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Abstract

Chlorophorus fainanensis Pic, 1918 is redescribed. Four species, C. coniperda Holzschuh,
1992, C. diversicolor Holzschuh, 2016, C. orbatus Holzschuh, 1991 and C. pinguis Holz-
schuh, 1992 are newly reported from China. A new synonymy, Chlorophorus arciferus
(Chevrolat, 1863) = Chlorophorus semisinuatus Pic, 1949, syn. nov. is proposed.

Key words: Cerambycinae, Clytini, longhorn beetle, new records, new synonym, taxonomy

Introduction

The genus Chlorophorus was established by Chevrolat in 1863 with the type
species Callidium annulare Fabricius, 1787. It is distributed in the Old World,
mainly in the Oriental and Palearctic regions. It is the largest genus in the
tribe Clytini, consisting of 299 species/subspecies worldwide (Tavakilian and
Chevillotte 2024). Numerous taxonomists have significantly contributed to the
diversity of the genus. Pic (1908, 1916, 1920, 1924, 1931, 1943, 1949, 1950)
described 34 species and Gressitt and Rondon (1970) described 11 species/
subspecies from Laos. Holzschuh (1984, 1989, 1991a, 1991b, 1992, 1993,
1998,2003, 2006, 2009, 2010, 2016, 2019) described 47 taxa and Viktora (2019,
2020, 2021, 2022, 2023) described 29 taxa since the 1980s, primarily originat-
ing from Laos, Thailand, Vietnam, Nepal, India and China.

Ozdikmen (2011) conducted a study using especially Turkish species to pro-
pose a subgeneric arrangement with five subgenera. Current research indicates
that the genus is polyphyletic (Lee and Lee 2020; Zamoroka 2021). Zamoroka
(2021) proposed five new genera based on the three mitochondrial genes 725
rRNA, 16S rRNA and COI and two nuclear genes 78S rRNA and 28S rRNA of 15
species, leading to the genus Sparganophorus Zamoroka, 2021, to the subgenus
Viridiphorus Zamoroka, 2021 and to the subgeneric status of Humeromaculatus
Ozdikmen, 2011 and Perderomaculatus Ozdikmen, 2011. Based on the elytral pat-
tern of all the taxa worldwide, Ozdikmen (2022) proposed 36 subgenera for the
world fauna. However, Lazarev (2024) synonymized Sparganophorus with Humero-
maculatus and Viridiphorus with Brevenotatus, and he treated Perderomaculatus as
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a subgenus. As Ozdikmen (2022) indicated, it should be noted that the subgeneric
arrangement of Chlorophorus remains far from its final solution. Waiting for a gen-
eral agreement, the subgenera are not considered in this article.

Prior to our study, 83 species/subspecies had been recorded in China (Chen
et al. 2019; Danilevsky, 2020; Tavakilian and Chevillotte 2024). In the present
study, four newly recorded species are included, making a total of 87 species/
subspecies recorded in China.

Material and methods

Pictures of adult morphology are composites taken using a digital camera Canon

7D with HELICON REMOTE (HeliconSoft, Ukraine). For detailed examination, male

genitalia were extracted from specimens, cleared in 10% NaOH, and stored in etha-

nol 75%. The male genitalia were imaged using a Leica M205A stereomicroscope.
The following collection abbreviations are used in the text.

BMNH The Natural History Museum, London, UK

BPBM Bernice Pauahi Bishop Museum, Honolulu, USA

CCH Collection Carolus Holzschuh, Vienna, Austria

MNHN Muséum National d'Histoire Naturelle, Paris, France
OUMNH Oxford University Museum of Natural History, Oxford, UK
SWU Insect Collection of Southwest University, Chongqing, China
SYSU Sun Yat-sen University, Guangzhou, China

Taxonomy

Chlorophorus fainanensis Pic, 1918
Figs 1-7

Chlorophorus fainanensis Pic, 1918: 4. TL: China, Taiwan. TD: MNHN.
Chlorophorus (Humeromaculatus) ? fainanensis Ozdikmen 2022: 654, 690.

Specimens examined. CHINA * 1243 599; Anhui Province, Huangshan City,
Tangkou Town, Zhaixi Village, Huangshan Wild Monkey Valley; 10-14 VII. 2014;
Qiu Jianyue and Xu Hao leg. (SWU).

Distribution. China (Anhui, Zhejiang, Taiwan); Japan.

Redescription. Male, body length: 11.6—15.4 mm; humeral width: 2.6—-3.3 mm.

Female, body length: 11.1-14.0 mm; humeral width: 2.0-3.0 mm.

Body moderately slender, female slightly stouter than male. Body black, cov-
ered with sulphur-yellowish or olive-green pubescence; antennae black with
pale grayish pubescence. Pronotum with three or four markings, vague and
small markings or a pair of dots on the center of disc, and a spot before middle
of each side. Scutellum covered by yellowish pubescence; each elytron marked
with three black markings: 1) an externally open arc commencing on humerus
and extending around to outer portion of disc just before end of basal fourth; 2)
a wide transverse band in the middle; and 3) a narrower band at apical fourth.
Legs dark reddish-brown covered with grayish pubescence.

Head narrow, irregularly punctured; frons wider; antennae filiform and slen-
der, reaching the basal fourth of elytra. Third antennomere slightly longer than
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Figures 1-6. Chlorophorus fainanensis Pic, 1918 1 male a dorsal habitus b ventral habitus 2 female a dorsal habitus
b ventral habitus 3—5 males and 6 female from Anhui, adults, dorsal habitus. Scale bars for adult habitus: 5 mm.

scape and the fourth. Pronotum rounded at sides, widest before middle, 1.2
times as long as wide at widest; apical margin distinctly narrower than base;
disk slightly convex, coarsely punctate. Scutellum rounded apically, slightly lon-
ger than wide. Elytra 2.8 times as long as humeral width, parallel at side and
narrowed towards apex; elytral apex truncate. Legs long and narrow; femora
slightly club-shaped; mesofemora carinate internally; tibiae narrow and almost
straight; metatarsomere 1 as long as remainder combined.

Male genitalia. Tergite VIII as long as broad, apex truncate and moderately
emarginate, and with long setae (Fig. 7a, b); parameres elongate, base of each
paramere transversely ridged ventrally, the ridge covered with setae (Fig. 7c—e);
median lobe long and slender, curved in lateral view, median struts 2/5 times
as long as entire median lobe, ventral plate longer than dorsal plate, the apex of
ventral plate pointed; median foramen rounded (Fig. 7f, g).

Remarks. Gressitt (1951) synonymized C. fainanensis with C. signaticollis
Laporte de Castelnau & Gory, 1841 (= C. annulatus (Hope, 1831)) and then Holz-
schuh (2020) resurrected it. There is a lot of variation in the pronotal and ely-
tral markings. The species is often confused with C. annulatus, C. hainanicus
Gressitt, 1940 and C. arciferus (Chevrolat, 1863). It can be distinguished by the
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1 mm

Figure 7. Chlorophorus fainanensis Pic, 1918, male genitalia a, b tergite VIII with sternites VIIl and IX a dorsal view b ven-
tral view c—e tegmen c dorsal view d ventral view e lateral view f, g median lobe f ventral view g lateral view. Scale bars
for genitalia: T mm.

preapical band on the elytra and different male genitalia: parameres 2/5 as long
as the entire tegmen, neither 3/5 (C. hainanicus and C. arciferus), nor 1/4 (C.
annulatus). It is native to Taiwan and distributed in the east of mainland China
Zhejiang (Lin et al. 2023) and Anhui.

Chlorophorus arciferus (Chevrolat, 1863)
Figs 8-15

Amauraesthes arciferus Chevrolat, 1863: 330. TL: India. TD: BMNH.

Caloclytus arciferus Gahan 1906: 263.

Chlorophorus arciferus Aurivillius 1912: 403.

Clytanthus varius v. pieli Pic, 1924:15. TL: China, Jiangsu. TD: MNHN.
Clytanthus verbasci v. rectefasciatus Pic, 1937: 14. TL: Vietnam. TD: MNHN.
Chlorophorus semisinuatus Pic, 1949: 54. TL: India. TD: MNHN. syn. nov.
Chlorophorus (Immaculatus) arciferus Lazarev 2019: 147.

Chlorophorus (Humeromagnomaculatus) arciferus Ozdikmen 2022: 655, 687, 691.

Specimens examined. CHINA * 1333 122 Q; Xizang, Lingzhi City, Chayu County,
Shangchayu Town, Shizhong Village; 17700 m; 26 VIII. 2017; Qiu Jianyue, Peng
Chenli and Xu Hao leg. (SWU) - 483 599; Xizang, Lingzhi City, Motuo Coun-
ty, Beibeng Township, Yarang Village; 800 m; 21 VIII. 2017; Qiu Jianyue, Peng
Chenli and Xu Hao leg. (SWU).
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Figures 8—14. Chlorophorus arciferus (Chevrolat, 1863) 8 adult habitus (from BMNH photo J.-Y. Qiu and H. Xu) 9 adult
habitus (from MNHN, photo X. Gouverneur) 10 holotype of Chlorophorus semisinuatus Pic, 1949 (from MNHN, photo X.
Gouverneur) 11-13 males and 14 female from Xizang, adults, dorsal habitus. Scale bars for adult habitus: 5 mm.

Male genitalia. Tergite VIl rounded at apical margin. Sternite VIl truncate at api-
cal margin and with long setae (Fig. 153, b); Tegmen weakly arcuate in lateral view,
paramere 3/5 the length of tegmen, dehiscent in apical 1/4, provided with short
setae near apex (Fig. 15c—e); median lobe long and slender, curved in lateral view,
median struts 2/5 times as long as entire median lobe, ventral plate longer than
dorsal plate, the apex of ventral plate pointed; median foramen convex (Fig. 15f, g).

Remarks. Gressitt (1951) reported C. varius pieli from China (Shanghai, Zhe-
jiang, Anhui, Sichuan) and treated Clytanthus verbasci v. rectefasciatus as a syn-
onym of this taxon. Gressitt and Rondon (1970) synonymized C. varius v. pieli
and C. socius with C. arciferus. However, according to Holzschuh (1991b), the
figures provided in both Gressitt (1951, plate X, fig. 5 with legend “C. varius v.
pieli ?: Anhwei”) and Gressitt and Rondon (1970, fig. 36h—i; 36h marked as C.
arciferus and 36i as “ditto subsp ?") do not show C. arciferus; fig. 36h might
represent C. ictericus Holzschuh, 1991 and fig. 36i C. copiosus Holzschuh, 1991.
Hua (2002) reported C. arciferus from China (Anhui, Jiangxi, Zhejiang, Hainan,
Sichuan), Laos, Bhutan, India and Nepal. But fig. 145 in Hua et al. (1993, pl. X)
and fig. 334 in Hua et al. (2009, pl. XXIX) do not show C. arciferus either.
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Figure 15. Chlorophorus arciferus (Chevrolat, 1863), male genitalia a, b tergite VIl with sternites VIl and IX a dorsal view
b ventral view c—e tegmen c dorsal view d ventral view e lateral view f, g median lobe f ventral view g lateral view. Scale
bars for genitalia: T mm.
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So far, we have examined specimens only from Xizang, China (Figs 11-14).
Therefore, the distribution of this species is not wide: it might be distributed in
India, Nepal, China (Xizang) and adjacent areas.

Although based on the figures of Clytanthus varius v. pieli, Gressitt's (1951)
specimen is not C. arciferus. However, we did not examine the type specimen.
Therefore, both are still treated as synonyms of C. arciferus. Furthermore, we
examined the pictures of the type of Chlorophorus semisinuatus Pic, 1949 (Fig.
10), and found that the external morphological characteristics of this species
are the same as C. arciferus (Figs 8-9, 11-14), so Chlorophorus arciferus
(Chevrolat, 1863) = Chlorophorus semisinuatus Pic, 1949, syn. nov.

Chlorophorus socius (Gahan, 1906)
Fig. 16

Caloclytus socius Gahan, 1906: 264. TL: India. TD: BMNH.
Chlorophorus socius Aurivillius 1912: 404.
Chlorophorus (Brevenotatus) socius Ozdikmen 2022: 636, 689.

Specimen examined. Holotype: INDIA « 1Q; Darjeeling (BMNH).

Remarks. Gressitt and Rondon (1970) synonymized Chlorophorus socius with
C. arciferus and then Holzschuh (1991b) resurrected it. According to Holzschuh
(1991b), C. socius can be separated from C. arciferus by having a carinate femora.
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Figure 16. Chlorophorus socius (Gahan, 1906), holotype (photo J.-Y. Qiu and H. Xu). Scale bar: 5 mm.

Chlorophorus annulatus (Hope, 1831)
Figs 17,18

Clytus annulatus Hope, 1831: 28. TL: Nepal. TD: OUMNH.

Clytus signaticollis Laporte de Castelnau & Gory, 1841: 103. TL: India. TD:
OUMNH. Syn. by Holzschuh 2020: 49.

Anthoboscus signaticollis Chevrolat 1863: 303.

Clytanthus signaticollis Waterhouse 1874: xxviii.

Chlorophorus signaticollis Schwarzer 1925: 27.

ZooKeys 1214: 1-14 (2024), DOI: 10.3897/zookeys.1214.131143 7
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Figures 17, 18. Chlorophorus annulatus (Hope, 1831) 17 adult habitus a dorsal habitus b ventral habitus 18 male genitalia
a, b tergite VIIl with sternites VIl and IX a dorsal view b ventral view c—e tegmen ¢ dorsal view d ventral view e lateral view
f median lobe, ventral view. Scale bars: 5 mm (for adult habitus); 1 mm (for genitalia).
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Chlorophorus separatus Gressitt, 1940: 78. TL: China. TD: SYSU. Syn. by Holz-
schuh 2020: 49.

Chlorophorus nigroannulatus Pic, 1943: 1. TL: Vietnam. TD: MNHN. Syn. by
Holzschuh 2020: 49.

Chlorophorus nigroannulatus v. rufonotatus Pic, 1943: 1. Syn. by Holzschuh,
2020: 49.

Rhaphuma signaticollis Ohbayashi 1963: 11.

Chlorophorus nigroannulatus Villiers and Ch(ijé 1966: 552[HN].

Chlorophorus viticis Gressitt & Rondon, 1970: 220, 225. TL: Laos. TD: BPBM.
Syn. by Holzschuh 2020: 49.

Chlorophorus annulatus Holzschuh 1984: 358.

Chlorophorus (Chlorophorus) signaticollis Mitra et al. 2017: 81.

Chlorophorus (Humeromaculatus) annulatus Lazarev and Murzin 2019: 765.

Chlorophorus (Immaculatus) signaticollis Niisato in Danilevsky 2020: 231.

Chlorophorus (Chlorophorus) annulatus Ozdikmen 2022: 641, 686, 690.

Specimens examined. CHINA * 1643 89 Q; Yunnan Province, Pu'er City, Simao,
Laiyang River; 11-13 V. 2018; Qiu Jianyue, Peng Chenli and Xu Hao leg. (SWU)
* 2543 1922; Yunnan Province, Pingbian County, Dawei Mountain; 25-27 V.
2018; Qiu Jianyue, Peng Chenli and Xu Hao leg. (SWU).

Remarks. This species is similar in elytral markings to C. fainanensis, but the
male genitalia are distinctly different (Fig. 18).

New records for China

Chlorophorus coniperda Holzschuh, 1992
Fig. 19

Chlorophorus coniperda Holzschuh, 1992: 27, fig. 28. TL: Vietnam. TD: CCH.
Chlorophorus (Humeromaculatus) coniperda Ozdikmen 2022: 652, 687.

Specimens examined. CHINA * 243 19, Yunnan Province, Yuxi City, E'shan
County; 3 V. 2021; Tian Lichao leg. (SWU) - 12; Yunnan Province, Xishuangban-
na, Jinghong City, Dadugang; 28 IV. 2023; Tian Lichao leg. (SWU).

Distribution. China (Yunnan); Vietnam.

Chlorophorus diversicolor Holzschuh, 2016
Fig. 20

Chlorophorus diversicolor Holzschuh, 2016: 113, figs 7, 8. TL: Laos. TD: CCH.
Chlorophorus (Humeromaculatus) diversicolor Ozdikmen 2022: 652, 687.

Specimens examined. CHINA * 243 292, Yunnan Province, Pu’er City, Ning'er,
Tongxin; 4 V. 2012; Tian Lichao and Huang Guigiang leg. (SWU).

Distribution. China (Yunnan); Laos, Thailand.

Remarks. There is sexual dimorphism in this species in body color. Males
are light reddish-brown while females are dark reddish-brown or black-
ish-brown.
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Chlorophorus orbatus Holzschuh 1991
Fig. 21

Chlorophorus orbatus Holzschuh, 1991a: 12, fig. 11. TL: Thailand. TD: CCH.
Chlorophorus (Chlorophorus) orbatus Ozdikmen 2022: 641, 686.

Specimens examined. CHINA * 24 ; Yunnan Province, Xishuangbanna, Jing-
hong City, Dadugang; 4 V. 2013; Tian Lichao leg. (SWU).

Distribution. China (Yunnan); Thailand, India.

Remarks. This species is similar to C. sappho Gressitt & Rondon, 1970. Chlo-
rophorus sappho can be distinguished from this species mainly by the larger
body size; yellow body coloration; meso- and metafemora finely carinate exter-
nally; metatibia slightly sinuate and feebly carinate; and elytral apex toothed at
the external edge.

19b

2la 21b

Figures 19-22. 19 Chlorophorus coniperda Holzschuh, 1992 a male b female 20 Chlorophorus diversicolor Holzschuh,
2016 a male b female 21 Chlorophorus orbatus Holzschuh, 1991 a male b female 22 Chlorophorus pinguis Holzschuh,
1992. Scale bars for adult habitus: 5 mm.

20a 20b
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Chlorophorus pinguis Holzschuh, 1992
Fig. 22

Chlorophorus pinguis Holzschuh, 1992: 21, figs 21, 63. TL: Vietnam. TD: CCH.
Chlorophorus (Humeromagnomaculatus) pinguis Ozdikmen 2022: 655, 687.

Specimens examined. CHINA * 333 299Q; Guangxi Province, Baise City, Leye
County, Yachang Town; V. 2016; native collector leg. (SWU).
Distribution. China (Guangxi); Vietnam.
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Abstract

Opsariichthys iridescens sp. nov. is described from the Qiantang and Oujiang rivers in
Zhejiang Province and a tributary of the Yangtze River adjacent to the Qiantang River.
It is distinguished from congeners by the following combination of morphological fea-
tures: no obvious anterior notch on the tip of the upper lip; 45-52 lateral-line scales; 18—
21 pre-dorsal scales; two rows of pharyngeal teeth; a maxillary extending to or slightly
beyond the vertical anterior margin of the orbit in adult males; a pectoral fin extending
to the pelvic fin in adult males; nuptial tubercles on the cheeks and lower jaw of males,
which are usually united basally to form a plate; uniform narrow pale pink cross-bars on
trunk and two widening significantly on caudal peduncle. Its validity was also supported
by its distinct Cyt b gene sequence divergence from all congeners and its monophyly
recovered in a Cyt b gene-based phylogenetic analysis.

Key words: Cytochrome b, morphology, opsariichthine, phylogenetic analysis, principal
component analysis (PCA), taxonomy

Introduction

The genus Opsariichthys Bleeker, 1863, are a group of small-sized cyprinid fish-
es endemic to East Asia that live in fast-flowing rivers or streams (Chen 1982;
Chen and Chang 2005; Wang et al. 2019). The type species, Opsariichthys un-
cirostris (Temminck & Schlegel, 1846), was initially described from Japan and
assigned to the genus Leuciscus Cuvier, 1816. Since the genus Opsariichthys
was first established, its earliest members, such as Zacco Jordan & Evermann,
1902 and Candidia Jordan & Richardson, 1909, that belonged to the so-called
opsariichthine group and have large and elongated anal fins and a series of
nuptial tubercles on the jaws as common adult features (Chen 1982), have
been placed in this genus, and a total of 27 species have been described over
the last one hundred years or more (Fricke et al. 2024). Chen (1982) taxonom-
ically defined the opsariichthine fishes and noted that Opsariichthys included

* These authors contributed equally to this paper.
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only two species, among which O. uncirostris was distributed in Japan and the
other species, 0. bidens Giinther, 1873, was distributed in East Asia. Chen and
Chu (1998) continued to follow this opinion.

Both morphological and molecular studies have shown that Opsariich-
thys and Zacco are closely related genera (Banarescu 1968; Chen 1982;
Huang et al. 2017; Wang et al. 2019; Zhang et al. 2023), and the tradition-
al morphological features that distinguishes these two genera are that the
former have a conspicuous notch on the tip of their upper lip and undulat-
ed jaws, while the latter has no obvious notch on the tip of their upper lip
and relatively straight jaws (Jordan and Evermann 1902; Banarescu 1968;
Chen 1982; Chen and Chu 1998). However, recent molecular studies have
revealed distinct genetic differentiation and multiple genetic lineages within
0. bidens and Z. platypus (Temminck & Schlegel, 1846), which may corre-
spond to different species based on traditional diagnostic features (Berrebi
et al. 2005; Perdices et al. 2004; 2005). Furthermore, the genetic lineages of
both species are paraphyletic (Perdices and Coelho 2006). These two spe-
cies are sympatric in many places and are considered widespread in East
Asia (Wang et al. 2019).

Subsequently, based on the results of morphological and phylogenetic stud-
ies, Chen et al. (2009) proposed new diagnostic key features of these two gen-
era, suggesting that the nuptial tubercles on the cheeks of male Opsariichthys
were separated and that the pale green lateral cross-bars were clear and inde-
pendent, while the nuptial tubercles on the cheeks of male Zacco were united
basally to form a plate and that the lateral pale green cross-bars were fused
into fewer large patches. A phylogenetic study based on the mitochondrial
genome by Huang et al. (2017) reaffirmed that the lateral cross-bars were a
key diagnostic feature in the taxonomy of the opsariichthine group. This view
has now been widely accepted. Based on this new classification, the follow-
ing four new species are described: 0. songmaensis Nguyen & Nguyen, 2000;
0. dienbienensis Nguyen & Nguyen, 2000; O. kaopingensis Chen & Wu, 2009;
and O. duchuunguyeni Huynh & Chen, 2013. Three species, viz., O. acutipinn-
is (Bleeker, 1871), O. evolans (Jordan & Evermann, 1902), and O. macrolepis
(Yang & Hwang, 1964), formerly known as Z. platypus, are reinstated as valid
Opsariichthys species. Three species, viz., 0. amurensis Berg 1932, 0. minutus
Nichols, 1926, and O. hainanensis Nichols & Pope, 1927, that were once con-
sidered to be synonymous with O. bidens are also revalidated. Two species, O.
chengtui (Kimura 1934) and 0. pachycephalus (Giinther 1868), are transferred
from Zacco to Opsariichthys, while the taxonomic status of two other species,
0. bea Nguyen 1987 and O. hieni Nguyen 1987, remains uncertain (Fricke et al.
2024). Therefore, Opsariichthys is currently considered to include 14 valid spe-
cies, eight of which are distributed across mainland China. The valid species
in mainland China are O. acutipinnis, O. amurensis, O. bidens, O. chengtui, O.
evolans, O. hainanensis, 0. macrolepis, and O. minutus, and with the exception
of O. bidens, are all regionally distributed species.

While examining Opsariichthys specimens collected from Zhejiang Province
and the tributaries of the Yangtze River adjacent to the Qiantang River, we found
that some of the specimens did not belong to any described species. Further
morphological and molecular analyses of these specimens support that they
belong to a new species, which we describe here.
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Materials and methods
Sample collection and morphological analysis

Sixteen specimens were collected from the Qiantang River system in Lin'an
District, Hangzhou City, and Suichang County, Lishui City, Zhejiang Province, as
well as from the Qiantang River region in She County, Huangshan City, Anhui
Province. The right pectoral fins of these freshly collected specimens were pre-
served in 95% ethanol for molecular biology analyses. Meanwhile, specimens
with left fins were fixed in 10% formalin for three days and then transferred to
70% ethanol for long-term preservation and subsequent morphological anal-
yses. The specimens used in the present study were deposited at Shanghai
Ocean University, Shanghai, China (SHOU). Two species (O. bidens and O. evo-
lans) were used for deep morphological comparison with the new species be-
cause their sympatric distribution (Fig. 1). Data of other similar Opsariichthys
species for comparison were cited from literatures (Yang and Huang 1964;
Chen et al. 2009; Huynh and Chen 2013; Wang et al. 2019).

The morphometric measurements and meristic counts generally followed
those of Chen et al. (2009) and Huynh and Chen (2013). Morphometric char-
acteristics were measured with digital calipers and recorded to the nearest 0.1
mm. Counts and measurements were made on the left side of the specimen.
The meristic abbreviations are as follows: D, dorsal fin; A, anal fin; P1, pectoral
fin; P2, pelvic fin; LL, lateral-line scales; LLa, scales above the lateral line; LLb,
scales below the lateral line; PreD, predorsal scales; and CPS, circum-peduncu-
lar scales. All the fish were measured for standard length (SL).
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Figure 1. Map showing sampling sites of O. iridescens sp. nov. and its two sympatric species that were examined in the

present study.
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Based on the morphological data, principal component analysis (PCA) was
performed on the three Opsariichthys species using R software. From the cu-
mulative contribution of the principal components, the scores of the first prin-
cipal component (PC1) and the second principal component (PC2) were plot-
ted. Canonical discriminant analysis (CDA) and graphing were performed using
SPSS version 23.0.

DNA extraction, PCR amplification, and sequencing

Genomic DNA was extracted using an animal genomic DNA extraction kit from
Shanghai Sangon Biotech Co., Ltd. The cytochrome b gene (Cyt b) was ampli-
fied using polymerase chain reaction (PCR) with the primers L14724 (5-GACTT-
GAAAAACCACCGTTG-3") and H15915 (5-CTCCGATCTCCGGATTACAAGAC-3')
(Xiao et al. 2001). Each 25 pL of PCR reaction mixture contained 1 yL of DNA
template, 1 pL of each primer, 12.5 pL of Tag PCR Mix (Sangon Biotech Co., Ltd.,
Shanghai, China), and 9.5 pL of ddH,0. The PCR conditions were as follows:
pre-denaturation at 95 °C for 3 min; denaturation at 94 °C for 30 s; annealing
at 54 °C for 40 s; extension at 72 °C for 1 min; 35 cycles of extension at 72 °C
for 5 min; and heat preservation at 4 °C. After the PCR reaction was completed,
the products were detected by agarose (1.5%) electrophoresis and sequenced
bidirectionally by Shanghai Sangon Biotech Co., Ltd. The sequencing results for
the Cyt b sequences were manually corrected and assembled using SeqMan
software from DNASTAR (Burland 2000).

Phylogenetic analysis

A total of 74 sequences were used, 45 of which were newly sequenced and
29 of which were obtained from GenBank. The specific sample information
is shown in Table 1. MEGA v. 11.0 (Tamura et al. 2021) was used to align the
sequences and calculate the nucleotide composition, variable sites, parsimo-
ny informative sites and genetic distances between species. Neighbor joining
(NJ) analysis was also performed with MEGA v. 11.0 using the Kimura 2-pa-
rameter (K2P) model. Bootstrapping with 1,000 pseudo replicates was used
to examine the robustness of the clades in the resulting tree. The best substi-
tution model (TIM2+1+G) was selected for maximum likelihood (ML) analysis
and Bayesian inference (Bl) analysis using jModeltest v. 2.0 software (Darriba
et al. 2012) with the Akaike information criterion (AIC). ML analysis was con-
ducted using IQ-TREE v. 2.0 software (Minh et al. 2020), and node confidence
was analyzed by bootstrap analysis with 1,000 repetitive samples. Mrbayes v.
3.2.6 software (Ronquist et al. 2012) was used to conduct the Bl analysis, and
posterior probability was used to indicate the credibility of each branch. The
starting tree was set as a random tree. Four Markov chains were run simulta-
neously for two million generations, with three hot chains and one cold chain.
The system tree was sampled every 100 generations to remove the top 25% of
untrustworthy regions, and the process was stopped when the variance of con-
vergence was less than 0.01. All trees were viewed and edited using FigTree v.
1.4.3 software (Rambaut 2016).
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Table 1. The samples used in this study with their localities, voucher information, and GenBank accession numbers.

Genus

Opsariichthys

Zacco

Parazacco

Nipponocypris

Candidia

Aphyocypris

Species

0. iridescens sp. nov.

O. bidens

0. evolans

0. macrolepis

0. hainanensis

0. chengtui

0. acutipinnis

0. duchuunguyeni
0. pachycephalus
0. kaopingensis

0. minutus

O. uncirostris
Opsariichthys sp. A
Opsariichthys sp. B
Opsariichthys sp. C
Opsariichthys sp. D
Opsariichthys sp. E
Z. acanthogenys

Z. tiaoxiensis

Z. sinensis

Z. platypus

P. spilurus

P. fasciatus

N. temminckii

N. sieboldii

C. barbatus

C. pingtungensis
A. chinensis

A. chinensis

Note: * Sequenced in this study.

