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Abstract

Two new taxa of the earthworm genus Amynthas Kinberg, 1867 are described from northwestern China:
Amynthas longnanensis sp. nov. from Longnan, Gansu Province, and Amynthas pectiniferus guanzhongensis
ssp. nov. from Weinan, Shaanxi Province. Both belong to the A. sieboldi group, characterized by three
pairs of spermathecal pores in 6/7-8/9. Species delimitation based on COI barcoding (ASAP and GMYC)
and phylogenetic analysis using mitogenomic protein-coding genes (PCGs) support their recognition as
distinct lineages. The mitogenomic phylogeny reveals that the A. sieboldi group as currently defined is not
monophyletic. The new findings fill a distributional gap of Amynthas in northwestern China and provide
new morphological and molecular data for understanding earthworm diversity.
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Introduction

Earthworms play an important role in soil ecosystems, contributing significantly to or-
ganic matter decomposition and nutrient cycling (Edwards et al. 2022; Li et al. 2026).
Among the diverse earthworm taxa, Amynthas Kinberg, 1867 belongs to Megascoleci-
dae Rosa, 1891 and is a typical earthworm of the Oriental and Palearctic realms (Xu
1996). It is also the most widely distributed and species-rich genus in China (Jiang
and Qiu 2018; Han et al. 2024, 2026). The classification system established by Sims
and Easton (1972), centered on the position and number of spermathecal pores, has
provided an important framework for species delimitation within Amynthas. Within
this system, the A. sieboldi group is defined by three pairs of spermathecal pores located
in 6/7-8/9. However, the phylogenetic relationships within this species group have not
been fully tested.

COI barcoding combined with Assemble Species by Automatic Partitioning
(ASAP) (Puillandre et al. 2021) and Generalized Mixed Yule Coalescent (GMYC)
(Nee et al. 1994) species delimitation methods has been widely used for earthworm
species identification (Ferndndez et al. 2012; Novo et al. 2012; Goulpeau et al. 2022;
Liu et al. 2025a, 2025b, 2026; Qiao et al. 2026). However, the standard COI barcode,
with a fragment length of merely 658 bp, exhibits limited resolution in resolving spe-
cific phylogenetic relationships. Consequently, Chang and James (2011) advocated
the incorporation of longer sequences derived from both mitochondrial and nuclear
genomes. Accordingly, concatenated mitogenomic protein-coding genes (PCGs) ex-
ceeding 10 kb in total length have emerged as a robust data for reconstructing high-
resolution phylogenies of earthworms (Zhao et al. 2022, 2025; Sato et al. 2023; Aspe
et al. 2025; Han et al. 2026; Xu et al. 2020).

The megascolecid earthworm fauna of northwestern China (Gansu and Shaanxi
provinces) remains poorly investigated (Gates 1935; Chen et al. 1975, 1995; Feng
1984; Feng and Ma 1987). Integrating morphological examination, COI barcode-
based species delimitation, and mitogenomic phylogenetic analysis, the present
study aims to: (1) describe two new taxa, Amynthas longnanensis sp. nov. and A.
pectiniferus guanzhongensis ssp. nov., both belonging to the A. sieboldi group and
distributed in northwestern China; and (2) elucidate their phylogenetic positions
within this group.

Materials and method

Sampling

Specimens were collected in July 2025 from northwestern China by digging and
hand sorting. They were fixed in 95% ethanol in the field, and subsequently stored at
-20 °C in the laboratory for morphological and molecular analyses. Both type and oth-
er specimens are deposited in Langfang Normal University, Hebei, China (C-HLU).
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Morphological examination

External and internal morphological characters of seven clitellates of A. longnanen-
sis sp. nov. (voucher IDs: L609_03_04-06, 08, 10, 11, L609_19_01) and one cli-
tellate of A. p. guanzhongensis ssp. nov. (voucher ID: L622_10_07) were examined
using a stereomicroscope (ZEISS) and ZEN 3.3 pro software for image capturing
and to aid in identifying and measuring small organs and other characters for mor-
phological analysis.

Body length and diameter were measured. External morphological features (pros-
tomium, dorsal pores, clitellum, setae, genital pores, and genital markers) and internal
morphological structures (septa; digestive organs including gizzard, caeca; and repro-
ductive organs including spermathecae, prostates, testis sacs, seminal vesicles and ac-
cessory glands) were examined and recorded (measurements in mm). Species diagnosis
and taxonomic assignment followed Sims and Easton (1972) and Xu and Xiao (2011).

