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Abstract. The blind centipede genus Scolopocryptops Newport, 1844 comprises two lineages: the 
“Asian/North American” group and the “Neotropical/Afrotropical” group. The former can be further split 
into two groups, a clade comprising Scolopocryptops elegans (Takakuwa, 1937) and Scolopocryptops 
curtus (Takakuwa, 1939), and a clade comprising all other “Asian/North American” species. Here, 
Scolopocryptops miyosii sp. nov. from Kyushu and Amami Island and Scolopocryptops brevisulcatus 
sp. nov. from Izena Island and Okinawa Island in southern Japan are described. The two new species 
have external features similar to S. elegans and S. curtus. They can be distinguished from most other 
“Asian/North American” Scolopocryptops by the absence of complete sulcus/sulci along the lateral 
margin of the cephalic plate and the presence of sternal longitudinal sulci. They can be distinguished 
from each other by several external features, such as the density of antennal setae and the shape of the 
anterior margin of the coxosternite. Phylogenetic analyses using nuclear and mitochondrial markers 
also support the monophyly of the four species, which form a clade sister to all other “Asian/North 
American” Scolopocryptops. 

Keywords. Allopatric distribution, Asian/North American group, Japanese Archipelago, Ryukyu 
Islands, species delimitation.
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Introduction
Centipedes of the genus Scolopocryptops Newport, 1844 are blind species that mostly inhabit the forest 
litter layer. Scolopocryptops currently consists of 31 species and subspecies distributed in southern 
Canada, USA, Mexico, Central America, the Antilles, South America, West Africa, China, Japan, Korea, 
Taiwan, and Vietnam; they have also been documented in India, the Philippines, Indonesia, New Guinea 
and Fiji (Chagas-Jr. et al. 2023; Le et al. 2023). The genus comprises two distinct lineages: the “Asian/
North American” group and the “Neotropical/Afrotropical” group (Chagas-Jr. 2008; Edgecombe et al. 
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2012; Vahtera et al. 2013). Both morphological and molecular data suggest that the Asian/North American 
Scolopocryptops can be further divided into two groups: a clade comprising S. elegans (Takakuwa, 
1937) and S. curtus (Takakuwa, 1939), which is endemic to Far East Asia, and a clade consisting of 
the rest of the Asian/North American species (Jonishi & Nakano 2022). Scolopocryptops elegans and 
S. curtus share two characters that distinguish them from most other Asian/North American species, i.e., 
the absence of complete sulcus/sulci along the lateral margin of the cephalic plate and the presence of 
sternal longitudinal sulci (Takakuwa 1937, 1939, 1940; Chao & Chang 2008; Jonishi & Nakano 2022). 
Other features shared by these two species include their large body size, reddish body color, and the lack 
of a transparent margin on the dorsal brush of article 3 of the second maxilla (Jonishi & Nakano 2022).

Scolopocryptops elegans, described from Shikoku, Japan, has been widely documented in the Japanese 
Archipelago, Izu Islands, and the Ryukyu Islands (Takakuwa 1937; Shinohara 1949; Takashima 1949; 
Ikehara & Shimojana 1971; Takano 1979; Ômine 1987). Scolopocryptops curtus was described from 
southern Taiwan and has been recorded in southern Kyushu, the Ryukyu Islands, and Taiwan (Takakuwa 
1939; Miyosi 1961; Ômine 1969, 2002; Ômine & Ito 1998; Chao & Chang 2003, 2008; Jonishi & Nakano 
2022). These records indicate that S. elegans and S. curtus are sympatrically distributed in Kyushu 
and the Ryukyus. However, because many of these studies did not clarify the taxonomic accounts of 
specimens in detail, there is reason to question their identification as S. elegans and S. curtus and thus 
the distribution of these two species in southern Japan. Although specimens from Iriomote Island in the 
southernmost Ryukyu Islands were clearly identified as S. curtus on the basis of both morphological and 
molecular data (Jonishi & Nakano 2022), the systematic status of “S. elegans/S. curtus-like” specimens 
from other Ryukyuan islands and Kyushu requires clarification.

Several unidentified specimens of Scolopocryptops were recently obtained from Kyushu and the Ryukyu 
Islands. All these specimens have external features similar to S. elegans and S. curtus, but they differ in 
several characters, such as the density of antennal setae, the presence/absence of the cephalic marginal 
sulcus, and the shape of the anterior margin of the forcipular coxosternite. Here, we describe them as 
two new species. The phylogenetic positions of the two new species, including their relationships with 
S. elegans and S. curtus, were estimated using nuclear and mitochondrial DNA sequences.

Material and methods
Taxon sampling and morphological examination
A total of 21 unidentified specimens of Scolopocryptops were collected from Oita and Kagoshima 
Prefectures in Kyushu, and Amami, Izena, and Okinawa Islands in the Ryukyu Islands. Additionally, a 
specimen of S. elegans was collected from Tokyo, eastern Honshu (35.737° N, 139.237° E) on 12 April 
2022 (Fig. 1); a specimen of S. ogawai Shinohara, 1984 from its type locality (Shizuoka; 34.740° N, 
137.978° E; 22 March 2021; KUZ Z4395) was also included in molecular analyses. Specimens were fixed 
in 80% or 99% ethanol after they had been placed in 30% ethanol for a while, and then preserved in 80% 
ethanol. Leg-bearing segment 23 of several specimens were dissected to examine genital morphology. 
All the specimens were examined using a Leica M125C stereoscopic microscope with a drawing tube 
(Leica Microsystems, Wetzlar, Germany). The specimens were photographed using a Sony a6500 digital 
camera and a 65 mm macro lens, and a Leica MC170 HD digital camera on the Leica M125C. Images 
captured with the Leica MC170 were processed using the software Leica Application Suite ver. 4.1.2. 
Specimens examined are deposited in the Zoological Collection of Kyoto University.

