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Abstract

A new earthworm species, Drawida xinjiangensis sp. nov., was described from the northwestern China
using an integrative taxonomic approach that combined morphological examination and molecular data.
The new species belongs to the Drawida japonica species complex (DjSC) and is distinguished from its
congeners by its body length of 33—70 mm, clitellum in X—XIII (white laterally and dark brown medially),
two to three gizzards, one pair of testis sacs suspended on septum 9/10 or 10/11, and cylindrical-shaped
white prostate glands that are nearly as long as or longer than the testis sacs. Molecular species delimita-
tion: Assemble Species by Automatic Partitioning (ASAP), Generalised Mixed Yule Coalescent (GMYC),
and Bayesian Phylogenetics and Phylogeography (BPP) consistently supported its species status assign-
ment. Phylogenetic analyses based on the nuclear 28S rRNA gene and mitogenomic data revealed that
D. xinjiangensis sp. nov. forms an independent lineage within the DjSC. This discovery extends the west
distribution of moniligastrid species to the arid and semi-arid regions in East Asia and highlights the hid-

den diversity of earthworms in this under-surveyed area.
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Introduction

Earthworms, as macro-soil fauna, serve as keystone species and ecosystem engineers in
terrestrial ecosystems (Kooch et al. 2025), yet their overall distribution pattern remains
poorly understood, with baseline surveys in western regions and high-altitude areas
(e.g., the Qinghai-Tibet Plateau, Xinjiang) remaining relatively limited (Fu et al. 2022;
Zhao et al. 2026). Spanning multiple climatic zones from cold temperate to tropi-
cal, China features diverse and complex topography, ranging from the eastern coastal
plains to the western plateaus and mountains, which support a wide variety of soil
and vegetation types that may harbour higher earthworm diversity. Drawida japonica
was previously reported from Xinjiang by Huang et al. (20006) in their checklist of
Chinese earthworms, and its occurrence in Uriimgqi Prefecture (ca. 43.83°N, 83.67°F)
was subsequently documented by Xu and Xiao (2011), representing the westernmost
distribution record of the Chinese Moniligastridae. However, precise locality data for
these records remain unavailable. Given that D. japonica is now recognised as a species
complex comprising multiple morphologically similar lineages (Blakemore et al. 2014;
Liu et al. 2025b), the taxonomic identities of these historical records remain uncertain.

Moniligastridae Claus, 1880 is a relatively primitive family of earthworms with a fairly
extensive distribution and is one of the most naturally widespread among all earthworm
families (Narayanan et al. 2024, 2025a, 2025b). This family encompasses 193 species in
five genera. Among these, Drawida Michaelsen, 1900 is not only the most species-rich
genus with 162 valid species and subspecies (Narayanan et al. 2024; Liu et al. 2025a,
2025b; Tiwari et al. 2025, 2026; Ardra et al. 2026; Fahis et al. 2026; Qiao et al. 2026), but
also the most widely distributed genus in Moniligastridae (Gates 1972; Jamieson 1977).
Drawida is distributed throughout South, Southeast and East Asia (Gates 1936, 1972;
Easton 1981; Blakemore et al. 2014; Anderson et al. 2017; Narayanan et al. 2025a).

'The Drawida japonica species complex (DjSC) exhibits highly similar morphological
traits, such as grey or dark blue body colour, the identical location of the male pore in
7/8, and the spermathecal pore in 10/11 (Blakemore et al. 2014). However, it harbours
interspecific-level genetic divergence and currently encompasses six valid species: D. ja-
ponica sensu stricto (Michaelsen, 1892), D. koreana Kobayashi, 1938, D. henanensis Liu
& Zhao, 2025, D. sinensis Liu & Zhao, 2025, D. wuxiensis Qiao & Zhao, 2026, and a
new species Drawida xinjiangensis sp. nov. described here (Liu et al. 2025b; Qiao et al.
2026). It may also comprise D. calebi Gates, 1945, D. siemsseni Michaelsen, 1910, D. je-
holensis Kobayashi, 1940, D. moriokaensis Ohfuchi, 1938, D. keikiensis Kobayashi, 1938,
and D. companio Blakemore, 2014 (Stephenson 1923; Kobayashi 1940; Blakemore et al.
2014; Narayanan et al. 2024). Although members of DjSC possess similar morphologi-
cal traits, molecular species delimitation and phylogenetic analyses of these species dem-
onstrate sufficient genetic divergence to support their recognition as independent species.

Herein, D. xinjiangensis sp. nov. is described based on integrative morphological
and molecular analyses. Among its known localities is Shuanghe, Xinjiang, northwest-
ern China (420 km west of Uriimqi), a record that confirms the family’s occurrence
in the region and constitutes its northwesternmost distribution in East Asia.
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Material and methods
Samplings

Specimens of the new species were collected from four localities in Xinjiang Uygur
Autonomous Region, Ningxia Hui Autonomous Region and Gansu Province, China,
using hand-sorting and digging methods (Table 1). Collected earthworms were im-
mediately fixed and stored in 95% ethanol in the field. In the laboratory, all specimens
were preserved at —20 °C in the Hebei Key Laboratory of Animal Diversity, Langfang
Normal University, Hebei, China (C-HLU).