Location River

Lin’an, Zhejiang Qiantang River

Huangshan, Anhui Qiantang River

Wuyuan, Jiangxi Yangtze River
Lishui, Zhejiang Ou River
Lin’an, Zhejiang Qiantang River

Dongyang, Zhejiang Qiantang River

Shengzhou, Zhejiang Cao'e River
Yichun, Jiangxi Gan River
Fujian Jiulong River

Lin'an, Zhejiang Qiantang River

Dongyang, Zhejiang Qiantang River

Quzhou, Zhejiang Qiantang River

Shangyu, Zhejiang Cao'e River

Shengzhou, Zhejiang Cao'e River
Lishui, Zhejiang Ou River
Taiwan Unknown

Hejiang, Sichuan Yangtze River

Hainan Unknown
Chengdu, Sichuan Yangtze River

Huangshan, Anhui Yangtze River

Baise, Guangxi Pear River
Taiwan Unknown
Taiwan Unknown
Guangxi Pear River
Japan Unknown

Huangshan, Anhui Yangtze River

Fujian Min River

Hunan Yangtze River
Jiangxi Yangtze River
Hunan Yangtze River

Shengzhou, Zhejiag Qiantang River

Yuhang, Zhejiang Tiaoxi River
Fengcheng, Liaoning Yalu River
Japan Miya River
Unknown Unknown
Unknown Unknown
Unknown Unknown
Unknown Unknown
Taiwan Fenggang River
Taiwan Gaoping River
Japan Unknown
China Unknown
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Voucher
number

ZJQT01-05

ZJXA01-03
ZJLAO01-03
ZJ0J01-03
MKQT01-02
MKQTO03
MKCE
MKJJ01-03
OBJLJ1-2
€QQT01-02
CQQT03-07
ZP_QTJ_1-2
CQCEO1
CQCE02-06
CQ0J01-02
OETaiw1-2
ZP_CJu2_1
OHAND2
ZPQimen4
ZPPE_Youl
OPTaiW1
OMhap01
OUJapan
ZPTaiping2
OEMinJ1
OEXiangJ5
ZA_FH2
OELI1
JJQT01-03
TX01-03
ZHYLO01-03
ZPWJ1
PS1
PF1
NT1
NS1
CB1
CP1

GenBank accession number
PP639122-PP639123, PP639130—
PP639132*
PP639124-PP639126*
PP639127-PP639129*
PP639133-PP639135*%
PP639101-PP639102*
PP639103*
PP639097*
PP639098-PP639100*
FJ602005-FJ602006
PP639110-PP639111*
PP639112-PP639116*
MH350437-MH350438
PP639104*
PP639105-PP639109*
PP639117-PP639118*
KR698567-KR698568
MH350702
KJ940933
KT725244
KM491719
KP101024
KR698649
AY958189
KR698540
KR698682
KM491721
KR698572
KR698575
MH350668
KR698563
PP639119-PP639121*
PP639136-PP639138*
PP639139-PP639141*
LC019793
KF971863
AY958195
EF452750
AY958198
AY958200
KT725246
NC008650
AF307452
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Results
Taxonomic account

Family Xenocyprididae Giinther 1868
Genus Opsariichthys Bleeker, 1863

Opsariichthys iridescens Peng, Zhou & Yang, sp. nov.
https://zoobank.org/FADFO8EA-9DBC-45A3-9D67-79274C1B3083
Figs 2,3A,B

Type material. Holotype + SHOU202210001, male, adult, 91.0 mm standard
length (SL), collected by Jia-Jun Zhou and Hui Cao in October 2022, in Lin'an
District, Hangzhou City, Zhejiang Province (Qiantang River) (30.2368°N,
119.7196°E). Paratypes + SHOU202210002-SHOU202210010, 9 specimens,
79.1-96.0 mm standard length (SL), collected by Jia-Jun Zhou and Hui Cao
in October 2022, from the same locality as the holotype; SHOU202106089,
SHOU202106090, and SHOU202106125, 3 specimens, 85.7~110.7 mm stan-
dard length (SL), collected by Jia-Jun Zhou and Wei Sun in June 2021, in
Suichang County, Lishui City, Zhejiang Province (Qiantang River) (28.5956°N,
119.2709°E); SHOU202106001-SHOU202106003, 3 specimens, 84.5~109.4
mm standard length (SL), collected by Yun-Feng Huang in June 2021, in Shex-
ian County, Huangshan City, Anhui Province (Qiantang River) (29.8637°N,
118.4100°E).

Diagnosis. The new species, Opsariichthys iridescens sp. nov. can be clearly
distinguished from its two sympatric congeners in the Qiantang River and near-
by geographic regions (Tables 3, 4). It can be distinguished from O. evolans
by the following features: (1) lateral-line scales 45-52 (vs 42-45); (2) scales
above lateral-line nine or ten (vs 8); (3) pre-dorsal scales 18-21 (vs 15-17); (4)
two rows of pharyngeal teeth (vs 3 rows); (5) maxillary extending to or slightly
beyond the vertical of anterior margin of orbit in adult male (vs never extending
to the vertical of anterior margin of orbit); (6) pectoral fin extending to pelvic fin
in adult male (vs extending far beyond origin of ventral fin); (7) almost uniform
narrow pale cross-bars on trunk and widening significantly on caudal peduncle
(vs gradually widened, Fig. 3E, F); (8) lower jaw with one row of large tubercles
usually united basally to form a plate in male (vs 1 row of moderate tubercles
well separated). The new species can be clearly distinguished from O. bidens
by the following features: (1) absence of distinct anterior notch on upper lip (vs
presence of conspicuous anterior notch on upper lip); (2) two rows of pharyn-
geal teeth (vs 3 rows); (3) maxillary extending to or slightly beyond the vertical
of anterior margin of orbit in adult male (vs extending to the vertical midpoint
of the eye); (4) pectoral fin extending to pelvic fin in adult male (vs never ex-
tending); (5) almost uniform narrow pale cross-bars on trunk and widening sig-
nificantly on caudal peduncle (vs gradually widened, Fig. 3C, D); (6) one row of
large tubercles under lower jaw united basally to form a plate in male (vs 3 or 4
rows of moderate tubercles well separated).

Opsariichthys iridescens sp. nov. can be well separated from the conge-
ners: O. uncirostris from Japan and Korea; O. amurensis, 0. minutus, and O.
hainanensis from mainland China; O. dienbienensis and O. songmaensis from
Vietnam, like O. bidens, by the absence of distinct anterior notch on upper lip
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Figure 2. Opsariichthys iridescens sp. nov. A holotype, SHOU202210001, preserved male specimen, 91.0 mm SL
B paratype, SHOU202308012, preserved female specimen, 85.2 mm SL.

(vs the presence of distinct anterior deep notch on that). Besides O. evolans,
the new species can be distinguished from the remaining congeneric species:
0. acutipinnis, O. chengtui, and O. macrolepis from mainland China; O. kaopin-
gensis and O. pachycephalus from Taiwan; O. duchuunguyeni from Vietnam,
that have an absence of distinct anterior notch on upper lip as well as by the
following combination of morphological features (Table 4): (1) lateral-line
scales 45-52; (2) scales above lateral line nine or ten; (3) pre-dorsal scales
18-21; (4) circum-peduncular scales 16 or 17; (5) two rows of pharyngeal
teeth; (6) maxillary extending to or slightly beyond vertical of anterior margin
of orbit in adult male; (7) pectoral fin extending to pelvic fin in adult male;
(8) almost uniform, narrow, pale cross-bars on trunk, widening significantly on
caudal peduncle; (9) nuptial tubercles on cheeks and lower jaw united basally
to form a plate in adult male.

Description. The morphometric and meristic data are listed in Tables 2, 3.
Fig. 2A, B shows lateral views of the male and female fish.

Dorsal fin rays iii, 7; anal fin rays iii, 9; pectoral fin rays i,13—-14; pelvic fin rays
i,7—-8; lateral-line scales 45—-52; scales above lateral line nine or ten; scales be-
low lateral line three or four; predorsal scales 18-21; circum-peduncular scales
16 or 17; and two rows of pharyngeal teeth.
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Figure 3. Opsariichthys iridescens sp. nov. A live male B live female; Opsariichthys bidens C live male D live female; Opsa-
riichthys evolans E live male F live female.

Body elongated and laterally compressed, belly rounded. Body depth slight-
ly shorter than head length. No maxillary or rostral barbels. Mouth subter-
minal and oblique, maxillary extending to or slightly beyond the vertical of
anterior margin of orbit. Mouth lacking obvious anterior notch and jaws rela-
tively straight. Eyes rather large, upper lateral. Interorbital width approximately
equal to or slightly less than snout length. Distinct nuptial tubercles on head
and anal fin rays of adult male, one row of 3—-6 on each side of lower jaw, one
row of three or four on cheek. One row of 4-6 large, rounded tubercles on
snout, usually united basally to form a plate. Body with moderately cycloid
scales. Lateral line complete, depressed downward above pectoral fin and
extending along lower half of body to mid-lateral on caudal peduncle. Tiny
scales on belly.

Pectoral fin reaching or extending slightly beyond pelvic fin origin when de-
pressed in adult male, but not reaching the origin in female. Pelvic fin origin
vertical or slightly behind dorsal fin origin, extending to anal fin origin when de-
pressed in adult male, but not reaching the origin in female. Anal fin rays rather
elongate, especially first to fourth branched rays longer in male, with the rear tip
extending beyond vertical line of caudal fin base. Caudal fin forked, lower lobe
almost equal to upper one.
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Table 2. Morphometric measurements of Opsariichthys bidens, O. evolans, and O. iridescens sp. nov.

0. bidens 0. evolans 0. iridescens sp. nov.
Male Female Male Female Holotype Male Female
Male
n 2 8 9 8 1 13 2

Standard length 95.2~100.6 76.1~131.6 71.2~111.6 67.5~84.0 91.0 79.1~110.7 84.5~92.4
(mm)
% of SL Min | Max  Mean | Min | Max Mean  Min | Max | Mean = Min | Max = Mean Min | Max | Mean | Min | Max = Mean
Body depth 246 | 268 257 | 201 252 225 221255 242 220 248 238 24.0 237 286 26.0 233 247 240
Head length 30.0 | 30.1 300 298 311 30.5 234 265 248 242 26.6 253 27.2 258279 271 265 272 269
Length of the 17.3 182 17.7 146200 165 163 193 17.6 162 19.5 179 18.5 171201 | 187 17.6 181 179
caudal fin
peduncle
Depth of the 90 95 92 82 99| 88 77 94 87 82 93 88 9.2 85 100 93 | 85 88 | 87
caudal fin
peduncle

Dorsal fin length 187189 188 | 141 174 158 | 193 26.0 233 | 178 249 209 17.2 17.0 198 182 16.5 168 16.7
Pectoral finlength | 19.6 | 22.0 | 20.8 ' 129 19.8 179 246 309 273 | 194 285 242 231 211267 235 184 19.1 188
Pelvic fin length 153162 157 [ 11.7 148 13.6 | 168 222 193 | 139 19.7 173 15.5 142178 155 128 145 137
Anal fin length 256|285 270 183|251 218 333 424 382 226 397 315 29.3 280357 321 257 258 258

Dorsal fin base 130 133] 132 | 93 114 106 121 152 13,5 10.0 149 121 12.3 11.6 134] 125 | 10.2 10.7 105
length

Pectoral fin base 45| 51 48 33 | 44 39 46 59 53 40 51 46 5.1 50 63 58 40 42 41
length

Pelvic fin base 37 /38 37 32 40 36 33|45 38 32 46 38 49 38|49 42 36 37| 37
length
Anal fin base 151 154|153 | 10.5 120 11.0 156 189 172 | 13.6 191 156 17.6 152 186 169 126 132 129
length

Predorsal length 532 533| 532 | 51.8 56.2| 53.8 484 500 489 | 483 505 492 51.1 49.0 552 519 | 51.3 540 527
Prepectoral length | 26.8 27.0 269 275296 289 236 257 245 | 239 277 250 24.5 245268 256 265 268 267
Prepelvic length 50.1 520 51.1 51.6| 54.8 53.0 46.1| 495 473 464 502 483 46.3 463 499 480 498 500 499

Preanal length 689 693 69.1 712 739 726 466 686 651 666 715 69.1 63.1 63.1 704 66.2 69.4 712 703
% of HL

Snout length 29.3 1 321 307 296 337 321 | 257 334 290 276 315 293 314 288 356 31.5 29.7 308 303
Eye diameter 182 196 189 16.0 224 | 191 219 305 27.0 255 284 275 20.4 2041293 | 254 265 278 272
Interorbital width | 31.7 | 31.9 | 31.8 | 282314 297 295 347 314 261 344 307 343 32.0 371 | 348 309 325 317
Head depth 640 66.2 651 56.4 626 59.4 69.7 787 745 641 76.5 68.6 69.5 67.2 756 | 70.6 66.2 67.0 66.6
Head width 49.0 543 516 389 495 439 445 523 495 421 541 490 48.5 454 558 51.0 49.1 529 51.0

Coloration. In life, body brightly colored, males more colorful than females.
Ten to thirteen irregular blue-green cross-bars separated by pale cross-bars on
the flanks. In adult male, uniform narrow pale pink cross-bars on trunk and two on
caudal peduncle widening significantly; upper and lateral sides of head grayish
and transitioning to orange-red on ventral side and lower margin of cheek. Dorsal
fin rays transparent and membrane black-grey with orange margin. Anal fin and
caudal fin rays transparent, membrane pale yellow or colorless. Pectoral fins
orange and pelvic fins yellow (Fig. 3A). In females, narrow bright yellow bars on
trunk and always absent on caudal peduncle. Dorsal fin black-grey. Pectoral fin
orange yellow. Pelvic fin, anal fin and caudal fin transparent and colorless (Fig.
3B). In 10% formalin-fixed specimens, dorsal and flank of head and body grayish
brown; ventral surface of head and abdomen white to yellowish. Dorsal and cau-
dal fin dark gray. Pectoral, pelvic and caudal fin grayish white (Fig. 2).
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Table 3. Meristic counts of the three sympatric Opsariichthys species and its congeners that absence of distinct anterior

notch on upper lip.

Species

0. iridescens sp. nov.

0. bidens

0. evolans

0. acutipinnis*

0. duchuunguyeni*
0. kaopingensis*
0. macrolepis*

0. pachycephalus*

0. iridescens sp. nov.

0. bidens

0. evolans

0. acutipinnis*

0. duchuunguyeni*
0. kaopingensis*
0. macrolepis*

0. pachycephalus*

0. iridescens sp. nov.

0. bidens

0. evolans

0. acutipinnis*

0. duchuunguyeni*
0. kaopingensis*
0. macrolepis*

0. pachycephalus*

0. iridescens sp. nov.

0. bidens

0. evolans

O. acutipinnis*

0. duchuunguyeni*
0. kaopingensis*
0. macrolepis*

0. pachycephalus*

M: mean of all listed values; *: data cited from the literature.
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Distribution. The new species is only found in Qiantang and Oujiang River
systems in Zhejiang Province and the tributaries of the lower Yangtze River
adjacent to the Qiantang River.
Habitat. The new species lives in the headwaters of streams with moderate
flow velocities and clear water with small to medium-sized pebbles and boul-

Etymology. Iridescens is the Latin form of the word iridescent. Here, it refers
to the unique body color, which is brighter than that of any known species in the
genus. In this study, we propose the Chinese common name Héng Cai Ma Koéu
Ya (TR 5 ).
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Table 4. Morphological differences among eight Opsariichthys species that absence of distinct anterior notch on upper lip.

0. evolans | O. acutipinnis* | 0. chengtui* = 0. duchuunguyeni* | O. kaopingensis*

0. macrolepis* | 0. pachycephalus*

Character 0. iridescens
Sp. nov.
Lateral-line scales 45-52
Scales above the 9-10
lateral line
Predorsal scales 18-21
Circum-peduncular 16-17
scales
Pharyngeal teeth 2 rows
Whether the Extending
maxillary extending | to or slightly
the vertical of beyond
anterior margin of
orbit
Whether the Slightly
pectoral extends extending
to the origin of the
pelvic fin
Features of the Uniform and
bright bars on the narrow on
flanks the trunk and
widening
significantly
on the caudal
peduncle
The number of 1 row, united
tubercles on the basally to
lower jaw of adult form a plate
males in males

*: data cited from literature.

42-45 42-43 60-67 Py 44-48 46-49 48-54
8 8-9 11 8 9-10 8 10-11
15-17 15-17 25-26 13-14 17-19 17-19 20-23
16-17 18-20 21-22 17 17-20 17-18 17-20
3 rows 3 rows 2 rows 3 rows 3 rows 2 rows 3 rows
Not Extending Extending Extending to or Reaching or Not reaching Extending to or
reaching to slightly beyond slightly beyond beyond the middle
or slightly vertical of orbit
extending
Extending Never Never Not reaching or Never reaching | Not reaching Never reaching
far beyond reaching reaching slightly extending or slightly
extending
Gradually Gradually Gradually | Gradually widened | Uniform on the Gradually Gradually widened
widened widened widened trunk and wider widened
on the caudal
peduncle
1 row, well 1 row, well 1 row, well 2 rows, well 1 row, well 2 or 3 rows, 1 row, well
separated separated separated separated separated well separated separated

Morphological analysis

PCA was performed on three Opsariichthys species based on the morpho-
logical data. Fig. 5 shows the principal component score plot. The cumula-
tive contribution of PC1 and PC2 was 79.28%, which represents most of the
information in the original data. The contribution rate of PC1 was 58.63%,
and the eigenvalue was 23.34, which was the highest contribution to the
model. The contribution rate of PC2 was 20.65%, and the eigenvalue was
4.09. In the principal component score plot, O. evolans was mainly clustered
on the negative side of the origin of the PC1 axis, whereas the new species
and O. bidens were mainly distributed on the origin of the PC1 axis and on
the positive side, so that the three species could be clearly distinguished
from each other.

Through typical discriminant analysis, a table of coefficients of typical dis-
criminant functions related to the morphological data was obtained, and two
typical discriminant functions were established. The eigenvalues of the two
typical discriminant functions were 23.343 and 4.085, and their variance con-
tribution rates were 85.1% and 14.9%, respectively. According to the two dis-
criminant functions, the scores of different Opsariichthys species were calcu-
lated, and scatter plots of the scores of different Opsariichthys species were
obtained by using these two discriminant functions as horizontal and vertical
coordinates, respectively (Fig. 6). As shown in the scatter plot, none of the three
species overlapped, suggesting that they are different species.
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Figure 4. Image of the habitat of Opsariichthys iridescens sp. nov., near riverbed with stones.

Molecular phylogenetic analysis

In this study, a total of 72 Cyt b gene sequences from 27 species of the opsa-
riichthine group were used, and two additional Cyt b sequences from Aphyocy-
pris chinensis were used as outgroups. Based on the length heterogeneity of
the sequences from GenBank, four sequences were compared to obtain a se-
quence length of 913 bp for Z. platypus, Opsariichthys sp. A, O. acutipinnis, and
0. duchuunguyeni, and the remaining 68 opsariichthine group sequences were
1140 bp in length. The base frequencies (excluding outgroups) were A = 25.6%,
C=28.1%, G =16.2%, and T = 30.1%. The content of A+T (55.7%) was signifi-
cantly greater than that of G+C (44.3%), which was basically consistent with the
characteristics of the mitochondrial genes of fish that have high A and T con-
tents and low G and C contents. There were 672 conserved sites, accounting for
58.9% of the total number of sites; 468 mutated sites, accounting for 41.1% of
the total number of sites; 74 single mutated sites, accounting for 6.5% of the to-
tal number of sites; and 394 parsimony informative sites, accounting for 34.6%
of the total number of sites. The conversion ratio of the sequence was 3.03.

The phylogenetic tree of the opsariichthine group was reconstructed based
on the NJ, BIl, and ML analyses, and all three trees had a consistent topology
despite the differences in support at some branches. Here, we only show the
topology of the NJ tree while adding the self-expanding support of the Bl and
ML trees at the nodes. The topology of the NJ tree (Fig. 7) shows that Opsa-
riichthys and Zacco form a monophyletic group and are sister groups to each
other. The new monophyly species clustered in the Opsariichthys group, was
located at the base of the genus, and formed a sister group with other Opsa-
riichthys species with the support of 82/96/0.97 (NJ/ML/BI).

The genetic distances among the species of the opsariichthine group were cal-
culated based on a K2P model. The genetic distances among the new species and
the congeneric species and lineages ranged from 0.143 to 0.186, and those among
the inter-genus species ranged from 0.144 to 0.193. Among them, the smallest

ZooKeys 1214: 15-34 (2024), DOI: 10.3897/z0okeys.1214.127532 26



Xin Peng et al.: A new species of Opsariichthys

[ ]
@ now species
@ O evolms
® O bidens
e ©
3-
8 o
o % o o
s o®
) ®
2 o
: ® ® ®
[ ] e
4 ] . b ®
®
® @
@
=3
[ ]
®
®
° ®
L]
il
—4 12

4
PC1 58.63 %

Figure 5. PCA score plots for PC1 and PC2.
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Figure 6. Canonical discriminant score plot for the three species of Opsariichthys.

genetic distance from the new species was observed for Opsariichthys sp. D, with
a value of 0.143, while the greatest genetic distance from the new species was
observed for Parazacco spilurus, with a value of 0.193 (Table 5).

Diagnostic key to Opsariichthys species

1  Absence of distinct anterior notches on the upper lip; lateral jaws relative-
[y STrAIGNT ..o 2
-  Presence of a distinct anterior notch on the upper lip; lateral jaws undulat-
=T DT 9
2  2rows of pharyngeal teeth ... 3
- 3rowsof pharyngeal teeth ..o 5
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10

Fewer than 60 lateral-line scales...........cccceeieiiiiiiiiicceeeee 4
More than 60 lateral-line scales ......0. chengtui (the upper Yangtze River)
2 or 3 rows with 15-21 rather small, rounded tubercles in total that are well
separated on the lower jaw in males; body with 11-13 greenish blue stripes
of almost equal width in males......... 0. macrolepis (the upper Yangtze River)
Single row of 3-6 rather large, rounded tubercles on the lower jaw of
males, united basally to form a plate; 10-13 pale pink strips on the body
of males, uniform and narrow on the trunk and widening significantly on
the caudal peduncle..................... 0. iridescens sp. nov. (southeast China)
Fewer than 42 lateral-line scales; 13 or 14 predorsal scales; 3 scales be-
low the lateral line; very narrow body width; 2 rows with 12-15 rather large
and rounded tubercles on the lower jaw in adult males...............cc.ccceeen.
.......................................................... 0. duchuunguyeni (northern Vietnam)
More than 42 lateral-line scales; 15—17 predorsal scales; 4 scales below
the lateral line modally; a rather narrow to thick body width; a series of 4-7
rounded tubercles on lower jaw in adult males.........cccccoeevieiiieieieienn, 6
42-45 lateral-line scales; 15-17 predorsal scales; a rather narrow body
width; maxillary that does not extend to or slightly reaches the vertical
anterior margin of the orbit; pectoral fin reaching or extending far beyond
the origin of the ventral fin...........ccooeiiiiiie e 7
More than 45 lateral-line scales; 18—-23 predorsal scales; rather thick body
width; maxillary that extends to or far beyond the vertical anterior margin
of the orbit; pectoral fin that does not extend beyond the origin of the ven-
EFALFIN et 8
18-20 circum-peduncular scales; 15 pectoral fin rays modally; maxillary
that extends to the vertical anterior margin of the orbit; a pectoral fin that
does not extend to the origin of the ventral fin; 9 scales above the lateral
line modally.......cccooveiiiviiicieieeee 0. acutipinnis (southern China)
16 or 17 circum-peduncular scales; 14 pectoral fin rays modally; maxillary
that does not extend to the vertical anterior margin of the orbit; pectoral
fin that extends far beyond the origin of the ventral fin; 8 scales above the
lateral line MOdally ........cooiiiii e
.................... 0. evolans (northern Taiwan Island, eastern mainland China)
More than 48 lateral-line scales (mode 50-54); 20-23 predorsal scales;
40 or 41 vertebrae; maxillary that extends to or beyond the vertical midline
of the orbit in females; opercle and ventral side of head orange-red to pink-
red in @dUlt MAIES .......ocviiieiciceeee e
............... 0. pachycephalus (northern, middle and western Taiwan Island)
40-45 lateral-line scales (mode 45-47); 18 or 19 predorsal scales; 39 ver-
tebrae; maxillary that extends to or slightly beyond the vertical anterior
margin of orbit in females; opercle and ventral side of head bright yellow
inadultmales........ccooeevveienn. 0. kaopingensis (southern Taiwan Island)
Fewer than 50 lateral-line scales; 8—10 scales above the lateral line......10
More than 50 lateral-line scales; 10—12 scales above the lateral line.........
................................................................... 0. uncirostris (Japan and Korea)
45-50 lateral-line scales; rounded tubercles on lower jaw rather small and

arranged in 3 roOWS iINMAIES.........cooiiiiieiieieeece e 11
40-43 lateral-line scales; rounded tubercles on lower jaw rather large and
arranged in 2 0r 3rows iNMaAleS ........c.oooiiiiieiieececeeeeeee e, 13
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11 45-47 lateral-line scales; 8 or 9 scales above lateral line; 17-19 circum-pe-
duncular scales; 40—42 vertebrae.........cccceeveveeiiiceee e 12
- 46-50 lateral-line scales; 9 or 10 scales above lateral line; 19 or 20 cir-
cum-peduncular scales; 38 or 39 vertebrae ..... 0. amurensis (Amur River)
12 19-21 predorsal scales; 9 scales above lateral line; 41 or 42 vertebrae ....
.............................................................. 0. bidens (northern and east China)
- 16-18 predorsal scales; 8 scales above lateral line modally; 40 or 41 ver-
tebrae ..o, 0. minutus (southern China)
13 41-43 lateral-line scales (mode 42); 15 or 16 predorsal scales modally;
rounded tubercles large or small arranged in 2 or 3 rows; rather small head;
body strongly laterally compressed at position of anal fin origin............... 14
- 40 or 41 lateral-line scales (mode 41); 17 predorsal scales modally; round-
ed tubercles on lower jaw rather large and arranged in 2 rows; rather large
head; body rather wide at anal fin origin ...... 0. hainanensis (Hainan Island)
14 13-15 pectoral fin rays (mode 14); 16—-19 caudal peduncle scales (mode
17); 15-18 predorsal scales (mode 16); 14—16 anterior scales before pel-
vic origin (mode 15); rounded tubercles on lower jaw rather large and ar-
ranged in 3 rows in males; body with 14 greenish blue cross-bars in males;
maxillary that extends to vertical midline of orbit in females; snout length
of approximately 32-33% in males; interorbital width of approximately
30% inmales......ccocoveeeininciice, 0. dienbienensis (northern Vietnam)
- 13 or 14 pectoral fin rays (mode 13); 18 caudal peduncle scales modal-
ly; 15-18 predorsal scales (mode 15); 13-15 anterior scales before the
pelvic origin (mode 14); rounded tubercles on lower jaw rather small and
arranged in 2 or 3 rows in males; body with 13 greenish blue cross-bars
in males; maxillary does not extend to vertical midline of orbit in females;
snout length of approximately 30% in males; interorbital width of approxi-
mately 27-28% in males................ 0. songmaensis (Ma River of Vietnam)

Discussion

For a long time, the genus Opsariichthys was thought to include only one spe-
cies, 0. bidens, which was widely distributed in East Asia (Chen 1982; Chen and
Chu 1998). With the help of modern molecular techniques, the nuptial tubercles
on the cheeks of males and the lateral cross-bars on the body, which were first
identified by Chen et al. (2009) and later confirmed by Huang et al. (2017), were
found to be the key diagnostic features distinguishing this genus from its sister
genus Zacco. Thus, the taxonomy of the two genera gradually became clearer.
Therefore, based on the stripe features and phylogeny of this study, we ascribe
0. iridescens sp. nov. to the genus Opsariichthys. In addition, based on geograph-
ic distribution, the results of morphological and PCA analyses also indicated the
validity of the new species. With many independent rivers and diverse habitats,
southeast mainland China is rich in freshwater fish species, and some species
have a common distribution with northern Taiwan, including O. evolans, which was
used for the comparison in this study. According to our investigations, in addition
to the new species, only O. bidens and O. evolans are found in Zhejiang Province,
north of the Wuyi Mountains, and are distinct from the other congeners. Based on
our observations, all Opsariichthys species can be divided into two types: one with
a large mouth, a conspicuous anterior notch on the upper lip, and undulated jaws;
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Figure 7. Phylogenetic relationships of opsariichthine derived from the NJ tree based on the Cyt b gene sequences; the val-
ues at the nodes correspond to the support values for the NJ/ML/BI methods. - indicates that the value is less than 50%.
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and another with a small mouth, no distinct anterior notch on the upper lip, and
relatively straight jaws. These two types are morphological adaptations to feeding
habits, carnivores and omnivores, respectively. The new species belongs to the
latter; however, the phylogenetic analysis in this study shows that the two types
do not form monophyletic groups, indicating that mouth shape may be a derived
evolutionary trait. In addition to the difference in scale numbers (Table 3), the new
species also has several obvious morphological features that distinguish it from
other species in the same group: 1) the nuptial tubercles on the cheeks and lower
jaw of the adult males were united basally to form a plate, similar to the species of
Zacco; 2) two rows of pharyngeal teeth; and 3) the narrow, pale, lateral cross-bars
that are almost uniform in width on the trunk and widening significantly on the
caudal peduncle (Table 4). In the diagnostic key for Opsariichthys species present-
ed above the data for all but three species was obtained from published sources
(Yang and Huang 1964; Chen et al. 2009; Huynh and Chen 2013; Wang et al. 2019).

Wang et al. (2019) used a 3% Cyt b gene genetic distance to delimit the
opsariichthine fish species, identified 20 haplogroups of Opsariichthys, and re-
ported that the species diversity of this genus was underestimated. The new
species reported herein does not belong to any of the haplogroups in Wang et
al. (2019), and its genetic distance from both congeneric and intergeneric spe-
cies exceeds 14%, which is much greater than their 3% limit (see Table 5). Our
phylogenetic results are consistent with the results of previous studies (Huang
et al. 2017; Wang et al. 2019; Zhang et al. 2023) (Fig. 7). Opsariichthys and
Zacco, which both have lateral cross-bars, are both monophyletic and form sep-
arate clades, which supports the use of stripes as key diagnostic features for
distinguishing them. Moreover, O. iridescens sp. nov., as a monophyletic group,
is located at the base of all Opsariichthys species. In conclusion, the genetic
distance and phylogenetic analyses support morphological distinctiveness and
the validity of the new species.

Comparative materials

0. evolans: SHOU2021060004-006, 3 specimens, 67.5-112.0 mm SL, She Coun-
ty, Qiantang River System, Anhui Province, China; SHOU2021060091, 1 speci-
men, 103.3 mm SL, Suichang County, Qiantang River System, Zhejiang Prov-
ince, China; SHOU2021060145, 1 specimen, 83.5 mm SL, Qingyuan County, Ou
River System, Zhejiang Province, China; SHOU202208005-006, 2 specimens,
71.4-77.5 mm SL, Shangyu District, Cao’e River System, Zhejiang Province, Chi-
na; SHOU202208031-040, 10 specimens, 71.2-84.0 mm SL, Shengzhou City,
Cao'e River System, Zhejiang Province, China.

0. bidens: SHOU202209008-012, 5 specimens, 76.1-100.6 mm SL, Qingyu-
an County, Ou River System, Zhejiang Province, China; SHOU202111001-005, 5
specimens, 99.6—131.6 mm SL, Shengzhou City, Cao’e River System, Zhejiang
Province, China.
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Abstract

Four species of the cosmopolitan genus Asaphes Walker, 1834 (Hymenoptera: Chalci-
doidea: Asaphesinae, family incerta sedis) are recorded from Xinjiang Uyghur Autono-
mous Region, China, bringing the number of known species in China to eight. In addition
to Asaphes suspensus (Nees ab Esenbeck), 1834 and A. vulgaris Walker, 1834, A. fuyunis
Li & Zhang, sp. nov. is newly described based on females and A. californicus Girault,
1917, previously known only from North and South America, is newly recorded from
China. These four species are differentiated using an integrative taxonomic approach
that includes COI barcode data and morphometrics, and are illustrated using macro-
photography. Additionally, the 13 described world species of Asaphes are tabulated and
females of the eight recognized Chinese species are keyed.

