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Abstract. Helobdella aff. robusta Shankland, Bissen & Weisblat, 1992 is recorded for the first time from Japan. The 
haplotype of the cytochrome c oxidase subunit I (COI) gene sequence of a specimen from Japan is identical to that 
of one collected in California, USA. The dorsal pigmentation pattern of the Japanese specimens is different from 
that of H. robusta inhabiting North America, but nonetheless, most of their morphological characteristics are con-
sistent with the diagnostic features of this species. This species is considered to be of New World origin, and the 
Japanese population was likely established from a recent introduction.
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Introduction
The freshwater leech genus Helobdella Blanchard, 1896 
is recognized as the most diverse group in the family 
Glossiphoniidae with about 80 valid species (Christof-
fersen 2009). The vast majority of the described species 
of this genus are distributed in South America, which 
suggests that Helobdella originated in this region (Sid-
dall et al. 2005). Helobdella species have expanded 
into various regions and are now found on all conti-
nents except Antarctica; however, several species are 
known to be introduced species (Oceguera-Figueroa et 
al. 2010).

Helobdella europaea Kutschera, 1987 is the most 
widely introduced species that is probably native to 
North America (Morhun et al. 2021), but it has also 
been recorded in Europe, Oceania, Africa, and Tai-
wan (Kutschera 1985; Siddall and Budinoff 2005; Lai 
et al. 2009; Reyes-Prieto et al. 2014). Another obviously 

introduced species is H. octatestisaca Lai & Chang, 
2009. This species is known to occur in Taiwan, Mexi-
co, South Africa, Unites States, and Spain and appears 
to have been introduced from central Mexico (Lai et al. 
2009; Oceguera-Figueroa et al. 2010; Richardson et al. 
2017; Perera et al. 2019).

In Japan, only one species of this genus is known to 
date, which appears to belong to the H. stagnalis (Lin-
naeus, 1758) species complex due to the presence of 
a small chitinous scute on the dorsal side of the neck 
(e.g., Oka 1935; Itoh 2001; Iwama et al. 2019). Howev-
er, in this study, Helobdella specimens without a nuchal 
scute were collected from Japan. Based on mitochon-
drial DNA sequences, the specimens were identified 
as Helobdella aff. robusta Shankland, Bissen & Weisb-
lat, 1992, which is known to occur in the United States 
and Mexico (Fig. 1; Shankland et al. 1992; Oceguera-
Figueroa et al. 2010). These specimens represent the 
first occurrence of this species outside of the Americas.

A Self-archived copy in
Kyoto University Research Information Repository

https://repository.kulib.kyoto-u.ac.jp

mailto:chkambayashi@gmail.com
https://orcid.org/0000-0003-4820-9842
mailto:nakano@zoo.zool.kyoto-u.ac.jp
https://orcid.org/0000-0001-6107-2188


474	 Check List 19 (4)

Methods
Leech specimens were collected from beneath a stone 
in a small stream flowing into the Sakai River, Kanaga-
wa, Japan. The specimens were relaxed by the gradual 
addition of 99% ethanol to freshwater and fixed in 70% 
ethanol. Three specimens were compressed between 
two glass slides, stained with a mixture of Mayer’s 
paracarmine and Ehrlich’s hematoxylin, and then 
mounted on slides. Four measurements were taken on 
uncompressed specimens: body length from the ante-
rior margin of the oral sucker to the posterior margin 
of the caudal sucker (BL), maximum body width (BW), 
caudal sucker length from the anterior to the posteri-
or margin of the sucker (CL), and caudal sucker width 
from the right to the left margin of the sucker (CW). 
These specimens were deposited in the Zoological Col-
lection of Kyoto University (KUZ).