DNA extraction, amplification, and sequencing

DNA was extracted from tail tissue of eight specimens using the TTANGEN Genomic
DNA Kit (DP304-03, TIANGEN, Beijing, China). The COI barcode was PCR-am-
plified with primers LCO1490 and HCO2198 (Folmer et al. 1994). Reactions (25 uL)
contained 1 pL template DNA, 17.25 pL. ddH,O, 2.0 uL dNTPs, 2.5 pL buffer, and
0.25 pL Easy Taq Polymerase (TransGen Biotech, Beijing, China), and 1.0 pL of each
primer. Cycling conditions: 1 cycle of 95 °C for 5 min; 35 cycles of 95 °C for 30 s,
51 °C for 30 s, and 72 °C for 30 s; and 1 cycle of 72 °C for 5 min. PCR products
were sequenced by Tianyi Huiyuan Biotechnology (Beijing, China) and deposited in
GenBank (accession numbers in Table 1).

Nine COI sequences from five morphologically similar species were downloaded
from GenBank for comparative analyses (Table 1). Genetic distances were calculated
under the Kimura 2-parameter (K2P) model (Kimura 1980) implemented in MEGA
5 (Tamura et al. 2011).

Total DNA of both L609_03_05 and 1.622_10_07 was subjected to paired-end
150-bp sequencing on the DNBSEQ-T7 platform (NovoGene, Beijing, China).
Clean reads were obtained following the filtering protocol of Zhao et al. (2022), and
mitogenomes were subsequently assembled, annotated, and mapped using MitoZ v2.4
(Meng et al. 2019) with manual curation. Annotated sequences were deposited in

GenBank (Table 1).

Molecular species delimitation analyses

Preliminary species delimitation was performed on the COI marker using two com-
plementary methods: ASAP (distance-based) and GMYC (phylogenetic). ASAP au-
tomates species boundary detection by identifying unique barcode gaps, i.e., thresh-
olds of genetic distance, and is distinguished by high computational speed and low
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Table I. Specimens information provided and available online molecular data analyzed in this study.

Specimen ID Species Genetic Marker Accession No. References
1609_03_04-06, 08,10,  A. longnanensis sp. nov. COI PX978851-PX978857 This study
11, L609_19_01
1622_10_07 A. pectiniferus guanzhongensis ssp. nov. COI PZ131133 This study
- A. epigenus COI KF205422 Sun et al. 2022
- A. szechuanensis COI KF205477 Sun 2013
- A. leshanensis COI KF205474 Sun etal. 2016
- A. moniliatus COI KT429020 Zhang etal. 2016
- A. moniliatus COI PV871405 unpublished
- A. moniliatus COI PV871437 unpublished
- A. pectiniferus CoI PX923720 unpublished
- A. pectiniferus COI PX923721 unpublished
- A. pectiniferus COI PX923722 unpublished
L609_03_05 A. longnanensis sp. nov. mitogenome PZ131134 This study
1622_10_07 A. pectiniferus guanzhongensis ssp. nov. mitogenome PZ131133 This study
- A. carnosus mitogenome KT429008 Zhang etal. 2016
- A. hupeiensis mitogenome KT429009 Zhang et al. 2016
- M. guillelmi mitogenome KT429017 Zhang etal. 2016
- A. pectiniferus mitogenome KT429018 Zhang etal. 2016
- A. morrisi mitogenome KT429011 Zhang etal. 2016
- A. robustus mitogenome KT429019 Zhang etal. 2016
- A. schmardae mitogenome KT429015 Zhang etal. 2016
- A. triastriatus mitogenome KT429016 Zhang etal. 2016
- A. cucullatus mitogenome KT429012 Zhang etal. 2016
- A. redactus mitogenome KT429010 Zhang etal. 2016
- A. moniliatus mitogenome KT429020 Zhang etal. 2016
- A. spatiosus mitogenome KT429013 Zhang et al. 2016
- A. rongshuiensis mitogenome KT429014 Zhang etal. 2016

M. wenanensis mitogenome PX369608 Liu et al. 2026
M. sanmingensis mitogenome PZ099867 Liu et al. 2026
M. rschiliensis mitogenome PP507116 Liu etal. 2026
M. liaoningensis mitogenome PP504837 Zhao et al. 2025
M. vulgaris mitogenome KJ137279 Zhang etal. 2016
A. aspergillum mitogenome KJ830749 Zhang etal. 2016
M. californica mitogenome KP688581 Zhang etal. 2015
A. gracilis mitogenome KPG688582 Zhang etal. 2015
A. longisiphonus mitogenome KM199289 Zhang etal. 2015
A. corticis mitogenome KM199290 Zhang etal. 2015
A. jiriensis mitogenome KT783537 Hong etal. 2017
M. posthuma mitogenome MW222472 Yu et al. 2022