Key words: Asaphes, CO|, integrative taxonomy, morphometrics, Xinjiang

Introduction

Asaphes Walker, 1834 is one of three genera recognized in Asaphesinae by
Burks et al. (2022), the other two being Hyperimerus Girault, 1917 and Coriotela
Burks & Heraty, 2020. Both Asaphes and Hyperimerus are cosmopolitan, where-
as Coriotela is an extinct genus described from Eocene Baltic amber (Burks
and Heraty 2020). The subfamily was historically treated in the family Ptero-
malidae (Hymenoptera: Chalcidoidea) as Asaphinae prior to Burks and Heraty
(2020) providing the new name Asaphesinae when they discovered Asaphinae
was a junior homonym of a trilobite family. Subsequently, Burks et al. (2022)
removed Asaphesinae from Pteromalidae and treated it as family incertae se-
dis based on the molecular results of Cruaud et al. (2024). Most species of
Asaphes are hyperparasitoids of aphids (Hemiptera: Aphididae), parasitizing
primary hymenopteran parasitoids, including Aphidiinae (Braconidae), Trech-
nites spp. (Encyrtidae), and Aphelinus spp. (Aphelinidae) (Boucek 1988; Gibson
and Vikberg 1998; de Boer et al. 2019; Kamel et al. 2020).

* These authors contributed to this work equally.
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Prior to the present study, 12 valid world species of Asaphes were known
(Noyes 2019), including six species from mainland China: A. globularis Xiao
& Huang, 2000, A. oculi Xiao & Huang, 2000, A. siciformis Xiao & Huang, 2000,
A. suspensus (Nees), 1834, A. umbilicalis Xiao & Huang, 2000, and A. vulgaris
Walker, 1834 (Xiao and Huang 2000). Here, we increase the number of spe-
cies from China to eight by describing one new species, A. fuyunis Li & Zhang,
sp. nov., and a new record of A. californicus Girault, from Xinjiang Uyghur
Autonomous Region of China. Asaphes californicus was previously reported
only from North and South America (Gibson and Vikberg 1998, but our new
record is based not only on morphological features using the available keys but
also by COI molecular and morphometric evidence. A maximum likelihood (ML)
tree by K2P distances based on COIl sequences and morphometric evidence
are provided to support the presence of the four Asaphes species in Xinjiang.
Additionally, the 13 described world species of Asaphes are tabulated and fe-
males of the eight species recorded from China are keyed.

Materials and methods
Morphological studies

Specimens of the four herein treated species from China were collected by
sweeping with a net in Xinjiang Uyghur Autonomous Region, 2020-2022, and
preserved in 100% ethanol at -20 °C. All specimens are deposited in the Insect
Collection of the College of Life Science and Technology, Urumgqi, Xinjiang, Chi-
na (ICXU). The specimens were air dried from ethanol, glued on triangular cards,
and examined with a Nikon SMZ 745T stereomicroscope. Dried, point-mounted
specimens of A. californicus from North America that were used for compar-
ative studies were obtained from the Canadian National Collection of Insects,
Arachnids and Nematodes, Ottawa, Canada (CNC), and are deposited in ICXU
as voucher specimens. Images were taken with a Nikon DS-Fi3 camera con-
nected to a Nikon SMZ 25 camera stereomicroscope. All images were stacked
with NIS-Elements software and arranged in plates using Adobe Photoshop. All
specimens were identified using Graham (1969), Kamijo and Takada (1973),
Gibson and Vikberg (1998), Xiao and Huang (2000), and Narendran and van
Harten (2007).

Morphological terms follow Boucek (1988) and Gibson (1997). Body length
excludes the protruding parts of ovipositor sheaths and was measured in mil-
limeters (mm); other measurements are given as ratios. Abbreviations of mor-
phological terms used are:

ED shortest distance between mps multiporous plate sensilla,
the inner margins of the eyes; MV marginal vein;

EH eye height; OOL shortest distance between eye
EL eye length; margin and a posterior ocellus;
EW eye width; PMV postmarginal vein;

Fu, antennal funicular 1, 2...; POL shortest distance between
Gt gastral tergite 1, 2...; posterior ocell;;

HL head length; SMV  submarginal vein;

HW head width; STV  stigmal vein.
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Morphometrics

Forty morphometric variables of seventeen females (four of A. californicus,
three of A. fuyunis, five of A. suspensus, and five of A. vulgaris) were included in
the morphometrical analysis (Table 2). A Principal Components Analysis of the
morphometric data in the ADEGENET package in R (Jombart et al. 2010) was

conducted to distinguish the four species.
The following abbreviations are used for structures measured:

AL length of anellus 1, 2...; PDL length of pedicel;
CL length of clava; PDW width of pedicel;
CW  width of clava; PFCL combined length of pedicel
DL length of dorsellum; and flagellum;
DW width of dorsellum; PL length of propodeum;
FulL length of funicle 1,2..; PRL length of pronotum;
Fu W width of funicle 1, 2..; PRW width of pronotum;
FRL length of frenum; PTL length of petiole;
FWL length of fore wing; PTW width of petiole;
FWW width of fore wing; PW  width of propodeum;
GL length of gaster; SCPL length of scape;
Gt L length of gastral tergite 1,2..; SCPW width of scape;
GW  width of gaster; SL length of scutellum; -
IL distance between theinneror- SW width of scutellum;
bits in dorsal view; TA distance from dorsal margin
MFL length of metafemur; of torulus to ventral margin of
MFW  width of metafemur; anterior ocellus;
ML length of mesoscutum; TC distance from ventral margin
MTAL length of metatarsus; of torulus to apical margin of
MTL length of metatibia; clypeus;
MTW width of metatibia; TL length of temple in dorsal view;
MW  width of mesoscutum; UL length of uncus of stigmal vein.

Acronyms for specimen depositories are as follows: CNC, Canadian Na-
tional Collection of Insects, Arachnids and Nematodes, Ottawa, ON, Cana-
da; DZUC, Department of Zoology, University of Calicut, Calicut, Kerala, India;
HOPE, Hope Entomological Collection, Oxford, England; ICXU, Insect Collec-
tion of College of Life Science and Technology, Urumgi, Xinjiang, China; IZCAS,
Institute of Zoology, Chinese Academy of Sciences, Beijing, China; MZLU, Lund
Museum of Zoology, Lund, Scania, Sweden; NHMUK (formerly BMNH), Natural
History Museum, London, England; USNM, US National Museum of Natural
History, Washington, DC, USA.

DNA extraction, mtDNA COI amplification, and sequencing

Genomic DNA was extracted from either from individuals preserved in 100%
ethanol at -20 °C (Chinese specimens) or dried, point-mounted specimens
(A. californicus) through whole body extraction using a DNA extraction kit
(TIANamp Genomic DNA Kit, China) following the manufacturer’'s protocol.
In both processes the mixture of proteinase K and Buffer GA were the same
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and both were held at a constant 56 °C temperature in a metal bath, but dura-
tion of the treatments differed. The specimens in ethanol were treated at for
5 h, whereas the dried, point-mounted specimens were treated for 12 h. PCR
reaction mixture of 2 5uL was prepared with the following composition of 2x
Taq Mix 12.5 pL, ddH,0 5.5 pL, the forward primer 1 pL, the reverse primer 1
pL and DNA template 5 pL. The primers of mtDNA COIl sequences for Asaphes
were designed based on sequences of Asaphes and Hyperimerus, plus those
of Chlorocytus Graham, 1956, Dinarmus Thomson, 1878 and Mesopolobus
Westwood, 1833 (Pteromalidae: Pteromalinae) on GenBank (www.ncbi.nim.
nih.gov/Genbank) using the software DNAMAN 9.0.1.116 and SNAPGENE
4.1.9. DNAMAN 9.0.1.116 was used to proofread and analyze the specific
single nucleotide polymorphism (SNP) site differences in the COI sequences
and design specific primers for Asaphes by SNAPGENE 4.1.9. The forward
primer and reverse primers, respectively, are: 5- ACC TGT AAT AAT AGG AGG
ATT TGG -3' and 5- TAA TAG CTC CCG CTA AAA CTG GT-3'. Thermocycling
conditions included an initial denaturing step at 95 °C for 4 min, followed by
42 cycles of 95° for 30 sec, 46° for 30 sec, 72° for 1 min and an additional ex-
tension at 72° for 10 min. Amplified products were secession on 1% agarose
stained with Nucleic acid dye and visualized using a UV trans-illuminator. PCR
products were purified and double stranded products were bidirectionally se-
quenced by Sangon Biotech.

Sequence data and phylogenetic analysis

Sequences from both directions were assembled and edited in BIOEDIT v.
7.0.5.3. The COI data set was chosen for phylogenetic analysis and was
aligned using the Alignment (Align by Clustal W) multiple alignment program
built in MEGA X with the default alignment parameters. Pairwise nucleotide se-
quence divergences were calculated using a Kimura 2-parameter (K2P) model
of substitution (Kimura 1980) and construct the phylogenetic tree ML (Maxi-
mum likelihood) in MEGA X (Alajmi et al. 2020; Malagén-Aldana et al. 2022).
The robustness of the node of the phylogenetic tree was estimated from 1,000
bootstrap replicates. Based on genetic distance and phylogenetic tree con-
struction, molecular identification was conducted for further verify the results
of morphological identification.

COl sequences of A. vulgaris, and Pteromalidae sp. as the out-group, were
downloaded from NCBI. The details of the sequences are shown in the Table 1.

Table 1. Detailed information about NCBI-downloaded sequences of A. vulgaris and
Pteromalidae sp.

GenBank

. Morphospecies Collectors Collection site
accession
ON704783.1 | Asaphes vulgaris Zhang, X China, Ningxia, Yinchuan
KY912683.1 | Asaphes vulgaris Ye, Z., Vollhardt, .M.G., Austria, Tirol, Innsbruck
Tomanovic, Z. and Traugott, M.
MT878057.1 | Pteromalidae sp. Woolley, V.C., Tembo, Y. and United Kingdom,
Ndakidemi, B., et al. Greenwich, London
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Table 2. The main ratios measured for characters of female Asaphes.

No. = Ratio character Number Ratio character
1 FW/FH 21 PRW/PRL
2 EH/EW 22 MW/ML
3 ED/FW 23 SW/SL
4 TA/TC 24 ML/SL
5 SCPL/SCPW 25 SL/FRL
6 PDL/PDW 26 DW/DL
7 Anl/AnL 27 PW/PL
8  Ful/FuW 28 PTL/PTW
9 Fu,l/FuW 29 FWL/FWW
10 | Fu,L/FuW 30 MV/ PMV
11 Ful/FuW 31 MV/STV
12 | FuL/FuW 32 PMV/STV
13 | Fu,L/FuW 33 SMV/ MV
14 | CL/CW 34 STV/UL
15 | PFCL/FW 35 GL/GW
16 | HL/HW 36 Gt,L/ Gt,L
17 | EL/EW 37 FML/FMW
18 | EL/TL 38 MTL/MTW
19 | POL/OOL 39 FML/ MTL
20 | IL/HL 40 MTL/MTAL

Results

Taxonomy

Asaphes Walker, 1834

Asaphes Walker, 1834: 151. Type species: Asaphes vulgaris Walker; by monotypy.

Isocratus Forster, 1856: 53, 58. Unnecessary replacement name according to
Gahan and Fagan 1923: 18; incorrectly considered as preoccupied by Asa-
phus Brongniart.

Parectroma Bréthes, 1913: 91. Type species: Parectroma hubrichi Brethes by
monotypy. Synonymized by De Santis 1960: 113.

Diagnosis. Asaphes can be recognized by the following features: head with
horseshoe-like occipital carina (Figs 1C, 2C) and with genal carina; antenna
14-segmented including one or two anelli (basal flagellomeres without mps),
seven or six funiculars (with mps) and three distinct clavomeres plus tiny api-
cal fourth clavomere (terminal button); torulus distinctly below midline of head
near lower margin of eyes, with upper margin slightly above (Figs 1D, 4B) to
distinctly below lower ocular line; left mandible bidentate and right mandible
tridentate; pronotum transverse-quadrangular, ~ 1/2 as long as mesoscutum
and rounded to abruptly angled to neck but without marginal rim (Fig. 1A, B);
mesoscutum with compete notauli (Figs 1B, 2A, 3F); marginal vein subequal in
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length or shorter than stigmal vein (Figs 1F, 2F, 3G, 4G); petiole tubular, divided
into dorsal and ventral parts by lateral sulcus and with dorsal surface strongly
sculptured, reticulate and/or with irregular longitudinal ribs (Figs 1E, 2E); gaster
strongly sclerotized, non-collapsing (Figs 1A, B, |, 2E, 3A, H, K).

Comments. Graham (1990: 200) incorrectly listed Notopodion Dahlbom,
1857 as a junior synonym of Asaphes, which was followed by Gibson and Vik-
berg (1998) and Xiao and Huang (2000); rather, Notopodion is a synonym of
Podagrion Spinola, 1811 (Torymidae) (Noyes 2019). Gibson and Vikberg (1998)
provide a more comprehensive diagnosis of the genus as well as a subfamily
diagnosis as then recognized, which was modified by Burks and Heraty (2020)
and Burks et al. (2022). Burks et al (2022) considered the antenna of Asaphen-
esinae to be 14-segmented, including a small, terminal, fourth clavomere. While
we follow their interpretation, because of its size the terminal clavomere, or
“terminal button”, is inconspicuous and the antenna superficially appears to be
13-segmetned with three distinct clavomeres (e.g., Fig. 1G, H). Most Asaphes
species also have two basal flagellomeres without mps and six funiculars with
mps, though the antenna of A. umbilcatus has only a single strongly transverse
anellus and seven funiculars with mps (Xiao and Huang: fig. 6). Narendran and
van Harten (2007) described the antennal formula of A. ecarinatus as 1: 1: 3:
7: 3 (i.e., 15-segmented), but their line drawing illustration of the flagellum ap-
pears to show a single basal flagellomere without mps, six funiculars with mps,
and three clavomeres (i.e., 12-segmented). We did not examine type material to
clarify these inconsistencies, but almost certainly the described antennal for-
mula is incorrect, and the basal flagellomere likely is so strongly transverse that
it is not clearly illustrated in the line drawing so that the antennal formula likely
is 1:1:2:6:3, excluding the terminal button. The number of basal flagellomeres
lacking mps requires close examination because even though Xiao and Huang
(2000) key both A. suspensus and A. vulgaris as having “at most F1 without
sensilla”, the flagellum of both species have two anelli, i.e., lacking mps (Gib-
son and Vikberg 1998 figs 28, 30). As such, the number of basal flagellomeres
without mps for the new species described by Xiao and Huang (2000) requires
confirmation, including A. globularis, which has the basal four flagellomeres
so strongly transverse as to possibly lack mps (Xiao and Huang 2000: fig. 16).

Asaphes can be differentiated from other genera classified in Pteromalidae
prior to Burks et al. (2022) using such keys as Graham (1969), Boucek and
Rasplus (1991), Boucek and Heydon (1997), Xiao and Huang (2000), or Huang
and Xiao (2005).

Key to Chinese species of Asaphes based on females

1  Temple setose posteriorly; malar space ~ 1/3 length of eye height............
........................................................................... A. oculi Xiao & Huang, 2000
- Temple bare posteriorly; malar space ~ 1/2 length of eye height ............. 2
2 Length of flagellum and pedicel combined slightly greater than head
width; petiole slightly transvese, 0.8x as long as broad ..............ccccceveeuenen.
.................................................................. A. siciformis Xiao & Huang, 2000
-  Length of flagellum and pedicel combined slightly less than head width;
petiole at leastquadra-te and usually slightly longer than wide.................. 3
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3 Mesoscutum with umbilicate punctuation (Xiao and Huang 2000: fig. 7);

metacoxa dorsally bare............cc.......... A. umbilicalis Xiao & Huang, 2000
- Mesoscutum with shallow engraved reticulation; metacoxa setose dorsal-
Y ettt et b et et te et e teere et e re s 4
4  POLatmost2.2x OO0L........cccevvvereennnnne. A. globularis Xiao & Huang, 2000
=  POLatleast 2.3% OO0L.....cccioiiieieieeeieeeeeet e 5

5  Fore wing with speculum distinct (Gibson and Vikberg 1998: figs 68, 70).....6
- Fore wing with speculum absent or indistinct (Gibson and Vikberg 1998:

6 Head in dorsal view with distinct emargination between inner orbits and
temples almost straight (Fig. 4D); hind leg with trochanter and femur sim-
ilarly infuscate to black (Fig. 4A); fore wing speculum broad basally and
narrowing toward stigmal vein (Fig. 4G; Gibson and Vikberg 1998: fig. 70);
Gt, slightly longer than Gt,...............ccoooiirnnnn. A. vulgaris Walker, 1834

—  Head in dorsal shallowly emarginate between inner orbits and temples
curved and rather strongly convergent (Fig. 1C); hind leg with trochanter
paler than femur (Fig. 1A); speculum equal in width from parastigma to
stigmal vein (Fig. 1F; Gibson and Vikberg 1998: fig. 68); Gt, usually shorter
than Gt, (Fig. TB) ....c.ccvvriiccccccc A. californicus Girault, 1917

7  Legs more or less uniformly pale, yellowish to yellowish orange (Fig. 3A,
B); stigmal vein 3.3-4.0 x length of uncus....... A. suspensus (Nees), 1834

- Legs reddish brown (Fig. 2A); stigmal vein 2.2-2.6 x length of uncus........
....................................................................... A. fuyunis Li & Zhang, sp. nov.

Asaphes californicus Girault, 1917
Fig. 1

Asaphes californicus Girault, 1917: 1; Gibson and Vikberg 1998: 219-224.

Diagnosis. Female. Antenna (Fig. 1G) with pedicel at most 2.0-2.4x as long as
wide; clava 2.4-2.5x as long as wide. Head in dorsal view (Fig. 1C) with shal-
low emargination between inner orbits and temple curved and rather strongly
convergent; eye length 3.6-3.8x temple length (Fig. 1A); POL 0.3-0.6x OOL
(Fig. 1C). Frenum smooth and shiny except finely carinate laterally (Fig. 1E);
metapleuron bare; petiole at least quadrate and usually slightly longer (1.3x)
than wide (Fig. 1E). Fore wing (Fig. 1F) with broad speculum. Legs with at least
metafemur in part darker than light-colored metatrochanter (Fig. 1A). Gaster
(Fig. 1B) 1.4x as long as wide; Gt, L usually shorter (0.9x) than Gt L (Fig. 1B).

Male. Color pattern similar to female except clava yellowish brown and legs
entirely yellow (Fig. 11). Structure similar to female, with combined length of
pedicel and flagellum 0.9x head width; pedicel 2.1x as long as wide; all funicle
segments slightly transverse (Fig. TH) and with few mps; clava 2.4x as long as
wide. Petiole (Fig. 11) 1.4x as long as wide. Gaster (Fig. 11, J) ovate, 1.8x as long
as wide; Gt,L almost equal to Gt,L.

Material examined. CHINA. Xinjiang < 29Q; Altay Prefecture, Altay City;
47°40'16"N, 88°01'16"E; 710 m; 12 Jul 2020; Qin Li research group * 1J; Fuyun
City; 46°56'10"N, 89°33'51"E; 848 m; 10 Jul 2020; Qin Li research group * 19;
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A B

Figure 1. A. californicus Girault A-D female A body, lateral view B body, dorsal view C head, dorsal view D head, frontal
view E scutellum, propodeum and petiole, dorsal view F fore wing G antenna H-J male H antenna | petiole and gaster,

dorsal view J body, dorsal view.
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Hotan Prefecture, Yutian County; 36°90'02"N, 81°40'58"E; 1432 m; 3 Aug 20271,
Zhulidezi Aishan research group « 29; lli Kazakh Autonomous Prefecture, Gongliu
County; 43°22'60"N, 82°72'09"E; 1137 m; 10 Jul 2021; Qin Li research group.

CANADA. Alberta « 1913, Waterton; 49°06'N, 113°59'W; 1530 m; 11 Jul
1991; H. Goulet. Yukon Territory *+ 19; Alaska Hwy; 60°54'N, 137°09'W; 664 m;
7 Jul 2006; Goulet and Boudreault + 13; Alaska Highway E. of Hines Junction;
60°54.062'N, 137°09.791'W; 664 m; sweeping; 7 Jul 2006; Goulet and Boudreault
+19; Whitehorse; 60°43'N, 133°03'W; 814 m; 11 Jul 2006; Boudreault and Goulet.

USA. Alaska * 19; Wosnesenski Island; 55°12'N, 161°21'W; 11 Jul 2009; Bou-
dreault and Goulet. California + 19143, Siskiyou County; 2 mi. W. Bartle along
McCloud river; 17 Jul.1990; J.D. Pinto.

Distribution. China (Xinjiang) (new country record); Nearctic and Neotropical
regions (Noyes 2019).

Hosts. Asaphes californicus is strictly a hyperparasitoid of aphids through
Aphidiinae (Hymenoptera: Braconidae) and Aphelinidae (Hymenoptera) prima-
ry parasitoids (Gibson and Vikberg 1998).

Comments. Asaphes californicus was previously reported only from the Ne-
arctic and Neotropical regions (Gibson and Vikberg 1998). It is reported here
from Xinjiang, China for the first time.

Asaphes fuyunis Li & Zhang, sp. nov.
https://zoobank.org/07578F4B-1781-4CF2-918F-B118A2E0C58C
Fig. 2

Type material. Holotype -+ Q (ICXU); CHINA, Xinjiang, Altay Prefecture, Fuyun
County, Turhong Township; 47°01'49"N, 89°01'40"E; 1360 m; 11 Jul 2020; Qin Li
group. Paratypes * 39; same collection data as holotype.

Diagnosis. Female. Body (Fig. 2A) metallic green, with luster. Head in dorsal
shallowly emarginate between inner orbits. Combined length of pedicel and
flagellum subequal in width to head. Fore wing hyaline with speculum absent
or indistinct; stigmal vein 2.2-2.6 x length of uncus. Legs reddish brown (Fig.
2A). Gt, and Gt, combined are approximately equal to the length of the gaster,
with Gt, being longer than Gt, (Fig. 2E).

Description. Female. Body (Fig. 2A) length 1.75 mm. Head, mesosoma, and
propodeum dark with green and bronze lusters under different angles of light
(Fig. 2A—E); antenna dark brown (Fig. 2G) except scape and pedicel concolor-
ous with mesosoma; gaster black or with only slight metallic lusters under
some angles of light (Fig. 2A, E); fore wing hyaline with brown venation (Fig.
2F); legs with coxae concolorous with mesosoma, otherwise reddish brown
except apical tarsomeres dark brown to black (Fig. 1A).

Head in frontal view (Fig. 2B) transverse-subtriangular, width 1.4x height, with
genae distinctly converging ventrally; face with regular, raised reticulation and
with dense, white setae; scrobal depression broad and deep, smooth and bare
ventrally; clypeus smooth with truncate apical margin. Malar space ~ 1.1x eye
height (Fig. 2B). Scape extending to level of vertex (Fig. 2A); pedicel 2.0x as long
as wide; funiculars broadly joined, each transverse and with 1 line of mps, with
fu, 0.6x as long as wide; clava 1.9x as long as wide; combined length of pedicel
and flagellum subequal in width to head. Head in lateral view with eye height
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Figure 2. A. fuyunis Li & Zhang, sp. nov., holotype, female A body, dorsal view B head, frontal view C head, dorsal view
D mesosoma; dorsal view E propodeum and gaster, dorsal view F fore wing G antenna H prepectus.

1.7x eye length and 2.5x malar space; malar sulcus absent. Head in dorsal view
(Fig. 2C) 2.0x as wide as long; POL 2.6x OOL; gena length 0.5x eye length.

Mesosoma in dorsal view (Fig. 2D) slightly narrower than head width (0.9x);
mesosoma compact and convex; pronotum narrower than mesoscutum (0.9x),
and 0.6x as long as mesoscutum; collar abruptly margined anteriorly, posterior
margin smooth and bare (Fig. 2D); mesoscutum 2.0x as long as broad, equal
in length to scutellum; notauli deep and complete; scutellum (Fig. 2D, E) 0.8x
as long as broad, with engraved, reticulate sculpture; frenum smooth and shiny,
delineated anteriorly by continuous septate frenal line; propodeum (Fig. 2E)
0.8x as long as scutellum, without median carina or plicae, median area with
coarse and irregular sculpture, and laterally with dense, whitish, long setae. Me-
sosoma in lateral view (Fig. 2H) with metapleuron bare. Fore wing (Fig. 2F)
densely setose, without distinct speculum; proportions of length of marginal,
postmarginal, and stigmal veins 19:24:16; stigmal vein 2.6x as long as uncus.
Metacoxa setose both dorsally and ventrally (Fig. 2H).
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Metasoma with petiole quadrate, subequal in length and breadth (Fig. 2A, E),
dorsally with numerous irregular longitudinal ribs. Gaster (Fig. 2A, E) oval, 1.8x
as long as wide; Gt, and Gt, smooth and combined length 0.5x length of gaster,
Gt, 1.2x as long Gt,.

Male. Unknown.

Variation. No significant difference in measurement data.

Host. Unknown.

Etymology. The specific name is derived from the collection locality of its
holotype.

Distribution. China (Xinjiang).

Comments. Females of this species have an unusually long malar space for
members of Asaphes, being ~ 1.1x the height of an eye (Fig. 1B). Leg color is
similar to some specimens of A. suspensus that have comparatively dark, yel-
lowish orange legs as well as an indistinct fore wing speculum (Fig. 3G), but A.
suspensus females have the malar space at most ~ 0.7x the height of an eye
(Gibson and Vikberg 1998).

Asaphes suspensus (Nees, 1834)
Fig. 3

Chrysolampus suspensus Nees, 1834: 127; McMullen 1966: 236—239; Graham
1969: 82-83; Gibson and Vikberg 1998: 230-236; Xiao and Huang 2000:
194-195; Huang and Xiao 2005: 273-274.

Chrysolampus altiventris Nees, 1834: 127. Synonymized by Graham 1969: 82.

Pteromalus petioliventris Zetterstedt, 1838: 429. Synonymized by Graham

1969: 82.

Chrysolampus aphidiphagus Ratzeburg, 1844: 181. Synonymized by Graham
1969: 82.

Chrysolampus aphidicola Rondani, 1848: 19-21. Synonymized by Boucek 1974:
244,

Euplectrus lucens Provancher, 1887: 207. Synonymized by Gibson and Vikberg
1998: 231.

Asaphes rufipes Brues, 1908: 160. Synonymized by Gibson and Vikberg 1998:
231.

Megorismus fletcheri Crawford, 1909: 98. Synonymized by Gibson and Vikberg
1998: 231.

Asaphes americana Girault, 1914: 114. Synonymized by Gibson and Vikberg
1998: 231.

Pachycrepoides indicus Bhatnagar, 1952: 160-163. Synonymized by Gibson
and Vikberg 1998: 231.

Asaphes sawraji Sharma & Subba Rao, 1959: 181. Synonymized by Boucek et
al. 1979: 436.

Pachyneuron uniarticulata Mani & Saraswat, 1974: 96—98. Synonymized by
Boucek et al. 1979: 436.

Material examined. CHINA, Xinjiang: Altay Prefecture, Qin Li group * 29; Altay
City; 47°40"16"N, 88°01"16"E; 710 m; 12 Jul 2020 + 19; Fuyun County; 47°01'49"N,
89°53'46"E; 1360 m; 11 Jul 2020 - 19; Qinghe County; 46°41'31"N, 90°21'28"E;
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Figure 3. A. suspensus (Nees) A-G, | female A body, dorsal view B body, lateral view C head, frontal view D head, lateral
view E head, dorsal view F head and mesosoma, dorsal view G fore wing I antenna H, J, K male H body, lateral view
J antenna K propodeum and gaster, dorsal view.

1240 m; 10 Jul 2020 « 19; Qinghe County; 46°92'88"N, 90°01'62"E; 1427 m; 6
Jul 2021. Bayingol Mongolian Autonomous Prefecture, Hongying Hu group -
1213, Bohu County; 42°02'63"N, 86°66'48"E; 1053 m; 7 Aug 2010 - 19; Yuli
County; 41°39'01"N, 86°25'01"E; 871 m; 5 Aug 2010 - 29; Bortala Mongolian
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Autonomous Prefecture, Bole City; 44°87'72"N, 82°14'60"E; 405 m; 30 Jun 2021;
Qin Li group. Changji Hui Autonomous Prefecture, Hongying Hu research group
+19; Mulei Kazakh Autonomous County; 43°98'32"N, 90°37'70"E; 1219 m; 30 Jul
2012+ 2944J; Qitai County; 43°95'16"N, 89°52'85"E; 833m; 29 Jul 2012 - 12; Qi-
tai County; 43°58'27"N, 89°78'10"E; 847 m; 29 Jul 2012. Ili Kazakh Autonomous
Prefecture, Hongying Hu research group * 19; Huocheng County; 44°06'76"N,
80°85'81"E; 661 m; 22 Jun 2010 - 19; Tekes County; 43°23'25"N, 81°84'36"E;
1865 m; 27 Jul 2010. lli Kazakh Autonomous Prefecture, Qin Li research group *
22; Gongliu County; 43°22'60"N, 82°72'09"E; 1137 m; 10 Jul 2021 - 293J; Huo-
cheng County; 43°94'47"N, 80°87'04"E; 515 m; 5 Jul 2021 « 19; Tekes County;
43°22'19"N, 81°88'88"E; 1201 m; 8 Jul 2021 - 2&; Kashgar Prefecture, Artux City;
39°69'49"N, 76°20'23"E; 1303 m; 22 Jun 2008; Hongying Hu research group * 19;
Tarbagatay Prefecture, Wusu County; 44°00'43"N, 84°95'34"E; 1908 m; 25 Jul
2013; Hongying Hu research group * 1J; Urumgi, Tianshan District; 43°77'49"N,
87°62'07"E; 928 m; 17 Apr 2007; Hongying Hu research group.

Diagnosis. Female. Antenna (Fig. 31) with combined length of pedicel and
flagellum less than head width; pedicel at most 1.6—1.8x as long as wide; funic-
ulars subquadrate, broadly joined, and each with one line of sensilla; fu, 0.8x as
long as broad. Head in dorsal view (Fig. 3E) with shallow emargination between
inner orbits; eye length 2.3-2.8x temple length. Frenum smooth and shiny (Fig.
3F); metapleuron bare. Metatibia 6.2-6.8x times as long as wide. Fore wing
(Fig. 3G) with speculum indistinct; marginal vein 0.6—0.8x as long as postmar-
ginal vein and stigmal vein 3.3-4.0x as long uncus. Legs (Fig. 3B) more or
less uniformly light-colored, yellowish. Petiole (Fig. 3A, F) at least quadrate and
usually slightly longer (1.1x) than wide. Gaster 1.9x as long as broad (Fig. 3A).

Male. Color pattern brighter than female, and pedicel and flagellum yellow-
ish brown (Fig. 3H, J). Antenna (Fig. 3J) with combined length of pedicel and
flagellum 0.9x head width; pedicel 1.8x as long as wide; funicle with all seg-
ments slightly transverse; clava 2.3x longer than wide. Petiole (Fig. 3K) 1.2x
as long as wide, entirely reticulate with longitudinal carinae. Gaster (Fig. 3H, K)
ovate, Gt,L 1.1x as long as Gt L. Otherwise similar to female.

