to central and

level status with significant support (PP = 1.00).

midwestern Europe (LBS = 99%) and, in turn, this clade is the sister

The distance-based species delimitation method, ABGD, catego-

to a clade formed by H. medicinalis Linnaeus, 1758 from eastern,

rized all H. orientalis into one group (mOTU); in turn, bPTP suggested

western, and northwestern Europe and H. troctina Johnson, 1816

that the northwestern (including sequences MT635047-
50) and

(LBS = 99%) from southern Europe and north Africa. At the base

northeastern plus northern Iran populations (including sequences

of the Western Palearctic, Hirudo spp. stands H. sulukii Saglam

KY989471, KY989472, KY989474) were grouped into two separate

et al., 2016 from Turkey (LBS = 98%). The intraspecific COI vari-

taxa, but with insignificant support.

ation within H. orientalis amounted to 0.10 ± 0.05%. The mean interspecific distance between this species and its sister clade was
9.30 ± 1.20%.

3.3 | Glossiphoniiformes

Automatic Barcoding Gap Discovery suggested that the H. sanguisuga and H. caeca sequences together form a species that is a

There were only two species of glossiphoniids recorded in the pre-

separate group (mOTU) from other Haemopis species. This is not sur-

sent study, and these were present mainly in northern to north-

prising, given the short branch lengths separating H. sanguisuga and

western Iran (Figure 1). The phylogenetic placement of Iranian

H. caeca, coupled with the fact that the placement of H. caeca within

Helobdella stagnalis (Linnaeus, 1758) (Glossiphoniidae) together

H. sanguisuga renders the latter paraphyletic. With more sensitiv-

with congeners is presented in Figure 8. Our sequences nest within

ity, the bPTP analyses resulted in Iranian populations of H. sangui-

a large clade formed almost exclusively by H. stagnalis from west-

suga being separate from European members of the species, as well

ern Palearctic sequences from GenBank (LBS =100%); note that a

as H. caeca; note that the software also suggested that European

few sequences of Helobdella modesta Verrill, 1872 and Helobdella
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F I G U R E 7 Part of maximum likelihood (ML) tree depicting Hirudo spp. relationships using COI sequences. Branches are drawn
proportional to amount of change. Bootstrap support values are given at nodes relevant to the discussion. Present study samples are
denoted in red

echoensis Saglam et al., 2018 are nested within this group and

Figure 9 shows the phylogenetic relationships retrieved for the

likely represent misidentifications of the taxa in the original lit-

genus Glossiphonia, including the newly derived sequence for an

erature or may be a case of very similar DNA barcodes between

Iranian sample of G. concolor (Aphathy, 1888). The Iranian sample

species. Importantly, this clade also includes the sequence from

nests within a clade (LBS = 100%) solely composed of other G. con-

the newly described neotype of the species (Iwama et al., 2019),

color sequences from Russia and Sweden but note that other se-

robustly inferring that our new specimens belong to this species.

quences supposedly derived from this species are also present in

The clade including the new sequences places as the sister to a

separate parts of the tree (see Figure 9). The average intraspecific

clade formed by numerous sequences from various taxa belong-

variation within the smaller clade including the Iranian sequence was

ing to Helobdella (LBS < 75%). The mean intraspecific COI variation

5.20 ± 0.80%, whereas the interspecific divergence between this

within the Helobdella stagnalis sensu stricto clade was 2.40 ± 0.40%

clade and the remaining Glossiphonia species was 11.00 ± 1.01%.