DNA extraction, amplification, and sequencing

This study adopts an integrative taxonomic approach combining morphological
evidence with multi-locus molecular data (mitochondrial cytochrome ¢ oxidase
subunit I, COI; nuclear 28S ribosomal RNA gene, 28S; A-kinase anchor protein
17A, AKAP17; flavin adenine dinucleotide synthetase 1, FLAD1) to delimit the
new species. Phylogenetic analyses were conducted using maximum likelihood and
Bayesian inference, and species boundaries were assessed using three molecular
delimitation methods: namely the Assemble Species by Automatic Partitioning
(ASAP, Puillandre et al. 2021), the Generalized Mixed Yule Coalescent (GMYC,
Fujisawa and Barraclough 2013), and Bayesian Phylogenetics and Phylogeography
(BPP, Yang and Rannala 2010). Genomic DNA was extracted from the posterior
tissues using a commercial kit (TTANGEN, Beijing, China). COI and 28S were
amplified using standard PCR, whereas AKAP17 and FLAD1 were amplified using
nested PCR. PCR products were verified by agarose gel electrophoresis and Sanger
sequencing (Tianyi Huiyuan, Beijing). The primer sequences are listed in Table 2.
Sequences were aligned in MEGA 5 (Tamura et al. 2011), and COI genetic dis-
tances were calculated using the Kimura two-parameter (K2P) model (Kimura

1980) (Table 3).

High-throughput sequencing and mitochondrial genome (mitogenome) an-
notation

To determine the phylogenetic position of D. xinjiangensis sp. nov., the mitogenom-
es of three specimens (CNWNO02_01, nxWHS1_1_1, and nxGXJ1_1_1) and two
specimens of D. wuxiensis (CQWX05_37 and CQWX15_05) were obtained via high-
throughput sequencing using a paired-end 150 bp strategy on the DNBSEQ-T7 plat-
form at BGI Genomics (Wuhan, China). Clean data filtration followed the proce-
dure described by Zhao et al. (2022). Mitogenomes were assembled using MitoZ v2.4
(Meng et al. 2019), and the circular conformation of each assembly was verified using
the circle_check.py script from the MitoZ toolkit. The annotated circular mitogenome
sequences were submitted to GenBank (Table 1).



224

Saiyu Qiao et al. / Subterranean Biology 57: 221-240 (2026)

Table |. List of Drawida species in China, incorporated into analysis.

GPS Accession Number
Specimen ID Species Location .
Coordinates  COI 288  AKAP17 FLAD1 Mitogenome
CNWNO02_01 D. xinjiangensis Xinjiang:  44.8389°N, PX978833 PZ011122 PZ111474 PZ111481 PZ099866
sp. nov. Shuanghe  82.3422°E
CNWNO02_02 D. xinjiangensis Xinjiang: ~ 44.8389°N, PX978834 - PZ111475 PZ111482 -
sp. nov. Shuanghe  82.3422°E
CNWNO02_06 D. xinjiangensis Xinjiang: ~ 44.8389°N, PX978835 PZ011123 PZ111476 - -
sp. nov. Shuanghe  82.3422°E
CNWNO02_07 D. xinjiangensis Xinjiang: ~ 44.8389°N, PX978836 - - - -
sp. nov. Shuanghe  82.3422°E
CNWNO02_08 D. xinjiangensis Xinjiang: ~ 44.8389°N, PX978837 - - - -
sp. nov. Shuanghe ~ 82.3422°E
CNWNO02_09 D. xinjiangensis Xinjiang: ~ 44.8389°N, DPX978838 - - - -
sp. nov. Shuanghe ~ 82.3422°E
CNWNO02_10 D. xinjiangensis Xinjiang: 44.8389°N, PX978839 — — — -
sp. nov. Shuanghe ~ 82.3422°E
CNWN14_24 D. xinjiangensis Xinjiang: ~ 44.2728°N, DPX978840 PZ011124 PZ111477 PZ111483 -
sp. nov. Huocheng ~ 80.8863°E
nxWHS1_1_1 D. xinjiangensis Ningxia: 37.3499°N, PX978841 - - PZ111486  PZ210304
sp. nov. Wuzhong  106.1385°E
nxWHS1_2 1 D. xinjiangensis Ningxia: 37.3499°N, PX978842 — PZ111480 PZ111487 —
sp. nov. Wuzhong  106.1385°E
nxGXJ1_1_1 D. xinjiangensis Ningxia: 35.9572°N, DPX978843 PZ011125 PZ111478 PZ111484 PZ210303
sp. nov. Xiji 105.7928°E
nxGXJ1_1_2 D. xinjiangensis Ningxia: 35.9572°N, DPX978844 PZ011126 PZ111479 PZ111485 -
sp. nov. Xiji 105.7928°E
gsLZ_05 D. xinjiangensis Gansu: linze  39.3427°N, DPZ829985 - - - -
sp. nov. 100.0854°E
gsLZ_06 D. xinjiangensis Gansu: linze  39.3427°N, PZ829986 — — — —
sp. nov. 100.0854°E
CQWX11_21 D. wuxiensis Chongging:  31.5164°N, PX552882 - - - -
Wuxi 109.7331°E
CQWX11_29 D. wuxiensis Chongging:  31.5164°N, PX552882 - - - -
Wuxi 109.7331°E
CQWX11_38 D. wuxiensis Chongging:  31.5164°N, PX552884 — - - —
Wuxi 109.7331°E
CQWX11_39 D. wuxiensis Chongging:  31.5164°N, PX552885 — — — —
Wuxi 109.7331°E
CQWX11_44 D. wuxiensis Chongging:  31.5164°N, PX552886 - - - -
Wuxi 109.7331°E
CQWX11_45 D. wuxiensis Chongging:  31.5164°N, PX552887 PX558007 - — PX369605
Wuxi 109.7331°E
CQWX11_55 D. wuxiensis Chongqing: 31.5164°N, PX552888 PX558008 - — —
Wuxi 109.7331°E
CQWX05_37 D. wuxiensis Chongqing:  31.4680°N, PX552881 PX558006 — — PZ210301
Wi 109.8618°E
CQWX15_05 D. wusxiensis Chongging:  31.5087°N, PX552889 PX558009 - - PZ210302
Wuxi 109.8218°E
CQWX15_06 D. wusxiensis Chongging:  31.5087°N, PX552890 PX558010 - - -
Wuxi 109.8218°E
CQWX15_22 D. wusxiensis Chongqing:  31.5087°N, PX552891 PX558011 - - -
Wuxi 109.8218°E
HNLN_GR_I1_02 D. henanensis Henan: 34.4364°N, PQ288546 PQ432438 - — PQ278996
Luoning  111.6368°E