Distribution. China (Xinjiang, Beijing, Fujian, Guangdong, Hebei, Heilongji-
ang, Henan, Hunan, Jilin, Shaanxi, Shanxi, Sichuan, Tibet, Yunnan). Palearctic
region and Nearctic region (Noyes 2019).

Hosts. Usually a hyperparasitoid of aphids through Aphidiinae (Hymenoptera:
Braconidae) and Aphelinidae (Hymenoptera) primary parasitoids, and rarely par-
asites Psylla Geoffroy, 1762 (Hemiptera: Psyllidae) (Gibson and Vikberg 1998).

Comments. The morphological features of our specimens fit within the lim-
its described for A. suspensus by Gibson and Vikberg (1998); they described
the length of the pedicel as at most 2x as long as wide, whereas the pedicel of
our measured specimens was at most 1.8x as long as wide.

Asaphes vulgaris Walker, 1834
Fig. 4

Asaphes vulgaris Walker, 1834: 152.
Eurytoma aenea Nees, 1834: 42. Synonymized by Graham 1969: 80.
Chrysolampus aeneus Ratzeburg, 1848: 2. Synonymized by Reinhard 1857: 76.
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Chrysolampus aphidophila Rondani, 1848: 21-22. Synonymized by Boucek

1974: 244.
Asaphes vulgaris Walker; Morley 1910: 28; Gibson and Vikberg 1998: 236-239;

Xiao and Huang 2000: 198; Huang and Xiao 2005: 275-276; Narendran and
Harten 2007: 114-116.

Material examined. CHINA, Xinjiang: Altay Prefecture, Qin Li research group °
59; Altay City; 47°40"16"N; 88°01"16"E; 710 m; 12 Jul 2020 « 1%; Fuyun County;
47°01'49"N, 89°53'46"E; 1360 m; 11 Jul 2020 + 19; Fuyun County; 47°0173"N,

250 pm
_ S0pm

Figure 4. A. vulgaris Walker, female A body, lateral view B head, frontal view C head, lateral view D head, dorsal view E me-
sosoma, dorsal view F mesosoma, metasoma and wing, dorsal view G fore wing H antenna.
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89°84'68"E; 1287 m; 22 Jun 2021 - 19; Fuyun County; 47°21'60"N, 89°84'43"E;
1141 m; 23 Jun 2021 - 129; Qinghe County; 46°43'35'N, 90°04'49"E; 1121 m; 21 Jun
2021 - 19; Bayingol Mongolian Autonomous Prefecture, Yuli County; 41°3511"N,
86°29'45"E; 892 m; 5 Aug 2010; Hongying Hu group. lli Kazakh Autonomous Prefec-
ture, Qin Li research group * 39; Gongliu County; 43°22'60"N, 82°72'09"E; 1137 m;
10 Jul 2021 - 19; Huocheng County; 43°94'47"N, 80°87'04"E; 515 m; 5 Jul 2021.

Diagnosis. Female. Head in dorsal view (Fig. 4D) with comparatively deep
emargination between inner orbits and straight temples; gena length (Fig. 4C)
~ 0.3-0.4x eye length. Antenna (Fig. 4C, H) with each funicular subquadrate,
and segments loosely joined to each other. Pronotum (Fig. 4E) 2.3-2.8x wider
than long. Hind leg (Fig. 4A) with trochanter and femur similarly infuscate to
black; metatibia 7.7-7.8x longer than wide. Fore wing (Fig. 4G) with speculum
distinct, broad basally and narrowed toward stigmal vein. Petiole (Fig. 4A) at
least quadrate and usually slightly longer (1.1-1.3x) than wide. Gaster (Fig. 4A,
F) 1.7-1.9x as long as broad; Gt,L slightly longer (1.1x) than Gt L.

Male. Unknown.

Distribution. China (Xinjiang, Hebei, Sichuan, Yunnan, Tibet, Ningxia,
Guangxi). Worldwide (Noyes 2019).

Hosts. In North America, A. vulgaris is a hyperparasitoid of aphids, including
Acyrthosiphon pisum Harris and Macrosiphum euphorbiae Thomas (Hemiptera:
Aphididae) through Aphidius nigripes Ashmead (Hymenoptera: Braconidae)
(Gibson and Vikberg 1998).

Comments. Leg color of A. vulgaris females is similar to that of A. californi-
cus except for trochanter color. Females of A. vulgaris have at least the meso-
and metatrochanters infuscate to black, similar in color to the respective fem-
ora, whereas at least the metatrochanter of A. californicus females is mostly
yellow, paler than the femur. In our study, gena length is 0.3-0.4x eye length,
as described by Huang and Xiao (2005), which differs from the description of
0.5-0.6x eye length given by Gibson and Vikberg (1998); however, this may
reflect a somewhat different method of measurement.

Morphometrics

The first two principal components (PCA1 and PCA 2) of the PCA analysis re-
covered 49.3% of the variation in the morphometric and meristic data set (Fig.
6) and loaded most heavily for the ratio of (Fu,L/Fu,W), (STVL/UL), (PFCL/ FW),
(MV/ PMV) along PCA 1 and ratio of (PMV/STV), (IL/HL), (EL/TL), and (CL/CW)
along PCA 2 (Table 5). The PCA data strongly support the results of the tradi-
tional morphology and molecular data.

Molecular results

We successfully obtained 22 DNA barcode (COI) sequences (see Table 3) from
our specimens, in addition to the two sequences of A. vulgaris obtained from
NCBI (Table 1), which support the presence of four species of Asaphes (Fig. 5)
in Xinjiang, China. We identify these species as A. californicus, A. fuyunis sp.
nov., A. suspensus, and A. vulgaris, although molecular evidence from western
European specimens of A. suspensus is currently lacking to support our identi-
fication of this species from China. The two sequences identified as A. vulgaris
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Figure 5. Maximum Likelihood (ML) tree by K2P distances based on COI sequences of Asaphes.

obtained from NCBI do support our identification of A. vulgaris from Xinjiang.
Genetic Kimura-2 parameter (K2P) distances of the intraspecific and interspe-
cific COIl sequences were calculated in MEGA X (Table 4). The results indicate
that intraspecific distances are 0.0% to 0.9% and interspecific distances be-
tween the four species varied from 2.3% to 11.3%.

Discussion

Individuals of A. fuyunis, A. californicus, A. suspensus, and A. vulgaris can be dif-
ficult to distinguish using traditional morphological features because of multiple
variable characteristics, including the depth of the emargination between the in-
ner orbits in dorsal view and leg color. Gibson and Vikberg (1998) described the
emargination between the inner orbits of A. vulgaris as “relatively deeply” con-
cave, and “relatively shallowly” concave in A. suspensus and A. californicus (cf.
Figs 1C, 3E with 4D). Because this is a relative feature that differs somewhat de-
pending on angle of view, it can be difficult to assess accurately. Gibson and Vik-
berg (1998) also reported that the trochanters and trochantelli of female A. cal-
ifornicus were almost always uniformly yellowish to yellowish brown, paler than
the black meso- and metafemora, which matches our specimens from China
(Fig. 1A), although with some variability in color of the metafemora. However, the
accuracy of our morphological identifications is supported through an integrative
taxonomic approach combining data from COI barcodes and morphometrics.
To assist future research of world Asaphes, we summarize the 13 described spe-
cies with known distribution and habitat, and deposition of type material (Table 6).
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Figure 6. Principal component analysis (PCA) of Asaphes species.

Table 3. Information on sequenced specimens with GenBank accession of COI.

Specimen Morphospecies GenBank accession number Sex
number
1 Asaphes fuyunis 1 OR650022 F
2 Asaphes fuyunis 2 OR650023 F
3 Asaphes fuyunis 3 OR650024 F
4 Asaphes fuyunis 4 OR650025 F
5 Asaphes californicus 1 OR650036 M
6 Asaphes californicus 2 OR650037 M
7 Asaphes californicus 3 OR650038 F
8 Asaphes californicus 4 OR650039 F
9 Asaphes californicus 5 OR650040 F
10 Asaphes californicus 6 OR650041 F
11 Asaphes californicus 7 PP817252 F
12 Asaphes californicus 8 PP817253 F
13 Asaphes suspensus 1 OR650030 F
14 Asaphes suspensus 2 OR650031 F
15 Asaphes suspensus 3 OR650032 F
16 Asaphes suspensus 4 OR650033 M
17 Asaphes suspensus 5 OR650034 F
18 Asaphes suspensus 6 OR650035 F
19 Asaphes vulgaris 1 OR650026 F
20 Asaphes vulgaris 2 OR650027 F
21 Asaphes vulgaris 3 OR650028 F
22 Asaphes vulgaris 4 OR650029 F
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Table 5. Summary statistics of the principal component analysis of Asaphes species.

No.

o No g bk wWN =

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

Ratio Character
FW/FH
EH/EW
ED/FW
TA/TC
SCPL/SCPW
PDLL/PDLW
An,L/An L
Fu,L/Fu,W
Fu,L/Fu,W
Fu,L/Fu,W
Fu,L/Fu,W
Fu,L/FuW
Fu,L/Fu,W
CL/CW
PFCL/ FW
HL/HW
EL/EW
EL/TL
POL/OOL
IL/HL
PW/PL
MW/ML
SW/SL
ML/SL
SL/FREL
DW/DL
PW/PL
PTL/PTW
FWL/FWW
MV/ PMV
MV/STV
PMV/STV
SMV/ MV
STV/UL
GL/GW
Gt,L/ Gt,L
FML/FMW
MTL/MTW
FML/ MTL
MTL/MTAL

PCA 1
0.216603
2.87230488
0.064479
0.38712463
3.77417162
2.48648096
0.326642
0.54994757
0.54780303
2.55243666
10.73709122
4.27256446
5.31963583
0.02455471
6.75428702
2.0032471
4.0012536
0.11689347
1.91102438
0.00495787
5.94539663
0.50006149
0.43666104
1.06564488
0.03131094
5.35506306
2.01239276
1.80838085
0.17121849
6.6232683
4.92799266
0.13428142
3.59396951
7.66254386
0.01600313
5.47504516
0.15372799
2.11187438
1.70215655
1.3495039

PCA 2
3.1783295
0.01275921
1.33391248
3.84482846
0.17398981
3.47521382
0.07101507
3.14619133
0.91981684
1.5716729
0.03026482
0.01729463
0.02737012
5.55428663
1.08591194
3.92372966
0.28429239
7.48754868
4.41288002
10.4068808
2.6230557
1.4715376
2.93931866
4.71355448
0.30214966
1.0741069
1.79406094
3.7644288
3.35181891
2.32960968
1.5431306
13.4269751
0.25035778
0.81944172
0.43491547
2.61689068
1.95444963
3.25304848
0.36189028
0.01706981

PCA3
5.282507068
2.403104213
3.750109321
4.943076551
4.917479269
0.865723008
3.637868218
0.678699525
6.491676859
0.021682635

3.00986227
0.171878122
0.462662143
4.020927977
2.623988773
2.655545541
2.524285127
0.021480775
0.087581884
1.652372742
1.171565757
2.264067963
0.469217579
0.147326384
0.762210045
1.789557847
9.730208122
0.729981654
0.603319812
0.003427697
1.133819339
0.456237813
2.226292291
0.313900134
9.055025395
1.348141421
5.602996723
4.255962542
7.626523209
0.087706254

PCA 4
0.35574012
2.77131137
0.01440452
0.01412389
5.42866022
1.62566188
0.12479640
0.10242453
4.87546358
0.00520423
0.53440516
6.27041051
5.37478061
6.27200768
2.17895563
0.80496354
7.50944257
0.51223903
0.01816490
6.98858843
1.27406889
4.36335336
1.78127138
1.39131205
14.6648713
0.51568116
0.06695963
0.35903363
0.03354785
1.59581658
0.99042593
0.68635732
6.41494374
4.92683749
0.07733081
1.78054706
5.19072632
0.86010845
0.74815528
0.49690272

PCA5
0.11672155
8.66243702
0.02641105
0.86188693
5.15896312
1.32165941
0.03293327
4.41799084
0.57158251
1.24671401
0.46617328
7.96592789
7.93531917
0.73043984
0.04085098
0.37575628

0.554169
6.31378767
1.73381626
0.03276383
0.06924112
1.65929375
1.49050197
8.56569969
5.19235602
11.02661261
0.157202
0.0955859
0.24197932
0.38893584
1.63080091
0.15941343
0.27368141
1.32236046
2.85458356
0.07476514
3.09035096
1.1979344
2.27170915
9.67068846

Based on our field studies and reports by Kamijo and Takada (1973) and Gibson
and Vikberg (1998), it is highly likely that Asaphes mostly inhabit herbaceous ar-
eas such as cultivated fields, meadows, and potato fields. Interestingly, Medicago
sativa (Fabaceae) was found in all our collecting sites of A. vulgaris. Therefore, we
consider A. vulgaris to be most likely associated with M. sativa. Considering that M.
sativa is an important economic green plant in Xinjiang and A. vulgaris is a hyper-
parasitoid, our results also indicate that it is harmful.
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Table 6. Described species of Asaphes with known distribution and habitat, and deposition of type material.

A.

Species

. brevipetiolatus

. californicus

. ecarinatus

. fuyunis
. globularis

. hirsutus

oculi

A. petiolatus

A. pubescens

. siciformis

. suspensus

. umbilicalis

. vulgaris

Distribution Habitat Deposition of holotype References
or lectotype
Nearctic, Finland subalpine meadow, mix conifer CNC Gibson and Vikberg
forest 1998
Nearctic, Neotropical, clover field, weed land, USNM Gibson and Vikberg
China (Xinjiang, new Calamagrostis pseudophragmites 1998
record) (Poales: Poaceae)
Yemen unknown DzucC Narendran and van
Harten 2007
China (Xinjiang) miscellaneous grassland ICXU -
China (Tibet) unknown IZCAS Xiao and Huang 2000
Nearctic, Mexico, western | potato field, Ericaceae (Ericales), CNC Gibson and Vikberg
Palearctic Boreal forest 1998
China (Yunnan, Hebei) unknown IZCAS Xiao and Huang 2000
Nearctic, western Picea glauca (Pinales: Pinaceae) MZLU Gibson and Vikberg
Palearctic 1998
Japan shrubs, orchards, gardens, unknown Kamijo and Takada
Coniferous woods, Deciduous 1973
woods, mixed woods
China (Yunnan, Sichuan, unknown IZCAS Xiao and Huang 2000
Hebei)
Nearctic, Palearctic cultivated fields, meadows, road HOPE Kamijo and Takada
side shrubs, orchards, gardens, 1973; Gibson and
coniferous woods, deciduous Vikberg 1998
woods, mixed woods
China (Jilin) unknown IZCAS Xiao and Huang 2000
cosmopolitan potato field NHMUK Gibson and Vikberg
1998; Xiao and Huang
2000
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Abstract

Limnichthys koreanus sp. nov. is described on the basis of the holotype and 11 paratypes
from subtidal waters of Seogwipo, Jeju Island, Korea. The new species had previously
been regarded as the Northern Hemisphere population of the anti-equatorial L. fascia-
tus, but molecular analyses of mitochondrial COl and 16S genes recovers deep genetic
divergences of 9.4% and 15.0% between the new species and topotypical specimens
of L. fasciatus. Limnichthys koreanus sp. nov. is distinguished from all other species
of Limnichthys based on the following combination of colouration and morphological
characteristics: 38-40 vertebrae; 0—6 dorsal saddles joining mid-lateral stripe; small in-
fraorbital sensory pores; a single median interorbital pore; and well-developed vomerine
teeth. Summary characters for comparative congeneric species are provided.

Key words: benthic species, Jeju Island, sand burrower, taxonomy

Introduction

The family Creediidae consists of 18 species accommodated in eight globally
distributed genera, most of which are concentrated in subtropical and tropical
coastal waters of the Indo-Pacific Ocean (Nelson et al. 2016; GBIF Secretariat
2023; Fricke et al. 2024). Known colloquially as sand burrowers or sand lancers,
creediids are small, slender, sand-dwelling fishes that camouflage and hide in
the uppermost layer of sand in wait of passing prey before rapidly darting out
and back into the sand in a boomerang fashion (Nelson 1985; Cozzi and Clark
1995). The creediid fishes have the following characteristics: less than 5-6 cm
in length; prominent eyes positioned dorsally on the head; fleshy snout; no spines
in the dorsal or anal fin rays (Nelson 1985). Studies on Limnichthys have com-
pared their morphological phylogenetics and examined skeletal structures, new
species, including feeding behavior, and early life history (Nelson 1978, 1979,
1985; Leis 1982; Shimada and Yoshino 1987; Pettigrew and Collin 1995; Yoshino
et al. 1999; Pettigrew et al. 2000; Shibukawa 2010; Fricke and Golani 2012). The
creediid genus Limnichthys is of particular taxonomic interest, with nearly all its
species adopting anti-equatorial distribution. The possibility of the existence of
cryptic populations has been discussed for a long time (Nelson 1978).
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Although creediid species occur far from each other they are highly morpho-
logically similar. Six species of Limnichthys are currently recognized as valid:
L. fasciatus Waite, 1904; L. marisrubri Fricke & Golani, 2012; L. nitidus Smith,
1958; L. orientalis Yoshino, Kon & Odabe, 1999; L. polyactis Nelson, 1978; and
L. rendahli Parrott, 1958. With the exception of L. nitidus, which occurs from
tropical to temperate water of the Indo-Pacific Ocean, the other species of
Limnichthys exhibit anti-equatorial distributions (Nelson 1985; GBIF Secretariat
2023). Notably, L. fasciatus exhibits a disjunct, anti-equatorial distribution in
both hemispheres, but its status as a single, widespread species has not been
properly investigated (Nelson, 1978). Morphological and molecular compari-
sons of specimens identified as L. fasciatus from Korea in the Northern Hemi-
sphere indicate that they are different from topotypical examples of L. fasciatus
from southeastern Australia. Accordingly, we describe L. koreanus sp. nov. on
the basis of 12 specimens collected during a monitoring survey of subtropical
fish species from the subtidal zone of Jeju Island, Korea. The new species is
compared with congeneric species, and summary accounts and phylogenetic
relationships for species of Limnichthys are discussed.

Materials and methods
Meristics, morphometrics, and specimen deposition

Methods for counting measuring follow Waite (1904), Nelson (1978), and Yoshi-
no et al. (1999). Measurements were recorded to the nearest 0.1 mm using ver-
nier calipers. Morphometric values are summarized in Tables 1, 2, expressed as
percentages of the standard length (SL) and head length (HL). Images of spec-
imens were taken using a digital camera (D750; Nikon, Japan). Detailed mor-
phological characteristics were examined with a stereomicroscope (SZX-16;
Olympus, Tokyo, Japan).

Osteological details were determined from X-ray images, cleared and
stained specimens, and micro-CT data. Micro-CT scans were taken using Phoe-
nix V-Tome-X C450 Volume Graphics® VGSTUDIO Max software and handled
using Volume Graphics® myVGL viewer. We performed osteological staining
with a paratype specimen (PKU 22428) using a modified version of the meth-
od detailed in Song and Parenti (1995). Vertebral counts were presented as a
total number of abdominal to caudal vertebrae, which was followed by Nelson
(1978). Terminology of skeletal bones followed by Lucena Rosa (1995).

Twelve specimens of the new species (35.8-45.3 mm TL, 33.4-40.0 mm
SL) were collected from subtidal zones at depths of 1-5 m in Seogwipo, Jeju
Island, Korea between July 2022 and December 2023 (Fig. 1). Specimens were
vouchered in Pukyong National University (PKU) and National Marine Bio-
diversity Institute of Korea (MABIK) with register numbers (PKU 21427; PKU
21528-21530; PKU 22426-22428; PKU 22626-22627; PKU 63120-63122,
MABIK PI00060703- MABIK PI00060705). Tissue samples were taken from
the right side of the body, preserved in 99% ethanol, and deposited in the PKU.
We followed the immersion specimen production manual of the MABIK, under
the National Institute of Marine Biological Resources of the Ministry of Oceans
and Fisheries. One specimen was anatomized to investigate the gonadal devel-
opment. Comparative specimens were loaned and investigated from various
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Table 1. Voucher number, institution, collected date, and GenBank number of specimens used in present study.

i GenBank number
Species Voucher Number n Institution Collected location Date
(country) col 16S rRNA
Limnichthys MABIK PI00060703 | 1 | National Marine Biodiversity | Moseulpo, Jeju Island 2022.08.15 OR541978 OR543335
koreanus (PKU 63120) Institute of Korea (South Korea)
MABIK PI00060704 | 1 2022.08.15 OR541979 OR543336
(PKU 63121)
MABIK PI00060705 @ 1 2022.08.15 OR541980 OR543337
(PKU 63122)
PKU 21427 1 | Pukyong National University 2022.07.13 OR541981 OR543338
PKU 21528 1 2022.08.15 OR541982 OR543339
PKU 21529 1 2022.08.15 OR541983 -
PKU 21530 1 2022.08.15 - OR543340
PKU 22426 1 2023.07.17 - -
PKU 22427 1 2023.07.17 - -
PKU 22428 1 2023.07.17 - -
PKU 22626 1 Seongsanpo, Jeju 2023.12.16 PP708995 PP708997
PKU 22627 1 Istand (SouthKorea) 5531216 | Pp708996 | PP708998
L. fasciatus 1.44122-031 1 Australian Museum Central Coast, NSW 2007.05.08 OR544519 -
(Australia)
1.44627-025 1 Nelson Bay, NSW 2008.04.08 OR544515 OR543322
(Australia)
TCWC 17569.03 1 Texas A&M University Central Coast, NSW 2015.02.22 OR544522 OR543331
(Australia)
CAS 109236* 3 California Academy of Lord Howe Island, 1902.12.03 - -
Science NSW (Australia) -1903.01.21
CAS 38242 3 Lord Howe Island, 1973.02.09 - -
NSW (Australia)
CAS 120473 7 Sydney, NSW 1998.04.15
(Australia)
CAS 219288 1 Viti Levu (Fiji) 2002.02.10
NSMT-P-125200 1 | National Museum of Nature Japan - LC753137 OR543330
NSMT-P-125201 | 1 and Science Japan - LC753135 | OR543329
NSMT-P-125202 1 Japan - OR546102 OR543328
L. cf. nitidus CAS 228250 5 California Academy of Hawaii Island (USA) 1993.04.15 - -
Science
KAUM-| 124455 Kagoshima University Amami Islands 2018.12.16 OR544523 OR543332
(Japan)
KAUM-1 143956 Amami Islands 2020.07.03 OR544524 OR543333
(Japan)
L. orientalis KPM-NI 51923 Kanagawa Prefectural - (Japan) 2010.07.20 LC753149** -
Museum of Natural History
Trichonotus setiger - - - KU944772** | NC034345**
T. marleyi - - JF494737** -

* Paratypes specimens. ** Sequences were obtained from GenBank.

museums and institutions, including the Australian Museum, Sydney (AMS),
the Kagoshima University Museum, Korimoto (KAUM), the Kanagawa Prefec-
tural Museum of Natural History, Odawara (KPM), Fish Section and Center for
Molecular Biodiversity Research, National Museum of Nature and Science, To-
kyo (NSMT), the California Academy of Sciences, San Francisco (CAS), and
the Biodiversity Research and Teaching Collections, Department of Wildlife and
Fisheries Sciences, Texas A&M University (TCWC). Institutional codes follow
Sabaj (2023).
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@ L. koreanus L. orientalis ; < ; 4
@ L. fasciatus L. polyactis ' " ' ‘)
@ L. marisruburi @ L. rendahli ‘i l :

@ L. nitidus s Type locality of L. fasciatus

Figure 1. Map showing sampling sites and distribution of Limnichthys spp. Each color marks indicate each species:
Red marks and arrow showing collected location of Limnichthys koreanus sp. nov.; pink marks showing L. fasciatus,
which is anti-equatorial species, and yellow star mark showing the type locality of L. fasciatus; blue marks showing
Limnichthys marisrubriin the Red Sea; purple marks showing L. nitidus in Indo-Pacific Ocean; orange marks showing
L. orientalis in Japan; yellow marks showing L. polyactis in New Zealand; green marks showing L. rendahli in New
Zealand.

Comparative materials of L. cf. nitidus used in this study were collected from
Pacific Ocean (Japan, and Hawaii, USA), which is far from the type locality of
the species (Mozambique, South Africa). Given that creediid fishes, in particu-
larly those belonging to the genus Limnichthys, exhibit local endemism with the
possibility of undescribed cryptic diversity, we refer to these non-topotypical
comparative specimens as L. cf. nitidus. X-ray images and micro-CT images of
syntypes and non-type material of L. fasciatus were examined, as well as skele-
tal sketch by Nelson (1978). See list of material examined below.

DNA extraction, amplification, and sequencing

Genomic DNA was extracted using tissues the AccuPrep Genomic DNA Ex-
traction Kit (Bioneer, Daejeon, Republic of Korea). Mitochondrial cytochrome ¢
oxidase subunit | (COI) and 16S ribosomal RNA (16S) were amplified from ex-
tracted gDNA using the polymerase chain reaction. Primer sets for 16S and COI
follow by Palumbi (1996) and Ward et al. (2005) respectively. Polymerase chain
reaction with a mixture (2 pL 10x buffer, 1.5 yL dNTPs, 2 L primer set, 0.1 pL
Taq polymerase, and 2 yL genomic DNA (gDNA) made up to 20 pL with distilled
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water) was performed under the following conditions: initial denaturation step
at 95 °C for 5 min followed by 35 cycles of denaturation at 95 °C for 30 s, anneal-
ing at 52-54 °C for 45 s, and extension at 72 °C for 45 s, with a final extension
at 72 °C for 7 min. Amplification was conducted using a thermal cycler (MJ mini
PCT-1148; Bio-Rad, Hercules, CA, USA). Sequences were read by BigDye Termi-
nator v. 3.1 cycle sequencing kits (Applied Biosystems, Foster City, CA, USA)
with an ABI PRISM 3730XL analyzer (96 capillary type; Applied Biosystems).

Molecular analysis

A total number of 5,750 bp in 16S and 7,564 bp in COIl sequences were ob-
tained. To analyze the relationships among sequences, alignment was per-
formed using ClustalW (Thompson et al. 1994) in BioEdit 7 (Hall 1999). The
final sequence lengths used in the analysis were 401 bp in 16S, and 417 bp in
COlI per individual. Genetic distances were calculated using Mega 11 (Tamura
et al. 2021) with the Kimura 2-parameter (K2P) model (Kimura 1980). Neigh-
bour-joining trees were constructed based on 1,000 bootstrap replications by
maximum composite likelihood model using Mega 11 software (Tamura et al.
2004). Sequence data for other species in the genus Limnichthys (Limnichthys
orientalis) and outgroup of two species [Trichonotidae: Trichonotus marleyi
(JF494737 in COI); T. setiger (NC034345 in 16S; KU944772 in COI)] were ob-
tained from the NCBI database. The accession numbers of all sequences are
provided in Table 1.

Results
Taxonomy

Acropomatiformes Gill, 1893 (new Korean name: Ban-dit-bul-ge-reu-chi-mok)
Creediidae Waite, 1899 (new Korean name: Byeol-ba-ra-gi-gwa)

Limnichthys Waite, 1904 (new Korean name: Byeol-ba-ra-gi-sok) (Tables 2, 3,
Figs 2-7)

Limnichthys koreanus sp. nov.
https://zoobank.org/462BD9BA-4E7A-44AC-96EB-52F8F972771D

Table 1, 2, Figs 2-7

New English name: Korean sand burrower; new Korean name: Tti-byeol-ba-ra-gi

Material examined. Holotype: SOUTH KOREA * 45.95 mm TL, 39.5 mm SL; tidal
pool on Jeju Island; 33°13'21.1"N, 126°14'30.9"E; 1 m; 15 August 2022; collec-
tor Yu-Jin Lee & Jin-Koo Kim; scoop net; MABIK P100060703 (PKU 63120).
Paratypes. SOUTH KOREA * 44.5 mm TL, 38.4 mm SL; 15 August 2022; same
data as holotype; MABIK PI00060704 (PKU 63121); SOUTH KOREA * 45.3 mm TL,
40.0 mm SL; 15 August 2022; same data as holotype; MABIK PI00060705 (PKU
63122); SOUTH KOREA * 1 9, 44.5 mm TL, 37.3 mm SL; 14 July 2022; same data
as holotype; PKU 21427; SOUTH KOREA * 38.5 mm TL, 34.5 mm SL; 15 August
2022; same data as holotype; PKU 21528; SoUuTH KOREA * 38.3 mm TL,
33.6 mm SL; 15 August 2022; same data as holotype; PKU 21529; SOUTH KOREA
+35.8 mmTL, 33.4 mm SL; 15 August 2022; same data as holotype; PKU 21530;
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PKU 21528

PKU 21529

PKU 22626

PKU 22627

Figure 2. Limnichthys koreanus sp. nov. A holotype, MABIK PI00060703 (PKU 63120), 37.3 mm SL, Moseulpo B paratype,
MABIK P100060704 (PKU 63121), 38.4 mm SL, Moseulpo C paratype, MABIK PI00060705 (PKU 63122), 40.0 mm SL, Mo-
seulpo D paratype, PKU 21528, 34.5 mm SL, Moseulpo E paratype, PKU 21529, 33.6 mm SL, Moseulpo F paratype, PKU
21530, 33.4 mm SL, Moseulpo G paratype, PKU 22626, 33.8 mm SL, Seongsanpo H paratype, PKU 22627, 35.7 mm SL,
Seongsanpo. Scale bars indicate 10 mm. Left images showing lateral views; right images showing dorsal views. Voucher
numbers are annotated in the bottom right corner of each image. Scale bars: 10 mm.
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Figure 3. Radiographs of Limnichthys species using CT-scan A Limnichthys koreanus sp. nov., holotype, MABIK
P100060703 (PKU 63120), 37.3 mm SL, South Korea B Limnichthys fasciatus, syntype, AMS 1.5858, 43 mm SL, preserved
in Australian Museum.