The terminology for external morphology follows Lewis et al. (2005) and Bonato et al. (2010). Growth 
stadium (juvenile, subadult, or adult) was determined based on the body length (Schileyko 2014, 2018) 
and development of genital segments (Jonishi & Nakano 2022). For dissected adults and individuals 
with everted genital organs, sex was determined following Takakuwa (1933); the terminology for genital 
organs follows Demange & Richard (1969) and Iorio (2003).
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Institutional abbreviations
AMNH	=	 American Museum of Natural History, New York, USA
MCZ	 =	 Museum of Comparative Zoology, Harvard University, Camnridge, USA
SYSU	 =	 National Sun Yat-sen University, Kaohsiung, Taiwan
KUZ	 =	 Zoological Collection of Kyoto University, Kyoto, Japan

DNA extraction, PCR, and DNA sequencing
Total DNA was extracted from leg samples using a DNA Blood and Tissue Kit (Qiagen, Hilden, Germany) 
or a NucleoSpin Tissue kit (Macherey-Nagel, Duren, Germany). Phylogenetic analyses were conducted 
using nuclear internal transcribed spacer 2 (ITS2), 28S rRNA (28S), and mitochondrial cytochrome c 
oxidase subunit 1 (COI) markers following previous studies (e.g., Edgecombe et al. 2012, 2019). The 
primer pairs used are as follows: the 5.8SF/28SRev (Murienne et al. 2011) for ITS2, 28Sa/28Sb (Whiting 
et al. 1997) for 28S, and LCO1490/HCO2198 (Folmer et al. 1994) or the reverse primer HCOoutout 
(Schwendinger  & Giribet 2005) for COI, respectively. Each PCR was performed using TaKaRa Ex 
Taq DNA polymerase or TaKaRa Ex Premier DNA Polymerase (Takara Bio Inc., Shiga, Japan). For 

Fig. 1. Map showing the collection localities of Scolopocryptops elegans (Takakuwa, 1937), S. miyosii 
sp. nov., S. brevisulcatus sp. nov., and S. curtus (Takakuwa, 1939) in the present study and Jonishi & 
Nakano (2022). Orange circles: S. elegans; pink diamonds: S. miyosii sp. nov.; red squares: S. brevisulcatus 
sp. nov.; yellow triangles: S. curtus; black triangles: localities of the sequence data of S. curtus obtained 
from INSD (see Table 1). Shapes with two lines indicate the type localities of each species (S. curtus 
from its type locality was not examined). Locality numbers (E1–E5, M1–M5, B1–B4, C1 and C2) are 
shown in Fig. 2 and Table 1.
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ITS2, 28S and COI, reactions were performed using a LifeECO Thermal Cycler (Bioer Technology, 
Hangzhou, China), a GeneAmp PCR System 9700 (Thermo Fisher Scientific, Waltham, USA), and a 
T-100 Thermal Cycler (Bio-Rad, Hercules, USA), respectively. The PCR mixtures were heated to 94°C 
for 5 min, followed by 35 cycles at 94°C (10 s), 50–60°C for ITS2, 60°C 28S, or 50°C for COI (20 s), 
and then 72°C (48 s for ITS2, 30 s for 28S, and 42–48 s for COI), with a final extension at 72°C for 
6 min. The cycle sequencing reactions were conducted using a SupreDye Cycle Sequencing Kit (M&S 
Techno Systems, Osaka, Japan). Each cycle sequencing mixture was heated to 96°C (2 min), followed 
by 40 cycles of 96°C (10 s), 50°C (5 s), and then 60°C (48 s). The cycle-sequencing products were 
collected by ethanol precipitation and sequenced on an ABI 3130xl Genetic Analyzer (Thermo Fisher 
Scientific). Chromatograms were visualized and assembled using the software DNA BASER (Heracle 
Biosoft S.R.L., Argeş, Romania). In total, 37 sequences were newly obtained, and deposited in the 
International Nucleotide Sequence Databases (INSD) through the DNA Data Bank of Japan (Table 1).

Molecular analyses
In addition to the newly obtained 37 sequences, 18 sequences of six Japanese and Taiwanese species of 
Scolopocryptops (see Jonishi & Nakano 2022) were included in the present dataset (Table 1). Also, a total 
of 13 sequences of Scolopocryptopidae Pocock, 1896 were obtained from INSD (Table 1) from five of 
the “Asian/North American” nominal species, viz., S. curtus, S. nigridius McNeil, 1887, “S. nipponicus” 
Shinohara, 1990 sensu Edgecombe et  al. (2012) (= S. spinicaudus Wood, 1862; see Shelley 2002), 
S.  sexspinosus (Say, 1821), and S. spinicaudus, and the “Neotropical/Afrotropical” nominal species 
“S. mexicanus” Humbert & Saussure, 1869 sensu Edgecombe et al. (2012) (= S. ferrugineus (Linnaeus, 
1767); see Attems 1930); Newportia monticola Pocock, 1890 was utilized as an outgroup taxon. Based 
on the results of the preliminary phylogenetic analyses, a 28S sequence of “S. mexicanus” (JX422593) 
was excluded from the dataset to prevent long branch attractions.

The nuclear ITS2 sequences were aligned using MAFFT L-INS-i (Katoh & Standley 2013), and the 
28S sequences were aligned by MAFFT Q-INS-i (Kuraku et al. 2013; Katoh et al. 2019), considering 
the RNA secondary structure information; non-conserved regions of both genes were trimmed using 
Gblocks (Castresana 2000). Alignment of the mitochondrial COI was trivial because no indels were 
observed. The aligned sequences of ITS2, 28S, and COI were 849, 505, and 658 bp, respectively. The 
first four positions of COI were missing in most of the sequences, and this portion of COI was excluded 
from the analyses. Thus, the concatenated sequence yielded 2008 bp of aligned positions.

