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Abstract. Drepanothrix Sars, 1862 is a monotypic genus of uncertain position within the family 
Macrothricidae (Cladocera: Anomopoda). Gamogenetic stages of Drepanothrix are poorly described 
despite the importance of their characters for anomopod systematics. Drepanothrix dentata (Eurén, 
1861) is widespread in the Holarctic, but the conspecificity of its populations from different regions 
has not yet been proved. This study revises the diversity and phylogenetic position of Drepanothrix 
using morphological criteria, a molecular study based on three genetic loci (COI, 16S rRNA, ITS1), and 
mitogenomics. Our results show that East Eurasian populations of Drepanothrix represent a particular 
species, D. asiatica sp. nov., which differs from D. dentata by an absent or reduced dorsal tooth and by 
the male postabdominal morphology. The study of three gene fragments confirms the differentiation of 
the two species and assigns Nearctic specimens to a separate clade. Even with new morphological data, 
the position of Drepanothrix within Macrothricidae remains unresolved. The simple structure of limb I 
inner endite anterior setae, six setae in filtering comb of limb II gnathobase, and limb II exopodite bearing 
three setae distinguish Drepanothrix from the subfamily Macrothricinae to which it was previously 
attributed. The separate position of Drepanothrix is also supported by mitochondrial genomic data, 
including its mitochondrial genome structure.
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Introduction
Currently, great efforts are paid to taxonomic and faunistic studies of several macrotaxa within the 
cladoceran order Anomopoda Sars, 1865 (Branchiopoda Latreille, 1817: Cladocera Latreille, 1829). In 
recent years, application of DNA barcoding and genomic methods has significantly increased the 
resolution of taxonomic revisions in different anomopod groups (Kotov et al. 2016; Bekker et al. 
2016; Garibian et al. 2021a; Pereboev et al. 2025). However, many representatives of Anomopoda 
still remain unrevised, which is the case for the family Macrothricidae Norman & Brady, 1867. The 
intricate external morphology of macrothricids has received little scientific attention (Neretina & Kotov 
2017), although some of them are rather common in continental water bodies (Smirnov 1992). In the 
tropics, Macrothricidae sometimes constitute a significant proportion of the fish diet (Growns et al. 2020; 
Quirino et al. 2021) and can be used in fish aquaculture (Jiménez-Velásquez et al. 2021). The largest 
genus of Macrothricidae is Macrothrix Baird, 1843, while the remaining genera are either monotypic or 
comprising only a few valid species (Smirnov 1992; Korovchinsky & Kotov 2021).

Drepanothrix Sars, 1862 is one of such monotypic macrothricid genera, which occurs mostly in the 
temperate zone of the Northern Hemisphere (Smirnov 1992; Korovchinsky & Kotov 2021). The only 
species of the genus, D. dentata (Eurén, 1861), has been reported and illustrated in many monographs 
(Sars 1862a; Flössner 1972; Fryer 1974; Alonso 1996; etc.) and included in numerous identification 
guides for Cladocera (Brooks 1959; Scourfield & Harding 1966; Smirnov 1976; Margaritora 1985; 
Hudec 2010; Rogers et al. 2019; Korovchinsky & Kotov 2021). The male morphology of D. dentata has 
received much less attention than that of the parthenogenetic female but was also briefly described by 
Flössner (1972). Thus, the morphology of Drepanothrix seems to be relatively well explored.

However, some data raise the question whether populations of Drepanothrix are conspecific across 
different parts of its range. The genus has a disjunct distribution, which includes West Eurasia, east 
to northwestern Siberia, East Asia north to China, and North America (Brooks 1959; Smirnov 1976; 
Korovchinsky & Kotov 2021). To date, Drepanothrix has been observed in Central Siberia only once 
(Yermolayeva & Fetter 2020). According to Frey’s noncosmopolitan paradigm (Frey 1982, 1988), East 
Eurasian and Nearctic populations of Drepanothrix could represent separate species, as has already 
been shown for many anomopods (Kotov et al. 2006; Jeong et al. 2012; Sinev et al. 2020; Dadykin & 
Pereboev 2025). Moreover, authors of several studies have noted a strong reduction of the dorsal tooth 
in populations of Drepanothrix from the Russian Far East, which is not observed in the European 
populations (Smirnov 1976; Korovchinsky & Kotov 2021; Dadykin et al. 2025). However, the diagnostic 
significance of this trait is unclear, and previous studies claim that the genus requires further taxonomic 
revision (Korovchinsky & Kotov 2021; Dadykin et al. 2025).

The phylogenetic position of Drepanothrix also remains controversial. Based on morphological characters, 
several authors suggested a subdivision of Macrothricidae into two groups (Dumont & Silva-Briano 
1998; Elmoor-Loureiro 2005). In both proposed phylogenies, Drepanothrix is considered a congener 
of Macrothrix Baird, 1843, Bunops Birge, 1893, Wlassicsia Daday, 1904 and Streblocerus Sars, 1862, 
together forming a subfamily Macrothricinae Dumont & Silva-Briano, 1998 (Dumont & Silva-Briano 
1998; Dumont & Negrea 2002; Elmoor-Loureiro 2005). However, Dumont & Silva-Briano (1998) noted 
that the majority of macrothricines have forked anterior setae of thoracic limb I (Fryer’s forks) while 
Drepanothrix lacks this synapomorphy and has less modified ‘semi-forked’ anterior setae. In likely 
paraphyletic ‘non-macrothricines’ these setae are unmodified (Dumont & Silva-Briano 1998; Elmoor-
Loureiro 2005). Nevertheless, these cladistic analyses have not yet been verified by molecular data, thus 
the status and phylogenetic position of the groups Macrothricinae and ‘non-Macrothricinae’ is uncertain.

The present study aims to revise morphological and genetic diversity of Drepanothrix in the Northern 
Hemisphere. Also, we clarify the phylogenetic position of the genus using complete mitochondrial 
genome data.
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Material and methods
Sample collection
We inspected eleven populations of Drepanothrix from European and Asian Russia. Samples were 
collected in 2008–2024 by a throw net with a 50 µm mesh size (Table 1). All analyzed samples were 
preserved in 96% ethanol and then stored at 4°C. The original specimens were deposited in a working 
collection of the Laboratory of Aquatic Ecology and Invasions of the A.N. Severtsov Institute of Ecology 
and Evolution of the Russian Academy of Sciences, Moscow, Russia (IEE AAK M). Also, we examined 
permanent preparations of Drepanothrix stored in the collection of the Zoological Museum of the 
Moscow State University, Moscow, Russia (MSU, MGU MIs 1178).

Morphological description and processing of images
Individual specimens of Drepanothrix were extracted from samples and placed in a glycerol-ethanol 
mixture drop. Dissections were performed using an Olympus SZ-51 optical binocular microscope 
(Olympus, Japan) following the technique described by Kotov & Štifter (2006). Line drawings were 
prepared with an Olympus CX-41 high-power optical microscope equipped with a camera lucida and 
then inked in Adobe Illustrator 26.0.3 (Adobe Systems Inc., USA) using a graphic tablet Wacom One 
CTL-672-N (Wacom, Japan). For optical micrography, a LOMO BLM-L optical microscope with an 
MS-12 digital camera (LOMO-MA, Russia) was used. Each specimen was photographed with a gradual 
focus shift, with subsequent stacking of the series with Helicon Focus 8 software (Helicon Soft Ltd., 
Ukraine). All measurements were performed in ImageJ software (Schneider et al. 2012) using scale bars 
calibrated with an eyepiece micrometer for the Olympus CX-41 and LOMO BLM-L optical microscopes.

For scanning electron microscopy, specimens were gradually dehydrated in an ethanol-acetone mixture 
with increasing acetone concentrations, as follows: 25%, 50%, 75%, 90%, 100%, 100% of acetone. Then 
the specimens were dried by the critical-point method and dusted with gold. For electron micrography, 
a TESCAN MIRA scanning electron microscope (TESCAN, Czech Republic) in high vacuum mode 
was used. Micrographs were processed and illustrations were combined using Adobe Photoshop CC 
software (Adobe Systems Inc., USA). A map was created in QGIS 3.34.6 software (QGIS Development 
Team 2026). The Natural Earth vector and raster data (https://www.naturalearthdata.com/) were used as 
a basemap. The map was visualized using the Lambert Azimuthal Equal Area projection (EPSG:3576).

PCR and sequencing
Genomic DNA was extracted from single individuals using a Wizard Genomic DNA Purification Kit 
(Promega Corporation, Madison, WI, USA). The individual was dried at room temperature, then placed 
in the lysis medium (100 µl of Nuclei Lysis Solution, 20 µl of EDTA, and 10 µl of proteinase K), and 
incubated at 55°C for 18–20 hours. Next, 125 µl of SV Lysis Buffer was added to each specimen. 
The samples were vortexed, immediately transferred to minicolumns, incubated for 10 min, and then 
centrifuged at 13000 rcf for 3 min. Then, 650 µl of diluent (Column Wash Solution dissolved according 
to the original protocol) was added to each sample, with two rounds of centrifugation (3 min at 13000 rcf 
and 2 min at 13000 rcf). The minicolumns were then transferred to a new microtube. The DNA was eluted 
in three steps: for each round, 30 µl of distilled water (pre-heated to 55°C) was added to a minicolumn, 
incubated for 10 min at room temperature and centrifuged for 3 min at 13000 rcf. The extracted DNA 
was stored at -20°C.

We amplified two mitochondrial gene fragments, Folmer’s cytochrome oxidase I (COI) and 16S rRNA, 
using newly designed primer pairs: simo_folmer_F (5’-TCRACTAATCATAAGGATATTGG-3’) / 
simo_lf_R (5’-CCTCTYTCATGACTAATAATATG-3’) for Folmer’s COI and 16Sdp1f 
(5’-GACTGTGCTAAGGTAGCATAATC-3’) / 16Sdp1r (5’-CCGGTTTGAACTCAGATCATGT-3’) 
for 16S rRNA. For PCR, the Encyclo PCR kit was used (Eurogene, Russia). All PCRs, except for ITS1 

https://www.naturalearthdata.com/
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amplification, were performed in a 25 µl reaction volume (5 μl of HS-Encyclo Buffer, 14 μl of distilled 
water, 2 μl of forward primer, 2 μl of reverse primer, and 2 μl of DNA template). The PCR conditions for 
COI were as follows: 95°C for 5 min; 5 cycles: 95°C for 30 s, 48°C for 50 s, 72°C for 1 min; 34 cycles: 
95°C for 30 s, 50°C for 50 s, 72°C for 1 min; 72°C for 5 min. The PCR conditions for 16S rRNA were: 
95°C for 5 min; 38 cycles: 94°C for 30 s, 59°C for 45 s, 72°C for 1 min; 72°C for 5 min. Additionally, 
we amplified the nuclear ITS1 fragment for several specimens using newly designed primers: ITS1dp1f 
(5’-GGTGAACCTGCGGAAGGATC-3’) and ITS1dp1r (5’-GTGATCCACCGTTCAGGGTC-3’). PCRs 
for ITS1 amplification were performed in a 25 µl reaction volume (5 μl of HS-Encyclo Buffer, 15 μl 
of distilled water, 2 μl of ITS1dp1f, 2 μl of ITS1dp1r, and 1 μl of DNA template). The PCR conditions 
for ITS1 were: 95°C for 5 min; 38 cycles: 94°C for 30 s, 63°C for 45 s, 72°C for 1 min; 72°C for 5 min. 
The size of all PCR products was verified by 1% agarose gel electrophoresis.

The PCR products were purified using the GentaPure Cleanup kit according to the protocol (GenTerra, 
Russia). Two-directional Sanger sequencing was performed by Syntol Ltd. (Russia). Sequence processing 
and contig construction were performed in the CodonCode Aligner ver. 11.0.2 (CodonCode Corporation, 
USA). The resulting contigs were verified by BLASTn comparisons (Boratyn et al. 2013). Additional 
sequences were obtained from the NCBI GenBank database (Sayers et al. 2019). Then, all contigs were 
aligned by Unipro UGENE ver. 52.1 (Okonechnikov et al. 2012) using the MAFFT tool (Katoh & 
Standley 2013).