SOUTH KOREA * 42.4 mm TL, 38.5 mm SL; 17 July 2023; same data as holotype;
PKU 22426; SOUTH KOREA * 43.2 mm TL, 37.6 mm SL; 17 July 2023; same data
as holotype; PKU 22427; SOUTH KOREA * 44.1 mm TL, 39.4 mm SL; 17 July 2023;
same data as holotype; staining specimen; PKU 22428; SOUTH KOREA * 37.5 mm
TL, 33.8 mm SL; tidal pool on Jeju Island; 33°27'37.0"N, 126°56'02.1"E; 5m; 15
December 2023; hand net; PKU 22626; SOUTH KOREA * 38.4 mm TL, 35.7 mm
SL; tidal pool on Jeju Island; 33°27'37.0"N, 126°56'02.1"E; 5 m; 15 December
2023; collector Yu-Jin Lee & Jin-Koo Kim; hand net, depth PKU 22627.
Diagnosis. Combined number of dorsal and anal fin rays 52-55; vertebrae
38-40; lateral line scales 42-46; a single median interorbital pore; vomerine
teeth well developed; pelvic girdle separated each other; dorsal saddle patterns
5-9; dorsal saddles joining mid-lateral stripe 0-6 (Fig. 3A, Table 2).
Description. Counts and measurements of type materials are shown in Table 1;
holotype values indicate in parenthesis in table and description. Body elongated;
cylindrical and posteriorly compressed. Head to body slope almost flat; head length
24.5-32% in SL (26.1%); head depth 7-10.6% (7.1%); snout length 3.8—5.7% (3.8%)
in SL (Table 3). Eyes on dorsal of head, large, and bulging. Snout terminal; upper
jaw projects more than lower jaw; upper and lower jaws with a single row of minute
conical teeth; a pair of filament-like antennas on anterior upper jaw (or absent); cirri
on lower jaw; lips fleshy; vomer with well-developed conical teeth (Fig. 4A); palatine
teeth absent; pharyngeal teeth present; tongue slender and pointed. A single of me-
dian interorbital sensory pore (Fig. 5A); infraorbital sensory pores very smaller than
posterior nostril (Fig. 5E); anterior nostril tubular. Branchiostegal rays 7. Opercular
flap covered pectoral fin base. Pectoral fin not reaching anal fin origin; pectoral fin
rays 12-13 (12); 6—7" pectoral fin rays longest. Pelvic fin ahead of pectoral fin;
3 pelvic fin ray longest; pelvic fin not elongated; pelvic fin with |, 5; anterior process
of pelvic girdle well separated (Fig. 6A) pelvic girdle with upper projecting process
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Figure 4. Vomerine teeth of Limnichthys spp. The red arrows indicate vomerine teeth. A, B Limnichthys koreanus sp. nov.;
well-developed vomerine teeth; broad and bugling; conical teeth C, D L. fasciatus, weak-developed vomerine teeth; min-
ute conical teeth E, F L. cf. nitidus; developed vomerine teeth; narrow and bugling; conical teeth G, H L. orientalis; slightly
developed vomerine teeth; conical teeth.

Table 2. Comparison of counts in Limnichthys spp. Parentheses indicate counts of the holotype specimen.

L. ::r:zcus (Aﬁ.s:'::aslti:;’a;u:i“ L. fasciatus L (32:;:'?5 L. marisrubri L. orientalis L. p&l‘z :vctis L l&n:;hli
. nov. ji)  (Japan) Hawaii Is.) (Red Sea) (Japan) Zealand) Zealand)
References  Inthisstudy Inthisstudy  Inthisstudy (USSR TSR noetal 1099 1978 Golant 201
Number of specimens 12 19 3 24 22 8 34 -
Counts
Dorsal fin rays 25-27 (25) 24-27 26-27 22-25 22-24 21-23 28-32 29-33
Anal fin rays 26-28 (28) 26-29 27-28 26-28 24-26 24-25 31-34 30-32
Pectoral fin rays 12-13 (12) 11-14 12-13 11-12 13-15 10-11 12-13 13-16
Segment caudal fin rays 8-9 (8) 8 8 8 8 8 8 8
Lateral line scales 42-46 (43) 38-43 43-44 36-38 37-41 41-43 41-46 -
Teeth on vomer Well- Developed Developed Developed - Developed Developed -
developed
Median interorbital pore 1 2 1 1 - 1 1 -
Total vertebrae 38-40 (40) 40-45 39-41 39-41 - 40-41 43-45 43-45
Number of epural 2 2 2 1 - 1 1 2
Midlateral stripe Present Present Present Present or Present Absent Present Present
absent
Dorsal saddles (number) 5-9 (8) 7-9 7-9 8-12 11-14 6-11 7-9 6-8
Dorsal saddles joining 0-6 (4) 5-9 5-6 - - - 3-5 3-6
midlateral stripe (number)

(Fig. 7A). Dorsal fin rays 25—27 (25); Origin of dorsal fin at 3—4t anal fin ray; poste-
rior of dorsal and anal fin reaching precaudal (free from caudal). Anus ahead half
of body. Anal fin rays 26-28 (28); anal fin length uniform. Caudal peduncle length
very short. All fin rays not branched (only caudal fin branched). Segment of caudal
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A B\ TR | / D

-.:..::' T

Antennas

Figure 5. Dorsal and lateral view of head of Limnichthys spp. The photos show sensory canals and pores on head
A, E L. koreanus sp. nov., sensory canals weak-developed, infraorbital sensory pores small; some species have anten-
nas on snout B, F L. fasciatus; AMS 1.44627; Nelson Bay, NSW; 28.7 mm SL; sensory canals well-developed; infraorbital
sensory pores large C L. cf. nitidus; CAS 228250; Hawaii Island, USA; 20.24 mm SL; sensory canals well-developed
D L. orientalis; KPM-NI 51923; Japan; 29.4 mm SL; sensory canals well developed. Abbreviations: AN, anterior nostril;
ANP anterior nasal pore; IMO, interorbital median pore; 10, infraorbital pores; LC, lachrymal pore; PN, posterior nostril;
PNP, posterior nasal pore; ST, supratemporal pores.

fin rays 8-9 (8). Two epurals (Fig. 6B). Lateral line scales 42-46; lateral line scales
trilobed (Fig. 8A); lateral line from opercular to precaudal gradually running down.
Body covered with cycloid scales (Fig. 8B); no scales on frontal; scales on cheeks
well developed. Gill rakers of first gill arch with small and low multi-spined stubs
like patch; gill rakers 2+10.

Coloration when fresh. Body whitish pink. Dorsal and ventral edges pale or-
ange, brown, or white. Dark stripe below eyes. Eyeballs dark brown or black. Oper-
cular pinkish and slightly transparent. Dorsal saddle patterns 5-9, dark brown,
dark orange, or black. Distinct horizontal bar on body. Number of dorsal saddle
patterns joining with lateral bar 0-6. Pelvic, pectoral, and anal fins transparent.
Darkish spots on dorsal fin rays. Caudal fin rays similar in color to body pattern.

Coloration when preserved. Body white. Head white with black or dark
brown spots. Dark stripe below eyes. Lateral band black or dark brown. All fins
transparent. Spots on dorsal and caudal fin rays. Dorsal or lateral patterns not
clearly visible after fixation, depending on preservative solution.

Distribution. The species is presently known only from Jeju Island, Korea.

Biology and habitat. They inhabit relatively thick sand substrates (or may-
be more like fine gravels), often hiding almost entirely in the sand in subtidal
zone. They tended to dart out to catch prey (e.g. copepods) and then return to
their original position. Females have mature eggs in their gonads from June
to August. The eggs (522 per individual) are approximately 0.62-0.65 mm in
diameter. In contrast, a specimen from December lacked developed gonads.

Etymology. The epithet of the new species, koreanus, refers to the type
locality (Korea) where the species were collected.
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Figure 6. Separation of the anterior process of pelvic girdle A Limnichthys koreanus sp. nov., holotype, MABIK PI00060703,
39.5 mm SL, South Korea, pelvic girdle well-separated from each other B Limnichthys fasciatus, syntype, AMS 1.5858, 43
mm SL, preserved in Australian Museum, pelvic girdle close to each other.

Table 3. Proportional measurements in Limnichthys koreanus sp. nov.

Holotype (MABIK P100060703) Paratypes (n =11)
Standard length (mm) 37.3 33.42-40.0
Morphometric characters
In SL (%)
Body depth 13.3 10.7-12.8
Head length 26.1 24.5-32.3
Head depth 7.1 7.6-10.6
Snout length 3.8 4.0-5.7
Orbital diameter 3.8 2.6-4.1
Interorbital length 2.1 1.8-2.6
Postorbital length 17.0 15.4-20.2
Upper jaw length 9.7 6.7-11.3
Predorsal length 46.6 44.2-50.5
Prepectoral length 26.8 23.8-30.0
Prepelvic length 23.2 22.3-26.0
Preanal length 41.4 41.9-45.9
Dorsal fin base length 44.0 41.4-49.5
Anal fin base length 52.0 52.9-60.8
In HL (%)
Snout length 16.9 15.2-17.7
Orbital diameter 15.8 9.2-16.7
Interorbital length 47 4.4-6.7
Upper jaw length 341 24.6-37.7

Morphological comparisons. Limnichthys koreanus sp. nov. is clearly dis-
tinguished from the other species in the genus Limnichthys in having signifi-
cantly developed vomerine teeth and number of total vertebrae (38-40) (Ta-
ble 3; Fig. 4). The new species is most similar to Limnichthys fasciatus, but
can be separated based on the following characters: well-developed vomer-
ine teeth (significant bugling vs weak bugling in L. fasciatus); total vertebrae
count (38-40 vs 40-45 in L. fasciatus); presence of spot pattern on dorsal-
and caudal-fin rays (absent in L. fasciatus); size of the infraorbital sensory pore
below the middle of the eyes (smaller than the posterior nostril [PN] vs sim-
ilar or larger than the PN in L. fasciatus); a single of median interorbital pore
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-

Pelvic girdle process

Figure 7. Photos showing detailed morphological traits in a staining specimen of Lim-
nichthys koreanus sp. nov. A upper process of pelvic girdle B two epurals. Arrows indi-
cate terms of parts.

(two in L. fasciatus) (Fig. 5); separation of the anterior process of pelvic girdle
(nearby in L. fasciatus) (Fig. 6). Especially, L. fasciatus including paratype spec-
imens in the south hemisphere has well-separated interorbital median pores
(having two pores in L. fasciatus from Lord Howe Island, Fiji, and Sydney). Due
to the proximity between the two interorbital median pores, they are often mis-
identified as one pore. Limnichthys koreanus further differs from L. cf. nitidus,
L. orientalis, and L. polyactis in having: two instead of one epural; dorsal-fin rays
(25-27 vs 22-25in L. cf. nitidus; 21-23 in L. orientalis; 28—32 in L. polyactis);
anal-fin rays (26-28 vs 26-28 in L. cf. nitidus; 24-25 in L. orientalis; 31-34
in L. polyactis), segement caudal-fin rays (8—9 vs 8); and presence of midlat-
eral body stripe. L. polyactis is the endemic species which only distributed in
New Zealand, and it is geographically separated from the other species (Fig. 1).
Limnichthys marisrubri and L. rendahli, which have a single epural, are distin-
guished following characters: dorsal fin rays (25-27 vs 24-27 in L. fasciatus vs
22-24in L. marisrubrivs 29-33 in L. rendahli), anal fin rays (26-28 vs 26-29 in
L. fasciatus vs 24-26 in L. marisrubri vs 30—-32 in L. rendahli).

Genetic comparisons. COl (510-614 bp) and 16S rRNA (442-508 bp) se-
quences were obtained from L. koreanus sp. nov. After alignment with Nation-
al Center for Biotechnology Information (NCBI) sequences of other Limnich-
thys species (Fig. 9), we found significant genetic divergences of 9.4% and
15.0% for L. fasciatus in the COl and 16S rNA genes from near the type locality
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Figure 8. Two types of scales of Limnichthys koreanus sp. nov. A pored lateral line scales with trilobed shape B a scale
on the body. Scales are cycloid.

(southeastern Australia), respectively. Furthermore, genetic distances of 16.2%
and 18.4% were observed for L. cf. nitidus. Only COIl gene sequences were ob-
tained for L. orientalis, indicating a genetic distance of 20.9%.

Discussion

We discovered a new species, Limnichthys koreanus sp. nov., through morpholog-
ical and molecular analysis of 12 specimens collected from the subtidal zone (at
1-2 m in depth) of Jeju Island, Korea between August 2022 and December 2023.
Limnichthys species are remarkable because their morphological characteristics
are strikingly similar despite high endemism. They commonly have dorsal saddle
patterns, and the cirri on the lower jaw are well developed. Initially, this new species
was considered a cryptic species of L. fasciatus because it appeared to have no
morphological differences; it only exhibited a large genetic distance. However, we
found significant morphological traits differing from type specimens as follows:
the new species has fewer vertebrae; the infraorbital sensory pores below the mid-
dle of the eyes smaller than the posterior sensory pores; separation of the anterior
process of both pelvic girdles; the highly developed vomerine teeth. Compared with
the other species, the new species has spots (rarely absent) on the dorsal fin rays,
in contrast to the transparent dorsal fin rays of L. fasciatus. The number of dorsal
saddle patterns in the new species ranges from 5to 9, whereas it ranges from 7 to 9
in L. fasciatus. Notably, differences in caudal fin ray segments were first discovered
in this study. Limnichthys species typically have eight caudal fin ray segments and
slightly developed vomerine teeth (Nelson 1985; Fricke and Golani 2012). However,
our species has 8-9 branched caudal fin rays and well-developed vomerine teeth.
Additionally, a previously unreported upper process of pelvic girdle was observed
in the new species compared with previous skeletal sketches (Figs 6, 7).

In terms of genetic results, we considered that the individuals used for
molecular analysis of L. fasciatus were far from the type locality (Lord Howe
Island), located 600 km east of Australia. We representatively used three
specimens from Nelson Bay and the central coast of New South Wales, the
collected location of specimens are about 7-800 km away from each other.
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Figure 9. Neighbour-joining tree was constructed based on mtDNA 16S rRNA and COI gene. The tree showing genetic dis-
tances among Limnichthys species. Bootstrap values based on 1000 replicates were showed 100%, the values are omitted.
The red box indicates Limnichthys koreanus sp. nov.; blue box indicates L. fasciatus from Southeastern Australia; green boxe
indicates L. cf. nitidus from Japan; yellow box indicates L. orientalis from Japan; Trichonotidae species was used as outgroup.

We first confirmed that morphological characters of them were perfectly
matched with type locality specimens (13 paratypes and 6 specimens from
Lord Howe Island), and they have no genetic differences among the three spec-
imens. Therefore, we treated them as truly L. fasciatus, which showed deep
divergence from our species. Interestingly, we found cryptic diversity in the
northwestern Pacific Ocean. Limnichthys fasciatus from Japan has similar mor-
phological characteristics to L. koreanus sp. nov., but these species have signif-
icant genetic divergences. They are well separated from Australian specimens,
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so they have possibility as a new species. Limnichthys species can be distin-
guished by their distribution, except for L. nitidus, and they might have high
cryptic diversity and endemism (Fig. 1). Limnichthys nitidus is known for having
cryptic complex like L. fasciatus. According to the original description and sub-
sequent study, the L. nitidus complex was treated as subspecies, Indian Ocean
species (L. nitidus nitidus) and West Pacific Ocean species (L. nitidus donalsi)
by ichthyologists (Nelson 1978; Lucena Rosa 1995; Yoshino et al. 1999; Randall
2005). Fricke and Golani (2012) separated each species as L. nitidus (Indian
Ocean species) and L. donalsi (Pacific species), but it is still unclear. For this
reason, in this study, we referred to the species as L. cf. nitidus, indicating that
it is likely L. nitidus but with some uncertainty in the exact identification. Based
on ecological traits of Limnichthys, such as hiding in the sand and limited mo-
bility, there is a possibility that each region can show high endemism. In the fu-
ture study, we need molecular comparisons to clarify the genetic populations.

We also noted remarkably prominent color variation among individuals. Speci-
mens of L. koreanus sp. nov. collected from western Jeju Island (Moseulpo) were
more similar to L. fasciatus compared with specimens collected from eastern Jeju
Island (Seongsanpo). Nevertheless, mtDNA analysis did not reveal infraspecies se-
quence variation. We hypothesize that the observed variation in body color of L. ko-
reanus sp. nov. is influenced by differences in habitat substrates (bright in the west
vs dark in the east), as suggested by Armbruster and Page (1996), who reported
that benthic fish with dorsal saddle patterns can vary based on substrate charac-
teristics such as color or particle size. In our study, Limnichthys koreanus sp. nov.
was confirmed only in the west (Moseulpo) and east (Seongsanpo) areas of Jeju
Island. Future research should investigate its habitat preferences relating to the
size of sand (or gravel) for understanding their distribution pattern. All specimens
of L. koreanus are adults; individuals collected from June to August exhibit matu-
rity for spawning. They are mostly in maturation—mature stages, with an average
egg diameter of 0.62-0.65 mm. Creediid fish lay pelagic eggs (Regan 1916; Leis
1982). Specimens were also collected from very shallow coastal waters at depths
of 1-5 m. Therefore, spawning may occur near the collection site, highlighting the
need for future studies of their spawning and reproductive habitats.

Key to species of four species of the genus Limnichthys from the
West Pacific Ocean

1 Dorsal fin rays 25 or more; a single epural bone; dorsal saddles joining

midlateral stripe @absent ..........ccoooiiiiiie 2
—  Dorsal fin rays 25 or fewer; two epural bones; dorsal saddles joining mid-
lateral Stripe PreSeNt .......cc.ooviiiiceeee e 3

2 Pectoral fin rays 11-12; anal fin rays 26-28; lateral line scales 36-38......
..................................................................................................... L. cf. nitidus
—  Pectoral fin rays 10-11; anal fin rays 24-25; lateral line scales 41-43 ......
...................................................................................................... L. orientalis
3 Asingle interorbital pore; total vertebrae 38—-40; dorsal saddles joining mid-
lateral stripe (s) 0—6; vomerine teeth well developed ....L. koreanus sp. nov.
- A pair of interorbital pores; total vertebrae 40-45; dorsal saddles joining
midlateral stripes 5-9; vomerine teeth slightly developed....... L. fasciatus
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Comparative specimens

Limnichthys fasciatus: AMS 1.5854; AMS 1.5855; AMS 1.5856; AMS 1.5858, syn-
types, 13 specimens, 29-43 mm SL, Lord Howe Island, NSW, Australia; AMS
1.44627, 28.7 mm SL, Baronda Headland, south side, NSW, Australia; TCWC
17569, 41.1 mm TL, Forester Beach, Tasman Sea, NSW, Australia.

Limnichthys cf. nitidus: CAS 228250, 5 specimens, 18.44-20.73 mm
SL, Hawaii Island, USA; KAUM-I 124455, 21.1 mm TL, 2018.12.16,
31°25'33.0"N, 130°07'11.4"E, south of Kome-jima island, Kataura, Kasa-
sa, Minami-satsuma, Kagoshima, Japan, hand net, collected by Harutaka
Hata; KAUM-1 143956, 1 specimen, 21.9 mm TL 2020.06.03, 27°52'03.6"N,
128°58'03.6"E, Daisuke Uyeno, Kagoshima, Japan, Hand net, collected by
Ryuichi Nakagawa.
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Abstract

A new species of the Sub-Saharan spider genus Quamtana Huber, 2003 is described
that has been collected in garden centers in Poland and the UK. Its closest known rel-
ative is probably Q. lotzi Huber, 2003, known from Free State Province in South Africa.
Working on the premise that placing species in time and space is the fundamental task
of taxonomy, and acknowledging that we cannot provide biologically meaningful spatial
information for this species, we prefer open nomenclature to make this species known
to science without formally describing it, using the unique provisional name Quamtana
sp. ZFMK Ar 24490 aff. lotzi. We argue that the judicious use of open nomenclature can
serve to improve the quality of species lists, reducing the noise in large-scale analyses of
biodiversity data. We expand this argument to ‘fragmentary’ species descriptions in gen-
eral, such as single-sex descriptions in large genera with many male-only and female-on-
ly descriptions. Not every taxonomic act allowed by the Code is necessarily beneficial.
Under certain conditions, the informal description of a putatively new species may serve
science better than a formal description based on inadequate material or data.

Key words: Alien species, Europe, new species, open nomenclature, Pholcidae,
Quamtana, single-sex description, South Africa, species lists, taxonomy

Introduction

Species are often, and in many contexts, conveniently divided into two catego-
ries, the known and the unknown (Stork 1997; Reaka-Kudla 2001; Costello and
Wilson 2010; Costello 2015; Huber and Chao 2019; Moura and Jetz 2021; Liu
et al. 2022). This is not only an overly simplistic view of our knowledge of the
earth’s species diversity (Lawton 1993; Loxdale et al. 2016; Meier et al. 2022)
but also a potentially misleading one. ‘'Known’, i.e. formally described, species
include a wide and continuous spectrum of taxa that range from well-studied
model organisms to those of which we know little else than their names, and
those whose names should not even exist because they are synonyms. In-
formed ignorance is a powerful research tool (Hortal et al. 2015), but in taxon-
omy, the level of ignorance hidden behind a scientific name is often not easily
accessible except by a few specialists. Taxonomists are well aware of the fact
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that focusing on formally undescribed taxa is only part of the job. In fact, more
time and effort are often required to give meaning to names of species that are
formally described but basically unknown than to formally describing a new
species (e.g., Riedel et al. 2013; Kehlmaier et al 2019).

To some degree, this is a legacy of 250 years of taxonomic history, and of the
rules (Codes) that the taxonomic community has chosen to adopt. These rules
happen to conserve taxonomic decisions as long as certain formal criteria are fol-
lowed, irrespective of scientific merit. However, the problem is not only historical.
New species are still massively being formally described based on suboptimal or
inadequate material or data. Countless species are being described from a single
specimen, a single sex, or a single locality; from poorly preserved specimens; from
photographs rather than physical specimens; from specimens without precise lo-
cality data; from specimens without any biologically meaningful type locality; etc.
(e.g., Limetal. 2012; Santos et al. 2016; Deng et al. 2019). From a theoretical point
of view, there is nothing fundamentally wrong with this; this is how science works.
Hypotheses (in this case, species) are proposed and further research can refine
or reject these hypotheses. Every species description is necessarily incomplete
in some respect, and what constitutes a reasonably ‘complete’ description var-
ies with the taxonomic group, time, the needs of the end user, available research
infrastructure, etc. (Durkin et al. 2020; Sharkey et al. 20214, b). In addition, ‘frag-
mentary’ descriptions obviously can and usually do, provide useful information.
Single-sex descriptions, for example, do not compromise the locality data nor the
morphological, molecular, natural history etc. data provided about the known sex.

However, formal descriptions based on suboptimal or inadequate material or
data can be harmful by introducing problems that interfere with scientific prog-
ress. For example, single-sex descriptions may become problematic if many
male-only and female-only species are proposed within a taxon of superficially
similar species; species with imprecise locality data may become problematic
if the rough coordinates given in databases are used in biogeographic analy-
ses; conservation efforts and ecological studies may be misled by problematic
taxonomic decisions hidden behind the authority of a scientific name (Bortolus
2008; Maldonado et al. 2015; Ely et al. 2017; Nekola and Horsak 2022). At some
point and under certain circumstances, the potential problems of a formal de-
scription may outweigh its advantages.

Our example to illustrate this point is a new species of daddy long-legs spider
(Pholcidae) of the genus Quamtana Huber, 2003 that was recently discovered
in several European garden centers. Quamtana is a Sub-Saharan genus, with
a particularly high diversity in South Africa (Huber 2003). A few species have
been found further north, reaching Central and East Africa. Quamtana spiders
have been introduced to Europe before: two species were reported from Ger-
man plant markets and greenhouses where they seemed to have established
viable populations (Huber et al. 2015). Obviously, all these species have been
introduced from Africa, probably with plants. They are not indigenous European
species, and their natural distributions are unknown. Taxonomy is fundamen-
tally about placing species in time and space, but in the case of Quamtana spi-
ders in Europe, we lack biologically meaningful information on the spatial com-
ponent. Our aim here is not to argue that formally describing such species is
necessarily bad; it is obviously permitted by the relevant taxonomic Code (ICZN
1999). Instead, we favor the approach of ‘open nomenclature’ (Bengtson 1988;
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Sigovini et al. 2016; Minelli 2019; Horton et al. 2021) for cases such as this, and
claim that (1) all the relevant information available at this point can be provided
without formally naming the species, and (2) informal descriptions of ‘problem-
atic’ species helps improve the quality of formal species lists and databases.

Materials and methods

This study is primarily based on the examination of specimens deposited in
Zoologisches Forschungsmuseum Alexander Koenig, Bonn, Germany (ZFMK).
Further material is deposited in the private collections of the second and third
authors. The taxonomic description follows the style of the only available re-
vision of the genus (Huber 2003; based on Huber 2000). Measurements were
done on a dissecting microscope with an ocular grid and are in mm unless oth-
erwise noted; eye measurements are +/- 5 pm. Photos were made with a Canon
EOS 2000D digital camera mounted on a Nikon SMZ18 stereo microscope or a
Nikon Coolpix 995 digital camera mounted on a Leitz Dialux 20 compound mi-
croscope. CombineZP (https://combinezp.software.informer.com/) was used
for stacking photos. Drawings are partly based on photos that were traced on
a light table and later improved under a dissecting microscope, or they were di-
rectly drawn with a Leitz Dialux 20 compound microscope using a drawing tube.
The cleared epigynum was stained with chlorazol black. Abbreviations used in
figures only are explained in the figure legends. Abbreviations used in the text:
ALE = anterior lateral eye(s); AME = anterior median eye(s); a.s.l. = above sea
level; L/d = length/diameter; PME = posterior median eye(s).

Results

Order Araneae Clerck, 1757
Family Pholcidae C.L. Koch, 1850
Genus Quamtana Huber, 2003

Quamtana sp. ZFMK Ar 24490 aff. lotzi
Figs 1-5

Diagnosis. Small, long-legged pholcid (Fig. 1) with eight eyes and with median
projection on male clypeus. Distinguished from most known congeners (except
Q. lotzi Huber, 2003) by longer than wide male palpal patella (Fig. 2), by pres-
ence of distinct apophysis on male palpal coxa (Fig. 2), by presence of three
rather than two modified hairs on each male cheliceral apophysis (Fig. 3A), and
by distinctive ventral protrusion proximally on bulbal processes (bold arrow in
Fig. 4D). From Q. lotzi and other congeners also by details of procursus shape
(Fig. 4A-C; bifid prolateral-dorsal apophysis, long and slender prolateral-ventral
spine; large rounded retrolateral-dorsal sclerite) and by details of genital bulb
shape (Fig. 4D-G; two processes originating from common basis, one sclero-
tized, possibly containing sperm duct, other largely membranous, hooked at
tip). Female distinguished from known congeners by large median epigynal
pocket (Fig. 3B, E) rather than pair of pockets; female of Q. lotzi unknown.
Material examined. PoLAND - Kuyavia-Pomerania - 1 &, 1 @ abdomen,
2 juvs; Bydgoszcz; 53.123°N, 18.064°E; 50 m a.s.l.; in OBl market; 20 Jan. 2024;
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H. Szymarniksi leg.; ZFMK Ar 24490 + 1 &, 1 @ (abdomen transferred to ZFMK
Ar 24490), in pure ethanol; same collection data as for preceding; ZFMK G161
*13,2 2, 6juvs; Torun; 53.024°N, 18.670°E; 65 m a.s.l.; in OBl market; 2 Mar.
2024; H. Szymanski, D. Szymanski, D. Szymanski leg.; in private collection
H. Szymanksi. GREAT BRITAIN — England + 2 J; Almondsbury, garden center;
51.550°N, 2.577°W; 6 Nov. 2023; A. Bennett-West leg.; ZFMK Ar 24652 + 2 ©;
same collection data as for preceding; in private collection A. Bennett-West.

Description. Male (ZFMK Ar 24490). Measurements. Total body length 1.5,
carapace width 0.54. Distance PME-PME 80 pm; diameter PME 75 pm; dis-
tance PME-ALE 20 pm,; distance AME-AME 20 pm; diameter AME 35 pm. Leg 1
missing; tibia 2: 1.25, tibia 3: 0.75, tibia 4: 1.23.

Colour (in ethanol). Prosoma and legs mostly pale ochre, carapace with dark
median mark including ocular area and clypeus; sternum monochromous; legs
with darker rings on femora (subdistally) and tibiae (proximally and subdistal-
ly); abdomen pale gray, with dark internal marks dorsally and laterally, ventrally
with indistinct rectangular darker mark in front of gonopore.

Body. Habitus as in Fig. 1A, B. Ocular area moderately raised. Carapace with-
out thoracic groove. Clypeus with distinct median process ~60 pm long, ending
in two tines. Sternum wider than long (0.42/0.38), unmodified. Abdomen glob-
ular, conical at spinnerets.

Chelicerae. As in Fig. 5A; with pair of proximal lateral processes weakly scle-
rotized and directed proximally and pair of distal apophyses close to median
line, each with three modified (conical) hairs (Fig. 3A); without stridulatory files.

Palps. As in Fig. 2; coxa with distinct ventral apophysis; trochanter with short
retrolateral process (~40 um long); femur short, distally widening but otherwise
unmodified; femur-patella joints slightly shifted toward prolateral side; patella
very long; tibia-tarsus joints shifted toward retrolateral side; procursus (Fig. 4A—C)
consisting of short proximal part and complex distal part hinged against proximal
part; proximal part on prolateral-dorsal side with bifid apophysis with long hinged
spine; distal part with large retrolateral-dorsal sclerite connected ventrally and
prolaterally with membranous structures and simple flat ventral sclerite; genital
bulb (Fig. 4D-G) with strong proximal sclerite and two distal processes, one scle-
rotized (putative embolus), the other one semitransparent and distally hooked;
with ventral protrusion proximally on bulbal processes (bold arrow in Fig. 4D).

Legs. Without spines, without curved hairs, without sexually dimorphic short
vertical hairs. Ventral hairs proximally on femora long, in particular on femur 2
(~350 pm long, proximal half of femur).

Supplementary information on other males: ZFMK G161: leg 1 length: 9.00
(2.40+0.25+2.45+3.10 + 0.80), tibia 2 missing, tibia 3: 0.98, tibia 4: 1.45; tibia
1 L/d: 41; retrolateral trichobothrium of tibia 1 at 11%; prolateral trichobothrium
absent on tibia 1. Ventral hairs on femur 1 also long, but only in proximal fifth of
femur, and shorter than on femur 2 (~300 pm); tarsus 1 with ~15 pseudoseg-
ments, distally distinct.

ZFMK Ar 24652: tibia 1: 2.75.

Female. In general, very similar to male (Fig. 1C) but clypeus unmodified,
ventral hairs on leg femora shorter (up to ~150 pum). Tibia 1 missing. Epigynum
(Fig. 3B-D) protruding, anterior plate triangular, with distinct median pocket in
posterior position; posterior epigynal plate wide and simple. Internal genitalia
(Fig. 3E, F) with anterior arc and pair of long pore plates in transversal position.
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Figure 1. Quamtana sp. ZFMK Ar 24490 aff. lotzi; live specimens, from Poland, Bydgoszcz A, B male C female D juvenile
(penultimate instar male).