A. dandongensis mitogenome PV588238 Han etal. 2026
A. deogyusanensis mitogenome OK558822 Koo and Hong 2023
A. seungpanensis mitogenome OL321943 Kim and Hong 2022
A. yunoshimensis mitogenome LC726527 Sato et al. 2023
A. sieboldi mitogenome LC726497 Sato et al. 2023
Perionyx excavatus mitogenome EF494507 Kim et al. 2005
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mismatch susceptibility, as it bypasses tree reconstruction (https://bioinfo.mnhn.fr/
abi/public/asap). GMYC distinguishes species by fitting a Yule diversification model
to interspecific branching and a neutral coalescent model (Hudson 1991) to intraspe-
cific branching patterns. For GMYC, ultrametric trees were constructed in BEAST
v1.7.5 under a Yule process tree prior and a lognormal relaxed clock, processed with
TreeAnnotator, analyzed in R (splits v1.0-19 Package), and visualized in FigTree v1.4.2
(http://tree.bio.ed.ac.uk/software/figtree/).

Phylogenetic analysis

Mitogenomic data from 33 earthworm taxa were used to infer the phylogenetic place-
ment of A. longnanensis sp. nov. and A. p. guanzhongensis ssp. nov. relative to allied taxa,
with Perionyx excavatus Perrier, 1872 as the outgroup (accession numbers in Table 1). 13
PCGs were extracted from each mitogenome using the script of gbseqextractor_v2.sh
(Meng et al. 2019). Phylogenetic analyses were conducted under maximum likelihood
(ML) and Bayesian inference (BI) frameworks. ML trees were inferred in RAxXML 8.0
(Stamatakis 2014) using the rapid hill-climbing algorithm with the GTRGAMMAI
model, and nodal support was assessed via 1,000 rapid bootstrap replicates. For BI,
two million Markov chain Monte Carlo (MCMC) generations were run in MrBayes
v.3.2.6 (Ronquist et al. 2012), with runs terminated once the average standard devia-
tion of split frequencies fell below 0.01. The best-fit nucleotide substitution model
(TPM2uf+1+G) was selected using jModelTest 2.1 (Darriba et al. 2012) under the
Akaike Information Criterion.

Results
Taxonomy

Family Megascolecidae Rosa, 1891
Genus Amynthas Kinberg, 1867

Amynthas longnanensis Liu & Zhao, sp. nov.
hteps://zoobank.org/BOE3483E-72CD-413B-91F4-012494A53106
Figs 1, 3-5

Material examined. Holotype * One clitellate (L609_03_05), Cheng County, Long-
nan Prefecture, Gansu Province, China, 25 July 2025, leg. Hao Zhang and Mengyu
Ren. Paratypes * Six clitellates: five specimens (L609_03_04, 06, 08, 10, 11) with the
same data as the holotype; and one specimen (L609_19_01), Hui County, Longnan
Prefecture, Gansu Province, China, 26 July 2025, leg. Congsheng Li and Ye Chen. All
type and non-type specimens are deposited in C-HLU.
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Diagnosis. Big size. Brown when preserved in alcohol. Prostomium epilobous
(Fig. 1A). Clitellum in XIV-XVI, annular, dorsal pore absent, setae absent. Setae per-
ichaetine arrangement. First dorsal pore 12/13 (Fig. 1B). Spermathecal pores three
pairs in 6/7-8/9, lateral, slit-like (Fig. 1D, L, N). Female pore medio-ventral in XIV,
single (Fig. 1C). Male pores paired in XVIII (Fig. 1], P-S). Genital markings present,
two pairs of ventral papillae presetal on segments VII and VIII; one pair postsetal
on segment VIII, closer to the ventral midline than anterior pairs (Fig. 1D, L, N).
Gizzard in VIII-X (Fig. 1E). Paired intestinal caeca in XXVII, extending forward to
segment XXIII, with 5 (rarely 6) secondary caeca, the ventral-most one being the long-
est (Fig. 1M, O). Spermathecae three pairs in VII-IX (Fig. 1G, K). Accessory glands
clustered, sessile (Fig. 1H). Seminal vesicles in XI-XII, separate ventrally (Fig. 1I). A
pair of prostate glands well-developed, in segments XVI-XXII, follicular, with a thin
U-shaped prostatic duct (Fig. 1F).

Description. External characters. Length 112-169 mm, diameter 6-8 mm,
number of segments 67—107. In alcohol, anterior region darker brown dorsally, paling
ventrally to yellowish-brown; posterior region palest, pale brownish-yellow; clitellum
lightest, grayish-white. Prostomium epilobous. First dorsal pore 12/13. Clitellum an-
nular in XIV-XVI, smooth, swollen, setae absent, dorsal pore absent. Setae perichae-
tine arrangement; setaec number 64—77 at V, 74-88 at XII, 80-83 at XX, 16-18 be-
tween male pores, setal formula AA = 1.1-1.6AB, ZZ = 1.2-1.5YZ.