http://www.ncbi.nlm.nih.gov/nuccore/PX978833
http://www.ncbi.nlm.nih.gov/nuccore/PZ011122
http://www.ncbi.nlm.nih.gov/nuccore/PZ111474
http://www.ncbi.nlm.nih.gov/nuccore/PZ111481
http://www.ncbi.nlm.nih.gov/nuccore/PZ099866
http://www.ncbi.nlm.nih.gov/nuccore/PX978834
http://www.ncbi.nlm.nih.gov/nuccore/PZ111475
http://www.ncbi.nlm.nih.gov/nuccore/PZ111482
http://www.ncbi.nlm.nih.gov/nuccore/PX978835
http://www.ncbi.nlm.nih.gov/nuccore/PZ011123
http://www.ncbi.nlm.nih.gov/nuccore/PZ111476
http://www.ncbi.nlm.nih.gov/nuccore/PX978836
http://www.ncbi.nlm.nih.gov/nuccore/PX978837
http://www.ncbi.nlm.nih.gov/nuccore/PX978838
http://www.ncbi.nlm.nih.gov/nuccore/PX978839
http://www.ncbi.nlm.nih.gov/nuccore/PX978840
http://www.ncbi.nlm.nih.gov/nuccore/PZ011124
http://www.ncbi.nlm.nih.gov/nuccore/PZ111477
http://www.ncbi.nlm.nih.gov/nuccore/PZ111483
http://www.ncbi.nlm.nih.gov/nuccore/PX978841
http://www.ncbi.nlm.nih.gov/nuccore/PZ111486
http://www.ncbi.nlm.nih.gov/nuccore/PZ210304
http://www.ncbi.nlm.nih.gov/nuccore/PX978842
http://www.ncbi.nlm.nih.gov/nuccore/PZ111480
http://www.ncbi.nlm.nih.gov/nuccore/PZ111487
http://www.ncbi.nlm.nih.gov/nuccore/PX978843
http://www.ncbi.nlm.nih.gov/nuccore/PZ011125
http://www.ncbi.nlm.nih.gov/nuccore/PZ111478
http://www.ncbi.nlm.nih.gov/nuccore/PZ111484
http://www.ncbi.nlm.nih.gov/nuccore/PZ210303
http://www.ncbi.nlm.nih.gov/nuccore/PX978844
http://www.ncbi.nlm.nih.gov/nuccore/PZ011126
http://www.ncbi.nlm.nih.gov/nuccore/PZ111479
http://www.ncbi.nlm.nih.gov/nuccore/PZ111485
http://www.ncbi.nlm.nih.gov/nuccore/PZ829985
http://www.ncbi.nlm.nih.gov/nuccore/PZ829986
http://www.ncbi.nlm.nih.gov/nuccore/PX552882
http://www.ncbi.nlm.nih.gov/nuccore/PX552882
http://www.ncbi.nlm.nih.gov/nuccore/PX552884
http://www.ncbi.nlm.nih.gov/nuccore/PX552885
http://www.ncbi.nlm.nih.gov/nuccore/PX552886
http://www.ncbi.nlm.nih.gov/nuccore/PX552887
http://www.ncbi.nlm.nih.gov/nuccore/PX558007
http://www.ncbi.nlm.nih.gov/nuccore/PX369605
http://www.ncbi.nlm.nih.gov/nuccore/PX552888
http://www.ncbi.nlm.nih.gov/nuccore/PX558008
http://www.ncbi.nlm.nih.gov/nuccore/PX552881
http://www.ncbi.nlm.nih.gov/nuccore/PX558006
http://www.ncbi.nlm.nih.gov/nuccore/PZ210301
http://www.ncbi.nlm.nih.gov/nuccore/PX552889
http://www.ncbi.nlm.nih.gov/nuccore/PX558009
http://www.ncbi.nlm.nih.gov/nuccore/PZ210302
http://www.ncbi.nlm.nih.gov/nuccore/PX552890
http://www.ncbi.nlm.nih.gov/nuccore/PX558010
http://www.ncbi.nlm.nih.gov/nuccore/PX552891
http://www.ncbi.nlm.nih.gov/nuccore/PX558011
http://www.ncbi.nlm.nih.gov/nuccore/PQ288546
http://www.ncbi.nlm.nih.gov/nuccore/PQ432438
http://www.ncbi.nlm.nih.gov/nuccore/PQ278996
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GPS Accession Number
Specimen ID Species Location .
Coordinates  COI AKAP17 FLAD1 Mitogenome
HNLN_GR 12 23 D. henanensis Henan: 34.4364°N, PQ288549 PQ432440 - - PQ278997
Luoning  111.6368°E
HNLN_GR_I2_26 D. henanensis Henan: 34.4364°N, PQ288552 PQ432439 - - -
Luoning  111.6368°E
HNLN_GR_I12_27 D. henanensis Henan: 34.4364°N, PQ288553 PQ432436 - - -
Luoning  111.6368°E
HNLN_GR_12.29 D. henanensis Henan:  34.4364°N, PQ288555 PQ432437 PQ452816 PQ452825 ;
Luoning  111.6368°E
HNLN_GR_I2_44 D. henanensis Henan: 34.4364°N, PQ288562 - - -
Luoning  111.6368°E
HNLN_GR 12 51 D. henanensis Henan: 34.4364°N, PQ288569 PQ432444 - - -
Luoning  111.6368°E
HNLN_GR _12_53 D. henanensis Henan: 34.4364°N, PQ288571 PQ432445 - - -
Luoning  111.6368°E
HNLN_GR_I2_54 D. henanensis Henan: 34.4364°N, PQ288572 PQ432446 — — —
Luoning  111.6368°E
HNLN_GR_I3_29 D. sinensis Henan: 34.4364°N, PQ288581 PQ432449 — — -
Luoning  111.6368°E
HNLN_GR 12 34 D. sinensis Henan: 34.4364°N, PQ288559 PQ432441 PQ452815 PQ452828 PQ278998
Luoning  111.6368°E
HNLN_GR_I2_40 D, sinensis Henan:  34.4364°N, PQ288561 PQ432443 PQ452813 PQ452830 DPQ278999
Luoning  111.6368°E
HNLN_GR_I3_02 D. japonicas.s. Henan: 34.4364°N, PQ288578 PQ432448 PQ452809 PQ452827 -
Luoning  111.6368°E
HNLN_GR_12_36 D. japonicas.s. Henan:  34.4364°N, PQ288560 PQ432442 PQ452814 PQ452829 :
Luoning  111.6368°E
HNLN_GR_I3_01 D. japonicas.s. Henan: 34.4364°N, PQ288577 PQ432447 PQ452810 PQ452826 PQ279000
Luoning  111.6368°E
360R02 D. japonicas. s. - - - - - PZ168348
E20_02 D. japonicas. s. - - - - - PZ168350
DLS_35 D. gisti - - PX369606 - - PX369606
E6_10 D. gisti - - PX369607 - - PX369607
- E. irregularis - - - - - OP381032
- M. anisodiverticulus - - - - - PV591013
Table 2. Primers used for PCR and sequencing in this study.
Maker primer Sequence (5’-3’) Round Source
COI LCO1490 GGTCAACAAATCATAAAGATATTGG Folmer et al. (1994)
HCO2198 TAAACTTCAGGGTGACCAAAAAATCA
28S 28sF1 GAGTACGTGAAACCGTCTAG Pérez-Losada et al. (2009)
28SR1 CGTTTCGTCCCCAAGGCCTC
AKAP17  AKAP17-F1 AAYTGGGARGTNATGGARAA Round1 Liu et al. 2025a
AKAP17-R1 TCYTTRAACATNARYTTCAT
AKAP17-F2 AARATGATHAARCCNGAYCARTT Round2
AKAP17-R2 GCYTTNACRAANCCCATRTAYTC
FLAD1 FLADI-F1 GGNCCNACNCAYGAYGAYAT Round1
FLDAI1-R1 TTNGGRTGNGTRTTYTCCAT
FLDA1-F2 TGYAARGCNTTYTTYGGNACNGA Round2
FLADI-R2 TTNACNCKCATRAAYTCNGGCCA