Figure 2. Quamtana sp. ZFMK Ar 24490 aff. lotzi; male from Poland, Bydgoszcz, ZFMK Ar 24490. Left palp, prolateral (A),
dorsal (B), and retrolateral (C) views. Abbreviations: b, genital bulb; ¢, coxa; f, femur; pa, patella; pr, procursus; ta, tarsus;
1i, tibia; tr, trochanter. Scale bar: 0.3 mm.
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Figure 3. Quamtana sp. ZFMK Ar 24490 aff. lotzi; male and female from Poland, Bydgoszcz, ZFMK Ar 24490 A fron-
tal male cheliceral apophyses, frontal view B epigynum, ventral view C, D female abdomen, ventral and lateral views
D, E cleared female genitalia, ventral and dorsal views. Abbreviations: ep, epigynal pocket; pp, pore plates. Scale bars:

0.05 mm (A); 0.2 mm (B-F).
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Figure 4. Quamtana sp. ZFMK Ar 24490 aff. lotzi; male from Poland, Bydgoszcz A-C left palpal tarsus and procursus,
prolateral, dorsal, and retrolateral views, ZFMK Ar 24490 D-G left genital bulb, prolateral, retrolateral, dorsal, and ventral
views, ZFMK G161; bold arrow in D points at ventral protrusion proximally on bulbal processes. Abbreviations: ba, bifid
apophysis; e, putative embolus; h, hinge between proximal and distal parts of procursus; hp, hooked bulbal process; ps,
proximal bulbal sclerite; rs, retrolateral-dorsal sclerite; s, hinged spine; ta, tarsus; vs, ventral sclerite. Scale bars: 0.2 mm.

Natural history. In the garden centers in Poland, the specimens were found
in sections with xerophilic plants such as cacti and succulents, under bark, un-
der stones and bricks, and under flowerpots. In the garden center in England,
the specimens were found on the underside of shelving, also close to xerophilic
plants and succulents.

Relationships. The present species shares with Q. lotzi a number of charac-
ters that are unique in Quamtana: (1) long male palpal patella (Fig. 2); (2) pres-
ence of distinct apophysis on male palpal coxa (Fig. 2); (3) presence of three
rather than two modified hairs on each male cheliceral apophysis (Fig. 3A);
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Figure 5. Quamtana sp. ZFMK Ar 24490 aff. lotzi; male and female from Poland, Bydgoszcz A male chelicerae, frontal
view, ZFMK Ar 24490 B cleared female genitalia, dorsal view, ZFMK G161. Scale bars: 0.2 mm.

and (4) distinctive ventral protrusion proximally on bulbal processes (bold ar-
row in Fig. 4D). We suspect that most or all of these similarities are derived and
that the two species are sister taxa.

Distribution and geographic origin. The species has so far only been found
in garden centers in Poland and England. The plants in the Polish stores origi-
nate from several parts of the world, and they reach Poland via a nursery in the
Netherlands. It is thus not possible to trace the spiders back via the plants. For
England, we do not have any information regarding the origin of plants where
specimens were found. The only clue regarding the origin we have is thus the
putative sister species, Q. lotzi. This species is known from a single male speci-
men originating from the Koppiesdam Nature Reserve (27°13'S, 27°42'E; Huber
2003) in Free State, South Africa. We thus suspect that the present species
may also originate from approximately this area.

Remark. The format of the provisional name above follows the suggestions
in Horton et al. (2021). The two species of Quamtana previously reported from
Germany (Huber et al. 2015) were not named according to such criteria that
include unique registration numbers and facilitate integration into databases.
We thus propose the following names for those two taxa: for “Quamtana sp. A"
we propose “Quamtana sp. ZFMK Ar 12707 aff. kabale”, for “Quamtana sp. B”
we propose “Quamtana sp. ZFMK Ar 12704 aff. mabusai”.

Discussion

Species represent a core unit of life, and taxonomy strives to discover, delimit,
describe and name species according to scientific standards. Species names
can be viewed as hypotheses that follow from the discovery, delimitation and
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description process; unambiguous names are essential tools to communicate
knowledge about the world’s biodiversity across countries, time and scientific
disciplines. Species (names) that are aggregated into species lists and data-
bases affect views and decisions far beyond biological disciplines such as evo-
lutionary and ecological research. They have potential impact on conservation,
trade, agriculture, development, species invasions and health (Thomson et al.
2018; Garnett et al. 2020; Hobern et al. 2021; Sandall et al. 2023).

Taxonomic hypotheses, like hypotheses in any other field of science, range
from poorly supported to well supported. Taxonomists are mostly well aware
of which taxa in their specific group of interest are problematic and which can
be regarded as solid and less likely to be rejected by further research. However,
this information, even if published, is not visible in formal species hames and
is usually not visible in species lists. Instead, species lists usually contain ev-
ery taxon name that meets the relevant criteria of the respective Code. While
researchers in other biological disciplines can safely ignore published informa-
tion that is arguably unreliable, formal taxonomic names are stubborn: once
created they are here to stay, both individually and in lists, until they are formally
rejected (Agatha et al. 2021).

Recent heated debates among taxonomists reflect this dilemma: while some
argue that taxonomy has to follow new approaches to massively speed up spe-
cies descriptions, others feel confronted with a mass of species they consid-
er poorly supported but that they feel forced to include in species lists and to
take into account in subsequent research (e.g., Sharkey et al. 2021a, 2021b,
2022 vs. Ahrens et al. 2021; Zamani et al. 20224, b; Meier et al. 2022). A similar
debate has been going on about species descriptions based on photographs,
without physical vouchers (reviewed in Kasalo et al. 2021). A less controversial
yet pervasive problem is synonyms. Depending on the taxonomic group, 20%
and more of the species names in lists may be synonyms (Solow et al. 1995;
Dubois 2008). Synonyms have been and are being created for a number of rea-
sons. Some potential synonyms are indeed hard to avoid or to solve, for ex-
ample, those resulting from different species concepts or delimitation criteria.
Others appear avoidable. For example, genera with large numbers and percent-
ages of male-only and female-only descriptions are likely to include synonyms.
While the arachnological community, as an example, has long ago realized that
describing new species based on juvenile specimens creates more problems
than it solves, single sex descriptions continue to be produced massively. In the
Asian funnel weaver genus Draconarius Ovtchinnikov, 1999, 155 of the currently
270 nominal species are known from a single sex (WSC 2024). Of these 155 sin-
gle-sex descriptions (108 female-only, 47 male-only), 131 have been published
since 2000. Draconarius is no exception; several other large spider genera have
even higher numbers and higher percentages of male-only and female-only de-
scriptions (WSC 2024). Taxonomists producing such descriptions are of course
aware of the problem and correctly point out that it can be solved by further re-
search. Until then, however, all these species will appear in lists and databases,
with potential impacts far beyond the narrow niche of alpha taxonomy.

Informal species descriptions make knowledge available while keeping spe-
cies lists and databases of formally described species as clean as possible. The
idea of ‘open nomenclature’ is, of course, not new, and early proponents have
argued that it should be seen as an essential tool in the taxonomist’s repertoire
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(e.g., Bengtson 1988). Not only is it a compromise between formal description
and retention of information, but its “careful and judicious use ... reflects scien-
tific honesty” (Bengtson 1988). Recent proponents have emphasized the po-
tential of open nomenclature, provided that its use becomes standardized and
made compatible with modern biodiversity research (Sigovini et al. 2016; Mi-
nelli 2019; Horton et al. 2021). The basic motivation is certainly widely shared:
to maximize efforts to prevent the publication of insufficient descriptions and
redescriptions, and to improve the reliability of biological datasets and their util-
ity in informing policy and management (Agatha et al. 2021; Horton et al. 2021).

Ryberg and Nilsson (2018) claimed that “an inflation in names that are difficult
to interpret or apply may hamper taxonomy more than an inflation in species
descriptions without valid names.” What if Sharkey et al. (2021a) had published
their tremendous amount of valuable data on wasp diversity in Costa Rica without
producing more than 400 formal species names? What if proponents of species
descriptions based on photographs instead of physical vouchers had published
their discoveries of putative new species without binomials (as suggested by
Lobl et al. 2016; Horton et al. 2021; and implemented in Kasalo et al. 2021)? What
if taxonomists working on Draconarius spiders had produced formal single-sex
descriptions for only one sex, while informally providing all the relevant informa-
tion on ‘species’ known from the other sex only? For pholcid spiders, the first
author has formally described over 900 species, but none are based on females
only. Knowing one particular sex in all species (males in the case of Pholcidae,
because they generally are easier to diagnose) minimizes the problem of creat-
ing different names for male-only and female-only ‘species’ when they are in fact
the same species. In Pholcidae, apparent female-only species were not ignored
but described informally (e.g., in Huber et al. 20234, b). For a slightly different
approach in dealing with the problem of matching sexes in spiders, also involving
informal descriptions of putative new species, see Izquierdo and Ramirez (2017).
Apart from keeping species lists clean, this may motivate future collectors to
search for the missing sex and formally describe the species if, in fact, new.

It could be argued that informal names are not appropriately considered or
entirely invisible in catalogs, species lists and databases and are consequently
neglected in further research, legislation, conservation efforts, etc. However,
whether this is a problem of open nomenclature or a problem of the species
lists, catalogs, and legislation is open to debate. The WSC (2024) for example,
includes a reference to the formally undescribed species of Quamtana from
Germany mentioned above, duly separate from the list of formally described
species, while other informally described species (e.g. those in Huber et al.
20234, b; and those in Izquierdo and Ramirez 2017) are ignored. There is obvi-
ously not only a need for consistency but mainly for a way to incorporate avail-
able information into species lists and databases that allows the end user to
decide which information is valuable for a particular purpose and which is not.

In sum, we work on the premise that placing species in time and space is the
fundamental task of taxonomy, but we acknowledge that a fragmentary descrip-
tion (e.g., one without a meaningful space component, as in our case) can car-
ry valuable information. We thus use open nomenclature to make this species
known to science without formally describing it. All users of taxonomy might
profit from a careful case-by-case evaluation by taxonomists of whether the
available data justify formal species description or not. We extend this argument
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to all species descriptions based on fragmentary data, as for example, on sin-
gle-sex descriptions in species-rich taxa that already have many male-only and
female-only species. Formal description of every putatively new species avail-
able in collections is not necessarily beneficial and potentially even harmful.
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Abstract

The goneplacid crab, Carcinoplax mistio Ng & Mitra, 2019, was originally described from
West Bengal, India, in the northern Indian Ocean. Additional material of C. mistio from
off Tamil Nadu in the southeast of India revealed a high degree of size-associated varia-
tion in the structures of the anterolateral tooth of the carapace, chelipeds, and male and
female pleons. In addition to an in-depth morphological examination of C. mistio, this
study also records the natural coloration of the species and conducts a genetic compar-
ison (with mitochondrial COl and 16S rRNA genes) with its close relatives, C. haswelli
(Miers, 1884) and C. purpurea Rathbun, 1914. Molecular comparison of C. mistio with its
morphologically closest congener, C. haswelli from northern Australia and the western
Pacific, corroborates their status as separate species. The genetic sequence of C. mis-
tio, however, is similar to that of C. purpurea from the West Pacific, although these two
species can easily be distinguished by distinct carapace and ambulatory leg characters.
The present study provides some possible explanations for the genetic and morpholog-
ical incongruence observed between C. mistio and C. purpurea and highlights the need
for a detailed molecular study for Carcinoplax H. Milne Edwards, 1852, to appreciate the
evolution of various morphological characters in the genus.

Key words: Brachyura, COI, genetic and morphological incongruence, goneplacid crab,
Goneplacoidea, India, systematics, 16S rRNA

Introduction

The goneplacid crab genus, Carcinoplax H. Milne Edwards, 1852, comprises
26 species from the Indo-West Pacific (Castro 2007, 2009; Ng and Kumar
2016; Ng and Mitra 2019; Ng and Castro 2020). Six species of Carcinoplax are
known from India: C. longimanus (De Haan, 1833); C. longipes (Wood-Mason,
in Wood-Mason & Alcock, 1891); C. indica Doflein, 1904; C. specularis Rathbun,
1914, C. fasciata Ng & Kumar, 2016; and C. mistio Ng & Mitra, 2019 (see Trivedi
et al. 2018; Ng and Mitra 2019).
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While describing C. mistio from West Bengal, India, Ng and Mitra (2019)
compared it with two close congeners, C. sinica Chen, 1984, and C. purpurea
Rathbun, 1914, noting that C. mistio has a combination of diagnostic charac-
ters of other species. Carcinoplax sinica has since been synonymised with
C. haswelli (Miers, 1884) (cf. Ng et al. 2022). Ng and Mitra (2019) had only
three specimens of C. mistio available for study, so they were unable to assess
allometric variation, which can be pronounced in some species of Carcinoplax
(Guinot 1989; Castro 2007). A good series of C. mistio was recently collected
from Tamil Nadu, southeast coast of India, allowing the present evaluation of
morphological variation in the species. The present study also takes the oppor-
tunity to document the natural coloration of C. mistio and compare the genetics
of allied C. mistio, C. haswelli and C. purpurea.

Material and methods

Material

The material used for morphological examination is deposited in the Zoolog-
ical Survey of India, Kolkata (ZSIK); and Centre of Advanced Study in Marine
Biology, Annamalai University, Parangipettai, Tamil Nadu (CASAU). Details of
all specimens examined are provided in the material examined subsection of
the systematic account below. Measurements provided, in millimetres (mm),
are of the maximum carapace width (inclusive of spines) and length (taken at
the midline from the tips of the frontal margin to the median part of the poste-
rior margin), respectively. The terminology used follows Davie et al. (2015) and
Ng and Mitra (2019). Abbreviations used in this study are as follows: coll. = col-
lector; juv. = juvenile; G1 = male first gonopod; and G2 = male second gonopod;
ovig. = ovigerous.

Molecular analysis

In addition to C. mistio, C. haswelli and C. purpurea, four other species of Car-
cinoplax [C. ischurodous (Stebbing, 1923), C. longimanus, C. nana Guinot, 1989
and C. tomentosa Sakai, 1969], are also included for the molecular analysis.
Goneplax rhomboides (Linnaeus, 1758) was selected as the outgroup. The
samples for molecular analyses were from the Zoological Reference Collection
of the Lee Kong Chian Natural History Museum, National University of Singa-
pore (ZRC), and National Taiwan Ocean University (NTOU) (Table 1).

Crude genomic DNA was extracted from the muscles of the pleon using a
DNeasy® Blood and Tissue Kit (Qiagen, Hilden, Germany) following the proto-
col of the manufacturer. Molecular markers were selected as the mitochondrial
COl and 16S rRNA genes, while the sequences amplification using LCO1490/
HC02198 (~657 bp, Folmer et al. 1994) and 16Sar/16S1472 (~550 bp) (Simon
et al. 1994; Crandall and Fitzpatrick 1996), respectively. PCR reactions, cycling
profiles, product checking and sequencing procedures followed those used in
Ng et al. (2018). The output sequences were edited for contig assembly by
SegMan Pro™ (Lasergene®; DNASTAR, Madison, WI, USA), then blasted on
the GenBank (National Center for Biotechnology Information, NCBI) to check
for any potential contamination. EditSeq (Lasergene®; DNASTAR) was used to
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Table 1. Material, sampling localities and GenBank accession numbers of Carcinoplax and outgroup used in this study.
“#” sequences downloaded from GenBank. N.C. - no sequence available.

Species
(code)
C. haswelli (1)
C. haswelli (2)
C. ischurodous
C. longimanus (1)
C. longimanus (2)
C. longimanus (3)
C. mistio (1)
C. mistio (2)
C. nana
C. purpurea (1)
C. purpurea (2)
C. purpurea (3)
C. tomentosa

Goneplax rhomboides

Locality Voucher Nos. GenBank Accession Nos.

col 16S rDNA
Gulf of Tonkin ZRC 2011.0607 0OP163291 PQ163823

Off Singapore ZRC 1984.5693 OP163292 N.C.
MZ434779*% MZ424933*
Taiwan NTOU B00138 OP163293 PQ163824
MZ434781% MZ424935%
MZ434783* MZ424936*
India ZRC 2022.0812 (male) OP163294 PQ163825
India ZRC 2022.0812 (female) OP163295 PQ163826
Philippines ZRC 2019.0361 0OP163296 PQ163827
Taiwan ZRC 2001.0017 0P163297 PQ163828
Taiwan NTOU B00139 0P163298 PQ163829
Philippines ZRC 2006.0216 OP163299 PQ163830
Taiwan NTOU B00140 OP163300 PQ163831
MG935224* JN591672%

translate into the corresponding amino acid sequences to avoid the inclusion
of pseudogenes for the COI dataset (Song et al. 2008). Sequence alignment
and nucleotide pairwise distance for each of the two datasets were calcu-
lated based on the Kimura 2-parameter model (K2P, Kimura 1980) by MEGA
v.11 (Tamura et al. 2021). The maximum-likelihood (ML) tree was constructed
based on the combined sequences (COI+16S rDNA) using MEGA v.11 by 1000
bootstrap replicates (Felsenstein 1985). We failed to get a complete 16S rDNA
sequence on C. haswelli (ZRC 1984.5693), and the missing sequence was filled
up by the fifth nucleotide “N” for the combined dataset.

Systematic account

Superfamily Goneplacoidea MacLeay, 1838
Family Goneplacidae MacLeay, 1838
Genus Carcinoplax H. Milne Edwards, 1852

Carcinoplax mistio Ng & Mitra, 2019
Figs 1-3

Carcinoplax (purpurea)? — Stephensen 1946: 166, 208, fig. 44 (not Carcinoplax
purpurea Rathbun, 1914).

Carcinoplax purpurea — Guinot 1967: 276 (list); Titgen 1982: 252 (list) (not
Carcinoplax purpurea Rathbun, 1914).

Carcinoplax sinica — Guinot 1989:285, fig. 14A, B, pl. 5figs A,B,B1,C,C1,D, E,E1; Apel
2001:101; Naderloo and Sari 2007: 449; Naderloo 2017: 69, text-fig. 11.2d, €, fig.
12.1 (not Carcinoplax sinica Chen, 1984) [= Carcinoplax haswelli Miers, 1884)].

Carcinoplax mistio Ng & Mitra, 2019: e2019004, figs 1, 2, 6A, 7A, G, H, 8A-G,
9A, B.

Carcinoplax haswelli — Sureandiran et al. 2024: figs 2-7 (not Carcinoplax
haswelli Miers, 1884).
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Figure 1. Colour in life and overall dorsal view of Carcinoplax mistio Ng & Mitra, 2019 A male (33.3 x 23.4 mm) (CASAU CR-
1037) B male (29.2 x 20.5 mm) (CASAU CR-1036) C female (33.5 x 24.0 mm) (CASAU CR-1040). Scale bars: 1.0 cm (A-C).

Material examined. Holotype. INDIA - &' (29.2 x 19.0 mm); northern Bay of Ben-
gal, Fresargunj Fishing Harbour; 24 Feb. 2017; coll. local fishermen by trawl;
ZSIK C7123/2. Paratypes. INDIA + 1 @ (36.4 x 24.2 mm); same collection data
as for holotype; ZSIK C7124/2 - 1 9 (36.7 x 27.5 mm); northern Bay of Bengal,
Fresargunj Fishing Harbour; 28 Jul. 2018; ZSIK.
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Other material. INDIA * 4 33 (35.1 x 30.0 mm, 29.2 x 22.3 mm, 25.1 x 18.2 mm,
23.2x%29.2mm), 599 (37.1x31.0 mm, 36.2 x 30.1 mm, 32.1 x 25.2 mm, 31.0 x
25.2 mm, 26.1 x 24.0 mm); southern Bay of Bengal, eastern Tamil Nadu, Pazha-
yar Fishing Port; 11°21'N, 79°50'E; depth 50—100 m; 2016-2020; coll. M. Prema &
S. Ravichandran; CASAU CR-1031+1 & (29.7 x 19.6 mm), 1 @ (43.2 x 29.2 mm);
same collection data as for preceding; 2016—2020; CASAU CR-1032+2 33 (37.6
x 25.8 mm, 32.0 x 21.3 mm), 7 29 (37.9 x 24.5 mm, 37.0 x 25.1 mm, 34.0 x
22.9 mm, 32.3 x 21.6 mm, 31.2 x 21.1 mm, 29.5 x 19.6 mm, 27.6 x 25.6 mm,);
same collection data as for preceding; 18 Mar. 2018; CASAU CR-1033 -1 & (26.4
x18.0mm), 1juv. Q@ (19.7 x 13.4 mm); same collection data as for preceding; Mar.
2018; CASAU CR-1034 4 33 (36.0 x 23.8 mm, 33.0 x 22.7 mm, 32.5 x 22.2 mm,
31.5x21.4mm), 1 ovig. ¢ (39.0 x 26.6 mm), 1 ¢ (36.1 x 23.4 mm); same collec-
tion data as for preceding; 2020-2021; CASAU CR-1035+ 3 &' (29.2 x 20.8 mm,
29.2 x 20.5 mm, 27.6 x 19.4 mm); same collection data as for preceding; 12 Jan.
2022; CASAU CR-1036 - 1 & (33.x 23.4 mm); same collection data as for preced-
ing; CASAU CR-1037 + 2 29 (37.3 x 24.6 mm, 35.9 x 23.7 mm); same collection
data as for preceding; 26 Mar. 2023; CASAU CR-1038 * 2 44 (26.2 x 18.1 mm,
24.8x16.4mm),2 Q< (32.2x22.0 mm, 29.5 x 19.4 mm); same collection data as
for preceding; 11 Feb. 2024; CASAU CR-1039+7 92 (37.9x26.0 mm, 36.2 x 24.3
mm, 34.7 x 22.5 mm, 33.5 x 24.0 mm, 30.5 x 20.5 mm, 29.2 x 20.1 mm, 25.1 x
17.1 mm); same collection data as for preceding; 11 Feb. 2024; CASAU CR-1040.

Diagnosis. Modified from Ng and Mitra (2019). Carapace broad, dorsal
surface gently convex; antero-lateral surfaces generally with small, rounded,
densely packed granules, sometimes appearing almost smooth; post-orbital
region with small, rounded granules; second anterolateral teeth relatively short
in larger specimens, slightly sharp in smaller specimens; gastro-cardiac groove
shallow but visible (Figs 1, 2A, B, 3A). Chelipeds unequal, male carpal spine
more rounded, that on female more elongate (Figs 1, 2G-I, J-L, 3B-D). Ambu-
latory legs long, slender; articles laterally flattened, smooth; margins lined with
setae (Fig. 1). G1 relatively slender, laterally flattened, tip elongate, tapering,
lined with numerous short spines (Fig. 3G-K). G2 longer than G1, distal seg-
ment long, curved, tip weakly bifurcated (Ng and Mitra 2019: fig. 8D).

Habitat. The present specimens of C. mistio were collected from 50-100 m
depth, off the coastal waters of Tamil Nadu state, Bay of Bengal, India. The
three type specimens were obtained from West Bengal, also from a fishing port
but without depth data (Ng and Mitra 2019).

Coloration in life. Carapace orange, cheliped fingers and upper surface of
ambulatory legs white (Fig. TA-C), merus of ambulatory leg generally orange
(Fig. 1), and sternopleonal surfaces pale white.

Distribution. Northern Indian Ocean: Bay of Bengal (West Bengal and off
Tamil Nadu coast, India; Ng and Mitra 2019; present study); north-western
Arabian Sea (Gujarat, India; Sureandiran et al. 2024); and Persian Gulf (Guinot
1989; Naderloo 2017).

Remarks. The present specimens of C. mistio agree well with the type ac-
count (Ng and Mitra 2019). The large series of specimens, however, allowed us
to document size-related morphological variation. The largest specimens of C.
mistio collected in this study have a carapace width of 37.6 mm (male, CASAU
CR-1033) and 43.2 mm (female, CASAU CR-1032), respectively; both are larger
than the type specimens and are the largest known specimens of the species.
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Figure 2. Carcinoplax mistio Ng & Mitra, 2019 A, C, D, E-l male (33.3 x 23.4 mm) (CASAU CR-1037) B, J-L male (24.8 x
16.4 mm) (CASAU CR-1039) A, B dorsal view of carapace C frontal view of cephalothorax D third maxillipeds E thoracic
sternites 3-6, pleonal somites and telson E pleonal somites and telson G-L dorsal and outer views of chelae. Scale bars:

5.0 mm (A-L).
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In the types as well as in the smaller males (e.g., 26.4 x 18.0 mm, CASAU CR-
1034; 24.8 x 16.4 mm, CASAU CR-1039) and most of the larger specimens of
the present collection, the second anterolateral tooth of the carapace is prom-
inent, being sharp and curved (Figs 1B, 2B). In the largest males (e.g., 35.1
x 30.0 mm, CASAU CR-1031; 33.3 x 23.4 mm, CASAU CR-1037), this tooth is
relatively lower (Figs 1A, 2A) and comparable to the condition in C. purpurea. In
C. purpurea, however, the second anterolateral tooth is even lower and more like
a rounded tubercle (cf. Ng and Mitra 2019: fig. 6C, D). As such, the form of the
second anterolateral tooth is not a reliable diagnostic character for C. mistio
at all body sizes, being sometimes size dependent, though it is usually sharp
and longer. The cheliped of the largest males is elongate, with the merus and
fingers extremely long (Fig. 1A, B, 2G-1), a condition like that of C. longimanus
(see Guinot 1989). In the smaller holotype male of C. mistio as well as in small-
er males, the chelipeds are relatively shorter (Fig. 2J-L). Sexual dimorphism is
apparent as all females have relatively shorter cheliped fingers (Figs 1C, 3B-D).

The cheliped carpal spine of male C. mistio specimens examined, including
the holotype maleg, is relatively more rounded and relatively shorter (Figs 1A, B,
2G, H, J, L) (versus the cheliped carpal spine being relatively less rounded, more
elongate and curved in most of the females; Figs 1C, 3B, D). In the holotype
male of C. mistio, the carpal spine is relatively short and rounded (Ng and Mi-
tra 2019: fig. 1A, F) and as such, its length is a sexually dimorphic character
(Ng and Mitra 2019: fig. 2A, D, F) that is not size dependent. This is similar to
the condition of the cheliped carpal spine that was reported for C. haswelli (as
C. sinica, cf. Ng and Mitra 2019: fig. 4E).

The lateral margins of pleonal somite 6 of large males is gently convex, grad-
ually converging towards the telson, which is similar to that of the holotype of C.
mistio (Fig. 2E, F; see Ng and Mitra 2019: fig. 7A). In the large male of C. mistio
(33.3 x 23.4 mm, CASAU CR-1037), pleonal somite 6 is proportionately broader,
width-to-length ratios 2.1 (versus pleonal somite 6 width-to-length ratios in two
smaller males (26.2 x 18.1 mm, 24.8 x 16.4 mm, CASAU CR-1040) being 1.96 and
1.98, respectively). The pleon of large females in the present collection is similar
to that reported for the paratype C. mistio (36.4 x 24.2 mm, ZSIK C7124/2) (cf.
Ng and Mitra 2019: fig. 9A), but in a smaller specimen (26.1 x 24.0 mm, CASAU
CR-1031), the pleon is relatively wider than in the paratype. Among the 28 female
specimens studied, only one was ovigerous (39.0 x 26.6 mm, CASAU CR-1035). In
juvenile females (e.g., 19.7 x 13.4 mm, CASAU CR-1034), the pleon is not expand-
ed, lacking setae on pleopods, and the operculum of the vulva is poorly developed.

The proportions of the male telson vary regardless of size with the width-to-
length ratios of three males (33.3 x 23.4 mm, CASAU CR-1037; 26.2 x 18.1 mm,
24.8 x 16.4 mm, CASAU CR-1040) are 0.76, 0.88 and 0.67, respectively. Overall,
the male telson is slightly broader with the lateral margins being more concave
(Fig. 2E, F) than in C. haswelli (cf. Ng and Mitra 2019: fig. 7D-F).

The mesial margin of the distal two-thirds of the G1 is gently concave in large
specimens of C. mistio (Fig. 3G) and almost straight in smaller ones (Fig. 3l), but
the tip is always elongate and tapering (Fig. 3G-J). Ng and Mitra (2019) observed
that the G1s of the holotype (29.2 x 19.0 mm, ZSIK C7123/2) were distally dam-
aged. Sureandiran et al. (2024) reported “Carcinoplax haswelli” based on one male
specimen from Gujarat in western India, but all their figures of the G1 and the
carapace (see Sureandiran et al. 2024: figs 2—7), actually correspond to C. mistio.
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Figure 3. Carcinoplax mistio Ng & Mitra, 2019 A-F female (33.5 x 24.0 mm) (CASAU CR-1040); G- J male (33.3 x 23.4 mm)
(CASAU CR-1037) K male (25.1 x 18.2 mm); A dorsal view of carapace B-D dorsal and outer views of chelae E pleon and
telson F thoracic sternites with position of vulvae G dorsal view of left G1 H dorso-lateral view of left G1 | ventral view of
left G1 J ventro-lateral view of left G1 K lateral view of left G1. Scale bars: 5.0 mm (A-F); 1.0 mm (G-K).
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The genetic comparisons for seven species of Carcinoplax,including C. mistio,
are interesting (Fig. 4). The intraspecific divergences of COI (657 bp) and 16S
rRNA (552 bp) genes for four morphologically distinct species of Carcinoplax are
less than 1.5%: C. haswelli (COI 0.2%), C. mistio (COI 0%, 16S 0.2%), C. purpurea
(COI1 0.5-1.1%, 16S 0%), and C. longimanus (COI 0.2-0.8%, 16S 0.0-0.4%) (Ta-
ble 2). As for the interspecific divergences of the three species under study here
(Table 2), that between C. haswelli and C. mistio is high (COI 10.3-10.5%, 16S
3.5-3.7%), as is that between C. haswelli and C. purpurea (COI 9.9-10.5%, 16S
3.5%) (Table 2, Fig. 4), corroborating their status as separate species. The ge-
netic divergence between C. mistio and C. purpurea, however, was unexpectedly
low (COI 0.3-0.8%, 16S 0.0—0.2%) and within the range normally considered for
conspecificity (Fig. 4) when compared with the other four species of Carcino-
plax (COl 12.4-21.1%, 16S 6.5-12.1%) (Table 2, Fig. 4). The morphological dif-
ferences between C. mistio and C. purpurea, however, are substantial. In C. mis-
tio, the carapace is proportionally wider, appearing more rectangular in shape
with the posterolateral margins distinctly converging posteriorly (Figs 1A-C,
2A, B, 3A; see Ng and Mitra 2019: figs 1A, 2A, 6A, B) (versus carapace more
quadrate with the posterolateral margins subparallel in C. purpurea; see Ng and
Mitra 2019: figs 3A, 6C, D); the second (last) anterolateral tooth is usually sharp
and curved (Figs 1B, C, 2B, 3A) (versus low and rounded in C. purpurea; see Ng
and Mitra 2019: figs 3A, 6C, D); and the ambulatory legs are long and slender
(Fig. TA-C; see Ng and Mitra 2019: figs 1A, 2A, 7G, H) (versus distinctly shorter
and stouter in C. purpurea; see Ng and Mitra 2019: figs 3A, 71, J). Noteworthy
is that the G1s of C. mistio and C. purpurea are similar (Fig. 3G-J; see Ng and
Mitra 2019: fig. 8E, F, H, I). The characters of the G1 are more conservative in
goneplacid evolution than carapace and pereopod differences, which are more
plastic. Significant morphological differentiation but with low genetic variation
has previously been reported in Armases angustipes (Dana, 1852) (Sesarmidae,
Marochi et al. 2017), Carcinus maenas (Linnaeus, 1758) (Carcinidae, Silva et al.
2010), and Pachygrapsus marmoratus (Fabricius, 1787) (Grapsidae, Deli et al.
2015). There are many possible explanations for this observed discordance,
ranging from incomplete lineage sorting to retention of ancestral genotypes,
etc. (see Meier et al. 2006; Tang et al. 2012; Nabholz 2023).