Spermathecal pores three pairs in 6/7-8/9, intersegmental, lateral, about 0.5 cir-
cumference ventrally apart. Opening a small labiform slit, with slightly glandular-
swollen perimeter. Pre-clitellar genital markings present. Two papillae pairs presetal
on VII and VIII, ventrolateral, small and circular, approximately 7.2 mm from ventral
midline; one pair postsetal on VIII, ventral, slightly larger and elliptical, approximately
6.5 mm from ventral midline.

Male pores paired in XVIII, about 0.24 circumference ventrally apart, each pore
opens upon a large tuberculum, with two or three extremely minute, circular papillae
on their lateral sides. With male pores papillae closely arranged; when two, superposed,
in figure-8 pattern; when three, arranged in triangle, one at each vertex. Female pore
single, on mid-ventral line in XIV.

Internal characters. Septa 8/9-9/10 absent, 4/5-7/8 and 10/11-12/13 thick-
ened and muscular, 13/14-15/16 thicker than those following. Dorsal blood ves-
sel single, continuous onto pharynx; esophageal hearts four pairs in X—XIII, the
first pair less developed than the others, and the posterior two pairs being thicker.
Subspherical gizzard with equatorial constriction within VIII-X. Intestine enlarged
from XV. Intestinal caeca complex, paired originating in XXVII and extending
anteriorly to XXIII, dorsally with five (rarely six) secondary caeca, the ventral-most
being the longest.

Testis sacs in X and XI, oval, separated ventro-medially. Seminal vesicles two pairs
in XI and XII, well developed, both connected ventro-medially with a slim tube. Pros-
tate gland paired in XVI-XXII, lobed, well developed, distal end of a small inverted
U-shaped duct stout, in XVIII.
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receptacle

amp duct

Figure 1. Amynthas longnanensis sp. nov. (L609_03_05). A. Prostomium; B. Dorsal pores; C. Female
pore; D. Ventral view of the spermathecal pores region; E. Gizzard; F. Left prostate gland; G. Right sper-
mathecae; H. Accessory gland; I. Seminal vesicles; J. Ventral view of male pores; K. Line drawing of right
spermathecae; L. Right spermathecal pores and genital markings; M. Right intestinal caeca; N. Line draw-
ing of right spermathecal pores and genital markings; O. Line drawing of right intestinal caeca; P. Right
male pore; Q. Right male pore (L609_03_11); R, S. Line drawing of right male pore. Abbreviations: amp
= Ampulla; div = Diverticulum; dp = Dorsal pore; fp = Female pore; gm = Genital marker; mp = Male pore;
p = Prostomium; prg = Prostate gland; sp = Spermathecal pore; sv = Seminal vesicles. Scale bars: 1 mm.
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Spermathecae three pairs in VII-IX, well developed, big. Ampulla ovate, wrin-
kled, 3.50-4.30 mm long, 3.07-3.45 mm wide; ampulla ducts short and stout,
1.21-1.32 mm long, 0.67-0.89 mm wide. Diverticulum subequal to ampulla, stalk
1.56-2.29 mm long, receptacle 3.03—3.64 mm long. Receptacle full, fusiform (club-
shaped, slightly enlarged medially), surface smooth. Accessory glands clustered, sessile,
adherent to body wall.

Etymology. The specific name of the species refers to the type locality in Longnan
Prefecture, Gansu Province.

Distribution. Northwest China (Gansu).

Habitats. Forest.

Remarks. A. longnanensis sp. nov. belongs to the A. sieboldi group within the spe-
cies groups of Sims and Easton (1972). The new species is similar to A. pectiniferus
(Michaelsen, 1931), which is distributed in southeastern China (Jiangsu, Zhejiang, An-
hui, Jiangxi) (Xu and Xiao 2011). Both species share the epilobous prostomium, the first
dorsal pore opening in 12/13, three pairs of spermathecal pores in 6/7-8/9, three pairs
of papillae on VII-VIII (Chen 1959), and caeca complex with 5—6 pectinate branches.
However, the new species is shorter in body length, primarily brown in color; with 2-3
papillae located laterally to the male pores, arranged in an “8”-shaped or triangular pat-
tern, each positioned at the corners of the triangle; the spermathecal pores are lip-shaped
slits. In contrast, A. pectiniferus is larger, with a deep purple or purplish-red dorsum and
lateral sides; it bears 3—4 papillae laterally to the male pores arranged in a rectangular
pattern, each at the corners of the rectangle; the spermathecal pores are rather large,
cross-shaped slits (Xu and Xiao 2011). Internally, the accessory glands of the new species
appear as wart-like protrusions without cord-like short ducts; the diverticula are similar
in length to the spermathecae. In A. pectiniferus, the accessory glands possess cord-like
short ducts, and the diverticula are longer than the spermathecae (Xu and Xiao 2011).