Single- and multigene analyses
For phylogenetic reconstructions, the IQ-TREE ver. 3.0.1 standalone version was employed (Wong et al. 
2026). Phylograms were constructed by the maximum likelihood method based on sequences from COI, 
16S rRNA, and homozygous ITS1 gene fragments. The best nucleotide substitution models were detected 
automatically (Kalyaanamoorthy et al. 2017). Branch support was assessed from the 1000 replicates of 
the SH-aLRT test (Guindon et al. 2010) and 10 000 replicates of the ultrafast bootstrap (Hoang et al. 
2018). The phylograms were visualized with FigTree ver. 1.4.4 (http://tree.bio.ed.ac.uk/software/figtree/). 
TCS haplotype networks (Clement et al. 2002) were constructed and visualized for the COI and 
16S rRNA gene fragments using PopArt 1.7 (Leigh et al. 2015). The 16S rDNA sequences with large 
gaps were excluded from the final alignment prior to the network construction. The list of sequences 
included in the analysis is presented in Supp. file 2: Table S1.

Mitogenomic analyses
To assemble mitochondrial genomes, we obtained short-read whole-genome sequencing (WGS) data 
for Drepanothrix dentata from Lake Glubokoe, Moscow Area, Russia (AAK M-7018). As no verified 
mitogenomic data on the Macrothricidae family was available in public databases, we used original 
genomic data for Macrothrix triserialis Brady, 1886 from Bến Tre Province, Vietnam (9°48.268′ N, 
106°36.732′ E) as comparative material. For both D. dentata and M. triserialis, we isolated the DNA 
from individual parthenogenetic females fixed in 96% ethanol. Genomic DNA was extracted into 
50 μL of eluent solution using the QIAamp Micro Kit (Qiagen, Hilden, Germany) according to the 
manufacturer’s protocol. Library preparation and WGS (“Animal & Plant WGRS” on the DNBSEQ 
Platform, at least 12 Gbp as paired reads of 100 bp) were performed by BGI Genomics Co., Ltd. (China).

The raw reads were filtered by fastp ver. 0.23.4 (Chen 2023), and then we assembled and annotated 
mitochondrial genomes as described earlier (Pereboev et al. 2025) using GetOrganelle ver. 1.7.7.1 (Jin 
et al. 2020 and references therein) and Mitoz ver. 3.6 (Meng et al. 2019 and references therein). Structure 
of the putative control region was verified by Sanger sequencing. We used a newly designed primer pair 
drepa12s_e (5’-ACCCCTGATACACAAGGTAC-3’) / drepa16s_b (5’-ACATATCGCCCGTCACTC-3’). 
The PCR conditions were as follows: 95°C for 5 min; 39 cycles: 95°C for 30 s, 52°C for 50 s, 72°C for 
1 min; 72°C for 5 min. DNA purification and sequencing were performed as stated above.

http://tree.bio.ed.ac.uk/software/figtree/
https://doi.org/10.5852/ejt.2026.1090.3321.14585
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Gene map visualization was created using the Proksee web-service (Grant et al. 2023). Obtained data 
were combined with other publicly available mitogenomes of Anomopoda (Supp. file 2: Table S2). Both 
rRNA genes and all codon positions for every protein-coding gene were used. Individual genes were 
aligned using MAFFT ver. 7.525 (Katoh & Standley 2013) with the L-INS-i algorithm. Gap-rich regions 
were removed by trimAl ver. 1.4.rev15 (Capella-Gutiérrez et al. 2009) with the ‘-automated1’ option. 
We used IQ-TREE ver. 2.2.6 with automatic model selection (Kalyaanamoorthy et al. 2017) and the 
greedy strategy of automatic partitioning (Chernomor et al. 2016) to reconstruct phylogenetic trees with 
1000 ultrafast bootstrap replicates (Hoang et al. 2018) and 1000 SH-aLRT replicates (Guindon et al. 
2010). The final mitogenome dataset was composed of 25 taxa, including 5 partitions with 12 946 total 
sites. The tree was rooted with Podonevadne trigona (Sars, 1897) (Onychopoda Sars, 1865: Podonidae 
Mordukhai-Boltovskoi, 1968) as an outgroup.

Abbreviations and terms
The terminology for morphological structures generally follows Dadykin & Pereboev (2025), and 
numbering of thoracic limb I endites follows Neretina & Kotov (2017). Setae of the outer limb portion 
or exopodite are labeled with Latin letters (a–g), setae of the inner portion with Arabic numerals (1–9 
for posterior setae and 1’–9’ for anterior setae), and gnathobase posterior elements with Greek letters 
(α–ε) (Dadykin & Pereboev 2025).

In the descriptions, we use the following abbreviations:
IDL	 =	 inner distal lobe of the limb I
ms	 =	 male accessory seta of the antenna I
ODL	 =	 outer distal lobe of the limb I
SDL	 =	 subdistal lobe of the limb I

The abbreviations used in figures are decoded in the respective figure captions.

The following institutional abbreviations are used throughout the text:
IEE	 =	 working collection, Laboratory of Aquatic Communities and Invasions, A.N. Severtsov Institute
		  of Ecology and Evolution of the Russian Academy of Sciences, Moscow, Russia
MSU	 =	 Zoological Museum, Lomonosov Moscow State University, Moscow, Russia (sample numbers
		  MGU MI#)
ZIN	 =	 Zoological Museum, St Petersburg State University, Saint Petersburg, Russia

Results
Taxonomy

Class Branchiopoda Latreille, 1817
Order Anomopoda Sars, 1865

Family Macrothricidae Norman & Brady, 1867

Genus Drepanothrix Sars, 1862

Drepanothrix Sars, 1862a: 156–158 (type species Drepanothrix dentata (Eurén, 1861: 118), by 
subsequent designation by Sars (1862a: 156–158).

Diagnosis
The genus Drepanothrix can be diagnosed by an ovoid body with a well-developed keel in 
parthenogenetic females and males but reduced in gamogenetic females. Valves are ornamented with 
thin polygons. Dorsal valve margin forms a dorsal tooth which can be either well developed or reduced. 

https://doi.org/10.5852/ejt.2026.1090.3321.14585
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Dorsal organ is small and conical. Gut forms double loops. Female postabdomen is subrectangular in 
lateral view, the preanal angle is shifted towards the posterior end of postabdomen; the dorsal keel of the 
postabdomen is absent. Preanal margin of postabdomen is armed with transverse rows of long setulae; 
anal margin of postabdomen bears clusters of spines and setulae. Antenna I bears 9 terminal aesthetascs, 
each ending with two hooks. Formula of antenna II swimming setae is 0–0–0–3/1–1–3, spine formula is 
0–1–0–1/0–0–1. Inner endites of thoracic limb I bear setulose or denticulate anterior setae lacking forks. 
Thoracic limb II exopodite has three setae. Thoracic limb V is strongly reduced, includes an epipodite, 
an exopodite bearing a single seta, and an inner portion with three setae. Gamogenetic female has an 
angulate dorsal margin of the carapace. Ephippium is transparent, lacks clear ventral border and specific 
sculpture, and contains two resting eggs. Male is small, male valves form a ventral outgrowth with 
enlarged marginal armature. Male postabdomen is weakly or strongly modified as compared to that of 
female, gonopore occupies a subdistal position. Male antenna I bears an additional seta on the anterior 
edge. Male antenna II bears two additional setae on basipodite distal end. Male thoracic limb I forms a 
subdistal lobe with two setae.

Drepanothrix dentata (Eurén, 1861)
Figs 1–5

Acantholeberis dentata Eurén, 1861: 118.

Drepanothrix setigera – Sars 1862a: 156–158.
Drepanothrix hamata – Sars 1862b: 300. — Norman & Brady 1867: 13–14, pl. XXII figs 6–7.
Drepanothrix dentata – P.E. Müller 1867: 138–139, pl. II fig. 13. — Lilljeborg 1900: 368–372, tab. 

LVII, figs 3–16. — Keilhack 1909: 70, figs 165–166. — Herr 1913: 419–431, figs 4–18; 1917: 
82–84, figs 36а, 37. — Berg 1929–1930: 66–68, pl. IV figs 1–5. — Parenzan 1932: 140–141, tav. 
18, figs 8–9. — Hollwedel 1953: 56, fig. 16. — Srámek-Hušek et al. 1962: 306. — Manuilova 1964: 
195–197, fig. 89. — Flössner 1972: 257–259, figs 121–122. — Fryer 1974: 183–190, figs 50–55. — 
Smirnov 1976: 163–166, figs 149–152; 1992: 119–121, figs 604–509. — Margaritora 1985: 166–188, 
fig. 76. — Alonso 1996: 230–234, figs 102–103. — Dumont & Silva-Briano 1998: pls 1, 3–4. — 
Kotov 2006: fig. 3c–d; 2013: figs 28e, 81ʙ, 94а–б, 101а–б. — Alekseev & Tsalolikhin 2010: 222, 
pl. 129 fig. 1, pl. 130 figs 5–7. — Hudec 2010: 232–233, fig. 64. — Rogers et al. 2019: pl. 16.2.24 
figs a–c. — Korovchinsky & Kotov 2021: 232–234, pl. 68 figs 1–4.

Diagnosis
Dorsal valve margin of parthenogenetic female and male forms a well-developed dorsal tooth. 
Postabdomen of male is weakly modified relative to that of female. Preanal angle is roughly right, shifted 
towards anal opening. Postabdominal claw is short and stout (length : width = 2.7–3.2); the outer surface 
of the claw bears two clusters of spinulae not forming pectens.

Type material
The type specimens of this species are likely lost.

Material examined
RUSSIA • 2 parthenogenetic ♀♀; Murmansk Area, Lake Lovozero; 68°3.890′ N, 35°15.908′ E; 10 Aug. 
2013; A.N. Reshetnikov leg.; IEE, IEE AAK M–2642 • 22 parthenogenetic ♀♀, 10 ephippial ♀♀, 
8 ♂♂; Moscow Area, Lake Glubokoe, littoral zone with sandy sediment and Fragmites; 55°45.217′ N, 
36°30.250′ E; 29 Oct. 2014; A.A. Kotov leg.;  IEE,  IEE AAK M–2852 • 10 parthenogenetic ♀♀, 
4  ephippial  ♀♀, 7  ♂♂; same data as for preceding; 18 Sep. 2021; P.G. Garibian leg.;  IEE, 
IEE AAK M–7018 • 2 parthenogenetic ♀♀; Tver Area, abandoned peat mining pond near Merilovo 
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Village, littoral zone with Fragmites; 56°52.811′  N, 36°48.571′  E; 22 Sep. 2024;  I.A. Dadykin 
leg.; IEE, IEE AAK M–8715.

Type locality
“Sjön Barken” in southern Sweden (coordinates of the lake center are 57°12.81′ N, 12°37.86′ E).

Description
Parthenogenetic female

Body. Length is 0.32–0.9 mm. Body ovoid in lateral view (length : height = 0.66–0.75), flattened laterally 
(width : length = 0.35–0.45), with a well-developed dorsal keel in both head and valves (Figs 1A–B, 2A, 
3A). Headshield is ornamented with elongate cells. Carapace has a rather fine sculpture of irregular 
polygons (Figs 1A, 2A). Dorsal valve margin forms a well-developed dorsal tooth (Figs 1A, D, 2A, 3B). 
Ventral valve margin is evenly convex, armed with transverse cuticular flanges and long feathered setae 
(Fig. 1A). Posterodorsal valve angle is not pronounced (Figs 1A, 2A, 3A).

Head. Large, body 2 × as long as head, strongly flattened laterally (HL/HW = 1.3–1.5), lacking prelabral 
outgrowths (Figs 1A, 2A, 3A). Posterior head portion forms a cervical groove reaching a mandibular 
joint laterally (Figs 1A, 2A–B). Dorsal organ is located at posterior edge of head keel; the dorsal organ 
consists of a conical projection and cuticular ring (Fig. 2B). Lateral head pores are absent. Frontal pore is 
small, horseshoe-shaped, located at anterior head margin closely to bases of antennae I (Fig. 2I). Ocellus 
is smaller than the compound eye, located closely to the base of antenna I (Figs 1A, 3A, 4A).

Thorax. Relatively short, smooth, bearing five pairs of appendages. Gut is coiled, forming several double 
loops (Figs 1A–B, 3A). Abdomen is short, smooth, lacks projections (Figs 1A, 3A).