A detailed molecular study of Carcinoplax will be necessary to appreciate
the evolution of the various morphological characters in the genus as current-
ly defined (sensu Castro 2007). Carcinoplax currently contains 26 species, all
from the Indo-West Pacific, with many species morphologically similar and of-
ten occurring sympatrically, although several species span both oceans (see
Castro 2007, 2009; Ng and Castro 2020). As the present study indicates, genet-
ic and morphological incongruence may be more common in Carcinoplax than
expected, and wide-ranging taxa may well prove to be species-complexes (see
Ng and Castro 2020). Currently, C. mistio is known from the northern Indian
Ocean, ranging from the Bay of Bengal to the Persian Gulf. Carcinoplax pur-
purea is only known for certain from the western Pacific (Castro 2007). There is
also a record of C. purpurea from Madagascar by Castro (2007: 639), but it was
based on a badly preserved male specimen, and it more likely belongs to either
C. monodi Guinot, 1989, or C. haswelli. Carcinoplax haswelli, however, occurs in
the western Pacific, Southeast Asia and eastern Indian Ocean (north-western
Australia) (Ng et al. 2022).

ZooKeys 1214:91-103 (2024), DOI: 10.3897/zookeys.1214.131500 99



Mani Prema et al.: Additional records and genetic detection for Carcinoplax mistio in India

Carcinoplax mistio (1)

- Carcinoplax mistio (2)
100] 'Carcinoplax purpurea (1)
Carcinoplax purpurea (2)
100

Carcinoplax purpurea (3)
Carcinoplax haswelli (1)
— Carcinoplax haswelli (2)

Carcinoplax longimanus (1)

00
100 LlCarcinopl'ax longimanus (2)
9

4 Carcinoplax longimanus (3)

r(}arcinoplax nana

Carcinoplax ischurodous

Carcinoplax f "
Carcinop

Goneplax rhomboides
0.05
Figure 4. Maximum likelihood phylogenetic tree for seven species of Carcinoplax based on the mitochondrial COI+16S
rRNA genes dataset. Goneplax rhomboides (Linnaeus, 1758) was chosen as outgroup. Bootstrap value is represented
above the branches. Values < 50 are not shown.

Table 2. Pairwise distance based on Kimura-2-parameter (K2P) model of partial mitochondrial COI (within and under the
diagonal) and 16S rDNA (value in the brackets and above the diagonal) sequences among Carcinoplax species. Goneplax
rhomboides (Linnaeus, 1758) was treated as an outgroup.

Carcinop I?X C. ischurodous ' C. longimanus | C. mistio C. nana C. purpurea  C. tomentosa Gonep {ax

haswelli rhomboides
Carcinoplax 0.002 0.102 0.098-0.101 | 0.035-0.037 0.105 0.035 0.134 0.128
haswelli
C. ischurodous = 0.199-0.202 0.078-0.083 | 0.095-0.097 0.080 0.095 0.093 0.071
C. longimanus | 0.172-0.178 = 0.176-0.178 = 0.002-0.008 | 0.082-0.088 0.078-0.084 0.082-0.086 0.084-0.087 0.113

[0.0-0.004]
C. mistio 0.103-0.105 0.190 0.159-0.164 0.0[0.002] | 0.093-0.095 0.0-0.002 | 0.118-0.121 0.113-0.116
C. nana 0.165-0.167 0.154 0.124-0.127 0.179 0.093 0.065 0.105
C. purpurea 0.099-0.105  0.192-0.195 | 0.159-0.169 | 0.003-0.008 0.181-0.184 0.005-0.011 0.118 0.113
[0.0]
C.tomentosa | 0.173-0.175 0.209 0.203-0.211 0.203 0.160 0.200-0.203 0.105
Goneplax 0.187-0.189 0.122 0.204-0.205 0.198 0.172 0.195-0.203 0.219
rhomboides
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Abstract

Mordellistena peloponnesensis Batten, 1980, previously known from Cyprus and Greece, is
reported from Italy and Turkey for the first time. The species is redescribed based on type
specimens and additional material from its entire known distributional range. Eighteen
DNA barcoding sequences of M. peloponnesensis from Greece, Cyprus, and Italy were
generated, and genetic variability across the sampling localities was examined. Three mi-
tochondrial haplotypes were detected within M. peloponnesensis. Specimens from main-
land Italy share the same haplotype as those from Rhodes and Cyprus, whereas Sardinian
specimens exhibit a distinct haplotype. The third haplotype is represented by one speci-
men from Cyprus. The DNA barcoding sequences of M. peloponnesensis were compared
with those of the morphologically allied M. gemellata Schilsky, 1898, and M. pyrenaea
Ermisch, 1966, to reveal the phylogenetic relationships between the species.

Key words: Distribution, DNA barcoding, haplotype, Mediterranean, morphology, tum-
bling flower beetles

Introduction

Mordellistena A. Costa, 1854, is the largest genus within Mordellidae Latreille,
1802, with more than 150 species known to occur in Europe (Selnekovi¢ and Ko-
dada 2019; Horak 2020; Selnekovic et al. 2021a; Selnekovi¢ et al. 2023; Ruzzier
and Di Giulio 2024). Due to their high diversity and the limited number of experts
studying this group in the past, current sampling efforts continuously yield new
data on the distribution of tumbling flower beetles in Europe (e.g., Ruzzier 2013;
Selnekovi¢ and Ruzzier 2019; Ruzzier et al. 2020; Selnekovic et al. 2021b; Selne-
kovi¢ and Kodada 2022). Mordellistena peloponnesensis Batten, 1980 was ini-
tially described based on specimens collected in southern mainland Greece and
the Peloponnese (Batten 1980) and later was reported also from Cyprus (Horak
2008, 2020). During collecting trips in Sardinia and mainland Italy between 2021
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and 2023, we collected 13 specimens that morphologically correspond to M.
peloponnesensis. In addition, subsequent examination of specimens from the
collections of the National Museum in Prague, the University of Ege in Izmir as
well as the E. Ruzzier collection provided additional specimens of M. peloponne-
sensis from Italy (Apulia and Sicily) and Turkey.

Our records significantly expand the known distribution of M. peloponnesensis,
representing the northernmost and westernmost occurrences of the species. The
study of extensive material, including type series, allowed us to provide a rede-
scription of the species and a differential diagnosis to separate it from the mor-
phologically allied species of the M. gemellata species group. We also explored
the genetic variability of M. peloponnesensis across the sampled localities, show-
ing that individuals from the Italian mainland share the same mitochondrial haplo-
type with individuals from Rhodes and Cyprus, whereas the Sardinian specimens
exhibit a distinct, well-separated haplotype. The COI barcoding sequences gener-
ated during this study represent the first available DNA sequences for the species.

Material and methods

For this study, 108 individuals of M. peloponnesensis from Cyprus, Greece, lta-
ly, and Turkey were examined, including 18 paratypes. Material is deposited in
the following institutions and private collections: Finnish Museum of Natural
History, Helsinki, Finland (MZH); Hungarian Natural History Museum, Budapest,
Hungary (HNHM); Lodos Entomological Museum, Izmir, Turkey (LEMT); Muse-
um fir Naturkunde der Humboldt-Universitat, Berlin, Germany (MNB); National
Museum, Prague, Czechia (NMPC); Naturalis Biodiversity Centre, Leiden, The
Netherlands (NBCL); Senckenberg Naturhistorische Sammlungen, Dresden,
Germany (SNSD); collection of David Selnekovi¢, Bratislava, Slovakia (DSBS);
collection of Enrico Ruzzier, Mirano, Italy (ERPC), and collection of Marion Man-
ti¢, Hluc¢in-Bobrovniky, Czechia (MMCZ).

Specimens of M. peloponnesensis were compared with the type series of oth-
er species that are morphologically associated with the M. gemellata group: M.
algeriensis Ermisch, 1966 (SNSD), M. aureotomentosa Ermisch, 1977 (SNSD), M.
elbrusicola Ermisch, 1969 (SNSD), M. gemellata Schilsky, 1899 (MNB), M. ma-
roccana Ermisch, 1966 (SNSD), M. microgemellata Ermisch, 1965 (SNSD), M.
pyrenaea Ermisch, 1966 (SNSD), M. rhenana Ermisch, 1956 (SNSD), M. wankai
Ermisch, 1966 (SNSD), and M. zoltani Ermisch, 1977 (HNHM).

Individuals used for DNA isolation were killed in 96.3% ethanol and stored at
-20 °C. DNA isolation and amplification procedures followed those provided by Sel-
nekovic et al. (2023). The COI gene was amplified by PCR using standard primer
pairs LCO1940 and HCO2198 (Folmer et al. 1994) or LEP-F1 and LEP-R1 (Hebert et
al. 2003). After DNA isolation, the specimens were soaked for several hours in 5%
acetic acid at room temperature, dissected, and mounted on cards. The dissected
genitalia were cleared in lactic acid for several days, then dehydrated in 96.3% eth-
anol and mounted on slides in Euparal (Paradox Co., Cracow, Poland). After exam-
ination, the genitalia were mounted on the card with the respective specimen using
dimethyl hydantoin formaldehyde (Entomopraxis, Barcelona, Spain).

Specimens were observed under an M205 C stereomicroscope (Leica, Wetzlar,
Germany) with magnification up to 120x and diffused LED light (6400 K). Pho-
tographs of habitus were taken with an EOS 5D Mark Il camera (Canon, Tokyo,
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Japan) attached to an Axio Zoom.V16 stereoscope (Zeiss, Oberkochen, Germany);
photographs of genitalia were taken with an Axio Imager.M2 microscope (Zeiss,
Oberkochen, Germany). The images were stacked using Zerene Stacker v.1.4
software (https://zerenesystems.com/cms/stacker) and edited in Adobe Photo-
shop CC (https://www.adobe.com/products/photoshop.html) and DxO Photolab 5
(https://www.dxo.com/dxo-photolab/). Measurements were made with an ocular
micrometre in the M205 C stereomicroscope and are given in the text as the range,
followed by the arithmetic mean and standard deviation enclosed in parentheses.
The measured characters are abbreviated in the text as follows:

EL elytral length from scutellar apex to elytral apices along suture;

EW maximum elytral width;

HL head length from anterior clypeal margin to occipital carina along midline;
HW maximum head width;

LPrL  maximum left paramere length;

PL pronotal length along midline;

PW maximum pronotal width;

PygL maximum pygidial length;

RPrL  maximum right paramere length;

TL combination of head, pronotal and elytral lengths

Nucleotide sequences were trimmed and assembled into contigs using Chro-
masPro v.2.1.10 (Technelysium Pty Ltd, South Brisbane, Queensland, Austra-
lia). The final alignment was performed manually in Mesquite v.3.81 (Maddison
and Maddison 2023), and it is available in the Suppl. material 1. The uncorrect-
ed pairwise distances (p-distances) were calculated using the MEGA11 soft-
ware (Tamura et al. 2021). Maximum likelihood analysis (ML) was performed
using IQ-TREE (Nguyen et al. 2015). Three partitions were defined based on the
codon positions. The best substitution models (TNe, F81+F, HKY+F) were iden-
tified by the built-in ModelFinder according to the BIC criterion. Node support
values were obtained from 1000 ultrafast bootstrap replicates and tested with
the aBayes test (Anisimova et al. 2011). The resulting trees were subsequently
rooted in FigTree v.1.4.4 (https://github.com/rambaut/figtree). Natirrica humer-
alis (Linnaeus, 1758) was selected as the outgroup, as preliminary phylogenetic
analyses indicate that the genus Natirrica is a sister group to Mordellistena. A
haplotype network was created using the pegas 1.3 library (Paradis 2010).

All voucher specimens used in this study, along with respective BOLD Sample
and Process IDs and GenBank accession numbers, are listed in the linked data ta-
ble (Suppl. material 2). Trace files and additional information about voucher spec-
imens are available within a dataset on BOLD (dx.doi.org/10.5883/DS-MPELOP).

Results

Mordellistena (s. str.) peloponnesensis Batten, 1980
Figs 1,2

Mordellistena peloponnesensis Batten, 1980: 42-44. Type locality: “Skala,
Pelopénnesos, Greece”.
Mordellistena (s. str.) peloponnesensis: Horak (2008, 2020).
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Type material examined. Paratypes. GREECE * 3 males; Lakonia, Skala env.
[same as holotype]; 9 Jul. 1978; R. Batten leg.; NBCL, RMNH.INS.1485999 [gen-
italia illustrated], RMNH.INS.1486000, RMNH.INS.1486001 * 4 males; Arkadhia,
Tripolis env.; 5 Jul. 1977; R. Batten leg.; NBCL, RMNH.INS.1485986, RMNH.
INS.1485987, RMNH.INS.1485988, RMNH.INS.1485989 -« 1 male; Messinia,
2 km N. of Kardamili; 6 Jul. 1977; R. Batten leg.; NBCL, RMNH.INS.1485985
+ 2 males; Messinia, Pilos env.; 8 Jul. 1978; R. Batten leg.; NBCL, RMNH.
INS.1485996, RMNH.INS.1485997 + 1 male; Korinthia, Neméa env.; 10 Jul.
1978; R. Batten leg.; NBCL, RMNH.INS.1485990 - 1 male; same data as preced-
ing; HNHM -« 1 male; llia, 4 km E. of Pirgos; 6 Jul. 1977; R. Batten leg.; NBCL,
RMNH.INS.1485991 - 1 female; Fthiotis, 20 km S. of Lamia; 4 Jul. 1977; R. Bat-
ten leg.; NBCL, RMNH.INS.1485992 - 1 female; Aitolia, 5 km W of Navpaktos; 8
Jul. 1977; R. Batten leg.; NBCL, RMNH.INS.1485993 « 1 male; Aitolia, 11 km S
of Agrinion; 8 Jul. 1977; R. Batten leg.; NBCL, RMNH.INS.1485998 - 1 female;
Arta, 12 km NW of Arta; 8 Jul. 1977; R. Batten leg.; NBCL, RMNH.INS.1485994
+ 1 male; Lakonia, 10 km N Sparti; 7 Jul. 1978; R. Batten leg.; NBCL, RMNH.
INS.1485995 - 1 male, 1 female; Attica; E. Reitter leg.; syntypes of Mordellistena
gemellata Schilsky, 1898; MNB « 1 female; “Parnass”; syntype of Mordellistena
gemellata Schilsky, 1898; D. Kriiper leg.; MNB.

Additional material examined. CyPRUS * 2 males, 3 females; Choirokoi-
tia; 34.795833°N, 33.337500°E; alt. 186 m; 15 Jul. 2009; M. Mantic leg.; for-
est steppe, on flowers; MMCZ - 2 males; Pegeia, Coral Bay; 34.858333°N,
32.364167°E; alt. 9 m; 21 May 2017; M. Manti¢ leg.; forest steppe by sea,
on flowers; MMCZ - 1 male, 6 females; Foinikaria, Germasogeia Reservoir;
34.755278°N, 33.093333°E; alt. 68 m; 27 Apr. 2018; D. Selnekovic¢ leg.; second-
ary grassland, on Daucus; DSBS, DSBS15, DSBS16 « 1 male, 1 female; Kouklia
env.; 34.666474°N, 32.628931°E; alt. 34 m; 9 May 2022; D. Selnekovic leg.; xeric
grasslands on slopes, on Ferula; DSBS, DSBS609, DSBS610 * 1 male; Potamiou
env.; 34.818289°N, 32.797439°E; alt. 677 m; 10 May 2022; D. Selnekovic¢ leg.;
road verge, orchards, on Daucus and Tordylium; DSBS, DSBS611 « 1 female;
Pissouri; 34.653149°N, 32.715005°E; alt. 29 m; 12 May 2022; D. Selnekovi¢
leg.; crop fields, slopes with xeric vegetation, on Ferula and Tordylium; DSBS « 3
males, 4 females; Avdimou env.; 34.675610°N, 32.758667°E; alt. 33 m; 13 May
2022; D. Selnekovic leg.; road verge, crop fields, on Daucus and Ferula; DSBS *
2 females; Kyrenia, Bellapais; 13 Jul 1939; H. Lindberg leg.; MZH, http://id.luo-
mus.fi/GAC.38997. GREECE * 6 specimens; Crete, Paralia Kouma; 35.352222°N,
24.298889°E; alt. T m; 16 Jul. 2012; M. Manti¢ leg.; sand beech, on flowers;
MMCZ - 7 specimens; Crete, Paralia Preveli; 35.152778°N, 24.473333°E; alt.
7 m; 5 Jun. 2018; M. Mantic leg.; forest steppe, on flowers; MMCZ - 4 speci-
mens; Crete, Lavris, 4 km W of Panormos; 35.417778°N, 24.648611°E; alt. 21
m; 1 Jun. 2018; M. Mantic¢ leg.; forest steppe, on flowers; MMCZ + 1 female;
Crete, Panormos env.; 35.416667°N, 24.689444°E; alt. 27 m; 30 May 2018; M.
Manti¢ leg.; forest steppe, on flowers; MMCZ - 1 female; Crete, Orino Gorge,
1.8 km NW of Koutsoras; 35.045278°N, 25.932778°E; alt. 97 m; 19 May 2023;
M. Mantic leg.; stram valley, on flowers; MMCZ - 4 specimens; Crete, lerapetra;
35.014167°N, 25.768333°E; alt. 20 m; 16 May 2023; M. Mantic leg.; olive groves,
on flowers; MMCZ - 1 male; Crete, Chochlakies; 35.146389°N, 26.246389°E; alt.
106 m; 10 Jun. 2023; M. Mantic leg.; olive groves, on flowers; MMCZ + 1 male;
Crete, Kournas, Kourna lake; 30 Jun. 2002; A. Pridal leg.; NMPC + 1 male; Crete,
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Knossos; 1934; Maian and Stépének leg.; NMPC « 2 specimens; Rhodes, Kalyth-
iés env.; 36.326339°N, 28.187810°E; alt. 43 m; 26 May 2023; D. Selnekovic leg.;
olive orchard, on Ammi majus and Helichrysum sp.; DSBS, DSBS715B, DSBS716
« 4 males, 1 female; Rhodes, Afantou env.; 36.311961°N, 28.189384°E; alt. 9 m;
26-30 May 2023; D. Selnekovic¢ leg.; ruderal community, on Daucus sp.; DSBS
+ 3 males, 3 females; Rhodes, Kolympia; 36.259536°N, 28.131744°E; alt. 49 m;
28 May 2023; D. Selnekovi¢ leg.; olive orchard, on Daucus and Ammi majus;
DSBS, DSBS623 to DSBS626 * 11 specimens; Rhodes, Kolympia; 36.252222°N,
28.168056°E; alt. 15 m; 21 May 2011; M. Mantic¢ leg.; forest steppe, on Apiace-
ae; MMCZ - 2 females; Rhodes, Kalythiés env.; 36.3202469°N, 28.1867823°E;
alt. 14 m; 1 Jun. 2023; D. SelnekoviC leg.; ruderal grassland with olive trees
and shrubs, on Daucus sp.; DSBS. ITALY * 4 males, 1 female; Campania, Naples,
Camaldoli, 40.852285°N, 14.202138°E; alt. 142 m; 3 Jul. 2023; D. Selnekovi¢
leg.; ruderal habitat, on Daucus carota; DSBS, DSBS558, DSBS598, DSBS599 - 5
males; Sardinia, Sassari; 40.712163°N, 8.549854°E; alt. 207 m; 27 Jun. 2021; D.
Selnekovi¢ leg.; urban area, ruderal community along olive orchard and parking
lot, on Daucus carota; DSBS, DSBS700 to DSBS704 + 3 males; Puglia, Foggia,
Vieste; 41.902976°N, 16.086091°E; alt. 60 m; 3 Jun. 2021; E. Ruzzier leg.; road
verge, on Daucus carota; ERPC « 1 male; Sicilia, Caltagirone; NMPC. TURKEY * 1
male, 1 female; Mugla, Bodrum, Aspat; 24 May 2008; N. Gulpercin leg.; LEMT - 1
female; Mugla, Bodrum, Aspat; 7 Jun. 2008; S. Tezcan leg.; LEMT.

Differential diagnosis. Mordellistena peloponnesensis is characterised by
antennomeres 1-4 being narrower than the following ones and by the presence
of two short lateral ctenidia on the posterior tibia that are perpendicular to the
dorsal edge of the tibia. This combination of characters is unique to the M. ge-
mellata species group as defined by Ermisch (1956). Within this group, M. pelo-
ponnesensis (Fig. 1) is further distinguished by its black integument, including
mouth parts and appendages, pale brownish to yellowish pubescence on the
dorsal surface of the body, short antennal segments 5-10 (1.2-1.5x longer
than wide), relatively large body size (TL 3.26—4.87 mm), long and narrow elytra
(2.2-2.5% longer than wide), male tibia expanded at the base with a group of
extended setae, and the characteristic shape of parameres (Fig. 1B, C).

The species most closely resembling M. peloponnesensis in terms of size,
body shape, elytral length and width, and pubescence color are M. algeriensis
Ermisch, 1966 (Algeria, Italy, and Tunisia), M. gemellata Schilsky, 1898 (Portu-
gal, Spain), and M. pyrenaea Ermisch, 1966 (France, Spain). These species can
be differentiated from M. peloponnesensis by distinct paramere shapes [see
Selnekovi¢ and Kodada (2022) for M. algeriensis; Ermisch (1966) for M. pyre-
naea; and Ermisch (1963a) for M. gemellata]. Of these, M. algeriensis, recent-
ly reported from Sardinia (Selnekovi¢ and Kodada 2022), is the only species
with a range that partially overlaps with M. peloponnesensis. It differs from M.
peloponnesensis not only in paramere shape but also in size: M. algeriensis
has an EL/RPrL ratio of 5.89-6.42 and an EL/LPrL ratio of 5.21-5.54, while
M. peloponnesensis has corresponding ratios of 6.84-8.61 and 5.65-7.38.
Additionally, M. algeriensis can be distinguished by its subquadrate antennal
segments 5-10 (~1.0x longer than wide), whereas in M. peloponnesensis,
these segments are 1.2—-1.5x longer than wide. Mordellistena aureotomentosa
Ermisch, 1966, described from Morocco, differs from M. peloponnesensis by
its conspicuously light-yellowish and dense pubescence on the pronotum and
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Figure 1. Mordellistena peloponnesensis Batten, 1980 A habitus, male, Rhodes, Greece, DSBS623 B parameres, para-
type from Skala (type locality), RMNH.INS.1485999 C parameres, specimen from Italy, DSBS558 D female sternite VI,

DSBS610 E male sternite VIII, DSBS558.
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elytra, and smaller, differently shaped parameres (Ermisch 1966). Mordellistena
maroccana Ermisch, 1966, found in Morocco and Tunisia, differs from M. pelo-
ponnesensis in the distinctly shorter and broader elytra: the elytral length/width
ratio in M. maroccana is 2.0, while in M. peloponnesensis it is 2.2-2.5.

Redescription. Measurements (in mm; 33 N =13, 29 N =10): TL: £ 3.26—
4.52 (3.91 £ 0.45), 99 3.98-4.87 (4.41 £ 0.32); HL: &4 0.61-0.80 (0.72 + 0.07),
92 0.72-0.85 (0.79 % 0.05); HW: &4 0.65-0.84 (0.76 + 0.07), ¢ 0.72-0.94
(0.84 +0.07); PL: &2 0.75-1.06 (0.91 £0.12), 29 0.88-1.19 (1.04 + 0.10); PW:
330.73-1.06(0.91+0.12), 22 0.86-1.17 (1.05+ 0.09); EL: 334 1.91-2.68 (2.28
+0.27), 29 2.35-2.82(2.58 £ 0.17); EW: 44 0.77-1.14 (0.95 £ 0.12), 29 0.97-
1.25(1.12 £ 0.09); RPrL: 0.25-0.32 (0.30-0.02); LPrL: 0.31-0.41 (0.36 + 0.03).

Body elongate (Fig. 1A), wedge-shaped, widest behind anterior third of elytra
in males, around elytral mid-length in females. Dorsum moderately convex, ven-
ter strongly so. Entire body surface uniformly black, except for reddish-brown
anteclypeus and tips of mandibles. Vestiture consisting of decumbent lance-
olate setae; yellowish to brownish with purple sheen on dorsal surfaces, dark-
ened towards elytral apices; yellowish on ventral surfaces, darkened along pos-
terior margins of ventrites 3-5.

Head approximately as long as wide, HW/HL ratio: 3 1.02-1.12 (1.07 £ 0.03),
99 0.95-1.11 (1.07 £ 0.04), moderately convex dorsally, with highest point be-
hind middle of eye length (lateral aspect); occipital carina rounded; integument
weakly microreticulate, with small round setiferous punctures. Eyes broadly oval,
approx. 1.4x longer than wide; posteriorly reaching to occipital margin; finely fac-
eted; interfacetal setae longer than facet diameter. Anterior clypeal edge weakly
convex. Labrum transverse, densely setose, anterior margin weakly convex. An-
tenna weakly serrate (Fig. 1A); antennomeres 1-4 shorter and narrower than
following antennomeres; scape weakly conical, little longer than wide; pedicel
cylindrical, approx. 1.5x longer than wide; antennomere 3 smallest, conical, as
long as wide; antennomere 4 conical, approx. 1.7x as long as 3; antennomeres
5-10 in male 1.4-1.5x%, in female 1.2-1.4x longer than wide, antennomere 5
longest; antennomere 11 oval, approx. 1.8x longer than wide; all antennomeres
covered with decumbent trichoid sensilla, additionally, antennomeres 5-10 each
with several long and erect trichoid sensilla apico-mesially. Galea moderately
long, with spatulate sensilla and trichoid sensilla apically. Maxillary palpomere 2
subcylindrical, weakly expanded distally, similarly formed in both sexes except
for distinctly longer trichoid sensilla on ventral surface in male; terminal max-
illary palpomere scalene triangular, little wider in male than in female, mesial
angle just behind mid-length; numerous decumbent and several erect trichoid
sensilla over entire surface; apical sensory area with numerous short sensilla.

Pronotum approximately as long as wide, PL/PW ratio: &4 0.93-1.09 (1.00
0.04), 29 0.96-1.02 (1.00 + 0.02), widest before middle, strongly convex; sur-
face microreticulate, densely covered with lanceolate setae, punctures larger
than those on head; anterior edge convex in middle, anterior angles broadly
rounded; lateral carinae strongly sinuate in lateral aspect; posterior edge sin-
uate, posterior angles rectangular in lateral aspect. Scutellar shield triangular,
densely setose. Elytra moderately long and narrow, EL/EW ratio: & 2.23-2.52
(2.40 + 0.08), 29 2.18-2.42 (2.30 + 0.07); apices separately rounded; surface
microreticulate, densely covered with decumbent lanceolate setae, punctures
coarser than those on pronotum. Hindwing fully developed. Metanepisternum
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approx. 4x longer than maximum width, narrowed posteriorly. Protarsomeres
cylindrical, each little narrower than preceding one; protarsomere 1 as long as
two following tarsomeres combined; penultimate protarsomere truncate distally,
with apical edge weakly concave; each protarsal claw with three denticles; male
protarsus with longer and thicker seta on ventral surface than female one. Me-
sotibia approx. 0.8x as long as mesotarsus. Mesotarsomeres cylindrical, each
little narrower than preceding one; first mesotarsomere as long as two following
tarsomeres combined. Metatibia with short subapical ctenidium and two lateral
ctenidia nearly perpendicular to dorsal tibial edge, proximal ctenidium located
around mid-length of tibia, distal one at around third quarter; outer terminal spur
ca. 0.5x as long as inner one. Metatarsomere 1 with three ctenidia; metatar-
somere 2 with two ctenidia; metatarsomeres 3 and 4 without lateral ctenidia.

Abdominal ventrite 5 with narrowly rounded apical edge. Pygidium long, con-
ical, bent ventrad, narrowly truncate at apex, approx. 0.5x as long as elytra.
Male sternite VIIl with sinuate posterior edge, postero-lateral angles and medial
portion moderately produced, with long trichoid sensilla (Fig. 1E); female stern-
ite VIl produced at middle of posterior edge, with long trichoid sensilla around
lateral edges (Fig. 1D), anterior median strut short, clavate. Phallobase forming
sheath around penis; tubular part short; anterior struts approx. 5x as long as tu-
bular part; dorsal apodeme strongly sclerotised. Parameres as in Fig. 1B, C: left
paramere longer than right one, EL/LPrL ratio: 5.65-7.38 (6.33 + 0.58), dorsal
process dilated and obliquely subtruncate apically, with numerous trichoid sen-
silla, ventral process slightly shorter than dorsal one, tapering towards apex,
median process short and wide, with cluster of sensilla campaniformia located
along its dorsal edge; left paramere with dorsal process rather narrow, rounded
apically, with trichoid and campaniform sensilla, ventral process slightly short-
er than dorsal one, wide, bent dorsad, EL/RPTrL ratio: 6.84-8.61 (7.67 * 0.65).
Penis long, narrow, weakly expanded before apex.

Secondary sexual dimorphism. Females on average slightly larger than males.
Males somewhat slenderer than females. Second maxillary palpomere with longer
setae in males than in females. Terminal maxillary palpomere slightly narrower in
females. Male protibia bears several elongate setae in proximal half, female pro-
tibia uniformly setose. Male protarsomeres with numerous thick setae ventrally.

DNA sequences. Eighteen sequences of the COIl gene barcoding region
were generated and submitted to BOLD (www.boldsystems.org) and GenBank
(www.ncbi.nlm.nih.gov/genbank/). Details on voucher specimens as well as
accession numbers are listed in the Suppl. material 2.

Distribution. Cyprus, Greece (mainland, Crete, Rhodes), Italy (southern part
of the Italian peninsula, Sardinia, Sicily), Turkey (Fig. 2D).