http://www.ncbi.nlm.nih.gov/nuccore/PQ288549
http://www.ncbi.nlm.nih.gov/nuccore/PQ432440
http://www.ncbi.nlm.nih.gov/nuccore/PQ278997
http://www.ncbi.nlm.nih.gov/nuccore/PQ288552
http://www.ncbi.nlm.nih.gov/nuccore/PQ432439
http://www.ncbi.nlm.nih.gov/nuccore/PQ288553
http://www.ncbi.nlm.nih.gov/nuccore/PQ432436
http://www.ncbi.nlm.nih.gov/nuccore/PQ288555
http://www.ncbi.nlm.nih.gov/nuccore/PQ432437
http://www.ncbi.nlm.nih.gov/nuccore/PQ452816
http://www.ncbi.nlm.nih.gov/nuccore/PQ452825
http://www.ncbi.nlm.nih.gov/nuccore/PQ288562
http://www.ncbi.nlm.nih.gov/nuccore/PQ288569
http://www.ncbi.nlm.nih.gov/nuccore/PQ432444
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http://www.ncbi.nlm.nih.gov/nuccore/PQ432446
http://www.ncbi.nlm.nih.gov/nuccore/PQ288581
http://www.ncbi.nlm.nih.gov/nuccore/PQ432449
http://www.ncbi.nlm.nih.gov/nuccore/PQ288559
http://www.ncbi.nlm.nih.gov/nuccore/PQ432441
http://www.ncbi.nlm.nih.gov/nuccore/PQ452815
http://www.ncbi.nlm.nih.gov/nuccore/PQ452828
http://www.ncbi.nlm.nih.gov/nuccore/PQ278998
http://www.ncbi.nlm.nih.gov/nuccore/PQ288561
http://www.ncbi.nlm.nih.gov/nuccore/PQ432443
http://www.ncbi.nlm.nih.gov/nuccore/PQ452813
http://www.ncbi.nlm.nih.gov/nuccore/PQ452830
http://www.ncbi.nlm.nih.gov/nuccore/PQ278999
http://www.ncbi.nlm.nih.gov/nuccore/PQ288578
http://www.ncbi.nlm.nih.gov/nuccore/PQ432448
http://www.ncbi.nlm.nih.gov/nuccore/PQ452809
http://www.ncbi.nlm.nih.gov/nuccore/PQ452827
http://www.ncbi.nlm.nih.gov/nuccore/PQ288560
http://www.ncbi.nlm.nih.gov/nuccore/PQ432442
http://www.ncbi.nlm.nih.gov/nuccore/PQ452814
http://www.ncbi.nlm.nih.gov/nuccore/PQ452829
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http://www.ncbi.nlm.nih.gov/nuccore/PQ432447
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http://www.ncbi.nlm.nih.gov/nuccore/PV591013
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Table 3. The COI genetic distance of K2P of groups of DjSC (values in %, and indicate intra-species