Phylogenetic trees were reconstructed by maximum likelihood (ML) and Bayesian Inference (BI). The 
best-fit partition scheme and models were identified based on the Bayesian information criterion (BIC) 
using PartitionFinder ver. 2.1.1 (Lanfear et al. 2016) with the ‘all’ algorithm. The selected partition 
schemes were as follows: TRNEF + I or SYM + I for COI 1st position, F81 + I for COI 2nd position, 
TIM + G or HKY + G for COI 3rd position, TRNEF + G or GTR + G for 28S, and TVMEF + G or SYM + G 
for ITS2. The ML phylogenetic tree was reconstructed using IQ-TREE ver. 1.6.12 (Nguyen et al. 2015) 
with ultrafast bootstrapping (UFBoot; Hoang et al. 2017) conducted with 1000 replicates. The BI tree and 
Bayesian posterior probabilities (BPP) were estimated using MrBayes ver. 3.2.7 (Ronquist et al. 2012). 
Two independent runs of four Markov chains were conducted for 10 million generations, and the tree 
was sampled every 100 generations. According to parameter estimates and assessment of convergence 
using Tracer ver. 1.7.2 (Rambaut et al. 2018), the first 25 000 trees were discarded. Uncorrected pairwise 
distances for COI sequences (633–654 bp) were calculated with MEGA X (Kumar et al. 2018), with 
pairwise deletion of missing data.

Species delimitation tests were used to infer putative species boundaries. As the phylogenetic analyses 
failed to reconstruct robust phylogeny of the “S. elegans/S. curtus-like” specimens, the following 
non-tree-based approaches were only applied to the partial COI sequences: Automatic Barcoding Gap 
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Discovery (ABGD; Puillandre et al. 2011) and Assemble Species by Automatic Partitioning (ASAP; 
Puillandre et al. 2021). Partly following Peretti et al. (2022), the ABGD analysis was run in a web-based 
interface (https://bioinfo.mnhn.fr/abi/public/abgd/abgdweb.html) using uncorrected pairwise distances, 
with 1000 steps in a range of prior values of maximum intraspecific distance (P) of 0.001–0.15, with no 
prior minimum relative gap width (X) specified. The ASAP analysis was performed using a webserver 
(https://bioinfo.mnhn.fr/abi/public/asap/asapweb.html) using uncorrected pairwise distances with the 
default parameters.

Results
Molecular phylogeny and species delimitation
The topologies of the ML (ln L = −9372.51; not shown) and BI (mean ln L = −9352.57; Fig. 2) trees were 
nearly identical. Within the “Asian/North American” group (UFBoot = 91%, BPP = 0.99), S. elegans, 
S. curtus, S. miyosii sp. nov., and S. brevisulcatus sp. nov. comprised a monophyletic clade (UFBoot = 
98%, BPP = 1.0) sister to all other species. Scolopocryptops elegans (UFBoot = 97%, BPP = 1.0) was 
resolved as a sister group of the other three species, which formed a clade, although the monophyly 
of this group was supported only in BI analysis (UFBoot = 80%, BPP = 0.97). Within this clade, 
S. brevisulcatus received full support (UFBoot = 100%, BPP = 1.0), and S. curtus was also recovered 

Fig. 2. Bayesian inference tree (mean ln L = –9352.57) for 2008 bp-aligned positions of the ITS2, 
28S and COI sequences of species of Scolopocryptops Newport, 1844. Inset shows real branch length. 
Numbers on nodes indicate ultrafast bootstrap values and Bayesian posterior probabilities. Locality 
numbers (E1–E5, M1–M5, B1–B4, C1 and C2) are shown in Fig. 1 and Table 1. Bars on the right show 
the species delimitation results of ABGD and ASAP for COI sequences.

https://bioinfo.mnhn.fr/abi/public/abgd/abgdweb.html
https://bioinfo.mnhn.fr/abi/public/asap/asapweb.html
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with strong support (UFBoot = 100%, BPP = 0.99); the monophyly of S. miyosii was well supported 
only in BI analysis (UFBoot = 83%, BPP = 0.99). Within S. miyosii, two clades were recovered with 
strong support, which corresponded to the specimens from Kyushu (UFBoot = 95%, BPP = 0.99) and 
Amami Island (UFBoot = 97%, BPP = 1.0).

The COI pairwise distances within S. elegans, S. curtus, S. miyosii sp.  nov., and S. brevisulcatus 
sp. nov. were 1.41–5.48%, 5.93–8.89%, 0–8.27%, and 0.16–3.39%, respectively (Table 2). Interspecific 
divergence ranged from 8.1% to 12.05%, with the lowest being observed between S. miyosii and S. curtus 
(8.1–10.97%), and the highest observed between S. elegans and S. curtus (9.09–12.05%) (Table 2).

In the ABGD analysis, S. elegans, S. curtus, S. miyosii sp.  nov., and S. brevisulcatus sp.  nov. were 
classified into a single candidate species for P > 3.5%, and the presence of six and 14 species were 
indicated for smaller P values (Fig. 2). For 1.2% < P < 3.5%, two putative species were detected within 
S. curtus specimens, each corresponding to the individuals from (Iriomote Island + northern region of 
Taiwan) and southern Taiwan, and S. miyosii was also classified into two candidate species, which 
corresponded to the specimens from Kyushu and Amami Island; S. elegans and S. brevisulcatus, were 
recognized as single species. For P < 1.1%, each of the S. curtus individuals were identified as distinct 
species, and S. elegans, S. miyosii, and S. brevisulcatus were also split into four, four, and two candidate 
species, respectively (Fig. 2). ASAP assigned the best score to the hypothesis of 14 species, providing 
the same delimitation result as in ABGD (Fig. 2).

Taxonomy
Order Scolopendromorpha Pocock, 1895
Family Scolopocryptopidae Pocock, 1896

Genus Scolopocryptops Newport, 1844

Scolopocryptops miyosii sp. nov.
urn:lsid:zoobank.org:act:3BED6271-ED7E-4CAA-8F69-1DC48A68D7E1

Figs 3–8

Otocryptops curtus – Miyosi 1961: 180–181; 1971: 734.

Diagnosis
Antenna with sparse minute hairs and short setae on dorsal surface of basal two or three articles, 
subsequent articles densely setose. Cephalic plate with short lateral marginal sulci in posterior half. 