Postabdomen. Short and subquadrangular, 0.2 × as long as the body, 1.3–1.4 × as long as high (Figs 1C, 
2E). Anal opening is terminal. The preanal margin of postabdomen is armed with transverse rows of 
long setulae. The anal margin of postabdomen bears clusters of spines and setulae. Postabdominal claws 
are short and stout, 3.0–3.3 × as long as wide (Fig. 1C). The lateral margin of the postabdominal claw 
is armed with two clusters of spinulae that do not form pectens (Fig. 1C, see also Figs 1J–K, 2K–L). 
Basal spine of the claw is short (Fig. 1C). Postabdominal seta is inserted on a low projection (Fig. 1C), 
0.6–0.7 × as long as the postabdomen, bisegmented. Basal seta portion bears a single row of sparse long 
setulae anteriorly; distal seta portion exceeds the basal one in length, distal portion bears three rows of 
long sparse setulae (Fig. 1A).

Labrum. Long, lacking labral keel, often bearing two denticles on the anterior edge (Fig. 4H–I). Lateral 
cuticular flange borders the posterior margin of the labrum; a row of long setulae is located along the 
flange (Fig. 4H). Labrum apex is triangular to blunt triangular (Fig. 4H–I). Labral outgrowth is short, 
conical or rounded, covered with setulae (Fig. 4H–I).

Antenna I. Attached to the anterodorsal head angle (Figs 1A, 3A, 4A). Antenna I is long, strongly 
flattened laterally, bent at ~120° in anterior view, slightly S-shaped in lateral view. Antenna I anterior 
edge is armed with clusters of spinulae (Fig. 4A–B). Antenna I bears a basal sensory seta (Fig. 4A–B), 
and nine terminal aesthetascs subequal in size, each terminating in two hooks (Fig. 10C).

Antenna II. 0.9–1.1 × as long as body length. Coxal portion of the antenna II bears two sensory setae, 
proximal one is 1.7 × as long as distal one (Fig. 4C). Basipodite has a long distal burrowing spine (1.5 × 
as long as exopodite segment 1) on the outer side, and a distal sensory seta on the inner side. Exopodite 
is four-segmented: exopodal segment 1 is short, segments 2 and 3 are subequal in length, 1.8–2.0 × as 
long as segment 1; segment 4 is 1.5–1.6 × as long as segment 3 (Fig. 4C). Endopodite is three-segmented: 
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Fig. 1. Drepanothrix dentata (Eurén, 1861) from Lake Glubokoe, Moscow Area, Russia (IEE AAK 
M–7018). A–D. Adult parthenogenetic, female. A. Lateral view. B. Dorsal view. C. Postabdomen, lateral 
view. D. Dorsal tooth in lateral view. E–G. Ephippial female. E. Lateral view. F–G. Variability of dorsal 
tooth. H–M. Adult male. H. Lateral view. I. Postabdomen in lateral view. J–K. Postabdominal claw in 
outer views. L. Thoracic limb I in anterior view, maxillary process is not shown. M. Subdistal lobe of 
the thoracic limb I. Abbreviations: am = anal margin of postabdomen; bs = basal spine of postabdominal 
claw; cg = cervical groove; dt = dorsal tooth; ejh = ejector hooks of thoracic limb I; ep = epipodite; 
gp = gonopore;  IDL = inner distal lobe of thoracic limb  I; paa = preanal angle of postabdomen; 
pam = preanal margin of postabdomen; SDL = subdistal lobe of thoracic limb I. For seta labeling, see 
Material and methods. Scale bars: A–B, E, H = 200 µm. C–D, F–G, I, L = 50 µm. J–K, M = 10 µm.
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Fig. 2. Drepanothrix dentata (Eurén, 1861) from Lake Glubokoe, Moscow Area, Russia (IEE AAK 
M–7018) (scanning electron micrographs). A–E. Adult parthenogenetic female. A. General lateral view 
(white arrow indicates position of dorsal tooth). B. Dorsal organ in lateral view. C. Swimming seta of 
endopodite basal segment. D. Swimming seta of endopodite second segment. E. Postabdomen in lateral 
view (white arrow indicates position of preanal angle). F–G. Ephippial female. F. Lateral view (white arrow 
indicates position of dorsal tooth). G. Dorso-lateral view. H–L. Male. H. General ventro-lateral view (white 
arrow indicates position of dorsal tooth). I. Base of antennae I, ventral view. J. Postabdomen in lateral view 
(white arrow indicates position of preanal angle). K–L. Postabdominal claws in outer view (white arrow 
indicates proximal cluster of spinulae). Abbreviations: am = anal margin of postabdomen; as = basal seta 
of antenna I; bs = basal spine of postabdominal claw; cg = cervical groove; do = dorsal organ; fp = frontal 
head pore; ms = male accessory seta; pam = preanal margin; pc = postabdominal claw; vvp = ventral valve 
projection. Scale bars: A = 200 µm. B, I, K–L = 10 µm. C–D = 5 µm; E, J = 20 µm; F–H = 100 µm.
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segments 1 and 2 subequal in length, stout; segment 3 is 1.8–1.9 × as long as endopodal segment 2. All 
segments of the antennal branches are armed with transverse clusters of setulae. Antenna II seta formula 
is 0–0–0–3/1–1–3. Swimming seta of the endopodal segment 1 is unisegmented, sclerotized, armed with 
thick spinulae (Figs 2C, 4D). Swimming seta of the endopodal segment 2 is bisegmented, with distal 
portion armed with thin spinulae (Figs 2D, 4F). Swimming setae of exopodite and endopodite distal 
segments are subequal in length. Two posterior setae of each apical segment bear a longitudinal row of 
spinulae on posterior side (Fig. 4E). The anteriormost seta of each segment has a naked basal segment 
(Fig. 4G). All apical swimming setae have distal portions with the anterior row of long sparse setulae 
(gap is ~5 µm) and posterior row of short dense setulae (gap is ~1 µm) (Fig. 4E–G). Antenna II spine 
formula is 0–1–0–1/0–0–1 (Fig. 4C); spine lengths relative to their segments: exopodal segment 2, 0.5 ×; 
exopodal segment 4, 0.35 ×; endopodal segment 3, 0.35 × (Fig. 4C).

Mandible. Relatively large, 2.8–3.1 × eye diameter. Mandible molar surfaces are asymmetrical (Fig. 4J–
K). Right mandible molar plate is elongated, equally wide anterior and posterior, with a slightly concave 

Fig. 3. Optical micrographs of Drepanothrix dentata (Eurén, 1861) from Lake Glubokoe, Moscow 
Area, Russia (IEE AAK M–7018). A–B. Parthenogenetic female. A. Lateral view. B. Dorsal tooth. 
C–D. Ephippial female. C. Lateral view. D. Dorsal view. E–G. Male. E. Lateral view. F. Dorsal tooth. 
G. Postabdomen. Black arrows indicate diagnostic features of D. dentata. Scale bars: A, C–E = 200 µm; 
B, F–G = 50 µm.
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Fig. 4. Drepanothrix dentata (Eurén, 1861) from Lake Glubokoe, Moscow Area, Russia (IEE AAK 
M–7018). A. Head, lateral view. B. Left antenna I, anterior view. C. Right antenna II, lateral view. 
D. Swimming seta of the antenna II endopodal segment 1, enlarged section. E. Posterior swimming 
seta of the antenna II endopodal segment 3, enlarged section. F. Swimming seta of the antenna II 
endopodal segment 2, enlarged section. G. Anterior swimming seta of the antenna II endopodal segment 
3, enlarged section. H–I. Labrum. J. Molar plate of the right mandible. K. Molar plate of the left 
mandible. L. Maxilla I. Abbreviations: a = anterior; as = antennular seta; bss = basal sensory setae of the 
antenna II; p = posterior; pdt = posterodorsal teeth of the mandibular plate. Scale bars: A, C = 100 µm; B, 
H–I = 50 µm; D = 20 µm; E–G, J–L = 10 µm.
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ventral margin (Fig. 4J). Plate surface bears 10–12 transverse rows of lamellar outgrowths, and three 
large conical bumps, located on the dorsoposterior side (Fig. 4J). Left mandible molar plate is short and 
wide, with posterior edge slightly wider than the anterior (Fig. 4K). Left mandible molar plate is armed 
with 10–11 transverse rows of outgrowths decreasing in size towards the ventral margin of the molar 
plate (Fig. 4K).

Maxilla I. Small, spatulate, bearing three setae bilaterally setulated along their entire length (Fig. 4L). 
Maxilla II is absent.

Five pairs of thoracic appendages differing in size and structure, as follows (Fig. 5).

Thoracic limb I. The largest and comprises an epipodite, an outer distal lobe (ODL), an inner distal 
lobe (IDL), three inner endites, and a maxillary process (Fig. 5A). The ODL bears two setae (a–b): seta 
a is very short, located subapically, setulose; seta b is long and thick, located apically; distal portion of 
seta b is unilaterally armed with short closely spaced setulae (Fig. 5A). The limb I IDL has three setae 
(1–3). Seta 1 is bisegmented, with the distal portion armed with a row of short spinulae; seta 2 is similar 
in structure but shorter; seta 3 is the shortest, naked. Limb I inner endites are armed with three anterior 
setae and 10 posterior setae. Endite 4 bears three posterior setae (4–6) and one anterior seta (1’). Seta 1’ is 
long, unilaterally armed with long setulae. Endite 3 bears three posterior setae (7–9) and one anterior seta 
(2’). Seta 2’ is as long as seta 1’, unilaterally armed with short thin spinulae (Fig. 5A–B). Endite 2 bears 
four posterior setae (10–13) and one anterior seta (3’). Seta 3’ is longer than setae 1’ and 2’, unilaterally 
armed with short thin spinulae (Fig. 5A, C). Limb I maxillary process with 2 setae.

Thoracic limb  II. Comprises a short epipodite, an exopodite, an inner portion, and a gnathobase 
(Fig. 5D). Exopodite bears three setae (a–c). Seta a is the longest, bilaterally armed with long sparse 
setulae; seta b is 0.7 × as long as seta a, with distal portion bilaterally armed with short closely spaced 
setulae; seta c is 0.4 × as long as seta a, armed similarly as seta b. Inner portion has eight anterior scraping 
setae (1’–8’) and two posterior setae (1–2). Scrapers 1’ and 2’ are the longest, armed with short setulae. 
Scrapers 3’–5’ are subequal in size, 0.7 × as long as scraper 1’, the scrapers 3’–5’ are armed with thick 
spines. Scrapers 6’–8’ are short, decreasing in length towards posterior; the scraper 6’ is armed with 
thin spinulae, the scrapers 7’ and 8’ bear dense setulae. Seta 1 is located at the base of scrapers 4’ and 
5’; seta 1 has a unilateral armature of long setulae. Two short, rounded lobes are located at the posterior 
limb side, distally to seta 1. Seta 2 is located at the base of scraper 8’; seta 2 is as long as seta 1, densely 
setulated (Fig. 5D–E). Gnathobase bears six uniform posterior filtering setae and four anterior elements 
(α–δ): α is a short naked seta, β is a relatively long naked seta with an expanded basal portion, γ is a 
bottle-shaped sensillum, δ is a short naked seta (Fig. 5D). A row of long setulae is located at the posterior 
gnathobase side.