Total DNA of a representative specimen (KUZ 
Z4515) was extracted from the part of the caudal suck-
er using phenol/chloroform extraction. The partial 
sequence of the cytochrome c oxidase subunit I (COI) 
gene was PCR amplified using the primers LCO1490 
and HCO2198 (Folmer et al. 1994). The PCR and cycle 
sequencing reactions were performed according to 
Nakano (2012), except for the use of PCR reaction kit, 
EmeraldAmp PCR Master Mix (Takara Bio). The newly 
determined COI sequence was deposited in the Interna-
tional Nucleotide Sequence Databases (INSD) through 
the DNA Data Bank of Japan (DDBJ). Helobdella leech-
es that lack a nuchal scute and bear longitudinal stripes 
on the dorsal surface, as observed in the present speci-
mens, have been known to form a monophyletic group 
(Oceguera-Figueroa et al. 2010). Accordingly, the new-
ly determined COI sequence (658 bp; INSD accession 
number LC761207) was aligned with eight available 
sequences of H. aff. robusta, as well as four sequences of 

scuteless congeners, which were obtained from INSD, 
using MAFFT v. 7.427 (Katoh and Standley 2013). All of 
the four sequences were determined based on the scu-
teless specimens identified by Siddall and Borda (2003) 
and Kutschera et al. (2013). Phylogenetic analysis was 
conducted using IQ-TREE v. 1.6.12 (Nguyen et al. 2015) 
with the best-fit model of HKY + F + G4 selected auto-
matically and 1000 nonparametric bootstrapping rep-
licates.

Results
Family Glossiphoniidae Vaillant, 1890
Genus Helobdella Blanchard, 1896

Helobdella aff. robusta Shankland, Bissen & Weis­
blat, 1992

Figure 2
New record. JAPAN – Kanagawa • Yokohama, Izumi, 
Simoiida-cho, Sakai River; 35°23′53″N, 139°28′43″E; 
13.IX.2022; N. Kambayashi leg.; 1 specimen, KUZ 
Z4515; DDBJ LC761207; 08.X.2022; C. Kambayashi 
leg.; 16 specimens, KUZ Z4516–Z4519.
Identification. Body lanceolate, broadest in posterior 
half (Fig. 2). Measurements (mean, followed by rang-
es in parentheses; n = 14, KUZ Z4515–Z4516): BL 6.04 
mm (3.70–7.89), BW 2.34 mm (1.45–3.42), CL 1.04 
mm (0.67–1.54), CW 0.97 mm (0.60–1.50). Somites I–
II fused. Somite III uniannulate. Somite IV biannu-
late, (a1 + a2) = a3. Somites V biannulate, (a1 + a2) > 
a3. Somites VI–XXIV triannulate, a1 = a2 = a3. Somi-
tes XXV and XXVI biannulate, (a1 + a2) > a3. Somi-
te XXVII uniannulate. Anus on somite XXVII. Male 
gonopore in somite XII a1/a2. Female gonopore in 
somite XII a2/a3. Gonopores separated by 1 annulus. 
Eyespots in 1 pair on anterior margin of somite III; 

Figure 1. Map showing the collection localities. The red circle denotes the new locality, and the yellow circles are from Bely and 
Weisblat (2006) and Oceguera-Figueroa et al. (2010). This map was created with mapchart.net.
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punctiform and well separated between them. Salivary 
glands diffuse. Crop caeca in 5 pairs; 1st–4th pairs crop 
caeca simple, nondiverticulated; 5th pair deflected pos-
teriorly, extend to about XXIII obliquely forming post-
caeca or diverticula.

In life, dorsal surface generally orangish brown with 

faint longitudinal stripes; color faded in preservative. 
Dorsal surface bearing up to 3 longitudinal rows of 
darkly pigmented papillae situated on middle annuli 
of each of somites X–XXVII. Cream-colored pigment 
spots located immediately lateral to rows of black papil-
lae. Venter flat without papillae or stripes. No mid-dor-
sal scute in head region of body.

The obtained COI sequence was identical with one 
of the haplotypes of Helobdella aff. robusta collected in 
California, USA (INSD accession number DQ995302). 
Molecular phylogenetic analysis revealed that Japa-
nese population of this species belongs to the clade 
of “Helobdella sp. 1” designated by Bely and Weisblat 
(2006), and is most closely related to H. lineata (Verrill, 
1874) (Fig. 3).