Fig. 3. Scolopocryptops miyosii sp. nov., paratype, ♂ (KUZ Z4376) and habitat at the type locality. 
A. Habitat (laurel tree forest) in Kagoshima, Kyushu. B. Live specimen, dorsal view. Scale bar = 10 mm.

https://zoobank.org/urn:lsid:zoobank.org:act:3BED6271-ED7E-4CAA-8F69-1DC48A68D7E1
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Forcipular coxosternite with anterior margin weakly bilobed, bearing darkly sclerotized bands almost 
reaching outer part, with a pair of small teeth. Coxopleuron approx. 1.5–1.7 × as long as sternite 23; 
pleural dorsal margin slightly protruding from lateral margin of tergite 23, posterior and ventral margins 
forming approx. 70–80° angle; coxopleural process short.

Etymology
The specific name is dedicated to the late Dr Yasunori Miyosi, who first provided detailed taxonomic 
accounts for this new species.

We herein suggest a Japanese name for this species as ‘Miyosi-akamukade’.

Material examined
Holotype

JAPAN – Kyushu • ♂; Kagoshima, near Kirishima Mountains (Figs 1, 3A); 31.88765° N, 130.83962° E; 
616 m alt.; 2 Aug. 2022; T. Jonishi leg.; KUZ Z4375.

Paratypes
JAPAN – Kyushu • 1 ♂; same locality as for holotype; 31.88796° N, 130.84037° E; 626 m alt.; 2 Aug. 
2022; T. Jonishi leg.; KUZ Z4376 • 1 ♀; Kagoshima, Aira; 31.86924° N, 130.59942° E; 364 m alt.; 
2 Aug. 2022; T. Jonishi leg.; KUZ Z4377.

Fig. 4. Scolopocryptops miyosii sp. nov. A, C. Holotype, ♂ (KUZ Z4375). B, D. Paratype, ♀ (KUZ 
Z4377). A–B. Basal articles of left antenna, dorsal view. C–D. Cephalic plate, dorsal view; arrowheads 
indicate left cephalic marginal sulcus. Scale bars = 1 mm.
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Additional material
JAPAN – Kyushu • 1 subadult; Oita, Saeki; 32.93942°  N, 131.72764°  E; 71 m alt.; 20 Jun. 2022; 
Naoto Sawada leg.; KUZ Z4374. – Amami Island • 1 subadult; Uken; 28.28792° N, 129.31997° E; 
435 m alt.; 13 Mar. 2021; Futaro Okuyama leg.; KUZ Z4378 • 1 subadult; Uken, Mt. Yuwan-dake; 
28.28962° N, 129.31441° E; 506 m alt.; 20 Jun. 2022; T. Jonishi leg.; KUZ Z4379 • 2 subadults; Yamato; 
28.33112° N, 129.36187° E; 315 m alt.; 20 Jun. 2022; T. Jonishi leg.; KUZ Z4380, Z4381 • 1 ♀; same 
locality as for preceding; 28.33104° N, 129.36158° E; 314 m alt.; 21 Jun. 2022; T. Jonishi leg.; KUZ 
Z4382 • 1 subadult; same locality as for preceding; 28.33090° N, 129.36163° E; 317 m alt.; 22 Jun. 

Fig. 5. Scolopocryptops miyosii sp. nov., holotype, ♂ (KUZ Z4375). A. Cephalic plate and tergite 1, 
dorsal view. B. Distal part of article 2, article 3, and pretarsus of left second maxilla, medial view. 
C. Article 3 and pretarsus of left second maxilla, lateral view. D. Head, ventral view. Abbreviations: 
am = anterior margin of forcipular coxosternite; bs = basal suture on forcipular trochanteroprefemoral 
process; db = dorsal brush on article 3 of second maxilla; ds = dorsal spur on article 2 of second maxilla; 
pt = pretarsus of second maxilla; ptr = process of forcipular trochanteroprefemur; t = tooth on anterior 
margin of forcipular coxosternite. Scale bars: A, D = 1 mm; B–C = 0.2 mm.
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2022; T. Jonishi leg.; KUZ Z4383 • 1 ♀; same locality as for preceding; 28.33040° N, 129.36076° E; 
301 m alt.; 22 Jun. 2022; T. Jonishi leg.; KUZ Z4384.

Description of holotype [variation in other specimens given in square brackets]
Body length 54.4 mm [48.0–69.1 mm in adults] in 80% ethanol, 60.3 mm [54.6–73.4  mm] before 
fixation. Body color brownish orange, antennae, legs, and ultimate legs yellowish (Fig. 3B).

Antennae 10.0 mm in length, approx. 0.18× [0.16–0.23 ×] as long as body, composed of 17 articles; 
basal 3 articles with sparse minute hairs (see Bonato et  al. 2010) and short setae dorsally, 4th and 
subsequent articles densely setose [3rd article moderately setose, articles 4–17 more densely setose in 
KUZ Z4377 and Z4382] (Fig. 4A–B). Cephalic plate as long as wide, with sides converging anteriorly 
(Figs 4C–D, 5A); its surface finely punctate [minute setae on each punctum present in KUZ Z4382 and 
subadults]; short lateral marginal sulci present in posterior half [marginal sulci significantly longer and 
more apparent in KUZ Z4377] (Figs 4C–D, 5A).

Second maxillae article 2 with elongated and semi-transparent dorsal spur distally; dorsal brush 
without transparent margin (Fig. 5B–C); pretarsus consisting of dark brown basal and semi-transparent 
short apical parts (Fig. 5B–C). Forcipular coxosternite and trochanteroprefemora sparsely punctate, 
coxosternite without sutures (Fig. 5D); forcipular trochanteroprefemur with small and blunt black 
process, with apparent basal suture (Figs 5D, 6); anterior margin of coxosternite weakly convex and 
divided by median diastema; darkly sclerotized bands almost reaching outer part of anterior margin of 
coxosternite, with a pair of small but prominent teeth at middle of each side [right tooth absent in KUZ 
Z4377] (Figs 5D, 6).