Thoracic limb III. Large, comprising an epipodite, an exopodite, an inner portion, and a gnathobase 
(Fig. 5F–G). Exopodite is elongate, subrectangular, bearing five setae (a–e). Seta a is relatively short, 
unisegmented, setulated distally. Seta b is 2.2 × as long as seta a, geniculate, with the distal portion armed 
with short setulae. Seta c is 1.2 × as long as seta a, bilaterally armed with long setulae along its entire 
length. Seta d is the longest, 2.9–3.0 × as long as seta a, 1.3–1.5 × as long as seta b, 2.5 × as long as seta 
c, 3.8 × as long as seta e. Seta d is armed with short dense setulae along its entire length. Seta e is slightly 
shorter than seta a, bilaterally armed with short spinulae (Fig. 5F). Inner endites bear seven anterior setae 
(1’–7’) and nine posterior setae (1–9) (Fig. 5F). Seta 1’ is the longest, thin, naked. Seta 1 is 0.8 × as long 
as seta 1’, geniculate, with the distal portion armed with short setulae. Setae 2–4 are similar in size and 
structure, 0.7 × as long as seta 1’, stout, bilaterally armed with long setulae along their entire length. Seta 
2’ is 0.7 × as long as seta 1’, thin. Setae 5–8 are similar in structure, subequal in length to seta 1, naked. 
Seta 3’ is 0.5 × as long as seta 2’, setae 4’–7’ are similar in length, 0.6 × as long as seta 2’ (Fig. 5G). A 



European Journal of Taxonomy 1090: 1–45 (2026)

14

Fig. 5. Drepanothrix dentata (Eurén, 1861) from Lake Glubokoe, Moscow Area, Russia (IEE AAK 
M–7018), thoracic limbs. A–C. Thoracic limb I. A. General anterior view (limb is flattened). B. Seta 2’. 
C. Seta 3’. D–E. Thoracic limb II. D. General anterior view. E. Enlarged portion of the inner endites 
in posterior view. F–G. Thoracic limb III. F. General anterior view. G. Inner endites in posterior view. 
H–I. Thoracic limb IV. H. General anterior view. I. Inner endites, posterior row of setae. J. Thoracic 
limb V. Abbreviations: ejh = ejector hooks; ep = epipodite; ex = exopodite; fpl = filtering plate of the 
gnathobase; gn = gnathobase; s = sensillum. For seta labeling, see Material and methods. Scale bars: A, 
D, F–J = 20 µm; B–C, E = 10 µm.
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large oval sensillum is located proximally to setae 3’–7’. A small, rounded lobe is located anteriorly 
between the bases of setae 5’ and 6’ (Fig. 5F). The gnathobase bears three large anterior elements: a long 
geniculate seta bilaterally armed with long setulae (α), and two cylindrical sensilli with acute apex (β, 
γ); the sensillum γ bears a group of setulae at the tip (Fig. 5G).

Thoracic limb IV. Large, comprising an epipodite, an exopodite, an inner portion, and a gnathobase 
(Fig. 5H). Exopodite is rounded, bearing three setae (a–c). Seta a is short, bilaterally armed with long 
setulae along its entire length; seta b is 4.0 × as long as seta a, with a distal armature of short setulae; 
seta c is 2.4 × as long as seta a, similar in structure to seta b. Inner portion has four anterior setae (1’–4’) 
and four posterior setae (1–4). Seta 1’ is the longest, with a distal armature of long spinulae. Setae 2’–4’ 
are similar in structure, scraper-like, with an expanded base and a blunt tip, bearing an asymmetrical 
armature of long closely-spaced flattened spinulae. Setae 2’ and 3’ are subequal in length, 0.5 × as long 
as seta 1; seta 4’ is 0.6 × as long as seta 1 (Fig. 5H–I). A small, rounded lobe is located distally to the 
base of seta 2’. A conical sensillum is located between the bases of setae 2’ and 3’; a large oval sensillum 
proximally to the base of seta 4’. Setae 1–4 are similar in structure, short, distally armed with very short 
setulae (Fig. 5I). The gnathobase has a filtering comb of four uniform posterior setae, and three anterior 
elements: a long seta with an expanded base and distal armature of long setulae (α), a short rounded 
setulated lobe (β), and a short naked seta (γ) (Fig. 5H).

Thoracic limb V. Strongly reduced, comprising an epipodite, an exopodite, and an inner portion with 
three setae (Fig. 5J). Exopodite bears a single seta (a) with an expanded base; seta a is distally armed 
with long sparse setulae. Inner portion has three setae densely armed with long setulae: setae 1 and 3 are 
very short and wide, seta 2 is 0.6 × as long as seta a (Fig. 5J).

Ephippial female
Body. Length is 0.55–0.70 mm (Figs 1E, 2F–G). Morphology is similar to that of the parthenogenetic 
female, except as noted below (Figs 1E, 2F–G, 3C–D). Body is flattened laterally (height : length = 
0.7–0.8; width : length = 0.3–0.4). Dorsal keel of carapace is reduced (Figs 1E, 2F–G, 3C). Dorsal 
carapace margin is slightly angulate in lateral view (Figs 1E, 2F–G). Dorsal tooth is strongly reduced or 
absent (Figs 1F–G, 2F–G, 3C). Ephippium lacks a specific sculpture and clear ventral border (Figs 2F–G, 
3C). Ephippium contains two resting eggs.

Male
Body. Length is 0.45–0.70  mm (Figs  1H, 2H). Body is ovoid in lateral view, flattened laterally 
(height : length = 0.6–0.7; width : length = 0.3–0.35). General morphology is largely similar to that of the 
juvenile parthenogenetic female (Figs 1H, 2H, 3E). Dorsal keel is well developed in both head and valves 
(Figs 1H, 3E). Dorsal tooth is large, slightly incurved posteriorly (Figs 1H, 2H, 3E–F). Posterodorsal 
carapace angle is well pronounced (Figs 1H, 3E). Ventral valve margin forms a wide rounded projection 
at the level of thoracic limb I (Fig. 3E). Carapace ornamentation is similar to that of parthenogenetic 
female (Fig. 2H).

Postabdomen. Relatively small, 0.3 × as long as body, flattened laterally. Postabdomen is generally 
similar in shape to that of the female (Figs 1I, 2J, 3E). Postabdomen is subquadrangular in lateral view; 
preanal postabdomen portion has approximately parallel dorsal and ventral margins (Figs 1I, 2J, 3G). 
Preanal angle is almost right, shifted towards the anal opening (Figs 1I, 3G). Preanal margin is armed 
with 9–10 transverse rows of setulae anterior to the preanal angle and with only 2–3 rows posterior to 
the preanal angle (Figs 1I, 2J). Lateral surface of the preanal postabdomen portion bears transverse 
clusters of setulae, forming three longitudinal rows: dorsal setulae, long anteriorly to the preanal angle 
and short posteriorly to the preanal angle; medial setulae, relatively short, not reaching postabdomen 
base; marginal setulae, long anteriorly to the preanal angle and short posteriorly to the preanal angle 
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(Figs 1I, 2J). The anal portion of the postabdomen is longer than in the female, measuring 0.3–0.4 × as 
long as preanal portion. Anal margin forms an angle with preanal margin posterior portion. A distinct 
depression is present between preanal and anal margins (Figs 1I, 2J, 3G). Anal portion bears 2–3 clusters 
of spines and several longitudinal groups of short setulae (Fig. 1I). Postabdominal claw is relatively short 
and wide, 0.3 × as long as the postabdomen, 2.7–3.2 × as long as wide, slightly incurved (Figs 1J–K, 
2K–L). Lateral claw surface bears two clusters of short spinulae which do not form pectens (Figs 1J–K, 
2K–L). Basal spine of the claw is relatively short, 0.4–0.5 × as wide as postabdomen. A shorter spine is 
usually located at the base of the basal spine, resulting in a double basal spine (Figs 1J–K, 2K–L). Vas 
deferens runs along the ventral postabdomen margin, opening subterminally at a low projection (Fig. 1I). 
Gonopores are in sublateral position (Fig. 1I).

Antenna I. Resembles that of parthenogenetic female but bears an additional seta in its proximal portion. 
Male accessory seta is located on the anterior edge of the antenna I; the seta is short and thick (Figs 1J, 
2I).

Antenna II. Similar to that of parthenogenetic female but has two additional sensory setae at the distal 
end of the basipodite; the setae exceed the length of the distal burrowing spine (Figs 1J, 2H).

Thoracic limbs. Mostly similar to that of the parthenogenetic female, with the exception of limb I.

Limb I. Modified compared to that of the female (Fig. 1L–M). The anterior surface of limb I forms a 
small subdistal lobe (SDL) armed with three transverse rows of spinulae. The SDL also bears two setae 
(X, Y) approximately equal in length; seta X is naked, while seta Y has a distal armature of short setulae 
(Fig. 1L–M). The IDL bears a large hook extending beyond the tip of the SDL; inner side of the hook 
apex is armed with three cuticular rows. The IDL has four setae: seta 1 is the longest, with distal portion 
armed with short setulae; seta 2 is 0.65 × as long as seta 1, armed with short setulae; seta 3 is 0.7 × as long 
as seta 1, naked; male accessory seta (Z) is short (SZ/S1 = 0.30–0.35), naked (Fig. 1L). The ODL, inner 
endites and maxillary process are similar in structure to those of the parthenogenetic female, except for 
the absence of the anterior seta 1’ (Fig. 1L).

Remarks
Drepanothrix dentata widely occurs in Europe (Błedzki & Rybak 2016) and European Russia eastward 
to the Nenets Autonomous Region, Russia (Smirnov 1976). However, the species is very rare (Błedzki & 
Rybak 2016); thus, its eastern distribution border remains unclear. However, representatives of 
Drepanothrix are likely absent in Cis- and Transcaucasia (Behning 1947) and Kazakhstan (Ibrasheva & 
Smirnova 1983). Multiple records of D. cf. dentata from North America (Herrick 1884; Birge 1892, 
1918; Herrick & Turner 1895; Bigelow 1922; Brooks 1959; Smirnov 1976; Smith 2001; Elías-Gutiérrez 
et al. 2018; GBIF Secretariat 2023) likely represent a particular lineage (see “Genetic variability” section 
below). The species inhabits water bodies of different types and occurs mostly in bottom sediments of the 
vegetated zone (Błedzki & Rybak 2016), being able to burrow into the upper layer of sediments (Fryer 
1974; Kotov 2006).

Drepanothrix asiatica sp. nov.
urn:lsid:zoobank.org:act:5C94EEB5-2164-4162-B604-DC7AC93BE9CC

Figs 6–13

Drepanothrix dentata – Smirnov 1976: 164, fig. 149b; 1992: 119–121, figs 504–509. — Yermolayeva & 
Fetter 2020: fig. 2a–c.

Drepanothrix cf. dentata – Dadykin et al. 2025: fig. s1.

https://zoobank.org/urn:lsid:zoobank.org:act:5C94EEB5-2164-4162-B604-DC7AC93BE9CC
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Diagnosis
In the parthenogenetic female and male, dorsal valve margin has a strongly reduced dorsal tooth, or the 
latter is completely absent. Male postabdomen is strongly modified as compared to that of the female. 
Preanal angle of the postabdomen is oblique, shifted towards the postabdomen base. Male postabdominal 
claw is long and slender. Male postabdominal claw bears a basal pecten and a distal cluster of spinulae.

Etymology
The species name ‘asiatica’ refers to its distribution in Asia.

Type material
Holotype

RUSSIA  •  ♂; Kamchatskii Krai, Kronotsky Nature Reserve, a small drying thermokarst lake; 
54°13.921′ N, 160°9.696′ E; 21 Aug. 2014; E.I. Bekker and F.V. Kazansky leg.; MSU, MGU MI–287.

Allotype
RUSSIA • 1 ♀; same data as for holotype; MSU, MGU MI–288.

Paratypes
RUSSIA  • 17 parthenogenetic  ♀♀; same data as for holotype; MSU, MGU MI–289  • 
5 parthenogenetic ♀♀, 6 ♂♂; same data as for holotype; ZIN, ZIN 55222 • 3 parthenogenetic ♀♀, 
2 ephippial ♀♀, 5 ♂♂; same data as for holotype; IEE, IEE AAK 2026–012 • 6 parthenogenetic ♀♀; 
Sakhalin Area, Kuril Archipelago, a small sphagnal bog in Simushir Island; 47°7.088′ N, 152°16.452′ E; 
22 Jul. 2019; M.O.  Ivanova leg.; ZIN, ZIN 55223  • 7 parthenogenetic  ♀♀; same data as for 
preceding; IEE, IEE AAK 2026–011.