genetic distance in parentheses).

Species 1 2 3 4 5 6
1 D. xinjiangensis sp. nov. (0-0.6)
2 D. wuxiensis 18.8-19.3 (0-0.6)
3 D. henanensis 18.9-20.4 20.3-21.3 (0.2-6.9)
4 D. japonicas. s. 17.4-18.3 19.0-19.3 18.9-20.7 (0-0.2)
5  D. sinensis 18.8-19.2 19.5-20.0 17.4-19.8 18.4-19.9 (12.1)
6 D. koreana 17.1-18.1 18.8-19.3 18.6-20.7 9.7-12.2 15.5-16.2 7)

Phylogenetic analyses

Phylogenetic analyses were performed using two datasets. The first dataset comprised
13 protein-coding genes (PCGs) extracted from the mitogenomes of D. xinjiangensis
sp. nov., with two enchytraeid species as outgroups. The second dataset consisted solely
of the 28S gene, with Drawida gisti as the outgroup. Sequences were aligned using
MAFFT (Rozewicki et al. 2019). For both datasets, the best-fit nucleotide substitution
models were selected using jModelTest-NG (Darriba et al. 2020) under the Akaike
Information Criterion (AIC): GTR+I+G4 for PCGs and 28S.

Maximum Likelihood (ML) trees were reconstructed using RAxML 8.2.12 (Stama-
takis 2014) with the GTR+GAMMA model. Nodal support was assessed with 1,000
rapid bootstrap replicates, and only branches with bootstrap values (BV) > 50% were
retained. Bayesian Inference (BI) was conducted in MrBayes 3.2.6 (Ronquist et al.
2012) using Markov Chain Monte Carlo (MCMC) runs of two million generations,
ensuring that the average standard deviation of split frequencies fell below 0.01. The
results of the BI p-files were examined in Tracer v.1.7.5 (Rambaut et al. 2018), and ef-
fective sampling size (ESS) values larger than 200 were accepted. Posterior probabilities
(PP) = 0.95 were considered well-supported. All trees were visualized using FigTree
v1.4.4 (https://tree.bio.ed.ac.uk/software/figtree/).

Molecular species delimitation

Species boundaries were assessed using three molecular delimitation methods: ASAD,
GMYC, and BPP. For single locus analyses, the mitochondrial COI and nuclear
28S genes were analyzed with both ASAP and GMYC. ASAP was performed using
the online portal (https://bioinfo.mnhn.fr/abi/public/asap). For GMYC, ultrametric
trees for COI and 28S were inferred in BEAST v1.7.5 (Drummond et al. 2012)
under a Yule prior and strict clock, with consensus trees summarized in TreeAnnota-
tor; GMYC analysis was then performed using the SPLITS package in R (Ezard et
al. 2017). Multi-locus validation was performed using BPP v2.2 (Yang and Rannala
2010) on the four-gene dataset (COI, 28S, AKAP17, and FLAD1) under the multi-
species coalescent model. Two analyses were conducted: first, an AQO analysis to esti-
mate population size (0) and divergence time (1) using a fixed species tree; second, an


https://tree.bio.ed.ac.uk/software/figtree/
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A10 analysis for species delimitation. Prior settings: 6 ~ G (3, 1000) (mean = 0.003);
root divergence 10 ~ G (3, 2000) (mean = 0.0015); other t parameters assigned a
uniform Dirichlet distribution (Yang 2002, 2015; Rannala and Yang 2003; Flouri
et al. 2018).

Morphological species delimitation

Eight clitellates (CNWN02_01, CNWN02_02, CNWNO02_06, CNWNO02_07,
CNWN14_24, nxGXJ1_1_1, nxGXJ1_1_2 and nxWHS1_1_1) were examined for
both external and internal morphology using a ZEISS stereomicroscope, with im-
ages acquired using ZEN 3.3 pro software. Body length and width were measured
to the nearest 0.1 mm. Specimens preserved weight is provided using electronic
analytical balance. The prostomium, male and female pores, and spermathecal pores
were recorded. Internal structures, including spermathecae, testis sacs and gizzards,
were dissected and sketched for interspecific comparison. Taxonomic identification
followed Blakemore et al. (2014), Michaelsen (1892), and Xu and Xiao (2011). All
measurements were performed on alcohol-preserved specimens. A comparison of
key morphological characters among species of the D. japonica complex is presented

in Table 4.