Fig. 6. Scolopocryptops miyosii sp. nov., holotype, ♂ (KUZ Z4375). Forcipules and coxosternite, ventral 
view. Abbreviations: am = anterior margin of forcipular coxosternite; bs = basal suture on forcipular 
trochanteroprefemoral process; md = median diastema; op = outer part of anterior margin of forcipular 
coxosternite; ptr = process of forcipular trochanteroprefemur; t = tooth on anterior margin of forcipular 
coxosternite. Scale bar = 1 mm.
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Fig. 7. Scolopocryptops miyosii sp. nov., holotype, ♂ (KUZ Z4375). A. Cephalic plate and tergites 1–8, 
dorsal view. B. Sternites 10–14, ventral view. C. Sternite 23, ventral view. D. Right coxopleuron, lateral 
view. E. Tergite 23, dorso-lateral view. Abbreviations: cxp = coxopleural process; dm = dorsal margin 
of ultimate pleuron; mds = minute dark spine on ultimate pleuron; tm = tergal margination; tps = tergal 
paramedian suture. Scale bars: A–B = 5 mm; C–E = 1 mm.

Fig. 8. Scolopocryptops miyosii sp. nov. A–B. Holotype, ♂ (KUZ Z4375). C. Paratype, ♀ (KUZ Z4377). 
A. Right ultimate leg, lateral view. B. Male genital segments, lamina subanalis, and anal valves, ventral 
view. C. Female genital segment, lamina subanalis, and anal valves, ventral view. Abbreviations: av = 
anal valve; ls = lamina subanalis; sgs I = sternite of genital segment 1; sgs II = sternite of genital 
segment 2. Scale bars: A = 2 mm; B–C = 0.5 mm.
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Tergites finely punctate; tergite 1 with anterior transverse suture, anterior margin covered by cephalic 
plate (Figs 5A, 7A). Paramedian sutures present on tergites 2–22 (Fig. 7A); lateral marginations complete 
on tergites 6–21 (Fig. 7A).

Sternites lacking paramedian sutures, finely punctate (Fig. 7B); sternites 3–20 with shallow longitudinal 
sulcus and slight median depression (Fig. 7B), both shallower and unapparent on anterior sternites. 
Sides of sternite 23 converging posteriorly, its posterior margin slightly concave (Fig. 7C).

Spiracles ovoid, present on leg-bearing segments 3, 5, 8, 10, 12, 14, 16, 18, 20, and 22.

Legs lacking setae; tarsi of legs 1–21 undivided; legs 1–19 [1–20 in KUZ Z4376] with lateral and ventral 
tibial spurs and tarsal spur, legs 20 and 21, respectively, with tibial spur and tarsal spur [leg 21 without 
tibial spur in KUZ Z4382]; leg 22 without spurs. All legs with two accessory spines.

Coxopleuron approx. 1.7 × [1.5–1.7 ×] as long as sternite 23 (Fig. 7D). Dorsal margin of ultimate 
pleuron slightly protruding from lateral side of tergite 23 (Fig. 7D–E), posterior margin with minute dark 
spine (Fig. 7D). Posterior and ventral margins of coxopleuron converging posteriorly, forming approx. 
80° [70–80] angle (Fig. 7D); coxopleural process short, tip of process pointed, slightly directed dorsally 
(Fig. 7D). Surface of coxopleuron without setae, covered with various sized coxal pores; coxopleural 
process and dorso-posterior area of coxopleuron poreless (Fig. 7D).

Ultimate leg 14.1 mm [13.9–17.3 mm] in length, 0.26 × [0.24–0.3 ×] as long as body; all articles lacking 
setae (Fig. 8A); prefemur with two conical and pointed spinose processeses, ventral process large, dorso-
medial one minute; pretarsus with two short accessory spines.

Genital segments occupying approx. ½ length of sternite 23. Sternite of genital segment 1 with sparse 
minute setae; posterior margin weakly convex (Fig. 8B). Sternite of genital segment 2 well developed, 
covered with sparse minute setae; posterior part of genital segment 2 overlapped by lamina subanalis, 
penis not visible in ventral view (Fig. 8B); lamina subanalis situated between genital segment 2 and anal 
valves (Fig. 8B) [in female paratype KUZ Z4377, genital segment 1 as described for holotype, genital 
segment 2 absent; lamina subanalis situated between genital segment 1 and anal valves] (Fig. 8C).

Remarks
This species has previously been identified as S. curtus (Miyosi 1961, 1971; Ogawa 1961), but S. miyosii 
sp. nov. can be distinguished by the following characters: the presence of short sulci along the lateral 
margin of the cephalic plate (Fig. 4C–D) (vs sulci absent in S. curtus), the convex anterior margin 
of the forcipular coxosternite with teeth (Figs 5D, 6) (vs anterior margin virtually straight with teeth 
almost reduced, forming antero-lateral corner of sclerotized bands; also see Remarks for S. brevisulcatus 
sp. nov. below), and the dorsal margin of the ultimate pleuron protruding from the lateral side of tergite 23 
(Fig. 7E) (vs dorsal margin flattened) (see Table 3).

Distribution
Known from Kyushu, and Amami Island in the Ryukyu Islands.

Scolopocryptops brevisulcatus sp. nov.
urn:lsid:zoobank.org:act:3C9DB52B-2691-4980-B339-1B31E177F10C

Figs 9–14

Diagnosis
Antenna with sparse minute hairs and short setae on dorsal surface of basal four articles, subsequent 
articles densely setose. Cephalic plate with short and shallow lateral marginal sulci in posterior half. 

https://zoobank.org/urn:lsid:zoobank.org:act:3C9DB52B-2691-4980-B339-1B31E177F10C
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Forcipular coxosternite with anterior margin slightly bilobed but median diastema almost lacking, 
darkly sclerotized bands not reaching outer part of anterior margin, with a pair of almost-reduced teeth. 
Coxopleuron approx. 1.6–1.7 × as long as sternite 23; pleural dorsal margin slightly protruding from 
lateral margin of tergite 23, posterior and ventral margins forming approx. 70–80° angle; coxopleural 
process short.