Other material examined
RUSSIA • 6 parthenogenetic ♀♀; Khabarovskii Krai, a small lake at eastern shore of the Nikolay 
Bay; 53°54.000′  N, 138°41.770′  E; 27 Aug. 2021; O. Shpak leg.;  IEE,  IEE AAK M–7069  • 
4 parthenogenetic ♀♀; same data as for preceding; ZIN, ZIN 55224 • 3 parthenogenetic ♀♀; Sakhalin 
Area, Sakhalin Island, a sphagnal lake near Pokrovka Village; 47°19.234′ N, 142°42.432′ E; 15 Sep. 
2008; A.A. Kotov and N.M. Korovchinsky leg.; IEE, IEE AAK M–0864 • 3 parthenogenetic ♀♀; 
Sakhalin Area, Kuril Archipelago, a small sphagnal bog in Simushir Island; 47°6.040′ N, 152°14.262′ E; 
22 Jul. 2019; M.O. Ivanova leg.; IEE, IEE AAK M–6526 • 11 parthenogenetic ♀♀, 1 ♂; same data 
as for preceding; 47°7.088′ N, 152°16.452′ E; same data as for preceding; IEE, IEE AAK M–6527 • 
5 parthenogenetic  ♀♀; Kamchatskii Krai, Kronotsky Nature Reserve, a small thermokarst lake; 
54°14.162′  N, 160°9.756′  E; 21 Aug. 2014; E.I. Bekker and F.V. Kazansky leg.;  IEE,  IEE AAK 
M–3029 • 1 parthenogenetic ♀; same data as for preceding; IEE AAK M–3028 • 3 parthenogenetic ♀♀; 
Kamchatskii Krai, Karaginsky Island, a small slightly brackish lake; 58°33.621′ N, 163°29.034′ E; 
16 Jul. 2022; I.A. Dadykin leg.; IEE, IEE AAK M–7655 • 2 parthenogenetic ♀♀; Kamchatskii Krai, 
Karaginsky Island, a small lake with muddy sediment; 58°58.135′ N, 163°53.052′ E; 5 Aug. 2022; 
I.A. Dadykin leg.; IEE, IEE AAK M–7720 • 3 parthenogenetic ♀♀; Kamchatskii Krai, Bering Island, 
a small tundra lake near Nikolskoe Village; 55°13.291′ N, 166°0.654′ E; 28 Sep. 2020; O. Krylovich, 
E. Kuzmicheva and O. Smyshlyaeva leg.; IEE, IEE AAK M–6493 • 1 parthenogenetic ♀; Chukotskii 
Autonomous Region, a small pool in the vicinity of Anadyr River; 65°  N, 171° E; 7 Aug. 1972; 
N.N. Smirnov leg.; MSU, MGU MIs 1178.
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Description
Parthenogenetic female

Body. Length 0.35–0.8 mm. Body is ovoid in lateral view (length : height = 0.66–0.75), flattened laterally 
(width : length = 0.35–0.42) (Figs 6A–B, 7A–C, 8A–B, F–H). Dorsal keel is well pronounced in both head 
anterior portion and valves, but is absent in posterior head portion (Fig. 7B). A deep cervical groove is 
located on each lateral side, preceded by a transverse cuticular ridge (Figs 6B, 7B). The cervical grooves 
do not intercept dorsally. Dorsal tooth is usually absent; very rarely a minute tooth is present (Figs 6A, 
C–G, 7A, 8A–B, F–I). Posterodorsal body angle is widely rounded; ventral body margin is evenly 
convex (Figs 6A, 7A). Carapace is ornamented with irregular polygons becoming more elongate towards 
the ventral and posterior valve margins (Figs 6A, 7A, D). Ventral valve margin bears a row of 35–40 
flattened cuticular flanges subequal in size, which do not reach the posterodorsal valve angle (Fig. 7A, 
E). A long feather-like seta is attached posteriorly to each flange at the inner side of the valve margin 
(Fig. 7E). A cluster of setulae runs along the inner side of the valve margin, along the flange (Fig. 7E).

Head. Large (HL/BL = 0.49–0.50), strongly flattened laterally (length : width 1.3–1.5). Head shape, 
compound eye and ocellus conform to the generic diagnosis (Figs 6A–B, H–I, 7A–C). Dorsal organ 
is as typical for the genus (Figs 6H–I, 7B, H–I). Lateral head pores are absent. Frontal pore is small, 
horseshoe-shaped, located near the anterodorsal head angle (Fig. 7J). Thorax, gut and abdomen conform 
to the generic diagnosis.

Postabdomen. Shape and armature conform to the generic diagnosis (postabdomen is 0.2 × as long as 
the body, 1.3–1.4 × as long as high; preanal margin is 3.5–4 × as long as the anal margin) (Figs 6J, 7F). 
Postabdominal claw is short and stout, 0.3–0.35 × as long as the postabdomen, 3.6–4.0 × as long as high, 
slightly incurved. Basal spine of the claw is rather short, 1.0–1.1 × the claw width (Figs 6J–K, 7G). Both 
the lateral and the medial claw sides bear two clusters of spinulae which do not form distinct pectens 
(Figs 6K, 7G). Postabdominal setae are as typical for the genus.

Labrum. Large and wide, approximately triangular in lateral view (Figs 9A, 10A). Labrum armature and 
shape are as typical for the genus.

Antenna I. Conforms to the generic diagnosis (Figs 7A, C, 9A–C, 10B–C). Basal seta of the antenna I 
is 0.15–0.20 × length of the antenna I. Antenna I apex bears nine terminal aesthetascs of subequal size, 
0.31–0.35 × as long as antenna I.

Antenna II. 0.95–1.1 × as long as the body (Figs 6A, 7A). Morphology of antenna II conforms to the 
generic diagnosis (Figs 9D–I, 10D–H); endopodite is 0.78–0.85 × as long as the exopodite (Figs 9D, 
10D). Swimming seta of the endopodal segment 1 is 2.1–2.2 × length of endopodite segments; swimming 
seta of the endopodal segment 2 is 2.1–2.25 × length of the endopodite segments. Setal armature 
conforms to the generic diagnosis (Figs 9F–I, 10E–H). Spine lengths relative to their segments: exopodal 
segment 2, 0.6–0.65 ×; exopodal segment 4, 0.4–0.5 ×; endopodal segment 3, 0.3–0.4 × (Figs 9D, 10D).

Mandible. Large, 2.8–3.1 × eye diameter (Fig. 10J). Mandible armature is as typical for the genus 
(Fig. 9K–M).

Maxilla  I. Small, spatulate, armed with three thick feather-like setae subequal in size (Fig. 9N). 
Maxilla II is absent.

Thoracic appendages. I–V conform to the generic diagnosis (Figs 10I–J, 11).

Thoracic limb I. As typical for the genus (Figs 10I–J, 11A). The outer distal lobe (ODL) is cylindrical, 
directed posteriorly, bears two setae (a, b). Seta a is attached subterminally, thin, bisegmented, bilaterally 
armed with short setulae. Seta b is attached terminally, long, thick, with apical segment armed with a row 
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of spinulae (Fig. 11A–B). The inner distal lobe (IDL) bears three bisegmented setae (1–3). Seta 1 is the 
longest, seta 2 is 0.7–0.8 × the length of seta 1; both setae 1 and 2 are armed with a row of setulae. Seta 
3 is naked and 0.40–0.45 × the length of seta 1 (Figs 10I–J, 11A–B). Seta 4 slightly exceeds setae 5 and 
6 in length; the proximal portion of seta 4 is almost naked, with few apical spines; the distal portion is 
unilaterally setulated. Setae 5 and 6 are similar in length and structure; both are thick, bilaterally armed 
with short spinulae not reaching the setal tip (Fig. 11C). Seta 7 is slightly shorter than seta 8; both the 
proximal and distal portions of seta 7 bear a row of spinulae extending only halfway to the tip (Fig. 11C). 
Setae 8 and 9 are similar in structure, with proximal portion armed with a row of spinulae, and distal 

Fig.  6. Drepanothrix asiatica sp.  nov., morphology of parthenogenetic female. A–B, 
H–K.  Parthenogenetic female from the Kronotsky National Reserve, Kamchatskii Krai, 
Russia (MGU MI–289, type locality). C–G. Variation of dorsal tooth morphology in different 
populations of D. asiatica. A. General lateral view. B. Dorsal view. C. Sakhalin  Island, 
Sakhalin Area, Russia (IEE AAK M-6527). D. Bering  Island, Kamchatskii Krai, Russia (IEE 
AAK M-6493). E–F. Kronotsky National Reserve near type locality, Kamchatkskii Krai, Russia (IEE 
AAK M-3029), arrow shows a reduced dorsal tooth. G. Khabarovskii Krai, Russia (IEE AAK M-7069), 
arrow shows a reduced dorsal tooth. H. Dorsal organ in lateral view. I. Dorsal organ in dorsal view. 
J. Postabdomen in lateral view. K. Postabdominal claw in lateral view. Abbreviations: am = anal margin 
of postabdomen; bs = basal spine of postabdominal claw; cg = cervical groove; dk = dorsal keel; do = dorsal 
organ; dt = dorsal tooth; paa = preanal angle of postabdomen; pam = preanal margin of postabdomen. Scale 
bars: A–B = 200 µm; C–I, K = 20 µm; J = 50 µm.
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Fig. 7. Scanning electron micrographs of Drepanothrix asiatica sp. nov., parthenogenetic female from 
the Kronotsky National Reserve, Kamchatskii Krai, Russia (MGU MI–289, type locality). A. Lateral 
view. B. Dorsal view. C. Ventral view. D. Valve sculpture. E. Armature of ventral valve margin. 
F. Postabdomen in lateral view (white arrow indicates position of preanal angle). G. Postabdominal 
claw, outer view. H. Dorsal organ in dorsal view. I. Dorsal organ in lateral view. J. frontal head pore. 
Abbreviations: am = anal margin of postabdomen; cg = cervical groove; dk = dorsal keel; do = dorsal organ; 
dt = dorsal tooth; fp = frontal head pore; mas = marginal valve setae; mj = mandibular joint; mt = marginal 
valve teeth; paa = preanal angle of postabdomen; pam = preanal margin of postabdomen. Scale bars: 
A = 200 µm; B–C = 100 µm; D–E, G–H = 10 µm; F = 20 µm; I = 2 µm; J = 5 µm.
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Fig. 8. Optical micrographs of Drepanothrix asiatica sp. nov. A–E. Type locality in the Kronotsky 
National Reserve, Kamchatskii Krai, Russia. A. Adult parthenogenetic female (allotype MGU MI–288). 
B. Juvenile parthenogenetic female (paratype MGU MI–289). C–D. Ephippial female. E. Male (holotype 
MGU MI-287). F. Adult parthenogenetic female, Simushir Island, Sakhalin Area, Russia (paratype ZIN 
55223). G. Adult parthenogenetic female, Sakhalin Island, Sakhalin Area, Russia (IEE AAK M–0864). 
H–I. Juvenile parthenogenetic female, Khabarovskii Krai, Russia (ZIN 55224). Abbreviations: dt = dorsal 
tooth; paa = preanal angle of postabdomen. Black arrows indicate diagnostic features of D. asiatica. Scale 
bars: A–H = 200 µm; I = 50 µm.
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Fig. 9. Drepanothrix asiatica sp. nov., parthenogenetic female from the Kronotsky National Reserve, 
Kamchatskii Krai, Russia (MGU MI–289, type locality). A. Ventral head margin in lateral view. B. Left 
antenna I in ventral view. C. Left antenna I in proximal view. D. Right antenna II in outer view. E. Right 
antenna II base in posterior view. F. Armature of basal endopodite segment swimming seta. G. Armature 
of the second endopodite segment swimming seta. H. Armature of the exopodite segment posterior 
seta. I. Armature of the apical exopodite segment anterior seta. J. Mandibles in frontal view. K. Right 
mandible molar surface. L–M. Left mandible molar surface. N. Maxilla I. Abbreviations: a = anterior 
side of mandible molar plate; aI = antenna I; aes = aesthetascs; as = antennular seta; bp = basipodite 
of antenna II; bss = basal sensory setae of antenna II; cx = coxal part of antenna II; d = dorsal side of 
mandible molar plate; dbs = distal burrowing spine of antenna II; dss = distal sensory seta of antenna II; 
en = endopodite of antenna II; ex = exopodite of antenna II; lb = labrum; lo = labral outgrowth; oc = ocellus; 
p = posterior side of mandible molar plate; pdt = posterodorsal teeth; v = ventral side of mandible molar 
plate. Scale bars: A–C, E, J = 50 µm; D = 100 µm; F–I, K–N = 20 µm.
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Fig. 10. Scanning electron micrographs of Drepanothrix asiatica sp. nov., parthenogenetic female from 
the Kronotsky National Reserve, Kamchatskii Krai, Russia (type locality, IEE AAK M–3027). A. Labrum 
in lateral view. B. Tip of antenna I in outer view. C. Tip of the aesthetasc. D. Antenna II in lateral view. 
E. Armature of the basal endopod segment swimming seta. F. Armature of the second endopod segment 
swimming seta. G. Tips of the antennal branches in lateral view. H. Tip of the antennal endopodite 
in postero-lateral view. I. Thoracic limb I in outerview. J. Distal portion of the limb I in outer view. 
Abbreviations: a = anterior side of the antennal branch; aes = aesthetascs; dbs = distal burrowing spine of 
the antenna II basipodite; en = endopodite of the antenna II; ex = exopodite of the antenna II; lo = labral 
outgrowth; ODL = outer distal lobe of limb I; p = posterior side of the antennal branch; T1, T2 = thoracic 
limbs I and II, respectively. Scale bars: A, G, I = 20 µm; B, H, J = 10 µm; C, E–F = 2 µm; D = 50 µm.
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portion bilaterally armed with long setulae (Fig. 11C). Seta 3’ is similar in structure to seta 2’ but 1.3 × 
longer (Fig. 11C, E). Setae 10–12 are similar in structure to the setae 8 and 9; setae 9–11 are subequal 
in size, seta 12 is slightly shorter (Fig. 11C). Seta 13 is short and thin, 0.4–0.5 × as long as seta 12, 
bisegmented, with a distal armature of long setulae (Fig. 11C). Seta α is 2.0 × as long as seta β (Fig. 11C). 
Ejector hooks and epipodite are as typical for the genus (Fig. 11A).