(note that the average distance between the Iranian samples and

Automatic Barcoding Gap Discovery suggested that all Iranian

the neotype sequence was 1.10%). As a comparison, the average

and European H. stagnalis sensu stricto specimens represent a single

COI distance between members of this clade and its sister clade

mOTU, whereas bPTP suggested that the northwestern and north-

along with the remaining Helobdella species were 9.92 ± 1.01% and

eastern populations of Iran were grouped into two different species

15.80 ± 1.02%, respectively.

with significant support (PP = 0.945 and 0.805, respectively). For
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F I G U R E 9 Part of maximum likelihood (ML) tree depicting
Glossiphonia spp. relationships using COI sequences. Branches are
drawn proportional to amount of change. Bootstrap support values
are given at nodes relevant to the discussion. The Iranian sample is
denoted in red

barcoding (Hebert et al., 2003; Smith et al., 2006). For leeches, this
gene has already been proven useful in resolving phylogenetic relationships among closely related species (see Bely & Weisbalt,
2006; Bely & Wray, 2004; Oceguera-Figueroa et al., 2005; Trontelj
& Utevsky, 2005; Weigt et al., 2005), detecting invasive species
and species complexes (Siddall & Budinoff, 2005), and determining
geographic origins of parasitic forms (Truong, 2014). In the present
study, we applied a DNA barcoding approach to identify Iranian
freshwater leech specimens and, further, investigated the COI variation within and between these groups in order to better understand species boundaries. In total, we found nine species of leeches
throughout our collection efforts in Iran, including H. stagnalis,
G. concolor, E. borisi, D. lineata, H. orientalis, H. sanguisuga, L. paluda,
and two potentially new species of Dina and Trocheta. It should be
noted that further analyses using both morphological and nuclear
data are needed in order to robustly infer the status of the two latF I G U R E 8 Part of maximum likelihood (ML) tree depicting
Helobdella spp. relationships using COI sequences. Branches are
drawn proportional to amount of change. Bootstrap support
values are given at nodes relevant to the discussion. Present
study samples are denoted in red

ter species. Herein, we are simply using the COI variation to flag the
fact that sequences for these species do not seem to be otherwise
present in the GenBank repository. In addition, seeing as the phylogenetic analysis performed herein is based on only a single locus, the
results are likely to change when more data are added. As such, the
resulting tree is used as evidence of the COI variation in an attempt
toward the identification of the specimens. So far, available litera-

G. concolor, both ABGD and bPTP (but the latter with negligible sup-

ture shows the presence of 22 (both freshwater and marine) leech

port) suggested that Iranian G. concolor specimens are a separate

species from Iran (see Darabi-Darestani et al., 2016). The present

taxonomic entity from the European members, which is somewhat

study mainly covered eastern, northeastern, northern, and north-

surprising given the relatively short branch lengths within this group.

western parts of Iran. Hence, our results roughly project 50% of molecular diversity of the Iranian leech fauna.

4

|

DISCUSSION

4.1 | DNA barcoding of Erpobdellidae

Considering limitations in some animal groups like arthropods (see
Borland et al., 2020), cytochrome c oxidase subunit I (COI) is the

Our collections in Iran found two species of the genus Dina, one of

locus of choice for zoological specimen identification through DNA

which could be identified to species-level through DNA barcoding
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(D. lineata). Dina is a relatively widespread genus with records stretch-

Erpobdella borisi Cichocka et al., 2015 was first recorded and

ing across the western Palearctic (Nesemann & Neubert, 1995).

described from subterranean freshwater habitats in northwestern

Further, D. lineata has been recorded from several countries in the

Iran. Interestingly, the new samples presented herein, unlike the

southwestern parts of the western Palearctic (Marinković et al.,

subterranean individuals, possess eyespots and the specimens were

2020; Nesemann & Neubert, 1999), including western Iran (Bennike,

collected from super-terranean surface waters in the same region.

1940; Grosser & Pešić, 2006; Salimi et al., 2011). Curiously, but likely

This species seems to be distributed in nearly all parts of western

due to the wide distribution of the species across southern deltas

and northwestern Iran. The two morphotypes (with and without

and high elevations in the Caspian region and northwestern and

eyespots) showed identical COI sequences, suggesting that the mor-

western mountainous regions, the species delimitation analysis con-

phological variation could be due to ecological adaptation without

sidered the Iranian northeastern and northwestern populations of

genetic differentiation. That is, the observed phenotypic plasticity

D. lineata as separate mOTU. Isolation across the heterogenous land-

could have emerged as a result of adaptation to ecological factors (in

scape including the Alborz Mountain chain limiting the northeastern

this case living underground). Further sampling is needed to inves-

population(s) and Zagros Mountain acting as barriers and entrapping

tigate this issue. There are several potential reasons for sequence

northwestern population(s) could potentially have shaped the ob-

of Dina mauchi Nesemann, 1995 (=Trocheta intermedia Kutschera,

served genetic structure.