Etymology
The specific name is derived from the Latin words ‘brevis’ (‘short, shallow’) and ‘sulcus’ (‘groove’), 
referring to the unapparent cephalic marginal sulcus of this new species.

We herein suggest a Japanese name for this species as ‘Kirekomi-akamukade’.

Material examined
Holotype

JAPAN – Okinawa Island • ♂; Motobu, near Mt. Katsuu-dake (Figs 1, 9A); 26.63157° N, 127.93771° E; 
311 m alt.; 14 Jun. 2022; T. Jonishi leg.; KUZ Z4390.

Paratypes
JAPAN – Okinawa Island • 1 subadult; Kunigami, near Mt. Nishime-dake; 26.80745° N, 128.26618° E; 
298 m alt.; 4 May 2021; F. Okuyama leg.; KUZ Z4386 • 1 adult, sex undetermined; same locality as 
for preceding; 26.81195°  N, 128.28415°  E; 107 m alt.; 8 Apr. 2022; F. Okuyama leg; KUZ Z4387 
• 1 ♀; same collection data as for holotype; KUZ Z4389 • 1 ♂; Kunigami, near Mt. Nishime-dake; 
26.80080° N, 128.27728° E; 355 m alt.; 15 Jun. 2022; T. Jonishi leg.; KUZ Z4391 • 1 subadult; Kunigami, 
Mt. Fuenchiji; 26.75251° N, 128.24303° E, 384 m alt.; 16 Jun. 2022; T. Jonishi leg.; KUZ Z4392.

Additional material
JAPAN – Okinawa Island • 1 adult, sex undetermined; same locality as for holotype; 26.63145° N, 
127.93812° E; 291 m alt.; 20 Sep. 2019; T. Jonishi leg.; KUZ Z4385 • 1 subadult; same locality as for 
holotype; 26.63139° N, 127.93792° E; 307 m alt.; 14 Jun. 2022; T. Jonishi leg.; KUZ Z4388 • 1 juv.; 
Ogimi, near Mt. Nekumachiji; 26.68491° N, 128.13430° E; 244 m alt.; 16 Jun. 2022; T. Jonishi leg.; 
KUZ Z4393. – Izena Island • 1 ♀; Mt. Ufu-yama; 26.94288° N, 127.92713° E; 48 m alt.; 8 Nov. 2022; 
Ryobu Fukuyama leg.; KUZ Z4394.

Fig. 9. Scolopocryptops brevisulcatus sp. nov., holotype, ♂ (KUZ Z4390) and habitat at the type locality. 
A. Habitat (laurel tree forest) on Okinawa Island. B. Live specimen, dorsal view. Scale bar = 10 mm.
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Description of holotype [variation in other specimens given in square brackets]
Body length 58.0 mm [43.6–59.1 mm in adults] in 80% ethanol, 64.0 mm before fixation. Body color 
brownish red [brownish orange]; antennae, legs, and ultimate legs yellowish (Fig. 9B).

Antennae damaged, 13th and subsequent articles lost [9.9 mm in length, approx. 0.2 × as long as body, 
composed of 17 articles in paratype KUZ Z4391]; density of setae increasing toward distal articles; basal 
4 articles with sparse minute hairs (see Bonato et al. 2010) and short setae dorsally, 5th and subsequent 
articles setose, 6th–17th articles more densely covered with setae [basal 2 articles sparsely setose, 3rd and 
subsequent articles densely covered with setae in juvenile KUZ Z4393; 4th article moderately setose, 
5th–17th articles more densely covered with setae in subadults] (Fig. 10A). Cephalic plate as long as 
wide, sides converging anteriorly (Figs 10B, 11A); its surface finely punctate [minute setae on each 
punctum present in juvenile and subadults]; short and shallow lateral marginal sulci present in posterior 
half [marginal sulci absent in juvenile and subadults] (Figs 10B, 11A).

Second maxillae article 2 with elongated and semi-transparent dorsal spur distally; dorsal brush without 
transparent margin (Fig. 11B–C); pretarsus consisting of dark brown basal and semi-transparent 
short apical parts (Fig. 11B–C). Forcipular coxosternite and trochanteroprefemora sparsely punctate, 
coxosternite without sutures (Fig. 11D); forcipular trochanteroprefemur with small and blunt black 
process, with apparent basal suture (Figs  11D, 12); anterior margin of coxosternite almost straight 
and slightly bilobed but median diastema almost lacking; darkly sclerotized bands not reaching outer 
part of anterior margin of coxosternite; a pair of teeth almost reduced, forming antero-lateral corner of 
sclerotized bands [teeth on anterior margin prominent in juvenile and subadults] (Figs 11D–E, 12).

Tergites finely punctate; tergite 1 with anterior transverse suture, anterior margin covered by cephalic 
plate (Figs 11A, 13A). Paramedian sutures present on tergites 2–22, lateral marginations complete on 
tergites 6–21 (Fig. 13A).

Sternites lacking paramedian sutures, finely punctate (Fig. 13B); sternites 2–20 with shallow longitudinal 
sulcus and slight median depression (Fig. 13B), both shallower and unapparent on anterior sternites. 
Sternite 23 damaged, right posterior margin lost [sides of sternite 23 converging posteriorly, posterior 
margin slightly concave in paratype KUZ Z4387 and other specimens] (Fig. 13C).