Thoracic limb II. Structure typical for the genus (Fig. 11F–H). Exopodite seta a is the longest and the 
thickest, 1.4–1.5 × as long as seta b, armed with long setulae; setae b and c are short and thin, closely 
spaced, covered by short setulae; seta b is 1.5 × as long as seta c (Fig. 11F). Scraping setae 1’ and 2’ are 
similar in structure, thin, moderately incurved, unilaterally armed with thin spinulae; seta 1’ is 1.3–1.4 × 
the length of seta 2’. Scraper 3’ is 0.8 × as long as the scraper 2’; scraper 3’ is only slightly incurved 
and armed with ~15 relatively thick spinulae (Fig. 11F). Scrapers 4’ and 5’ are short and stout, scraper 
3’ 1.3–1.4 × as long as the scraper 4’ and 1.5–1.6 × as long as the scraper 5’. The scrapers 4’ and 5’ 
are almost straight, armed with few (up to 12) thick spines; the distalmost spine of each scraper is the 
longest and the thickest (Fig. 11F). Scrapers 6’–8’ are subequal in size, 0.7 × as long as the scraper 5’, 
almost straight, armed with relatively numerous (more than 15) thin spinulae; inner scrapers have a finer 
armature (Fig. 11F). Posterior limb elements and gnathobase are as typical for the genus (Fig. 11G–H). 
Filtering comb consists of six bisegmented feather-like setae similar in length and structure (Fig. 11F, H).

Thoracic limb III. Conforms to the generic diagnosis (Fig. 11I). Seta b is 1.1–1.6 × the length of seta a, 
the setae are closely spaced, located on the outer side of theexopodite, bisegmented, setulose. Setae c–e 
are closely spaced, located at the distal exopodite portion. Seta c is slightly longer than seta a (Sc/Sa = 
1.4), thin, unisegmented, armed with sparse long setulae along their entire length. Seta d is the longest, 
2.8 × as long as seta a, 1.7–1.8 × as long as seta b, 1.9 × as long as seta c, 2.9 × as long as seta e. Seta d is 
thick, bisegmented, bilaterally armed with short setulae along its entire length. Seta e is relatively short 
and thick, unisegmented, slightly incurved, bilaterally armed with sparse spinulae. Inner limb portion 
is as typical for the genus. Setae 1’ and 1 are subequal in size, short and thick, bisegmented; seta 1’ is 
naked, seta 1 is geniculate, unilaterally armed with long setulae. Setae 2–4 are similar in structure, 0.8 × 
as long as seta 1’, stout, bilaterally armed with long setulae along their entire length (Fig. 11I). Seta 2’ is 
0.4–0.5 × as long as seta 1’, bisegmented, bearing short setulae (Fig. 11J). Inner part of the inner portion 
bears five anterior setae (3’–7’) and four posterior setae (5–8). Anterior setae are bisegmented, naked, 
seta 3’ is the shortest, 0.75 × as long as seta 4’; setae 4’–7’ are subequal in size (Fig. 11J). Posterior setae 
5–8 are similar in structure, bisegmented; the distal portion of each anterior seta is bilaterally armed with 
short setulae (Fig. 11I). Gnathobase is as typical for the genus (Fig. 11I).

Thoracic limb  IV. Structure typical for the genus (Fig.  11K). Exopodite seta a is the shortest, 
unisegmented, armed with long setulae along its entire length; setae b and c are closely spaced, seta b 
is the longest, 2.7–2.8 × as long as seta a, 1.5 × as long as seta c. Seta b is unisegmented, with a bilateral 
armature of short setulae in its distal portion. Seta c is bisegmented, with an inflated proximal portion; 
seta c is armed with long sparse setulae along its entire length (Fig. 11K). Inner portion seta 1’ is 
1.9–2.0 × as long as setae 2’–4’; seta 1’ is bisegmented, with the distal portion bearing a bilateral 
armature of long spinulae. Setae 2’–4’ are similar in structure, short, bisegmented, with an inflated basal 
portion and a narrow flattened distal portion that is asymmetrically armed with long spinulae (Fig. 11K). 
Posterior setae 1–4 are similar in structure, short, bisegmented, with the distal segment armed with 
short setulae (Fig. 11K). Location of sensory elements and gnathobase structure conform to the generic 
diagnosis (Fig. 11K). The filtering comb comprises four setae.

Thoracic limb V. Smallest limb (Fig. 11L). Seta a is the longest, 3.9–4.0 × as long as seta 1, 2 × as long 
as seta 2, 3 × as long as seta 3. Seta a is bisegmented, inflated at its base, bilaterally armed with sparse 
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Fig. 11. Drepanothrix asiatica sp. nov., parthenogenetic female from the Kronotsky National Reserve, 
Kamchatskii Krai, Russia (MGU MI–289, type locality). A–E. Thoracic limb I. A. Outer view (inner 
endites are not shown). B. Outer limb portion (ODL and  IDL). C.  Inner endites in anterior view 
(ODL and IDL are not shown). D. Anterior seta 2’. E. Anterior seta 3’. F–H. Limb II. F. General 
anterior view. G. Setae of the inner limb portion, posterior view. H. Gnathobase in anterolateral 
view. I–J. Limb III. I. General anterior view. J. Inner endites, posterior view. K. Limb IV in anterior 
view. L. Limb V in anterior view. Abbreviations: ejh = ejector hooks; ep = epipodite; ex = exopodite; 
fpl = gnathobase filtering setae; gn = gnathobase; mxp = maxillary process of the limb I; ODL = outer distal 
lobe of limb I; s = sensillum. For seta labeling, see Material and methods. Scale bars: A, I = 50 µm; B–C, 
F–H, J–L = 20 µm; D–E = 10 µm.
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setulae along its entire length (Fig. 11L). Setae of inner lobe are short, unisegmented, armed with short 
setulae along its entire length (Fig. 11L).

Ephippial female
Body. Length is 0.55–0.65 mm (Figs 8C–D, 12A). The body is ovoid in lateral view, flattened laterally 
(height : length = 0.7–0.8; width : length = 0.3–0.4). General morphology and structure of appendages are 
similar to those of the adult parthenogenetic female. The dorsal keel of the carapace is reduced. Dorsal 
valve margin is angulate in lateral view, lacking a dorsal tooth (Figs 8C–D, 12A). Valve ornamentation is 
similar to that of the parthenogenetic female. Ephippium is thin, transparent, lacks a well-defined ventral 
margin and specific sculpture, and contains two eggs (Figs 8C–D, 12A).

Male
Body. Length is 0.45–0.55 mm. The body is ovoid in lateral view, flattened laterally (height : length = 
0.65–0.7; width : length = 0.3). General morphology closely resembles that of the juvenile parthenogenetic 
female (Figs 8E, 12B, 13A–B). The dorsal keel is well developed on both the head and carapace. The dorsal 
tooth is either completely absent or reduced to a low bump (Figs 8E, 12B, 13A–B). Posterodorsal angle is 
weakly developed or absent (Figs 12B, 13A–B). Ventral valve margin forms a wide rounded projection at 
the level of thoracic limb I (Figs 12C–D, 13A); the projection bears enlarged marginal teeth (Figs 12C–D), 
while its marginal setae are similar in length and thickness to the others (Figs 8E, 12C, 13A).

General head morphology. Similar to that of parthenogenetic female.

Thorax and abdomen. As in parthenogenetic female.

Postabdomen. Relatively small (0.3 × body length), flattened laterally (Figs 8E, 12E, 13C). Postabdomen 
is subtriangular in lateral view, narrowing distally (Figs 12E, 13C). The preanal angle is oblique (~150°), 
located at the middle of the preanal margin. The preanal margin of postabdomen is armed with 9–10 
transverse rows of setulae in its proximal portion and 5–6 rows of setulae in its distal portion (Figs 12E, 
13C). The lateral surface of the preanal portion bears transverse clusters of setulae, forming three 
longitudinal rows: ventral setulae, long anterior to the preanal angle and short posterior to the angle; 
medial setulae, relatively short, increasing in length towards the postabdomen base; marginal setulae, 
long anterior to the preanal angle and short posterior to the angle (Figs 12E, 13C). Postabdomen anal 
portion is relatively short, 0.25–0.3 × the length of the preanal portion. A distinct depression is present 
between preanal and anal margins. Anal portion bears 2–3 clusters of spines and several longitudinal 
groups of short setulae (Figs 12E, 13C). Postabdominal claw is relatively long and thin, 0.4 × as long as 
the postabdomen, 4.3–4.4 × as long as wide, slightly incurved (Figs 12E–G, 13D). Lateral claw surface 
bears a proximal pecten and a distal cluster of short spinulae (Fig. 12F–G); medial claw surface is armed 
with a cluster of short spinulae stretched along the basal and middle claw portions (Fig. 13D). Basal spine 
is relatively short, 0.5–0.6 × width of the claw; an additional short spine is usually located at the base 
of the basal spine (Figs 12F–G). Vas deferens runs along the ventral postabdomen margin, gonopore is 
located subterminally at the low projection (Fig. 12E).

Antenna I. Similar to that of the female in relative size and shape. An accessory seta (ms) is located at 
the anterior edge of the appendage. Male accessory seta is 0.8–1.0 × as long as basal sensory seta of the 
antenna I, slightly flattened, wide at base and narrowing distally, lacking armature (Figs 12H–I, 13E).

Antenna II. Similar to that of the female in relative size and shape but bears two additional sensory setae 
at the distal end of basipodite (Figs 12J, 13F–G). Distal basipodite setae are subequal in size, 1.3–1.4 × 
the length of the distal burrowing spine, slightly incurved, reaching distal margin of the antenna II 
exopodal segment 2. Both setae have a distal bilateral armature of short, thin setulae (Fig. 13G).