Results
Taxonomy

Family Moniligastridae Claus, 1880
Genus Drawida Michaelsen, 1900

Drawida xinjiangensis Qiao & Zhao, sp. nov.

https://zoobank.org/F19F3D91-E196-4921-9EC6-C832C8D35CC5

Type specimens. Holotype ¢ Clitellate specimen (34 mm in total length, dis-
sected), Chang’an Road, Shuanghe County, Xinjiang Uygur Autonomous Region,
CHINA, 44.8389°N, 82.3422°E, 1,943 m elev., 21 May 2025, coll. Yufeng Zhang
(CNWNO02_02). Paratypes * Three clitellates (CNWN02_01, CNWNO02_06,
CNWNO02_07), data the same as the holotype. Other specimens ¢ Four clitellates.
One clitellate, Lucaogou Town, Huocheng County, Ili Kazakh Autonomous Prefec-
ture, Xinjiang, CHINA, 44.2728°N, 80.8863°E, 1,857 m elev., 27 May 2025, coll.
Yufeng Zhang (CNWN14_24). Two clitellates (nxGXJ1_1_1, nxGX]J1_1_2), Xiji
County, Guyuan Prefecture, Ningxia, CHINA, 35.9572°N, 105.7928°E, 850 m elev.,
13 Aug 2025, coll. Yanmeng Bi. One clitellate (nxWHS1_1_1), Hongsibao District,
Wuzhong Prefecture, Ningxia, CHINA, 37.3499°N, 106.1385°E, 1,391 m elev., 13
Aug 2025, coll. Yanmeng Bi. All specimens are preserved in C-HLU.
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Diagnosis. Length 33-70 mm, diameter 3.5-5.0 mm, weight 0.10-0.50 g.
Segments numbering 97-148. Prostomium prolobous. Dorsal pores absent. Setae
lumbricine, short, closely paired. Clitellum in X—XIII, white on both sides, dark
brown in the middle, are swollen segments. Spermathecal pores one pair in 7/8, each
pore medial to seta ¢, slit-like. Male pore one pair circularly protruding and close to
seta b in 10/11, with or without genital papillae on the top. Female pore external in-
visible. Genital markings present as small, white, papilla-like protuberances, unpaired
irregularly in VII-X/XI/XIII. Gizzards two to three, round, white, muscular and shin-
ing. Testis sacs one pair, large, each suspended on septum 9/10 or 10/11. Vas deferens
slender and loosely coiled in IX-X, opening ventrally, with a long cylindrical shaped
white prostate gland beside it in X. Spermathecae paired, ampulla globosely, duct mod-
erately long, somewhat tortuous, atrium ellipsoidal or thumb-shaped.

Description. CNWNO02_02: length 34 mm, diameter 5.0 mm, segments num-
ber 97; CNWNO02_01: length 33 mm, diameter 4.5 mm, segments number 139;
CNWNO02_06:length 30 mm, diameter4.0 mm, segments number 111; CNWN02_07:
length 28.5 mm, diameter 3.5 mm, segments number 143; CNWN14_24: length
40 mm, diameter 3.5 mm, segments number 132; nxGXJ1_1_1: length 70 mm, diam-
eter 5.0 mm, segments number 140; nxGXJ1_1_2: length 54 mm, diameter 4.5 mm,
segments number 130; nxWHS1_1_1: length 48 mm, diameter 4.0 mm, segments
number 148. Prostomium prolobous (Fig. 1A). Dorsal pores absent. Head dark blue.
Setae lumbricine, closely paired, ab: cd: aa: be: dd = 1: 0.845: 5.207: 6.418: 21.563
(segment 9) (Fig. 1B, J). Clitellum in X-XIII, white on both sides, dark brown in the
middle, swollen (Fig. 1C). Penes invisible. Spermathecal pores one pair in 7/8, slit-like,
edge slightly wrinkled close to setae ¢ than d. Male pore one pair circularly protruding
and close to setae b in 10/11, at the ventral tip of the protuberance. Female pore exter-
nal invisible. Genital markings present as small, white, papilla-like protuberances, un-
paired irregularly in VII-X/XI/XIII. Preserved specimen light brown, and dark brown
around clitellum.

Internal. Septa 5/6-8/9 thick and muscular, 9/10 thin. Gizzards two or three
in segments XII-XVI or XIII-XVII, round, white, muscular and shining (Fig. 1D).
Hearts are four pairs in VI-IX. Testis sacs one pair, large, oval, each suspended on
septum 9/10 or 10/11, 0.96-1.48 mm in length and 0.67-1.30 mm in width, vas
deferens slender and loosely coiled in IX-X, opening ventrally, with a long cylindrical
shaped white prostate gland beside it in X, standing on the ventral surface (Fig. 1E I).
Prostate gland 0.92-1.67 mm in length, nearly as long as or longer than testis sacs,
0.51-0.64 mm in width. Ovarian chamber absent, the ovaries are exposed, white and
feather-shaped, in front of the gizzard on dorsal side. Ovisacs paired, pale yellow, situ-
ated bilaterally to and overlapping the gizzard, extending posteriorly to XIII-XV, mon-
iliform or narrowed by intersegment septa. Spermathecae paired: ampulla globosely,
situated anteriorly to VIII, 0.48-0.56 x 0.37-0.53 mm; duct moderately long, some-
what tortuous, joining the ental side of the atrium (Fig. 1E, H). Atrium ellipsoidal or
thumb-shaped, 0.37-0.71 x 0.15-0.32 mm.