2010) to be in close proximity to E. borisi sequences, including a

The southeastern and western Iranian individuals of Dina sp. 1

misidentification of the specimen from which the sequence was de-

appeared to be the sister taxon to D. latestriata. The latter was first

rived, or that the COI locus alone does not hold the power to ade-

recorded from Greece by Nesemann and Neubert (1995) and is also

quately separate these lineages.

distributed in vast dry central and mountainous parts of Iran. Both
species delimitation methods confirmed a separate species status for
the specimens examined. Note that our new sequences for this taxon

4.2 | DNA barcoding of Hirudiniformes

do not closely resemble any other sequences present on GenBank,
which may indicate that this species is new to science, but more in-

Haemopis sanguisuga, also found among the Iranian samples, is a

depth analyses are needed to robustly infer this. The species shows

Palearctic species (Grosser et al., 2015), reported by Bennike (1940)

a relatively large distributional range mainly around the central and

from western Iran and by Grosser and Pešić (2006) from southeast-

southern spectrum of the Zagros Mountain chain. The known distri-

ern central Iran. The short branch lengths separating our specimens

bution range of this species includes the Persian Gulf drainage sys-

from their European conspecifics suggest that the Iranian leeches

tem covering all of western, southern, and southeastern Iran.

are indeed members of H. sanguisuga, but that COI still effectively

Members of the genus Trocheta are widely distributed in the

separates the different populations. The species resides in muddy

central Palearctic region (Nesemann & Neubert, 1999). The newly

substrates of ponds, wetlands, rice fields, and irrigation canals

derived sequence of Trocheta sp. 1, represented in our analyses,

usually attached to logs or plastic objects. The species shows a

has been recorded in the southwestern mountainous wetlands

distributional range that covers the southern Caspian Sea region,

of Iran. The specimen was found living among aquatic vegetation

northwestern, and western Iran. It remains unknown how this spe-

and muddy substrate of freshwater littoral zones. The leech is rel-

cies has dispersed between Europe and western Asia, but our re-

atively large with a cylindrical anterior part and flattened posterior

sults support the notion that the species range covers both of these

part with lateral keels. The body is unicolored grayish or brownish

continents. Members of Haemopis are typically decent swimmers,

gray with no stripes, lines, or spots. The new species and its con-

which could account for some of the unusually large distribution

specific from Caucasus (unpublished data) nested in proximity to

range. In the present study, the species was also found in areas with

T. cylindrica, T. haskonis, and T. bykowskii in our phylogenetic tree.

high volume of urban sewage in the environment, potentially sug-

Trocheta sp. 1 from Iran appeared to be separate from its congeners

gesting that its movement is not easily hampered by environmental

from Crimea (Ukraine) and Anatolia (Turkey). The currently known

factors. As has been shown before, leeches also often disperse at-

distribution range of Trocheta sp. 1 covers the western part of the

tached to a host but, seeing as Haemopis is a strictly macrophagous

Zagros Mountain in the Persian Gulf drainage system. Both delimi-

genus, this seems unlikely. Regardless of the mode of dispersal for

tation methods supported a separate species status for Trocheta sp.

this species, it is becoming more and more evident that western Asia

1. So far, few studies have attempted to clarify and define discrimi-

and Europe seem to share faunal element to a larger extent than

nating morphological features between Dina spp. and Trocheta spp.

previously shown.

(see Grosser, 2015; Nesemann & Neubert, 1999). Khomenko et al.