Discussion
Based on the COI sequence analysis, the Helobdella 
specimens collected in this study are identified as H. 
aff. robusta. Although most of the morphological char-
acteristics were consistent with the diagnostic features 
of this species, there were some disparities in pigmenta-
tion patterns, such as the presence of five rows of black 
papillae in the original description (Shankland et al. 
1992) compared with the presence of three rows in this 
study. Nevertheless, these variations are recognized in 
the congeneric species H. austinensis Kutschera, Lang-
guth, Kuo, Weisblat & Shankland, 2013 (Kutschera 
et al. 2013). Consequently, the pigmentation pattern 
observed in the present study can be considered a vari-
ant of H. aff. robusta.

Helobdella robusta was originally described based 
on specimens collected from a creek in California, 

Figure 2. Helobdella aff. robusta from Japan, KUZ Z4516. A. 
Dorsal view. B. Ventral view. Scale bar = 1 mm.

Figure 3. Maximum-likelihood tree of COI sequences. INSD accession numbers and localities are presented in parentheses. Num-
bers on nodes indicate bootstrap values. Helobdella sp. 1 and Helobdella sp. 2 were designated based on the descriptions in Bely 
and Weisblat (2006).
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USA. Subsequent genetic analyses revealed the exis-
tence of two distinct lineages within the type local-
ity, which were designated as “Helobdella sp. 1” and 
“Helobdella sp. 2” (Bely and Weisblat 2006). The for-
mer species, which includes the specimens obtained 
in this study, has been recorded from California and 
New York in the United States and San Luis Potosí in 
Mexico (Bely and Weisblat 2006; Oceguera-Figueroa 
et al. 2010). The close relatives of this species are con-
centrated in North and Central America (Iwama et al. 
2019), which suggests that “Helobdella sp. 1” originat-
ed in this geographic region. Because Helobdella spe-
cies without a nuchal scute have never been reported in 
Japan despite consistent surveys until the 1930s (Oka 
1935), the “Helobdella sp. 1” population obtained in 
this study was most likely recently introduced from 
the Americas.

Leech accidental introduction has been proposed 
to be associated with the international trade of exot-
ic organisms (Bennike 1943; Reyes-Prieto et al. 2014). 
In particular, some species of Helobdella leeches are 
known to reproduce through self-fertilization (Iyer et 
al. 2019), which may contribute to their ability to effi-
ciently establish populations in newly introduced envi-
ronments. Future studies are required to assess the 
impact of Helobdella invasions on native freshwater 
ecosystems.

Acknowledgements
We are grateful to Nobuyuki Kambayashi for providing 
a valuable specimen, and to Dr Alejandro Oceguera-
Figueroa (Universidad Nacional Autónoma de México) 
and Dr Rafael Iwama (University of São Paulo) for their 
helpful comments and suggestions on this manuscript. 
We also thank Dr Mallory Eckstut (Edanz; https://
jp.edanz.com/) for editing a draft of this manuscript. 
This study was financially supported by the Japan Soci-
ety for the Promotion of Sciences KAKENHI grant 
number 23KJ1149.

Author Contributions
Conceptualization: CK. Data curation: CK, TN. Visual-
ization: CK. Writing – original draft: CK. Supervision: 
TN. Validation: TN. Writing – review and editing: TN.

References
Bely AE, Weisblat DA (2006) Lessons from leeches: a call for 

DNA barcoding in the lab. Evolution & Development 8: 491–
501. https://doi.org/10.1111/j.1525-142x.2006.00122.x

Bennike SAB (1943) Contributions to the ecology and biol-
ogy of the Danish fresh-water leeches (Hirudinea). Folia 
Limnologica Scandinavica 2: 1–109.

Christoffersen ML (2009) A catalogue of Helobdella (Anne-
lida, Clitellata, Hirudinea, Glossiphoniidae), with a 
summary of leech diversity, from South America. Neotrop-
ical Biology and Conservation 4: 89–98. https://doi.org/ 
10.4013/nbc.2009.42.04

Folmer O, Black M, Hoeh W, Lutz R, Vrijenhoek R 
(1994) DNA primers for amplification of mitochondrial 
cytochrome c oxidase subunit I from diverse metazoan 
invertebrates. Molecular Marine Biology and Biotechnol-
ogy 3: 294–299.