Etymology. The species name refers to the type locality, Xinjiang, China.



230 Saiyu Qiao et al. / Subterranean Biology 57: 221-240 (2026)

testis sacs

vas deferens

prostate gland

genital
arking

Figure |. Drawida xinjiangensis sp. nov., holotype (ID: CNWNO02_02). A. Ventral view of the prosto-
mium; B, J. Ventral view of male pores, spermathecal pores and genital markings; C. Dorsal view of clitel-
lum region; D. Ventral view of gizzards; E, H. Right spermathecae; F, . Right testis sac, with vas deferens
and prostate gland; G. Ventral view of ovisacs; Scale bars: 0.5 mm (A=C, J); 0.2 mm (D-I).

Distribution. Xinjiang, Ningxia and Gansu (China).

Habitat. Secondary forest and farmland.

Remarks. For the external characters, the new species has a body length of 33—
70 mm, differing from D. wuxiensis and D. henanensis but resembling D. japonica s.
s in length. In body colour, the new species exhibits a brown in alcohol, in contrast
to the dark blue, buff and blotchy olive coloration of D. koreana, D. siemsseni and
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D. impertusa (Hong 2002; Blakemore et al. 2014), as well as the grey body colour of
D. wuxiensis, D. henanensis, D. japonica s. s. and D. sinensis.

For the internal characters, D. xinjiangensis sp. nov. most closely resembles
D. henanensis, D. japonicas. s., D. sinensis and D. wuxiensis, but can be distinguished from
D. wuxiensis by possessing cylindrical-shaped white prostate glands (vs. disc-shaped pros-
tate glands in D. wuxiensis), and it can differ from D. henanensis and D. sinensis by having
large atrium (the atrium of D. henanensis and D. sinensis are small and oval-shaped, The
new species differs from D. japonica s. s. in having slender and loosely coiled vas deferens
(vs. coiled and twisted vas deference in D. japonicas. s.). It is separated from D. sinensis by
its more swollen clitellum and slender, loosely coiled vas deferens (vs. indistinct clitellum
and long, tightly coiled vas deferens in D. sinensis). Furthermore, the new species bears
paired, cylindrical-shaped white prostate glands whose length is nearly equal to or exceeds
that of the testis sacs, with a volume ratio of approximately 1:1. By comparison, this ratio
is 1:3 in D. henanensis, 1:4 in D. wuxiensis, 1:2 in D. japonicass. s., and 3:4 in D. sinensis.

Molecular species delimitation

Three complementary methods—ASAP, GMYC, and BPP—were employed to delimit
molecular operational taxonomic units (MOTUs) (Fig. 2). Analysis of the four-locus
dataset with BPP consistently recovered the five morphologically defined species as
distinct MOTUs. Single-locus analyses of 28S rRNA using both ASAP and GMYC
yielded delimitations fully congruent with the morphological assignments. In con-
trast, COl-based delimitations deviated from morphological boundaries, with ASAP
and GMYC subdividing D. henanensis and D. sinensis into two MOTUs. The K2P
gg2e

COI 285 COI 288

I I |D.japonica
s. s.

HNLN_GR_12_51

HNLN”GR”I3729
HNLN_GR_1253
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Figure 2. Species delimitation of Drawida japonica species complex (DjSC). The bold bars show the spe-
cies taxonomic unit that were delimited by morphological characters and molecular data.
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distances based on COI further supported the genetic integrity of the new species with
the genetic distances between D. xinjiangensis sp. nov. and all other DjSC species fell a
range of between 17.1% and 21.2% (Table 3).

Phylogenetic relationship of DjSC

The mitogenome of the new species, Drawida xinjiangensis sp. nov., was 1,5495—
15,499 bp in length and contained the canonical set of 37 genes: 13 protein-coding genes
(PCGs), two ribosomal RNA genes (rRNAs), 22 transfer RNA genes (tRNAs), and a pu-
tative control region (Fig. 3; Suppl. material 1). Control region (CR) is present in the new
species, with alength 0f 873 bp and located at positions 7,622-8,494 bp in CNWN02_02;
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coxe— Drawida xinjiangensis ‘
Sp. nov. : —rmna

N — S
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\ \\ - rRNAs
== putative
] -

»
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Figure 3. The circular mitogenome of Drawida xinjiangensis sp. nov. The inner circle indicates the GC
content, purple indicates the coverage across the mitogenome, and the outer circle shows the arrangement

of the genes.
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a length of 871 bp and located at positions 7,619-8,489 bp in nxGXJ1_1_1; a length of
873 bp and located at positions 7,618-8,490 bp in nxWHS1_1_1.

Phylogenetic analysis based on the concatenated PCGs (Fig. 4) showed that DjSC
formed a well-supported monophyletic group. Within this clade, the new species,
D. xinjiangensis sp. nov., was recovered as the sister group to D. henanensis with a very
low bootstrap value (BS) of 38%. In contrast, the single-gene phylogeny based on 28S
rRNA (Fig. 5) places D. xinjiangensis sp. nov. as an independent monophyletic lineage,
clearly separated from all other members of DjSC.