Furthermore, the new species is further distinguished from A. szechuanensis (Chen,
1931), A. leshanensis Sun, 2016, and A. daulis (Zhong & Ma, 1979). It is similar in
body size to A. szechuanensis but larger than A. leshanensis and A. daulis. The first
dorsal pore is located at 12/13 (vs. 11/12 in A. szechuanensis and A. leshanensis; 4/5 or
11/12-12/13 in A. daulis).

The new species possesses three pairs of pre-clitellar papillae in the spermathe-
cal pore region, which are absent in the other three species. Post-clitellar papillae are
present in all except A. leshanensis: 2-3 very small, round papillae lateral to the male
pores in the new species; five small round papillae or a large horseshoe-shaped papilla
irregularly arranged around the male pores in A. szechuanensis; and a pair posterior to
the setae on XVII in A. daulis.

All four species have manicate intestinal caeca, but differ in structure: 5-6 long
lobes, the longest ventral in the new species; 12—15 dorsally split, finger-like small sacs
in A. szechuanensis; three finger-like sacs in A. leshanensis; and 4-7 dorsally arranged
finger-like small sacs in A. daulis. Additionally, the diverticula are approximately as
long as the spermathecal sacs in the new species, but shorter in the other three species

(Table 3) (Chen 1959; Zhong and Ma 1979; Sun et al. 2016).
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Amynthas pectiniferus guanzhongensis Liu & Zhao, ssp. nov.
https://zoobank.org/4A916E26-230A-4E90-93CB-7FC885DADC2D
Figs 2-5

Material examined. Holotype * One clitellate (L622_10_07), collected in Huazhou
Park, Weinan Prefecture, Shaanxi Province, 2025-07-16, collected by Yufeng Zhang,
Ye Chen and Mengyu Ren. The holotype is preserved in C-HLU.

Diagnosis. Medium size. Brown when preserved in alcohol. Prostomium epi-
lobous (Fig. 2A). Clitellum in XIV=XVI, annular, dorsal pore present, setae absent.
Setae perichaetine arrangement. First dorsal pore on 13/14 (Fig. 2B). Spermathecal
pores three pairs in 6/7-8/9, lateral, eye-like (Fig. 2D, N). Female pore medio-
ventral in XIV, single (Fig. 2C). Male pores paired in XVIII (Fig. 2], K). Genital
markings present, two pairs of ventral papillae presetal on VII and VIII; one pair
postsetal on VIII, closer to the ventral midline than anterior pairs (Fig. 2D, N).
Gizzard in VIII-X (Fig. 2E). Paired intestinal caeca in XXVII, extending forward
to segment XXIV, with 5 secondary caeca, ventral-most longest (Fig. 2L, M). Sper-
mathecae three pairs in VII-IX (Fig. 2G, O). Accessory glands with cord-like short
tubes (Fig. 2H). Seminal vesicles in XI-XII, separate ventrally (Fig. 2I). Prostate
glands paired well-developed, in segments XV-XX, follicular, with thin U-shaped
prostatic duct (Fig. 2F).

Description. External characters. Length 107 mm, diameter 6 mm, number of
segments 107. In alcohol, clitellum and preclitellar dorsum dark brown, postclitellar
dorsum yellowish-brown, venter yellow. Prostomium epilobous. First dorsal pore on
13/14. Clitellum annular in XIV-XVI, smooth, swollen, dorsal pore present, setae
absent. Setae perichaetine arrangement; setae number 55 at V, 69 at XII, 60 at XX, 12
between male pores, setal formula AA = 1.2AB, ZZ = 2.7YZ.

Spermathecal pores three pairs in 6/7-8/9, intersegmental, lateral, about 0.5 cir-
cumference ventrally apart. Eye-like, with slightly glandular-swollen perimeter. Pre-
clitellar genital markings present, three pairs of papillae on VII and VIII, small and
circular. Two pairs presetal on VII and VIII respectively, ventrolateral, approximate-
ly 3.9 mm from ventral midline; one pair postsetal on VIII, ventral, approximately
2.7 mm from ventral midline.

Male pores paired in XVIII, about 0.24 circumference ventrally apart, male pore
field swollen. Male pores laterally covered by saccular skin fold. Longitudinal slit pre-
sent medially in each male pore field, with tongue-shaped papilla protruding from slit.
Female pore single, on mid-ventral line in XIV.