Fig. 10. Scolopocryptops brevisulcatus sp. nov., holotype, ♂ (KUZ Z4390). A. Basal articles of left 
antenna, dorsal view. B. Cephalic plate, dorsal view; arrowhead indicates left cephalic marginal sulcus. 
Scale bars = 1 mm.
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Fig. 11. Scolopocryptops brevisulcatus sp. nov. A–D. Holotype, ♂ (KUZ Z4390). E. Paratype, subadult, 
sex undetermined (KUZ Z4386). A. Cephalic plate and tergite 1, dorsal view. B. Distal part of article 2, 
article 3, and pretarsus of left second maxilla, medial view. C. Article 3 and pretarsus of left second 
maxilla, lateral view. D–E. Head, ventral view. Abbreviations: am = anterior margin of forcipular 
coxosternite; bs = basal suture on forcipular trochanteroprefemoral process; db = dorsal brush on article 3 
of second maxilla; ds = dorsal spur on article 2 of second maxilla; pt = pretarsus of second maxilla; ptr = 
process of forcipular trochanteroprefemur; t = tooth on anterior margin of forcipular coxosternite. Scale 
bars: A, D–E = 1 mm; B–C = 0.2 mm.
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Fig. 12. Scolopocryptops brevisulcatus sp. nov. A. Holotype, ♂ (KUZ Z4390). B. Paratype, subadult, 
sex undetermined (KUZ Z4386). Forcipules and forcipular coxosternite, ventral view. Abbreviations: 
am = anterior margin of forcipular coxosternite; bs = basal suture on forcipular trochanteroprefemoral 
process; md = median diastema; op = outer part of anterior margin of forcipular coxosternite; ptr = 
process of forcipular trochanteroprefemur; t = tooth on anterior margin of forcipular coxosternite. Scale 
bars: A = 1 mm; B = 0.2 mm.
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Spiracles ovoid, present on leg-bearing segments 3, 5, 8, 10, 12, 14, 16, 18, 20, and 22.

Legs lacking setae; tarsi of legs 1–21 undivided; legs 1–19 with lateral and ventral tibial spurs and tarsal 
spur, legs 20 and 21, respectively, with tibial spur and tarsal spur; leg 22 without spurs. All legs with 
two accessory spines.

Coxopleuron approx. 1.7 × [1.6–1.7 ×] as long as sternite 23 (Fig. 13D). Dorsal margin of ultimate 
pleuron slightly protruding from lateral side of tergite 23 (Fig. 13D–E), posterior margin with minute 
dark spine (Fig. 13D). Posterior and ventral margins of coxopleuron converging posteriorly, forming 
approx. 70° [70–80°] angle (Fig. 13D); coxopleural process short, tip of process broken [tip of process 
pointed, slightly directed dorsally in KUZ Z4387] (Fig. 13D). Surface of coxopleuron without setae, 
covered with coxal pores of various size; coxopleural process and dorso-posterior area of coxopleuron 
poreless (Fig. 13D).

Ultimate leg 15.3 mm in length, 0.26 × as long as body; all articles lacking setae (Fig. 14A); prefemur 
with two conical and pointed spinose processes, ventral process large, dorso-medial one minute; 
pretarsus with two accessory spines.

Genital segments occupying approx. ½ length of sternite 23. Sternite of genital segment 1 with sparse 
minute setae; posterior margin weakly convex (Fig. 14B). Sternite of genital segment 2 well developed, 

Fig. 13. Scolopocryptops brevisulcatus sp. nov. A–B, D–E. Holotype, ♂ (KUZ Z4390). C. Paratype, 
sex undetermined (KUZ Z4387). A. Cephalic plate and tergites 1–8, dorsal view. B. Sternites 10–17, 
ventral view. C. Sternite 23, ventral view. D. Right coxopleuron, lateral view. E. Tergite 23, dorsal view. 
Abbreviations: cxp = coxopleural process; dm = dorsal margin of ultimate pleuron; mds = minute dark 
spine on ultimate pleuron; tm = tergal margination; tps = tergal paramedian suture. Scale bars: A–B = 
5 mm; C–E = 1 mm.
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covered with sparse minute setae; posterior part of genital segment 2 overlapped by anal valves, penis 
not visible in ventral view (Fig. 14B); lamina subanalis situated between genital segment 2 and anal 
valves (Fig. 14B) [in female paratype KUZ Z4389, genital segment 1 as described for holotype, genital 
segment 2 absent; lamina subanalis situated between genital segment 1 and anal valves] (Fig. 14C).

Remarks
This species has previously been identified as S. elegans (e.g., Ômine 1987, 2002) and S. curtus 
(Omine & Ito 1998) and is quite similar to S. miyosii sp. nov. (see above). However, S. brevisulcatus 
sp. nov. can be distinguished by the combination of the following features: basal 4 antennal articles of 
adults with sparse setae (Fig. 10A) (vs only basalmost article sparsely setose or all articles densely setose 
in S. elegans, and basal 2 or 3 articles with sparse setae in S. miyosii), the presence of short sulci along 
the lateral margin of the cephalic plate in adults (Fig. 10B) (vs sulci absent in S. curtus), the anterior 
margin of coxosternite almost lacking median diastema (Figs 11D, 12A) (vs median diastema apparent 
in S. elegans, S. miyosii, and S. curtus), the sclerotized bands of coxosternite not reaching outer part 
of anterior margin (Figs 11D, 12A) (vs sclerotized bands almost reaching outer part in S. elegans and 
S. miyosii), the almost-reduced teeth on coxosternite (Figs 11D, 12A) (vs teeth prominent in S. miyosii), 
the dorsal margin of the ultimate pleuron protruding from the lateral margin of tergite 23 (Fig. 13E) 
(vs dorsal margin flattened in S. curtus) and the short coxopleural process (Fig. 13D) (vs the process 
moderately long in S. elegans) (see Table 3).

Distribution
Known from Okinawa Island and its adjacent islet (Izena Island), Ryukyu Islands.

Discussion
The phylogenetic analyses indicated that S. elegans, S. miyosii sp. nov., S. brevisulcatus sp. nov., and 
S. curtus are closely related and form a clade sister to the rest of the “Asian/North American” group; 
the results support the recovery of S. elegans, S. curtus, and S. brevisulcatus, while the monophyly of 
S. miyosii was supported only in BI analysis.