Discussion

In this study, an integrative taxonomic approach combining morphological compari-
sons and molecular analyses was used to describe D. xinjiangensis sp. nov. from north-
western China. Morphologically, the new species differs from other members of the
DjSC in body length, body colour, and the relative proportions of the ampulla to
the atrium and the testis sacs to the prostate glands. Molecularly, it is supported as
an independent species by genetic distances of 17.1%-21.2% from all other DjSC
species—well above the 15% inter-specific threshold routinely applied in earthworm
taxonomy (Dong et al. 2019; Chang et al. 2024; Han et al. 2024, 2026; Qin et al.

PZ210304Drawida_xinjiangensis_sp. nov.
100/1 ' PZ099866Drawida_xinjiangensis_sp. nov.
-10.9 PZ210303Drawida_xinjiangensis_sp. nov.
100/1 PQ278996Drawida_henanensis
—‘: PQ278997Drawida_henanensis
PQ279000Drawida_japonica_s. s.
PZ168350Drawida_japonica_s. s. DjSC
PZ168348Drawida_japonica_s. s.
100/ PQ278998Drawida_sinensis
B —:PQZ78999Drawida_sinensis
PX369605Drawida_wuxiensis
100/1 10011} PZ210301Drawida_wuxiensis
| PZ210302Drawida_wuxiensis

1001 [— PX369607 Drawida_gisti
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100/ PV591013Mesenchytraeus_anisodiverticulus
I OP381032Enchytraeus_irregularis

0.1
Figure 4. Phylogenetic trees of Drawida japonica species complex (DjSC) using the maximum likelihood
method and Bayesian Inference based on the PCGs of mitogenomes. Values with a bootstrap value below
50 and a posterior probability lower than 0.80 have been omitted. Orange tips showed the new species.
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Figure 5. Phylogenetic trees of Drawida japonica species complex (DjSC) based on nuclear marker 28S
rRNA using the maximum likelihood method and Bayesian Inference. Numbers near branches indicate
the maximum likelihood bootstrap support/Bayesian posterior probabilities. Bootstrap values and pos-
terior probabilities are indicated on the tree. For clarity, values with a bootstrap value below 50 and a
posterior probability lower than 0.80 have been omitted.

2025; Zhao et al. 2025). This discovery expands the known species diversity of DjSC,
meanwhile, extends the west distribution boundary of moniligastrids into the arid and
semi-arid regions of northwestern China. For now, Moniligastridae occurs in most re-
gions of China except the Qinghai-Tibet Plateau (Xu and Xiao 2011; Shen et al. 2018;
Narayanan et al. 2024; Liu et al. 2025a, 2025b; Qiao et al. 20206).

The mitogenome of D. xinjiangensis sp. nov. contains an ca. 873 bp putative control
region, a feature that contrasts with most previously sequenced DjSC mitogenomes,
where this region is typically absent (Zhang et al. 2016; Qiao et al. 2026). However, we
acknowledge that the assembly of AT-rich repetitive non-coding regions from short-
read data is prone to errors due to sequencing bias and the difficulty in resolving repeti-
tive structures (Aird et al. 2011; Formenti et al. 2021). Therefore, we designated this
region as “putative” and emphasized that its accurate sequence requires independent
validation via Sanger or long-read sequencing in future studies. Importantly, the 13
PCGs used for phylogenetic reconstruction were complete and unaffected by this un-
certainty, ensuring that the core taxonomic conclusions of this study remained robust.

The phylogenetic relationships of D. xinjiangensis sp. nov., D. henanensis, D. sin-
ensis, and D. japonica s. s. are difficult to resolve in both mitogenomic and 28S data-
sets (Figs 4, 5). While the mitochondrial tree places D. xinjiangensis as the sister to
D. henanensis, this node receives very low support (BS = 38%), whereas the nuclear
28S tree recovers the new species as a distinct monophyletic lineage. This mito-nuclear
discordance may be explained by mitochondrial introgression following historical hy-
bridization, incomplete lineage sorting of ancestral polymorphisms (Schmidt et al.
2006; Matsuda et al. 2014; Papakostas et al. 2016), or limited phylogenetic signal
from the mitochondrial genome alone—a phenomenon increasingly documented in
earthworms (Giska et al. 2015; Martinsson and Erséus 2017; Dupont et al. 2022).
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Nevertheless, the well-supported independent lineage in the nuclear tree, together with
stable morphological differences, strongly supports the species status of D. xinjiangen-
sis sp. nov. Future investigations employing whole-genome or reduced-representation
datasets, such as UCE (Ultraconserved Elements), AHE (Anchored Hybrid Enrich-
ment), will be needed to further resolve phylogenetic affinities within the DjSC.

Drawida xinjiangensis sp. nov. is currently known from five localities in arid and
semi-arid northwestern China, each supporting locally humid microhabitats main-
tained by natural features or human intervention. The type locality, Shuanghe City
(northern Tianshan foothills), is a typical oasis fed by glacial meltwater from the Bor-
tala and Jinghe rivers, supplemented by urban water systems (Tian and Xu 2020). The
Alataw Pass, a natural corridor linking China to Central Asia and Europe, supports
humid riparian habitats west of the pass that may facilitate dispersal into Kazakh-
stan. Adjacent regions may also harbour additional undiscovered moniligastrid spe-
cies, warranting further surveys. However, human-mediated introduction cannot be
ruled out, as all known localities are anthropogenically modified (farmlands and urban
green spaces), and earthworms are readily dispersed via agricultural activities. Future
population genomic analyses of natural habitats adjacent to the collection sites will be
required to distinguish natural dispersal from anthropogenic introduction.
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