Itoh T (2001) Morphological variation in Japanese popula-
tions of a freshwater leech, Helobdella stagnalis (Hirudin-
ea: Rhynchobdellida: Glossiphoniidae). Species Diversity 
6: 169–178. https://doi.org/10.12782/specdiv.6.169

Iwama RE, Oceguera-Figueroa A, de Carle D, Manglic­
mot C, Erséus C, Miles NMS, Siddall ME, Kvist S 
(2019) Broad geographic sampling and DNA barcod-
ing do not support the presence of Helobdella stagnalis 
(Linnaeus, 1758) (Clitellata: Glossiphoniidae) in North 
America. Zootaxa 4671: 1–25. https://doi.org/10.11646/
zootaxa.4671.1.1

Iyer RG, Rogers DV, Levine M, Winchell CJ, Weisblat 
DA (2019) Reproductive differences among species, and 
between individuals and cohorts, in the leech genus Helob-
della (Lophotrochozoa; Annelida; Clitellata; Hirudini-
da; Glossiphoniidae), with implications for reproductive 
resource allocation in hermaphrodites. PLoS ONE 14: 
e0214581. https://doi.org/10.1371/journal.pone.0214581

Katoh K, Standley DM (2013) MAFFT multiple sequence 
alignment software version 7: improvements in perfor-
mance and usability. Molecular Biology and Evolution 30: 
772–780. https://doi.org/10.1093/molbev/mst010

Kutschera U (1985) Beschreibung einer neuen Egelart, 
Helobdella striata nov. sp. (Hirudinea: Glossiphoniidae). 
Zoologische Jahrbücher Abteilung für Systematik, Geo-
graphie und Biologie der Tiere 112: 469–476.

Kutschera U, Langguth H, Kuo DH, Weisblat DA, Shank­
land M (2013) Description of a new leech species from 
North America, Helobdella austinensis n. sp. (Hirudinea: 
Glossiphoniidae), with observations on its feeding behav-
iour. Zoosystematics and Evolution 89: 239–246. https://
doi.org/10.1002/zoos.201300010

Lai YT, Chang CH, Chen JH (2009) Two new species of 
Helobdella Blanchard 1896 (Hirudinida: Rhynchobdel-
lida: Glossiphoniidae) from Taiwan, with a checklist 
of Hirudinea fauna of the island. Zootaxa 2068: 27–46. 
https://doi.org/10.11646/zootaxa.2068.1.2

Morhun H, Sidorovskyi S, Khomenko A, Mazepa GO, Ute­
vsky (2020) First Ukrainian record of the invasive leech 
Helobdella europaea (Hirudinea: Glossiphoniidae) from 
an aquarium in Kharkiv: morphological variability and 
phylogenetic relationships. Biologia 76: 193–202. https://
doi.org/10.2478/s11756-020-00542-7

Nakano T (2012) A new sexannulate species of Orobdella 
(Hirudinida, Arhynchobdellida, Orobdellidae) from Yaku
shima Island, Japan. ZooKeys 181: 79–93. https://doi.
org/10.3897/zookeys.181.2932

Nguyen LT, Schmidt HA, von Haeseler A, Minh BQ (2015) 
IQ-TREE: a fast and effective stochastic algorithm for 
estimating maximum-likelihood phylogenies. Molec-
ular Biology and Evolution 32: 268–274. https://doi.
org/10.1093/molbev/msu300

Oceguera-Figueroa A, León-Règagnon V, Siddall ME 
(2010) DNA barcoding reveals Mexican diversity within 