Members of the praobdellid genus Limnatis are known to infest

(2020) conducted the most comprehensive study on the taxonomy

nasopharyngeal cavities of large mammals, including humans (e.g.,

and phylogeny of Trocheta spp., thereby settling some old taxonomic

Arenas et al., 1993; Yakhontov & Ismoilov, 1990). First reported

ambiguities and reconstructing a robust species-level phylogenetic

from Sri Lanka as cattle-feeding leech (Tennent, 1859), the species

hypothesis. The relationships shown herein for Trocheta spp. are in

L. paluda has also been recorded from Middle Eastern countries

accordance with Khomenko et al. (2020).

and sometimes in sympatry with L. nilotica (Rückert, 1985). Our
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phylogenetic tree evinced two interesting patterns for the species.

(Oceguera-Figueroa et al., 2010), and members are often difficult

The first is that the separation between L. paluda and L. nilotica

to identify to species-level (e.g., Iwama et al., 2019; Sağlam et al.,

seems somewhat strenuous (the ABGD analysis suggested that

2018). As a result, specimen identifications and taxonomic rear-

these are all part of the same mOTU). This taxonomic ambiguity

rangements within the genus have come to rely heavily on genetic

has been highlighted before (Nesseman & Förster, 1997; Phillips &

data (e.g., DNA barcoding) and the present study adds to the pool of

Siddall, 2009) and is in need of further investigation. The second

data available for the widespread species H. stagnalis.

interesting pattern is that the individuals from Iran placed closely

Glossiphonia concolor is also a relatively widespread species,

to those of Afghanistan and Kazakhstan, possibly indicating that

having been reported from northern, central, and eastern Europe

dispersal has happened westbound from Sri Lanka by the species.

(Grosser et al., 2015); in Iran, the species typically is found living

Of course, the native range of the species is difficult to affirm

in mountainous streams and ponds on the undersides of rocks or

through our phylogenetic hypothesis. Nakano et al. (2015) showed

submerged material (personal observation). In the present study, the

that Middle Eastern and Central Asian praobdellid leeches often

species range is expanded to include the Urmia basin in northwest-

belong to L. paluda. The two species L. nilotica and L. paluda are

ern Iran, hitherto its easternmost distributional range.

genetically similar and should perhaps be assigned to the same spe-

In conclusion, and taken together, our results shed light on the

cies. The North African L. nilotica is morphologically different from

hirudofauna of Iran, with nine species found within the country and

L. paluda and is in need of molecular characterization, whereas

several new geographic records for multiple species. Importantly,

ABGD considered all L. paluda and L. nilotica as a single entity, bPTP

our study also fuels the notion that a large section of the European

categorized eastern and northwestern Iran populations of L. paluda

leech diversity is shared by western Asia, highlighting the obvious

as separate entities with relatively high support. In corroboration

dispersal across landmasses between the continents. This is not a

of this separation, the two populations seem to be distributed in

new notion, but our new data simply underscore this phenomenon.

separate freshwater basins (Hari for the eastern and Urmia for the

Moreover, we show the high efficacy of COI-based DNA barcoding

northwestern populations respectively) and the Alborz Mountain

in identifying leech taxa and in separating populations. The cur-

range acts as an effective physical barrier.

rently observed intraspecific COI variation in Iranian leeches could

The phylogenetic relationships among members of Hirudo have

be the result of isolation via various physical barriers such as the

been comprehensively investigated (see Darabi-
Darestani et al.,

Alborz and Zagros Mountain ranges that may have separated pop-

2018; Trontelj & Utevsky, 2012). In Sağlam et al. (2016), the present

ulations from their neighboring regions and created the observed

distributional range of the genus was inferred to be the result of a

genetic structure. We hope that this study will set the stage for

rapid expansion of European species of Hirudo in the upper Miocene

future investigations into the Iranian leech fauna that may con-

and then further fine-tuned by ephemeral geological occurrences

tinue to explain both dispersal routes and overall biodiversity in

(e.g., the Zanclean flood, rise of mountain ranges etc.). Recently,

western Asia.

Darabi-Darestani et al. (2018) investigated the population genetics
of H. orientalis and showed that the southern Caspian region likely
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