Internal characters. Septa 8/9-9/10 absent, 4/5-7/8 and 10/11-12/13 thickened
and muscular, 13/14-15/16 thicker than following. Dorsal blood vessel single, con-
tinuous onto pharynx; esophageal hearts four pairs in X—XIII, first pair less devel-
oped than others. Gizzard fusiform in VIII-X, laterally constricted, centrally dilated.
Intestine enlarged from XV. Intestinal caeca complex, manicate, paired originating
in XXVII and extending anteriorly to XXIV, dorsally with five secondary caeca, the
ventral-most longest, 2" and 5" extremely short; 1%, 3* and 4" with undulate margins.
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amp duct  stalk

Figure 2. Amynthas pectiniferus guanzhongensis ssp. nov. (L622_10_07). A. Prostomium; B. Dorsal
pores; €. Famale pore; D. Ventral view of the spermathecal pores region; E. Gizzard; F. Right prostate
gland; G. Left spermathecae; H. Accessory gland; I. Seminal vesicles; J. Ventral view of male pores;
K. Line drawing of right male pore; L. Right intestinal caeca; M. Line drawing of right intestinal caeca;
N. Line drawing of right spermathecal pores and genital markings; O. Line drawing of left sperma-
thecae. Abbreviations: amp = Ampulla; div = Diverticulum; dp = Dorsal pore; fp = Female pore; gm =
Genital marker; mp = Male pore; p = Prostomium; prg = Prostate gland; sp = Spermathecal pore; sv =

Seminal vesicles. Scale bars: 1 mm.
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Testis sacs in X and XI, oval, separated ventro-medially. Seminal vesicles two pairs
in XTI and XII, well developed, both connected ventro-medially with slim tube. Pros-
tate gland paired, lobed, well developed, left in XV-XX, right slightly posterior in
XVI-XX. Distal end of small, inverted U-shaped duct stout, located in XVIII.

Spermathecae three pairs in VII-IX, well developed. Ampulla nearly elliptical,
full, 2.2 mm long, 1.6 mm wide; ampulla ducts short, cylindrical, 1.0 mm long,
0.5 mm wide. Diverticulum longer than ampulla, stalk 1.9 mm long, v-shaped; re-
ceptacle slightly enlarged, clavate, 2.5 mm long, full, surface smooth. Accessory glands
with cord-like short tubes.

Etymology. The specific name refers to the type locality, Weinan Prefecture,
Shaanxi Province, which located in the Guanzhong region of China.

Distribution. China (Shaanxi).

Habitats. Lawn.

Remarks. The new subspecies closely resembles A. pectiniferus in body dimen-
sions, epilobic prostomium, papillar arrangement (two pairs presetal on VII-VIII and
one pair postsetal on VIII), and accessory glands bearing short cord-like tubes. It dif-
fers externally in its yellowish dorsal coloration (vs. dark purple or purplish red in
A. pectiniferus) and in having the first dorsal pore at 13/14 (vs. 12/13). Both taxa
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Figure 3. Species delimitation of A. longnanensis sp. nov., A. pectiniferus guanzhongensis ssp. nov. and
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other A. sieboldi group species. MORPHO, morphological classification result; ASAP (automated barcode
gap discovery) and GMYC (generalized mixed Yule coalescent model) based on COI sequences.
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Figure 5. Phylogenetic relationships of Amynthas longnanensis sp. nov., Amynthas pectiniferus guanzhongensis
ssp. nov. and other species base on 13 coding genes of mitogenome. Numbers near branches indicate the maxi-
mum likelihood bootstrap support/Bayesian posterior probabilities. Red tips indicate the newly sequenced taxa.

possess three pairs of spermathecae in VII-IX with club-shaped, smooth diverticula
exceeding the ampulla in length. However, the ampulla duct is approximately half the
ampulla length in the new subspecies (ratio ~1:2), whereas it is subequal to the ampulla
in A. pectiniferus (ratio ~1:1). Furthermore, the stalk is medially folded and V-shaped
in the new subspecies, but naturally curved without folding in A. pectiniferus. The in-
testinal caeca of both taxa are complex, each with five branches originating in XXVII
and extending anteriorly to XXIV. In A. p. guanzhongensis ssp. nov., the caeca are pin-
nate with complex folds: the 1%, 3 and 4™ branches bear undulate margins, while the
2" and 5™ are extremely short. In contrast, the caeca of A. pectiniferus are digitate with
smooth surfaces and even margins, with only the second branch shortened (Table 3).

Molecular species delimitation

The K2P analysis based on the COI gene reveals that the intraspecific genetic distance
of A. longnanensis sp. nov. ranges from 0 to 2.1%. The interspecific genetic distance
between the new species and the other species in the A. sieboldi species group ranges
from 12.9% (compared to A. pectiniferus) to 20.7% (compared to A. szechuanensis).



152

Qingyu Liu et al. / Subterranean Biology 57: 139-159 (2026)

The interspecific genetic distance between A. p. guanzhongensis ssp. nov. and A. pec-
tiniferus is 10.1% (Table 2).