A Self-archived copy in
Kyoto University Research Information Repository

https://repository.kulib.kyoto-u.ac.jp

https://jp.edanz.com/
https://jp.edanz.com/
https://doi.org/10.1111/j.1525-142X.2006.00122.x
https://doi.org/10.4013/nbc.2009.42.04
https://doi.org/10.4013/nbc.2009.42.04
https://doi.org/10.12782/specdiv.6.169
https://doi.org/10.11646/zootaxa.4671.1.1
https://doi.org/10.11646/zootaxa.4671.1.1
https://doi.org/10.1371/journal.pone.0214581
https://doi.org/10.1093/molbev/mst010
https://doi.org/10.1002/zoos.201300010
https://doi.org/10.1002/zoos.201300010
https://doi.org/10.11646/zootaxa.2068.1.2
https://doi.org/10.2478/s11756-020-00542-7
https://doi.org/10.2478/s11756-020-00542-7
https://doi.org/10.3897/zookeys.181.2932
https://doi.org/10.3897/zookeys.181.2932
https://doi.org/10.1093/molbev/msu300
https://doi.org/10.1093/molbev/msu300


Kambayashi and Nakano  |  Helobdella aff. robusta from Japan	 477

the freshwater leech genus Helobdella (Annelida: Glossi-
phoniidae). Mitochondrial DNA 21: 24–29. https://doi.
org/10.3109/19401736.2010.527965

Oka A (1935) Apercu de la faune hirudinéenne japonaise. 
Proceedings of the Imperial Academy 11: 240–241.

Perera A, Hernandez-Sastre P, Ayres C (2019) Hitch me a 
ride: first report of the alien leech Helobdella octatestisa-
ca in Europe associated with freshwater turtles. Biological 
Invasions 21: 3467–3471. https://doi.org/10.1007/s10530-
019-02076-9

Reyes-Prieto M, Oceguera-Figueroa A, Snell S, Negredo A, 
Barba E, Fernández L, Moya A, Latorre A (2014) DNA 
barcodes reveal the presence of the introduced freshwater 
leech Helobdella europaea in Spain. Mitochondrial DNA 
25: 387–393. https://doi.org/10.3109/19401736.2013.809
426

Richardson D, Moser WE, Hammond C, Lazo-Wasem E, 
Barger MA (2017) Host associations of Helobdella octat-
estisaca (Hirudinida: Glossiphoniidae) and the first report 
of this leech in the United States. Comparative Parasitolo-
gy 84: 18–20. https://doi.org/10.1654/1525-2647-84.1.18

Shankland M, Bissen ST, Weisblat DA (1992) Description 
of the Californian leech Helobdella robusta sp. nov., and 
comparison with Helobdella triserialis on the basis of 
morphology, embryology, and experimental breeding. 
Canadian Journal of Zoology 70: 1258–1263. https://doi.
org/10.1139/z92-174

Siddall ME, Borda E (2003) Phylogeny and revision of the 
leech genus Helobdella (Glossiphoniidae) based on mito-
chondrial gene sequences and morphological data and a 
special consideration of the triserialis complex. Zoolog-
ica Scripta 32: 23– 33. https://doi.org/10.1046/j.1463-
6409.2003.00098.x

Siddall ME, Budinoff RB (2005) DNA-barcoding evidence 
for widespread introductions of a leech from the South 
American Helobdella triserialis complex. Conservation 
Genetics 6: 467–472. https://doi.org/10.1007/s10592-005- 
4986-y

Siddall ME, Budinoff RB, Borda E (2005) Phylogenetic 
evaluation of systematics and biogeography of the leech 
family Glossiphoniidae. Invertebrate Systematics 19: 105–
112. https://doi.org/10.1071/is04034

A Self-archived copy in
Kyoto University Research Information Repository

https://repository.kulib.kyoto-u.ac.jp

https://doi.org/10.3109/19401736.2010.527965
https://doi.org/10.3109/19401736.2010.527965
https://doi.org/10.1007/s10530-019-02076-9
https://doi.org/10.1007/s10530-019-02076-9
https://doi.org/10.3109/19401736.2013.809426
https://doi.org/10.3109/19401736.2013.809426
https://doi.org/10.1654/1525-2647-84.1.18
https://doi.org/10.1139/z92-174
https://doi.org/10.1139/z92-174
https://doi.org/10.1046/j.1463-6409.2003.00098.x
https://doi.org/10.1046/j.1463-6409.2003.00098.x
https://doi.org/10.1007/s10592-005-4986-y
https://doi.org/10.1007/s10592-005-4986-y
https://doi.org/10.1071/is04034