Labrum and mouth parts. As in parthenogenetic female.
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Fig. 12. Drepanothrix asiatica sp. nov., gamogenetic individuals from the Kronotsky National Reserve, 
Kamchatskii Krai, Russia (MGU MI–289, type locality). A. Ephippial female in lateral view. B–M. Male. 
B. General lateral view. C. Ventral valve margin. D. Enlarged ventral valve projection, marginal setae 
are not shown. E. Postabdomen in lateral view. F–G. Postabdominal claw in outer view. H. Antenna I 
in inner view. I. Antenna I in anterior view. J. Antenna II, distal armature of the basipodite. K. Thoracic 
limb I in anterior view, ODL is not shown. L. Limb I in outer view, inner endites are not shown. M. Tip of 
the IDL hook. Abbreviations: am = anal margin of the postabdomen; as = antennular seta; bds = distal setae 
of the antenna II basipodite; bs = basal spine of the postabdominal claw; dbs = distal burrowing spine of the 
antenna II basipodite; dt = dorsal tooth; ep = epipodite; gp = gonopore; IDL = inner distal lobe of the limb I; 
ms = male accessory seta of the antenna I; mxp = maxillary process of the thoracic limb I; ODL = outer 
distal lobe of the limb I; paa = preanal angle of postabdomen; pam= preanal margin of postabdomen; 
pp = proximal pecten of the postabdominal claw; SDL = subdistal lobe of the limb I; vvp = ventral valve 
projection. Scale bars: A–B = 200 µm; C–E, H–K = 50 µm; C, L = 100 µm; F–G = 10 µm; M = 5 µm.
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Fig.  13. Scanning electron micrographs of Drepanothrix asiatica sp.  nov., adult male from the 
Kronotsky National Reserve, Kamchatskii Krai, Russia (MGU MI–289, type locality). A–B. General 
view. C. Postabdomen in lateral view, arrow shows oblique preanal angle. D. Postabdominal claw in 
inner view (note slender shape of the claw). E. Antennae I. F. Antenna II in lateral view. G. Distal 
armature of the antenna II basipodite. H. Thoracic limb I in outer view. I. Inner distal lobe of the 
limb I, inner view (white arrow indicates distal armature of the hook). J. Subdistal lobe in outer view. 
K. Subdistal lobe in anterior view. Abbreviations: as = sensory seta of the antenna I; bds = distal setae of 
the antenna II basipodite; dbs = distal spine od basipodite antenna II; en = endopodite of the antenna II; 
ex = exopodite of the antenna II; h = IDL hook of the thoracic limb I; IDL = inner distal lobe of the limb I; 
ms = male accessory seta of the antenna I; ODL = outer distal lobe of the limb I; ; pc = postabdominal 
claw; SDL = subdistal lobe of the limb I; vvp = ventral valve projection. Scale bars: A–B = 100 µm; C, 
E–F = 50 µm; D, I = 10 µm; G–H = 20 µm; J–K = 5 µm.
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Thoracic limbs. Largely similar to those of the female, except for limb I.

Thoracic limb I. Largest, folded medially (Fig. 12K–L). A small rounded subdistal lobe (SDL) is located 
at the anteromedial limb surface, proximally to the inner distal lobe (IDL) (Figs 12K–L, 13H). The 
subdistal lobe is slightly flattened dorsoventrally, approximately reaching the tip of the IDL hook. The 
anterior surface of the SDL bears three rows of flattened spinulae and two bisegmented setae (X and Y) 
(Figs 12L, 13J–K). Seta X is 1.4 × as long as seta Y, naked. Seta Y has a distal unilateral armature of short 
setulae (Figs 12K, 13J). The outer distal lobe (ODL) bears a long thick apical seta b and a short feather-
like seta a at its base, 0.15 × as long as seta b (Fig. 12L). Inner distal lobe (IDL) has a large incurved 
hook subdistally; the hook is cylindrical in cross-section, smooth, at most bearing few small solitary 
spinulae in distal portion (Fig. 13H). The hook tip is armed with three transverse rows of closely spaced, 
flattened spinulae (Figs 12M, 13I). Distal IDL portion bears four setae (1–3, Z). Seta 1 is the longest, 
1.4 × as long as seta 2, 1.5 × as long as seta 3. Seta 1 is bisegmented, with a naked, slightly incurved basal 
portion 4.7 × as long as the distal portion; the distal portion is short, slightly incurved, armed with thin 
spinulae (Figs 12K–L, 13I). Seta 2 is long, with a distal portion exceeding in length the basal portion; 
seta 2 distal portion is unilaterally armed with long setulae; seta 3 is similar to seta 2 but shorter, it is 
located between setae 1 and 2 (Figs 12K–L, 13I). Male accessory seta (Z) is located on the anterior side 
of the IDL, 0.3 × as long as seta 3, naked (Figs 12K–L, 13I). Limb I inner portion has a similar structure 
to that of the female, but lacks seta 1’ (Fig. 12K).

Differential diagnosis
Parthenogenetic females and males of Drepanothrix asiatica sp. nov. differ from those of D. dentata in 
the size of the dorsal tooth, well developed in D. dentata (Figs 1A, D, H, 2A, H) but strongly reduced 
to absent in D. asiatica (Figs 6A, C–G, 7A, 12B, 13H–L). However, gamogenetic females of both 
species have a reduced or absent dorsal tooth and cannot be reliably distinguished based on morphology 
(Figs 1E, 2F–G, 12A).

Males of D. asiatica sp. nov. also differ from those of D. dentata in postabdomen shape and armature, 
see below.  In D. dentata, the postabdomen is subquadrangular in lateral view, with preanal angle 
approximately right, shifted towards the anal opening; the anterior part of the preanal portion is much 
longer than the posterior one (Figs 1I, 2J).  In contrast, males of D. asiatica have a subtriangular 
postabdomen with oblique preanal angle located in the middle of the postabdomen preanal portion 
(Figs  12E, 13C). The shape of the postabdominal claw also differs between the two species.  In 
D. dentata, the postabdominal claws are short and stout (0.3 × postabdomen length, 2.7–3.2 × as long 
as wide), bearing two clusters of spinulae that do not form a pecten (Figs 1J–K, 2K–L). In D. asiatica, 
the claws are relatively long and slender (0.4 × postabdomen length, 4.3–4.4 × as long as wide), with 
the lateral surface of the claw bearing a proximal pecten of spinulae and a distal cluster not forming a 
pecten (Fig. 12F–G).

The observed differences between D. asiatica sp. nov. and D. dentata are summarized in Table 2.

Remarks
The known range of Drepanothrix asiatica sp. nov. includes eastern and northern Kamchatka (Dadykin 
et al. 2025), Bering Island (Novichkova & Chertoprud 2015), Chukotka Peninsula (Smirnov 1976), 
Khabarovsk Territory, Magadan Area (Streletskaya 2010), Sakhalin Island, the Kuril Islands (Uéno 
1932), and northern Japan (Inoue 1968). No populations of Drepanothrix were found in the Russian 
portion of the Amur basin (Kotov et al. 2011; Garibian et al. 2021b) or northern China (Ji et al. 
2015). Also, a record of parthenogenetic Drepanothrix with a reduced dorsal tooth from Irkutsk Area 
(Yermolayeva & Fetter 2020: fig. 2a, c) likely refers to D. asiatica. This indicates that the species may 
be widely distributed in East Asia.
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Drepanothrix asiatica sp. nov. occurs in a variety of water bodies, including Sphagnum bogs and lakes, 
and slightly brackish seashore pools. The species is relatively rare and occurs on muddy sediment or 
plant litter in the littoral zone. The lifestyle of D. asiatica has not been studied so far. However, it is 
likely similar to its sibling species D. dentata, which is adapted for burrowing and detritus feeding (Fryer 
1974; Kotov 2006) but also inhabits submerged macrophytes (Błedzki & Rybak 2016; Korovchinsky & 
Kotov 2021).

Genetic variability
We obtained 15 COI, 23 16S rDNA, and 7 ITS1 sequences (Supp. file 2: Table S1). We combined these 
data with seven sequences of the Folmer’s COI and two of the 16S rDNA from the NCBI GenBank. Final 
alignment lengths were: COI, 629 bp; 16S rRNA, 403 bp; ITS1, 492 bp. The best-fitting model for the 
multigene phylogram was TPM3u+F+I. Three major phylogroups were recognized within Drepanothrix: 
European D. dentata s. str., East Eurasian D. asiatica sp. nov., and Canadian D. cf. dentata (Figs 14, 
15A). Notably, macrothricid sequences available in the GenBank formed very long branches when placed 
as the outgroup for Drepanothrix (Fig. 15A). Therefore, we reconstructed the midpoint-root multigene 
ML phylogram (Fig. 15B) to reveal the relative position of the major clades. In this case, European and 
Canadian phylogroups appeared to be closer to each other than to the East Eurasian clade (Fig. 15B).

Analyses of individual gene fragments also recovered the three clades (Supp. file 1: Fig. S1), though 
branch support was low for the 16S rDNA tree (Supp. file 1: Fig. S1B). Distances between phylogroups 
revealed by COI barcoding were significantly higher than the intragroup variability (Fig. 16). The 16S 
rRNA nucleotide variability did not allow us to distinguish the phylogroups with confidence (Fig. 16; 
Supp. file 1: S1B), as the sequences had only 1–2% of differing sites. The ITS1 variability was also 
significant (Supp. file 1: Fig. S1C), but ITS1 data was available for only a few specimens, none from 
the Canadian clade.

Mitochondrial genomes
For both Drepanothrix dentata and Macrothrix triserialis, all the expected mitochondrial genes 
(13 PCGs, 2 rRNA, 22 tRNA) have been recovered. In both cases, mitogenome length is about 15 kbp, 
and GC content is ca 31%. Unexpectedly, the mitochondrial genomes of D. dentata and M. triserialis 
differ by gene order. In D. dentata, a non-coding region bordered by tRNA genes (a putative control 
region) is situated between the srRNA and lrRNA genes (Fig. 17A). In contrast, in M. triserialis the 
rRNA genes are separated only by a single tRNA (as typical for animal mitochondria), and putative 
control region is located after the srRNA gene (Fig. 17B). The mitogenome structure of D. dentata was 

Table 2. Diagnostic features of Drepanothrix dentata (Eurén, 1861) and D. asiatica sp. nov.

Feature Drepanothrix dentata
(Eurén, 1861) D. asiatica sp. nov.

dorsal tooth
(parthenogenetic female, male)

large strongly reduced or absent

preanal angle of postabdomen 
(male)

roughly right, shifted towards anal 
opening

oblique, located at the middle of 
preanal margin

postabdominal claw (male) short, stout
(length:width = 2.7–3.2)

long (length:width = 4.3–4.4)

lateral side of postabdominal claw 
(males)

two clusters of spinulae not 
forming a pecten

two clusters of spinulae, the 
proximal cluster pecteniform

https://doi.org/10.5852/ejt.2026.1090.3321.14585
https://doi.org/10.5852/ejt.2026.1090.3321.14584
https://doi.org/10.5852/ejt.2026.1090.3321.14584
https://doi.org/10.5852/ejt.2026.1090.3321.14584
https://doi.org/10.5852/ejt.2026.1090.3321.14584
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verified by PCR with subsequent direct sequencing of the region in another sample of D. dentata. The 
sequenced region is very similar to the assembled one and minor differences between them are expected 
since they are obtained from different organisms (Supp. file 3). In this respect, the unusual genome 
structure of Drepanothrix is unlikely to be a result of incorrect assembling or annotation.

The phylogenetic position of Drepanothrix is also surprising. Our phylogenetic analysis retained highly 
supported clades of Daphniidae Straus, 1820, Moinidae Goulden, 1968, Bosminidae Baird, 1845, and 
Chydoridae Dybowski & Grochowski, 1894 + Eurycercidae Kurz, 1875 (Fig. 18). The relative position 
of these clades is unresolved. Macrothrix triserialis is considered a sister taxon to Moinidae and forms a 
well-supported clade with the latter. At the same time, D. dentata is placed in a basal position to all other 
anomopods, although the support for this node is weak (Fig. 18). Therefore, Macrothricidae appears to 
be a non-monophyletic group according to our data.