ASAP and GMYC both employing the COI gene delineate species into seven
Molecular Operational Taxonomic Units (MOTUs), which corresponds to mor-
phological classification (Fig. 3). All three methods display high consistency in the

Table 2. K2P distances of COI of A. longnanensis sp. nov. and A. p. guanzhongensis ssp. nov. with other mem-

bers of the A. sieboldi species group. Bold values indicate intraspecific or intrasubspecific genetic distances.

Species 1 2 3 4 5 6 7
1 A pectiniferus guanzhongensis ssp. nov. 0 - - - - - -
2 A. longnanensis sp. nov. 13.0-14.7%  0-2.1% - - - - -
3 A. epigenus 18.4% 13.5-14.8% 0 - - - -
4 A moniliatus 18.9-19.1% 15.6-17.2% 16.3-16.6%  0-0.2% - - -
5 A. pectiniferus 10.1% 12.9-14.5% 14.5% 15.2-15.5% 0 -
6 A. szechuanensis 21.0% 20.2-20.7% 20.7% 20.5% 18.6% 0
7 A leshanensis 19.3% 18.3-19.1% 18.9% 19.9% 19.6% 16.5% 0
Table 3. Comparison of species belonging to the A. sieboldi species group.
A. pectiniferus
Description ~ “* l”s’;g’l’":":m" g e f s A. pectiniferus  A. szech A lesh A. daulis
ssp. nov.
Colour brown brown dark purple dark purple light taupe light brown
Length (mm) 112-169 107 100-150 85-220 91 49-93
Width (mm) 6-8 6 5-9 49 3.8 2.5-3.5
Number of 67-107 107 64-106 60-135 120 61-105
segments
Prostomium epilobous epilobous epilobous 2/3 epilobous 1/2 epilobous 1/2 epilobous
First dorsal pore 12/13 13/14 12/13 11/12 11/12 4/5 (or 11/12 or
12/13)
Setae AA = 1.1-1.6AB AA = 1.2AB AA > AB - AA = 1-1.2AB AA =1.2AB
77 =12-15YZ 77=27YZ Z7Z>YZ 77 =2-22YZ ZZ=15-2YZ
Setae between 16-18 23 20-36 15-22 7 -
male pore
Spermathecal pore 1/2C 1/2C 3/7C - 2/5C 1/2C
distance apart
Pre-clitellum present present present absent absent absent
genital marker
Post-clitellum present present present present absent present
genital marker
Spermathecae diverticulum diverticulum diverticulum diverticulum diverticulum diverticulum
subequal to longer than longer than shorter than shorter than shorter than
ampulla ampulla ampulla ampulla ampulla ampulla
Accessory glands sessile with short ducts  with short ducts - absent clustered
Prostate gland XVI-XXI (XXII) XVI-XXIII - - 1/2XVI-XXI XVI-XXII
Gizzard VIII-X VIII-X - - VIII-X -
Caeca XXVII-XXTII XXVII-XXTV XXVII-XXIV XXVII-XX XXVII-XXTV XXVII-XXTII
Number of caeca 5-6 5 5 12-15 3 4-7

sacs
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delimitation of A. longnanensis sp. nov. designating it as a single MOTU distinct from
other species. Therefore, A. longnanensis sp. nov. is recognized as a distinct new species
within the A. sieboldi group, separating it from the other members.

Mitogenome characterization

The complete mitogenomes of A. longnanensis sp. nov. (15,114 bp; holotype
L609_03_05) and A. p. guanzhongensis ssp. nov. (14,571 bp; holotype L622_10_07)
are shown in Fig. 4. Both comprise 37 genes: 13 PCGs, two ribosomal RNA genes,
and 22 transfer RNA genes. Their gene arrangements are identical to that of other
members of the A. sieboldi group and other megascolecids (Zhang et al. 2016).

Phylogenetic analysis

Combining publicly available data, the 13 PCGs revealed the phylogenetic relation-
ships of A. longnanensis sp. nov. and A. p. guanzhongensis ssp. nov. with other spe-
cies of the A. sieboldi group (Fig. 5). The resulting phylogenetic tree showed that
A. pectiniferus, A. moniliatus, A. longnanensis sp. nov., and A. p. guanzhongensis ssp.
nov. formed a strongly supported monophyletic clade (bootstrap value = 92%, poste-
rior probability = 100%), whereas A. yunoshimensis (Hatai, 1930) and A. sieboldi clus-
tered outside this clade. This finding indicates that the A. sieboldi group as currently
defined is not monophyletic. Within the main clade, both A. longnanensis sp. nov. and
A. p. guanzhongensis ssp. nov. represent distinct lineages clearly separated from the oth-
er two species, supporting their status as new species/subspecies. Amynthas pectiniferus
and A. p. guanzhongensis ssp. nov. are resolved as sister lineages, which together form a
clade sister to A. longnanensis sp. nov., with A. moniliatus occupying the basal position.