Fig. 14. Scolopocryptops brevisulcatus sp. nov. A–B. Holotype, ♂ (KUZ Z4390). C. Paratype, ♀ (KUZ 
Z4389). A. Right ultimate leg, lateral view. B. Male genital segments, lamina subanalis, and anal valves, 
ventral view. C. Female genital segment, lamina subanalis, and anal valves, ventral view. Abbreviations: 
av = anal valve; ls = lamina subanalis; sgs I = sternite of genital segment 1; sgs II = sternite of genital 
segment 2. Scale bars: A = 2 mm; B–C = 0.5 mm.
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The COI genetic divergence between the two lineages within S. miyosii sp. nov. obtained from Kyushu 
and Amami Island is noteworthy. The distance between these two lineages is relatively large (7.68–
8.27%) compared with levels of intraspecific divergence in S. elegans (1.41–5.48%) and S. brevisulcatus 
sp. nov. (0.16–3.39%) but is smaller than the maximum divergence within S. curtus (8.89%). Based on 
the COI genetic distances, ABGD provided three delimitation hypotheses. The threshold values used to 
separate intraspecific and interspecific distances were 9.1% in the one-species hypothesis, 7.3% in the 
six-species hypothesis, and 2.3% in the 14-species hypothesis, which was also supported by ASAP. The 
2.3% genetic distance in the 14-species hypothesis is much lower than the barcoding gap of species of 
Scolopocryptops summarized by Garrick et al. (2018) (around 10%), and the one-species hypothesis 
is discordant with the morphological differences among the specimens. The six-species hypothesis is 
concordant with the previously observed barcoding gap. 

In this scheme, the examined specimens are classified as follows: 1) S. elegans, 2) the individuals from 
Okinawa and Iznena islands (= S. brevisulcatus sp. nov.), 3) the specimens from Kyushu (= S. miyosii 
sp. nov.), 4) the specimens from Amami Island (= S. miyosii), 5) S. curtus from Iriomote Island and 
the northern region of Taiwan, and 6) S. curtus sequenced from southern Taiwan. However, since no 
morphological differences were found among the specimens from Kyushu and Amami Island, it seems 
that this result over-splits geographically distant populations within a species. Although morphological 
features of the specimen of S. curtus from southern Taiwan (SYSU Chilo-045) have not been investigated 
in this study, the collecting locality of this specimen, Yanping in Taitung County, is close to the type 
locality of this species (Hengchun, southernmost Taiwan) (Fig. 1). Given that the morphological features 
of the specimens from Iriomote Island and northern Taiwan are consistent with those of the original 
description of Takakuwa (1939) (Chao & Chang 2008; Jonishi & Nakano 2022) and the monophyly of 
these specimens is strongly supported, it would be reasonable to treat all four specimens of “S. curtus” 
as a single species. Also considering that the distinctness of S. elegans and S. brevisulcatus is supported 
by both morphological and molecular data, the examined specimens are classified into four species: 
S. elegans, S. miyosii, S. brevisulcatus, and S. curtus.

Scolopocryptops miyosii sp. nov. and S. brevisulcatus sp. nov have external features similar to those 
of S. elegans and S. curtus, viz., large body size, reddish body color, the absence of complete cephalic 
marginal sulci, the lack of a transparent margin on the dorsal brush of article 3 of the second maxilla, 
and the presence of sternal longitudinal sulci. The absence of complete cephalic marginal sulci and the 
presence of sternal sulci distinguish them from most other “Asian/North American” Scolopocryptops. 
The four species can be distinguished from each other by the combination of the following characters: 
number of basal antennal articles with sparse setae, presence/absence of lateral short sulci on the cephalic 
plate, shape of the anterior margin of the forcipular coxosternite, position of the dorsal margin of the 
ultimate pleuron with respect to tergite 23, angle of the posterior and ventral margins of the coxopleuron, 
and length of the coxopleural process (Table 3).

Scolopocryptops miyosii sp. nov., S. brevisulcatus sp. nov., and S. curtus are highly similar. Two of their 
diagnostic characters, the density of setae on basal antennal articles and the presence/absence of teeth on 
the anterior margin of the coxosternite, are variable within each species, and the presence/absence of short 
cephalic marginal sulci also varies within S. brevisulcatus. However, S. curtus is distinct from the two 
new species in that the dorsal margin of the ultimate pleuron does not protrude from tergite 23 (vs dorsal 
margin slightly protruding from tergite 23, Figs 7E, 13E). Scolopocryptops miyosii and S. brevisulcatus 
can also be distinguished from each other by the density of the antennal setae (Figs 4A–B, 10A) and the 
shape of the anterior margin of the coxosternite in adults (see Remarks for S. brevisulcatus) (Figs 5D, 
6, 11D, 12A).
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Previous records suggest that the ranges of S. elegans and S. curtus overlap from southern Kyushu to the 
southern Ryukyu Islands; however, the present results show that specimens from Kyushu and Amami 
Island and individuals from Izena and Okinawa islands belong to distinct species. The results indicate 
the allopatric distribution of the four closely related taxa: S. elegans ranges from Honshu to Shikoku, 
S.  miyosii sp.  nov. ranges from Kyushu to Amami Island, S. brevisulcatus sp.  nov. occurs on Izena 
Island and Okinawa Island, and S. curtus ranges from the southern Ryukyus to Taiwan. By contrast, 
these species are often found sympatrically with other members of the Asian/North American group, 
e.g., S. elegans with S. rubiginosus (L. Koch, 1878) and S. quadristriatus (Verhoeff, 1934) on Honshu 
(Ishii 1999), and S. miyosii with “S. sexspinosus” (misidentified “S. nipponicus”) on Kyushu (Miyosi 
1961). Both S. elegans and S. miyosii are unquestionably distinguishable from the sympatric species in 
that the cephalic marginal sulci are short (vs the sulci are complete, reaching anterior half of the cephalic 
plate in S. rubiginosus, S. quadristriatus, and “S. nipponicus”). One hypothesis for such a distributional 
pattern is that S. elegans and the three similar species arose through allopatric speciation events while 
they dispersed across the Far East Islands, long after they had diverged from the rest of the Asian/North 
American group. However, the phylogenetic analyses failed to resolve the relationships among S. curtus 
and the two new species. Additional phylogenetic studies are thus essential to reveal the biogeography 
and evolutionary history of these species.
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