Fig. 14. Geographic location of studied Drepanothrix Sars, 1862 populations. Points indicate studied 
localities. Point shape and colour correspond to major phylogroups of Drepanothrix, as follows: 
orange circles = D. dentata (Eurén, 1861), yellow square = Canadian D. cf. dentata; violet triangles = D. 
asiatica sp. nov.; white triangle = D. asiatica sample with only morphological data available. Localities: 
1. Lake Lovozero, Murmansk Area, Russia. 2. Lake Glubokoe, Moscow Area, Russia. 3. Abandoned 
peat mining pond near Merilovo, Tver Area, Russia. 4. Small lake in Nikolay Bay, Khabarovskii Krai, 
Russia. 5. Sphagmal lake near Pokrovka, Sakhalin Island, Sakhalin Area, Russia. 6–7. Small sphagnal 
bogs in Simushir Island, Sakhalin Area, Russia. 8–10. Small lakes in the Kronotsky Nature Reserve, 
Kamchatskii Krai, Russia. 11–12. Small lakes in Karaginsky Island, Kamchatskii Krai, Russia. 13. Small 
lake near Nikolskoe, Bering Island, Kamchatskii Krai, Russia. 14. Puddle in the vicinity of Anadyr 
River, Chukotskii Autonomous Region, Russia. 15. Eel Lake, Ontario, Canada. For more information 
on localities, see Table 1.

https://doi.org/10.5852/ejt.2026.1090.3321.14586
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Fig. 15. Maximum likelihood phylograms based on sequences of the mitochondrial cytochrome c 
oxidase subunit I (COI), 16S rRNA, and nuclear ITS1. A. Phylogram with COI and 16S sequences of 
Macrothrix sp. (DQ310640.1, DQ310680.1) as an outgroup. B. Midpoint-rooted phylogram. The node 
support values are based on SH-aLRT/ultrafast bootstrap. Colours indicate major phylogroups.
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Discussion
Taxonomy and biogeography of Drepanothrix
The morphological data presented here confirm the distinct status of D. asiatica sp.  nov. Both 
parthenogenetic female and male features are suitable for distinguishing the two taxa (Table 2), while 
gamogenetic females lack clear diagnostic characters. The presence or absence of a dorsal tooth is 
the most convenient diagnostic character, especially given the rarity of males. However, this structure 
might play a protective role and thus develop in the presence of predator elicitors (Sperfeld et al. 2020), 
similarly to various cuticular outgrowths of Daphnia O.F. Müller, 1785 (Hammill et al. 2008; Octorina 
et al. 2022; Pereboev et al. 2025). Unfortunately, only a few populations of Drepanothrix were available 
for morphological analysis, and observed variation in dorsal tooth size was limited in both species. 
Nevertheless, absence or reduction of the structure in gamogenetic female indicates possible plasticity 
of this character. Therefore, male postabdomen morphology seems to be more reliable for the species 
identification. The observed variation between males of D. dentata and D. asiatica resembles the pattern 
earlier discovered in Chydorus Leach, 1816, in which one of two closely related species has less modified 
postabdomen than the other (Van Damme & Dumont 2006). As suggested for Chydorus, differences in 
postabdomen shape may mediate premating reproductive isolation (Van Damme & Dumont 2006), but 
this should be subject to further research.

Only a few doubtful records of Drepanothrix from outside the Holarctic were reported to date. First, 
Cornejo & Antepara (2012) recorded D. dentata from Lago Chongón, Guayas Province, Ecuador. 
However, this record clearly refers to Grimaldina freyi Neretina & Kotov, 2017, as is evident from 
the shape of the postabdomen and antenna II (Cornejo & Antepara 2012: fig. 25; Neretina & Kotov 
2017). Second, Coronel et al. (2009) reported two ephippia of Drepanothrix from a peat water body in 

Fig. 16. TCS haplotype networks for Drepanothrix Sars, 1862. A. Folmer’s COI gene fragment. B. 16S 
rRNA gene fragment.

https://en.wikipedia.org/wiki/Otto_Friedrich_M%C3%BCller
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Fig. 17. Mitochondrial genome structure of two macrothricid species. A. Drepanothrix dentata (Eurén, 
1861). B. Macrothrix triserialis Brady, 1886. Blue rectangles indicate protein-coding genes, purple tRNA 
genes, green rRNA genes, pink the putative control region. Each strand is shown separately. The black 
diagram in the center of the ring corresponds to the G/C content across the genome.
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Cordillera del Tunari, Bolivia (Iglesias et al. 2016). However, the depicted ephippium (Coronel et al. 
2009: appendix I) cannot be precisely identified by the photograph and is considerably smaller than those 
observed in this study (93 µm versus 330–400 µm length). Until reliable data confirms the presence of 
Drepanothrix in the Neotropics, this record should be considered a misinterpretation.

Currently, molecular markers are widely used to distinguish sibling anomopod species (Nilssen et al. 
2007; Belyaeva & Taylor 2009; Bekker et al. 2016; Garibian et al. 2021a). In the case of Drepanothrix, 
DNA barcoding supports the results of morphological analysis and separation of Eurasian Drepanothrix 
into two major phylogroups (Figs 14–15; Supp. file 1: Fig. S1). Notably, a few Canadian COI sequences 
available in the GenBank likely belong to a separate lineage (Fig. 15; Supp. file 1: Fig. S1) which is 
widespread in temperate North America but occurs at a low frequency (Herrick 1884; Birge 1892; 
Herrick & Turner 1895; Bigelow 1922; Brooks 1959; Smirnov 1976; Smith 2001; Elías-Gutiérrez et al. 
2018; GBIF Secretariat 2023). According to the available descriptions (Herrick & Turner 1895; Brooks 
1959) and observations from iNaturalist (GBIF Secretariat 2023), the Nearctic Drepanothrix has a well-
developed dorsal tooth, similarly to D. dentata s. str. Unfortunately, we had no opportunity to thoroughly 
revise the morphology of these populations; thus, their status requires further studies. The geographic 
distribution of D. dentata s. str. and D. asiatica sp. nov. in Eurasia conforms to the West Eurasian–East 
Asian biogeographic division previously observed in a number of anomopod genera (Kotov et al. 2006; 
Belyaeva & Taylor 2009; Jeong et al. 2012; Kotov et al. 2016, 2021; Bekker et al. 2018; Zuykova et al. 
2019; Dadykin & Pereboev 2025).

General morphology and phylogenetic position of Drepanothrix
Despite numerous studies of parthenogenetic females in Drepanothrix, inaccuracies in some earlier work 
complicate the interpretation of several morphological characters in this genus. For instance, Alonso 
(1996) depicted a filtering seta on the gnathobase of thoracic limb III in Drepanothrix dentata (Alonso 
1996: fig. 103). However, this structure was not observed in any specimens of D. dentata or D. asiatica 
sp. nov. studied herein (Figs 5F, 11I). Dumont & Silva-Briano (1998) mentioned the presence of a 
single seta on the gnathobase (maxillary process) of thoracic limb I, but in fact the maxillary process 
bears two setae (Figs 11C, 12K). Korovchinsky & Kotov (2021) described a dorsal organ of D. dentata 
as a ‘fenestra’ of thin cuticle surrounded by a cuticular ring but did not mention a conical shape of the 
organ. Dadykin et al. (2025) provided a preliminary description of D. asiatica from Karaginsky Island, 
northeastern Kamchatka, and noted the shortened apical segment of the postabdominal seta, which 
was similar to that of some Macrothrix species (Dumont et al. 2002). In fact, the authors provided a 
micrograph of a damaged seta (Dadykin et al. 2025: fig. S1f), which is a common artifact in ethanol-
preserved material. These inaccuracies could hamper phylogenetic placement of Drepanothrix in 
previous research which was based on morphological characters only (Dumont & Silva-Briano 1998; 
Elmoor-Loureiro 2005).

In this study, we provide the first detailed description of male morphology in Drepanothrix. Males can 
be distinguished from parthenogenetic females by a different shape of valve and postabdomen. Also, 
male morphological traits include presence of additional setae on the antenna I and the basipodite of 
antenna II, and a specific structure of the thoracic limb I. Some of male features might be significant 
for understanding phylogeny of Macrothricidae. For instance, additional setae of male antenna  II 
are present in Grimaldina Richard, 1892 (Kořínek, 1984), Guernella Richard, 1892, and Lathonura 
Lilljeborg, 1853 (Dadykin & Pereboev 2025). However, this character is not found in ‘true macrothricids’ 
of the subfamily Macrothricinae Dumont & Silva-Briano, 1998: Macrothrix, Bunops, Wlassiczia, and 
Streblocerus (Smirnov 1976; Silva-Briano & Dumont 2001; Dumont et al. 2002; Martinez-Caballero 
et al. 2017). Another feature of Drepanothrix, a subdistal lobe present on male limb I is also observed 
in Guernella, Lathonura, Macrothrix tripectinata Weisig, 1934, and Pseudomoina Sars, 1912 (Smirnov 
1976; Kořínek 1984; Kotov 1999; Dadykin  & Pereboev 2025). Earlier, Dumont  & Silva-Briano 
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(1998) and Elmoor-Loureiro (2005) suggested a close relationship between Lathonura, Pseudomoina, 
and Guernella. However, their morphological analysis did not support a close relationship between 
Macrothrix and Drepanothrix, and the remaining genera suggesting this feature could be homoplastic 
rather than synapomorphic.

Dumont  & Silva-Briano (1998) proposed the subfamily Macrothricinae based on the following 
characters: 1) anterior setae of thoracic limb I endites 2 and 3 are forked; 2) thoracic limb V exopodite 
and endopodite are incompletely fused; 3) mid-dorsal zone of postabdomen bears a transverse rows of 
spines. In Drepanothrix, however, the anterior setae of thoracic limb I endites 2 and 3 lack Fryer’s fork 
(Figs 5A–C, 11C–E), and the exopodite and endopodite of limb V appear completely fused (Figs 5J, 11L). 
According to Elmoor-Loureiro (2005), the subfamily is characterized by the following synapomorphies: 
1) at least some of the thoracic limb I anterior setae are forked; 2) anterior seta of thoracic limb I 
endite 2 is present; 3) limb II gnathobase filtering comb consists of 4–5 setae; 4) postabdomen marginal 
denticles form transverse rows. Again, no fork-like setae are present on limb I of Drepanothrix. Also, the 

Fig. 18. Mitogenome-based maximum likelihood phylogram of Anomopoda Sars, 1865. Ultrafast 
bootstrap/SH-aLRT supports are given at the nodes, supports higher than or equal to 95/80 are highlighted 
in bold, only supports > 50 are shown. Nodes with the maximal supports are indicated by black circles. 
Original samples are highlighted in bold. Colored rectangles encompass representatives of families 
Daphniidae, Moinidae, and Macrothricidae.
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limb II gnathobase filtering comb consists of six setae (Fig. 11F, H), a feature shared with Grimaldina 
only (Neretina & Kotov 2017: fig. 5c–d). Moreover, Drepanothrix is unique in having three setae at 
the thoracic limb II exopodite (Figs 5D, 11I), in contrast with 0–2 in other macrothricids and a single 
seta present in Macrothricinae (Dumont & Silva-Briano 1998). Thus, the placement of Drepanothrix in 
Macrothricinae is questionable, although the genus shares many features with the other macrothricines 
(Dumont & Silva-Briano 1998; Elmoor-Loureiro 2005).

The morphological affinities of Drepanothrix fit the molecular results. Our phylogenetic analysis 
(Fig. 18) agrees with the available genomic studies and retains the clades of Daphniidae, Moinidae, 
and Eurycercoidea (Xu et al. 2021; Van Damme et al. 2022). The phylogenetic position of Macrothrix 
triserialis also confirms the results of previous studies which considered Macrothricidae a sister group 
for Moinidae (Xu et al. 2021; Van Damme et al. 2022) or Daphniidae (Righetti et al. 2025). However, 
Drepanothrix appears to be distant from Macrothrix (Fig. 18).

This result is supported by a mitogenome structure of Drepanothrix atypical for crustaceans and unique at 
least in Branchiopoda (Fig. 17). Earlier, mitochondrial gene order rearrangements have been reported for 
different lineages within Cladocera (Castellucci et al. 2022). However, none of them displayed a location 
of the control region similar to that of Drepanothrix. In this respect, we can assume that Drepanothrix is 
not a close relative of Macrothricinae (including Macrothrix triserialis). While macrothricines are indeed 
relatives of Daphniidae and Moinidae, Drepanothrix might represent a basal lineage of Anomopoda. 
Therefore, the family Macrothricidae should be considered non-monophyletic, as was suggested earlier 
(Elmoor-Loureiro 2004). Nevertheless, the relative position of Drepanothrix and ‘non-macrothricines’ 
sensu Dumont & Silva-Briano (1998) is still unclear, as genomic data have not yet been obtained for 
the latter.

Our study is among the pioneer works to understand the position and composition of the macrothricid-
like anomopods based on genomic methods. Apparently, we are only at the starting point, and we are 
planning to continue such efforts. We hope that in the future including a wider subset of Anomopoda to 
the analysis will clarify relationships within the family Macrothricidae and establish the phylogenetic 
position of Drepanothrix more certainly.
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