Discussion

Species assignment

Morphologically, A. longnanensis sp. nov. exhibits stable differences from A. pectinifer-
us, A. szechuanensis, A. leshanensis, and A. daulis in characters such as the position of
the first dorsal pore, the arrangement of papillae lateral to the male pores, and the mor-
phology of the intestinal caeca (Table 3). Meanwhile, A. pectiniferus guanzhongensis ssp.
nov. shows stable differences from A. pectiniferus in the segment of the first dorsal pore,
the ratio of the spermathecal ampulla duct to the ampulla, and the morphology of the
caeca. At the molecular level, COI genetic distances and species delimitation analyses
(ASAP/GMYC) support both as distinct MOTUs (Fig. 3), and the phylogenetic re-
sults show that each forms a monophyletic branch, fully consistent with the morpho-
logical identification (Fig. 5). Collectively, the evidence confirms the taxonomic status
of these two new taxa.
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Longnan: a geographically distinct taxonomic blank

Longnan region is located at the southern foot of the western Qinling Mountains, at
the intersection of the Qinghai-Tibetan Plateau, the Loess Plateau, and the Qinling
Mountains. It is also a transitional zone between the Oriental and Palaearctic realms
(Zhang 1999). Theoretically, such an ecotone should be a hotspot for speciation (Schil-
thuizen 2000). However, the faunal survey of megascolecids in this region has long
been a blank. Prior to the report of A. longnanensis sp. nov. in this paper, no Amynthas
species had ever been formally recorded from Longnan or the entire Gansu Province.
Compared with that of the adjacent province of Sichuan, which is also located in the
transitional zone and has yielded 28 Amynthas species (Chen 1946; Sun 2013; Sun et
al. 2018; Dong et al. 2025; Ren et al. 2025), the record of Amynthas species in Gansu
shows a striking contrast. The discovery of A. longnanensis sp. nov. represents the first
new Amynthas species recorded from Gansu Province, filling a distributional gap of the
genus in the Longnan area and suggesting that more undiscovered Amynthas species
may exist in this transitional zone.

Pleistocene climate oscillations as a driver of allopatric differentiation in
megascolecids

Amynthas pectiniferus exhibits a broad distribution across southeastern China, encom-
passing Jiangsu, Zhejiang, Anhui, and Jiangxi provinces (Xu and Xiao 2011). By con-
trast, A. p. guanzhongensis ssp. nov. was collected in Weinan in Shaanxi Province, situ-
ated at the northern foothills of the Qinling Mountains within the Weihe River Valley.
The two taxa are thus separated by a substantial geographic distance.

The Pleistocene epoch (ca. 2.58-0.0117 million years ago) was marked by recur-
rent alternations between glacial and interglacial periods (Crucifix 2012), during which
climate oscillated between cold—arid and warm—humid conditions. In the East Asian
monsoon domain, interglacial phases were characterized by intensified monsoons de-
livering warm, humid climates, whereas glacial periods featured weakened monsoons
and cold, arid conditions (Yang et al. 2019). Megascolecids are strictly moisture-de-
pendent and highly sensitive to desiccation (Kaneda 2023). Accordingly, humid inter-
glacial intervals likely provided dispersal corridors connecting suitable habitats, there-
by facilitating population migration. Conversely, arid glacial periods rendered lowland
plains inhospitable, obstructing gene flow and fostering geographic isolation. These
recurrent Pleistocene climatic oscillations thus triggered successive cycles of dispersal,
isolation, and differentiation. The disjunct distribution pattern—A. pectiniferus be-
ing widespread across southeastern China versus A. p. guanzhongensis ssp. nov. being
restricted to Weinan—Ilikely reflects divergence driven by Pleistocene glacial-intergla-
cial climatic fluctuations. Consequently, the morphological differences between the
new subspecies and the nominate subspecies presumably reflect prolonged geographic
isolation and the progressive accumulation of genetic differentiation under recurrent
Pleistocene climatic oscillations.
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Future work

The present distribution patterns rely on limited sampling. Earthworm surveys in Gan-
su and Shaanxi provinces remain fragmentary, and regional Amynthas diversity is likely
underestimated. Future surveys in northwestern China, combining morphological and
molecular data, should clarify species composition, distribution boundaries, and phy-
logenetic relationships of the genus.

Conclusions

Integrating morphological and molecular species delimitation (ASAP/GMYC), and mi-
togenomic evidence, this study describes A. longnanensis sp. nov. (Longnan, Gansu) and
A. p. guanzhongensis ssp. nov. (Weinan, Shaanxi). Both are assigned to the A. sieboldi
group, yet mitogenomic data reveal its non-monophyly. These discoveries contribute
novel morphological and molecular data on earthworm diversity in northwestern China.
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