Habitat and co-occurring species. Five individuals of M. peloponnesensis
from Sardinia were sampled in June 2021 from the inflorescences of Daucus
carota L. (Apiaceae) in ruderal vegetation separating a parking lot from a small
olive orchard in the urban area of Sassari. Three individuals from Vieste were
collected on the inflorescences of D. carota in ruderal vegetation along a road.
Five individuals from the vicinity of Naples were sampled in July 2023 on the
inflorescences of D. carota in a ruderal habitat along a footpath on Camaldoli
Hill. This area featured young secondary forest, orchards, and dry grassland
communities. The following species co-occur with M. peloponnesensis in Italy:
M. episternalis Mulsant, 1856, M. minima A. Costa, 1854, M. pseudorhenana
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Figure 2. A results of maximum likelihood analysis of 658 bp COI fragment; support values are given as: bootstrap val-
ues / aBayes test values B differences between haplotypes of Mordellistena peloponnesensis Batten, 1980. Codons are
marked as the nucleotide positions within 658 bp COI fragment C TCS haplotype network based on eighteen sequences
of 658 bp COI fragment in M. peloponnesensis; colours represent sampling localities; vertical lines represent number of
substitutions D distribution of M. peloponnesensis; left: entire range, right: details on Greece, Turkey, and Cyprus. Local-
ities of DNA samples are marked with coloured dots matching those in the haplotype network; localities without DNA
samples are marked with black dots.

Ermisch, 1977, M. purpurascens A. Costa, 1854, M. tarsata Mulsant, 1856, Me-
diimorda bipunctata (Germar, 1827), Variimorda basalis (A. Costa, 1854), and
Stenalia sp. In similar ruderal habitats along roadsides, secondary grasslands,
and olive orchards, specimens of M. peloponnesensis were also collected on
the islands of Rhodes (Greece) and Cyprus.

DNA analyses

We generated 18 sequences of the COI barcoding region of M. peloponnesen-
sis from individuals originating from Cyprus, Greece (Rhodes) and ltaly (main-
land Italy and Sardinia). We recognised three haplotypes within the species: H1
shared by 12 individuals from Cyprus, Italy (Naples), and Greece (Rhodes); H2
represented by a single individual from Cyprus; and H3 shared by five individu-
als from ltaly (Sardinia) (Fig. 2C). H2 differs from H1 at one position in the COI
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barcoding region (H1—codon 299-301: AGA; H2—codon 299-301: AAA), and
H3 differs from H1 at three positions (H1—codon 398-400: AGA, codon 533-
535: CTA, codon 578-580: CTA; H3—codon 398-400: AGG, codon 533—-535:
CTG, codon 578-580: CTT) (Fig. 2B).

We compared the sequences of M. peloponnesensis with those of the mor-
phologically allied M. pyrenaea (four individuals from Spain) and M. gemellata
(one individual from Spain). The divergence between M. peloponnesensis and
M. gemellata is 7.94-8.09%, and between M. peloponnesensis and M. pyre-
naea it is 3.34-4.00%. The intra-species divergence within M. peloponnesensis
reaches a maximum value of 0.61%. Maximum likelihood analysis revealed a
separate clade for each species (Fig. 2A).

Discussion

Mordellistena peloponnesensis was described by Batten in 1980 based on spec-
imens from various localities in southern mainland Greece and Peloponnese.
Since its description, no further specific data have been published, except for
its occurrence in Cyprus, as noted in the Catalogue of Palaearctic Coleoptera
(Hordk 2008, 2020). New data from the islands of Rhodes and Crete, Cyprus, as
well as the previously unrecorded distribution of the species in Italy (southern
part of the Italian peninsula, Sardinia, Sicily) and Turkey, significantly contribute
to understanding this species’ distribution. The records from Italy represent the
northernmost and westernmost known occurrences of the species.

DNA sequences of M. peloponnesensis are currently available from the vi-
cinity of Naples and Sardinia in Italy, from the island of Rhodes in Greece, and
Cyprus. Analysis has shown that individuals from mainland Italy share the same
haplotype as individuals from Rhodes and Cyprus. In contrast, individuals from
Sardinia possess a distinct haplotype, separated by three nucleotide substitu-
tions. Phylogenetic analysis suggested that the most closely related species is
M. pyrenaea, known from Spain and France, with an interspecific divergence of
3.34-4.00%. The analysis did not include other morphologically similar species
(M. algeriensis, M. aureotomentosa, M. maroccana, M. elbrusicola Ermisch, 1969,
M. microgemellata Ermisch, 1965) for which DNA sequences were not available.

A parallel outcome from the examination of the type material is the identifi-
cation of two syntypes of M. gemellata from Greece (Attica and Parnassus) as
M. peloponnesensis. Likewise, two specimens from Kyrenia, Cyprus, originally
identified and reported by Ermisch (1963b) as M. gemellata, are now confirmed
to belong to M. peloponnesensis. This finding indicates that there are no ver-
ifled specimens of M. gemellata from either Greece or Cyprus, and that the
species is reliably documented only from Spain and Portugal (Schilsky 1898;
Horak 2008). Additionally, we were unable to confirm a reported record of M.
gemellata from Estonia (Silfverberg 2004), however, given the species’ known
distribution, this record is likely erroneous.
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Abstract

This study describes a new species, Sinocyclocheilus xiejiahuai sp. nov., discovered
within a cave located in Hongguo Town, Panzhou City, Guizhou Province, southwestern
China, with the type locality in the Nanpanjiang River basin. Phylogenetic trees
reconstructed based on mitochondrial genes show that the new species represents
an independent evolutionary lineage with large genetic differences, 1.9%-13.8% in
mitochondrial Cyt b, from congeners. Morphologically, this species can be differentiated
from the 79 species currently classified under the genus Sinocyclocheilus by several
characteristics: absence of horn-like structures and indistinct elevation at the head-
dorsal junction, absence of irregular black markings on the body lateral and scaleless,
eyes large, eye diameter 13% of head length, dorsal-fin rays, iii, 6%, last unbranched ray
strong, with serrations along posterior margin, pectoral-fin rays, i, 13, anal-fin rays, iii, 5,
pelvic-fin rays, i, 7, lateral line pores 74, gill rakers well developed, nine on first gill arch,
pectoral fins short, tip not reaching to pelvic-fin origin. The number of Sinocyclocheilus
species has been increased from 79 to 80 since the description of this new species.

Key words: Cavefish, new species, morphology, phylogeny, taxonomy

Introduction

The genus Sinocyclocheilus Fang, 1936 (Cypriniformes: Cyprinidae) is en-
demic to China, and is currently found only in the Yangtze, Pearl, Lancangji-
ang, and Yuanjiang rivers (Xu et al. 2023). Based on recent taxonomic and
phylogenetic studies, the genus Sinocyclocheilus includes 79 valid species
(Shan et al. 2000; Zhao and Zhang 2009; Zhang et al. 2016; Luo et al. 2023;
Xu et al. 2023; Shao et al. 2024), most of which are classified into five spe-
cies groups, i.e., S. angularis species group includes 21 valid species, S.
cyphotergous species group includes 20 valid species, S. microphthalmus

* These authors contributed equally to this work.
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species group includes three valid species, S. jii species group includes five
valid species, and S. tingi species group includes 26 valid species (Zhao and
Zhang 2009; Wen et al. 2022; Luo et al. 2023; Xu et al. 2023; Shao et al. 2024)
(Table 1). The S. angularis, S. cyphotergous, and S. microphthalmus species
groups have stygobite morphology, and the S. jii and S. tingi species groups
a mixture of stygobite and stygophile morphology (Zhao and Zhang 2009).
There are 25 species currently recorded for the S. tingi species group, of
which 18, four, two, and one are distributed in the Nanpanjiang, Yuanjiang,
Jinshajiang, and Lancangjiang rivers, respectively, and the new species is
distributed in the Beipanjiang River (Fig. 1) (Zhao and Zhang 2009; Luo et al.
2023; Xu et al. 2023).

During our biodiversity survey in southwestern Guizhou Province, China,
in October 2019, a specimen of Sinocyclocheilus with normal eyes, scaleless
and absence of irregular black markings on the body lateral was collected in a
completely dark cave. This specimen was identified to the S. tingi species group
based on morphological characters. Subsequent morphological examination
and molecular evidence suggest that this specimen represents an undescribed
species of the S. tingi species group within the genus Sinocyclocheilus. However,
between 2019 and 2023, we conducted 16 more surveys in this cave again,
none of which revealed any new individuals. Considering the conservation
of the species and the rescue of diversity, here we formally describe the
species as Sinocyclocheilus xiejiahuai sp. nov. based on the single-numbered
specimen. Although there is only one specimen of this species, the significance
of its discovery is as important as that of the publication of Sinocyclocheilus
sanxiaensis in terms of zoogeography and conservation biogeography
(Jiang et al. 2019).

Materials and methods

Sampling and preservation

The single specimen of the genus Sinocyclocheilus were collected in south-
western Guizhou Province, China during a cave fish diversity survey in south-
ern China in October 2019. Gill muscle tissue was preserved in 95% alcohol at
-20 °C for molecular analysis. All specimens were fixed in 7% buffered formalin
and then transferred to 75% ethanol for long-term storage. Specimen were pre-
served at Guizhou Normal University, Guiyang City, Guizhou Province, China.

Morphological comparison and statistical analysis

The new species can be placed in the S. tingi species group based on morphol-
ogy and can be clearly distinguished from species in the S. angularis, S. cypho-
tergous, and S. microphthalmus, S. jii species groups, e.g., absence of horn-like
structures and indistinct elevation at the head-dorsal junction; pectoral fins
short, not reaching to pelvic-fin origin; and with serrations along posterior mar-
gin of the last unbranched fin of the dorsal fin (Zhao et al. 2009). Therefore,
this study focused on morphological comparisons with 26 species within the
S. tingi species group (Table 2).
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Table 1. List of 79 currently recognized species of the genus Sinocyclocheilus endemic to China and references. Recog-
nized species modified from Jiang et al. (2019) and Xu et al. (2023).

ID Species Species group Province Rivers Literature obtained
1 S. altishoulderus (Li & Lan, 1992) S. angularis group Guangxi Hongshui River Liand Lan 1992
2 S. anatirostris Lin & Luo, 1986 S. angularis group Guangxi Hongshui River Lin and Luo 1986
3 S. angularis Zheng & Wang, 1990 S. angularis group Guizhou Beipanjiang River Zheng and Wang 1990
4 S. aquihornes Li & Yang, 2007 S. angularis group Yunnan Nanpanjiang River Li et al. 2007
5 S. bicornutus Wang & Liao, 1997 S. angularis group Guizhou Beipanjiang River Wang and Liao 1997
6 S. brevibarbatus Zhao, Lan & Zhang, 2009 S. angularis group Guangxi Hongshui River Zhao et al. 2009
7 S. broadihornes Li & Mao, 2007 S. angularis group Yunnan Nanpanjiang River Li and Mao 2007
8 S. convexiforeheadus Li, Yang & Li, 2017 S. angularis group Yunnan Nanpanjiang River Yang et al. 2017
9 S. hyalinus Chen & Yang, 1994 S. angularis group Yunnan Nanpanjiang River Chen et al. 1994
10 | S.longicornus Luo, Xu, Wu, Zhou & Zhou, 2023 S. angularis group Guizhou | Nanpanjiang River Xu et al. 2023
11 S. jiuxuensis Li & Ran, 2003 S. angularis group Guangxi Hongshui River Li et al. 2003c
12 | S. flexuosdorsalis Zhu & Zhu, 2012 S. angularis group Guangxi Hongshui River Zhu and Zhu 2012
13 | S. furcodorsalis Chen, Yang & Lan, 1997 S. angularis group Guangxi Hongshui River Chen et al. 1997
14 | S. mashanensis Wu, Liao & Li, 2010 S. angularis group Guangxi Hongshui River Wu et al. 2010
15 | S. rhinocerous Li & Tao, 1994 S. angularis group Yunnan Nanpanjiang River Liand Tao 1994
16 | S. simengensis Li, Wu, Li & Lan, 2018 S. angularis group Guangxi Hongshui River Wu et al. 2018
17 | S. tianeensis Li, Xiao & Luo, 2003 S. angularis group Guangxi Hongshui River Li et al. 2003d
18 | S. tianlinensis Zhou, Zhang, He & Zhou, 2004 S. angularis group Guangxi | Nanpanjiang River Zhou et al. 2004
19 | S. tileihornes Mao, Lu & Li, 2003 S. angularis group Yunnan Nanpanjiang River Mao et al. 2003
20 | S. xingyiensis Luo, Tang, Deng, Duan & Zhang, S. angularis group Guizhou | Nanpanjiang River Luo et al. 2023
2023
21 S. zhenfengensis Liu, Deng, Ma, Xiao & Zhou, S. angularis group Guizhou Beipanjiang River Liu et al. 2018
2018
22 | S. anshuiensis Gan, Wu, Wei & Yang, 2013 S. microphthalmus Guangxi Hongshui River Gan et al. 2013
group
23 | S. longshanensis Li & Wu, 2018 S. microphthalmus Yunnan Nanpanjiang River Lietal 2018
group
24 | S. microphthalmus Li, 1989 S. microphthalmus Guangxi Hongshui River Li 1989
group
25 | S. aluensis Li & Xiao, 2005 S. tingi group Yunnan Nanpanjiang River | Li et al. 2005; Zhao and
Zhang 2013
26 | S. angustiporus Zheng & Xie, 1985 S. tingi group Guizhou; | Nanpanjiang River Zheng and Xie 1985;
Yunnan Zhao and Zhang 2009
27 | S. anophthalmus Chen & Chu, 1988 S. tingi group Yunnan Nanpanjiang River Chen et al. 1988a
28 | S. bannaensis Li, Li & Chen, 2019 S. tingi group Yunnan | Lancangjiang River Lietal 2019
29 | S. grahami (Regan, 1904) S. tingi group Yunnan Jinshajiang River Zhao and Zhang 2009
30 | S. guishanensis Li, 2003 S. tingi group Yunnan Nanpanjiang River Li et al. 2003a
31 S. huaningensis Li, 1998 S. tingi group Yunnan Nanpanjiang River Lietal. 1998
32 | S. huizeensis Cheng, Pan, Chen, Li, Ma & Yang, S. tingi group Yunnan Jinshajiang River Cheng et al. 2015
2015
33 | S. lateristriatus Li,<1992 S. tingi group Yunnan Nanpanjiang River Li 1992
34 | S. longifinus Li, 1998 S. tingi group Yunnan Nanpanjiang River Lietal 1998
35 | S. macrocephalus Li, 1985 S. tingi group Yunnan Nanpanjiang River Li 1985
36 | S. macroscalus Li, 1992 S. tingi group Yunnan Nanpanjiang River Li 1992
37 | S. maculatus Li, 2000 S. tingi group Yunnan Nanpanjiang River = Zhao and Zhang 2009; Li
et al. 2000a
38 | S. maitianheensis Li,1992 S. tingi group Yunnan Nanpanjiang River Li 1992
39 | S. malacopterus Chu & Cui, 1985 S. tingi group Yunnan Nanpanjiang River Chu and Cui 1985
40  S. oxycephalus Li, 1985 S. tingi group Yunnan Nanpanjiang River Li 1985
41 S. purpureus Li, 1985 S. tingi group Yunnan Nanpanjiang River Li 1985
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42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

61
62

63
64

65

66
67
68
69
70
71
72
73
74
75
76
77
78
79

Species
S. giubeiensis Li, 2002
S. qujingensis Li, Mao & Lu, 2002
S. robustus Chen & Zhao, 1988
S. tingi Fang, 1936
S. wenshanensis Li, Yang, Li & Chen, 2018
S. wumengshanensis Li, Mao, Lu & Yan, 2003
S. xichouensis Pan, Li, Yang & Chen, 2013
S. yangzongensis Chu & Chen, 1977
S. yimenensis Li & Xiao, 2005
S. brevis Lan & Chen, 1992
S. cyphotergous (Dai, 1988)

S. donglanensis Zhao, Watanabe & Zhang, 2006

S. dongtangensis Zhou, Liu & Wang, 2011
S. gracilicaudatus Zhao & Zhang, 2014

S. guiyang Shao, Cheng, Lu, Zhou & Zeng, 2024

S. huanjiangensis Wu, Gan & Li, 2010
S. hugeibarbus Li, Ran & Chen, 2003

S. lingyunensis Li, Xiao & Lu, 2000

S. longibarbatus Wang & Chen, 1989

S. luopingensis Li & Tao, 2002
S. macrolepis Wang & Chen, 1989

S. macrophthalmus Zhang & Zhao, 2001
S. multipunctatus (Pellegrin, 1931)

S. punctatus Lan & Yang, 2017

S. ronganensis Luo, Huang & Wen, 2016

S. sanxiaensis Jiang, Li, Yang & Chang, 2019
S. xunlensis Lan, Zhan & Zhang, 2004

S. yaolanensis Zhou, Li & Hou, 2009

S. yishanensis Li & Lan, 1992

S. brevifinus Li, Li & Mayden, 2014

S. guanyangensis Chen, Peng & Zhang, 2016
S. guilinensis Ji, 1985

S. huangtianensis Zhu, Zhu & Lan, 2011

S. jii Zhang & Dai, 1992

S. gracilis Li, 2014

S. luolouensis Lan, 2013

S. pingshanensis Li, Li, Lan & Wu, 2018

S. wui Li & An, 2013

Species group
S. tingi group
S. tingi group
S. tingi group
S. tingi group

S. tingi group

S. tingi group

S. tingi group

S. tingi group

S. tingi group
S. cyphotergous group
S. cyphotergous group
S. cyphotergous group
S. cyphotergous group
S. cyphotergous group
S. cyphotergous group
S. cyphotergous group
S. cyphotergous group
S. cyphotergous group
S. cyphotergous group

S. cyphotergous group
S. cyphotergous group

S. cyphotergous group
S. cyphotergous group

S. cyphotergous group

S. cyphotergous group
S. cyphotergous group
S. cyphotergous group
S. cyphotergous group
S. cyphotergous group
S. jii group
S. jii group
S. jii group
S. jii group
S. jii group
No assignment
No assignment
No assignment
No assignment

Province

Yunnan
Yunnan
Guizhou
Yunnan
Yunnan
Yunnan
Yunnan
Yunnan
Yunnan
Guangxi
Guizhou
Guangxi
Guizhou
Guangxi
Guizhou
Guangxi
Guizhou
Guangxi

Guizhou;
Guangxi

Yunnan

Guizhovu;
Guangxi

Guangxi

Guizhou;
Guangxi

Guizhou;
Guangxi

Guangxi
Hubei
Guangxi
Guizhou
Guangxi
Guangxi
Guangxi
Guangxi
Guangxi
Guangxi
Guangxi
Guangxi
Guangxi
Yunnan

Rivers
Nanpanjiang River
Nanpanjiang River
Nanpanjiang River
Nanpanjiang River

Yuanjiang River
Yuanjiang River
Yuanjiang River

Nanpanjiang River

Yuanjiang River
Liujiang River
Hongshui River
Hongshui River
Liujiang River
Liujiang River
Yangtze River
Liujiang River
Liujiang River
Hongshui River
Liujiang River

Nanpanjiang River

Liujiang River

Hongshui River

Liujiang River;
Hongshui River;
Wujiang River

Liujiang River;
Hongshui River

Liujiang River

Yangtze River

Liujiang River

Liujiang River

Liujiang River

Hejiang River

Guijiang River

Guijiang River

Hejiang River

Guijiang River

Guijiang River
Hongshui River
Liujiang River

Mingyihe River

Literature obtained

Li et al. 2002b
Li et al. 2002¢c
Chen et al. 1988b
Zhao and Zhang 2009
Yang et al. 2018
Li et al. 2003a
Pan et al. 2013
Zhao and Zhang 2009
Li et al. 2005
Chen and Lan 1992
Huang et al. 2017
Zhao et al. 2006
Zhou et al. 2011
Wang et al. 2014
Shao et al. 2024
Wu et al. 2010
Li et al. 2003b
Li et al. 2000
Wang and Chen 1989

Li et al. 2002a
Wang and Chen 1989

Zhang and Zhao 2001
Zhao and Zhang 2009

Lan et al. 2017

Luo et al. 2016
Jiang et al. 2019
Lan et al. 2004
Zhou et al. 2009
Liand Lan 1992
Lietal 2014
Chen et al. 2016
Zhao and Zhang 2009
Zhu et al. 2011
Zhang and Dai 1992
Liand Li 2014
Lan et al. 2013
Wu et al. 2018
Liand An 2013

We measured 32 morphometric data points (Suppl. material 1) from a total
of nine specimens of three species, referenced from Xu et al. (2023). Princi-
pal component analysis (PCA) of corrected morphometric measurements and
two-dimensional scatter plots were used to explore the relative contribution of
specific variables to morphological variation. Prior to PCA analysis, all included
measurements were normalized using ratios to standard length (standard length
is the ratio to full length) followed by log transformation (Shao et al. 2024). PCA
analyses were performed in SPSS 21.0 (SPSS, Inc., Chicago, IL, USA).
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Figure 1. Sampling collection localities and distribution of the Sinocyclocheilus xiejiahuai sp. nov. and 26 species of the
S. tingi species group of the genus Sinocyclocheilus in southwest China. The base maps are from Standard Map Service
website (http://211.159.153.75/).

Table 2. Comparison of the diagnostic features of the new species described here with those selected for the 26 species
of the S. tingi group and four unassigned species (last four) within the genus Sinocyclocheilus. Grey shading indicates
clear difference in character compared to that of Sinocyclocheilus xiejiahuai sp. nov.

g 5 5 & ¢ E e, & pE fs2sgge
8 ® £ ) T T c % o L0 T8 552528 2q o
g =% g 88 =8 € 5§ €8 §g g2e5E%ES5E 3
& g8 = 5 S = S 2 g% F385258° &
o °© a a £ o a9 al>F35 @2
S. xiejiahuai sp. nov. Absent 9 iii, 6%2; i,13 iii, 5 i,7 17 74 No No This study
S. aluensis Present 5-7 iii, 7 i,13-16 i, 5 i,7-9 15-17 71-75 No No Li et al. 2005
S. angustiporus Present 7-9 iv,7 i, 14-16 iii, 5 i,8 15-16 68-80 NA No Zhao and
Zhang 2009
S. anophthalmus Absent 7-9 iv,8 i,15-16 i, 5 i,8 16 52-56 Yes No Chen et al.
1988a
S. grahami Present 5-8 iii, 7 i,15-17 i, 5 i, 8-9 16 61-69 No No Zhao and
Zhang 2009
S. guishanensis Present 5-6 iii, 7 i,13-16 iii, 5 i,7-8 15-16 73-80 No No Lietal.
2003a
S. huaningensis Present 6 iii, 7 i, 16 iii, 5 i,8 16 59-67 No Yes Lietal 1998
S. huizeensis Present 5-6 iii, 7 i,15-16 i, 5 i, 10 18 70-73 No No Cheng et al.
2015
S. bannaensis Present 5 iii, 8 i,9 i, 5 i,9 16 47 Yes No Lietal 2019
S. maculatus Present 14-17 iii, 7 i, 14-15 iii, 5 i,7~8 16 81-88 No No Zhao and
Zhang 2009
S. maitianheensis Present 7-8 iii, 7 i, 14-15 i, 5 i,9 18 70-82 No Yes Li 1992
S. malacopterus Present 7-9 iii, 7 i,14-18 iii, 5 i,9 15-16 67-81 No No Chu and Cui
1985
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S. longifinus

S. longshanensis
S. macrocephalus
S. lateristriatus

S. purpureus

S. giubeiensis

S. qujingensis

S. robustus

S. wumengshanensis

S. xichouensis

S. tingi

S. yangzongensis
S. yimenensis

S. oxycephalus

S. wenshanensis

S.macroscalus
S. gracilis

S. pingshanensis
S. luolouensis

S. wui

Absent
Present
Absent
Present
Present
Present
Absent
Present
Present
Present
Present
Absent
Present
Present

Present

Present
Absent

Absent

Present

Absent

NA iii, 7 i,16 i, 5 i,8 17 70-72 Yes Yes Li et al. 1998
15-18 iii, 7 i,14-15 i, 5 i,7-8 16 59-62 No No Lietal 2018
12 iv, 7 i,15-17 iii, 5 i,8 16 72-78 No No Li 1985

7-10 iv, 7 i,15-16 iii, 5 i,8 17 75-91 No No Li 1992
7-8 iv, 6-7 i,16 iii, 5 i,8 NA 63-67 No No Li 1985
6-7 iii, 7 i,14-17 i, 5 i,8-9 16 67-81 No No Lietal.
2002b
6-8 iii, 7 i,16 iii, 5 i,8 16 70-79 No No Lietal.
2002c
9 iv, 7 i,13-16 iii, 5 i,7-8 16 72 No No Chen et al.
1988b
5-6 iii, 7 16 i, 5 i,8 16 67-76 Yes Yes Lietal.
2003a
6 iii, 6=7 i,14-16 i, 5 i, 8-9 NA 74-88 Yes No Pan et al.
2013
7-9 iv, 7 i,14-16 iii, 5 i,6-8 16 62-73 No No Zhao and
Zhang 2009
8-11 iii, 7 i,16 iii, 5 i,9 16 71-81 No No Zhao and
Zhang 2009
5-7 iii, 7 i,14-15 i, 5 i,8 16-17 70-79 No No Li et al. 2005
6-7 iv, 7 i,16 iii, 5 i,8 17 74-78 No No Li 1985
7-9 iii, 7 i,13-15 i, 5 i,7-8 14-15 67-72 No Yes Yang et al.
2018
9-10 iv, 7 i,15-16 iii, 5 i,8 NA 70-79 No No Li 1992
12 NA NA NA NA NA NA No No Liand Li
2014
10-12 iii, 7 i,13-15 i, 5 i, 7-8 16 75-78 Yes No Wu et al.
2018
10 iii, 7 i,13-14 i, 5 i,7-8 16-17 40-49 Yes Yes Lan et al.
2013
7 iii, 7 i,14-15 i, 5 i,7-8 14-15 79-81 No No Li and An
2013

DNA extraction and sequencing

We sequenced the mitochondrial genomes of 13 species of the genus Sinocy-
clocheilus. Total genomic DNA was extracted from each sample of 95% etha-
nol-preserved tissue using the Cetyltrimethylammonium Bromide method. For
mitogenome sequencing, genomic DNA was fragmented to an appropriate size of
150-500 bp using a Covaris Ultrasonicator. A 400 bp DNA library was constructed
based on the Whole Genome Shotgun and the library size. Sequencing was per-
formed on an lllumina NovaSeq 6000 platform using a paired-end 150 bp proto-
col, generating an average of ~ 5.4 Gb of raw data. The raw data were cleaned
using SOAPnuke v. 1.3 (Chen et al. 2018) based on the following criteria: removal
of reads with more than 5% N-base content, reads with 50% low-quality bases, and
reads with adapter contamination. The process yielded ~ 5.3 Gb of clean data.
Mitogenome assembly was performed on the clean data using SPAdes v. 3.13 (pa-
rameter: -k 127) (Bankevich et al. 2012), and the assembled contigs were used for
BLASTN analysis (BLAST 2.2.30+, parameter: e®) using a reference mitogenome
(Sinocyclocheilus rhinocerous: KR069119) to identify possible assembly errors. As-
sembled mitogenomes were annotated for genes using MITOS (Bernt et al. 2013).
For mitochondrial cytochrome b (Cyt b) and NADH dehydrogenase subunit 4 (ND4)
genes, PCR amplifications and sequencing followed Xu et al. (2023).

Phylogenetic reconstruction and divergence time estimate

In total, we collected 43 mitochondrial genomes and 76 mitochondri-
al gene fragments (36 Cytb, 34 ND4, five 16S, three ND5, and three CO1)
for phylogenetic reconstruction and estimation of divergence times.
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Following Wen et al. (2022), we selected Carassius auratus, Cyprinus carpio,
Schizothorax yunnanensis, Onychostoma simum, Barbus barbus, Puntius tic-
to, Neolissochilus hexagonolepis, Garra orientalis, Myxocyprinus asiaticus, and
Danio rerio as outgroup species (Table 3). All sequences were assembled and
aligned using the MUSCLE (Edgar 2004) module in MEGA v. 7.0 (Kumar et al.
2016) with default settings. The best-fit model was obtained based on the
Bayesian information criterion computed with PartitionFinder v. 2.1.1 (Lanfear
et al. 2017) (Suppl. material 2).

Phylogenetic reconstruction and divergence time estimation were
performed in BEAST v. 2.4.7 (Bouckaert et al. 2014). In the absence of a
reference fossil calibration, we refer to Wen et al. (2022) and Yang et al. (2016):
(1) Sinocyclocheilus originated at 43.96 million years (Ma) (sigma = 2.8); (2)
the most recent common ancestor of Sinocyclocheilus occurred at 32.13 Ma
(sigma = 2.8); (3) the divergence of the S. angularis species group and the
S. tingi + S. cyphotergous species groups occurred at ~ 26.3 Ma (sigma = 4.2).
BEAST analyses were run for 40 million generations under an uncorrelated
relaxed clock model and a Yule tree prior, sampled every 5000 generations. All
calibrations were performed using a normal prior and monophyly. Convergence
of the run parameters was checked using Tracer v. 1.7.1 (Rambaut et al. 2018)
to ensure that the effective sample size of all parameters was greater than
200. A maximum clade credibility tree was generated using Treeannotator
v. 2.4.1 (Bouckaert et al. 2014) by applying a burn-in of 25%. Uncorrected
p-distances (1000 replicates) based on Cyt b gene were calculated in MEGA v.
7.0 (Kumar et al. 2016).

Results

Phylogenetic analyses, genetic divergence, and divergence time

The length of the aligned sequence was 15671 base pairs (bp), including 16S
(1718 bp), 12S (954 bp), tRNAs (1587 bp), ATP6 (684 bp), ATP8 (165 bp), COI
(1551 bp), COIll (691 bp), COIIl (786 bp), Cyt b (1142 bp), ND1 (975 bp), BD2
(1045 bp), ND3 (349 bp), ND4 (1381 bp), ND4L (297 bp), ND5 (1824 bp) and
ND6 (522 bp). Information on the evolutionary models used for phylogenetic
reconstruction is shown in Suppl. material 2.

The phylogenetic tree reconstructed using BEAST shows that the living Sino-
cyclocheilus can be divided into five major clades, Clades 1-V, and is highly
resolved (BPP = 1.00) (Fig. 2A). The phylogenetic relationship between the four
clades is (Clade I+(Clade II+(Clade Ill + (Clade IV+ Clade V)))) (Fig. 2A). New
species clustered in Clade V, close to S. lateristriatus, had a genetic distance of
1.9% at the level of the mitochondrial Cyt b (Suppl. material 3).

Divergence time analyses indicate that Sinocyclocheilus originated 40.22 Ma
(95% highest probability density (HPD): 35.58-44.92 Ma), with its most recent
common ancestor occurring at 34.83 (95%HPD: 30.87-38.8 Ma). Divergence
of the remaining four clades (Clades II-1V) occurred in the Oligocene to Ear-
ly Miocene, ~ 23.64-28.93 Ma (95% HPD: 19.39-32.92 Ma). The divergence
of the new species from its close relatives occurred at the Pliocene/Pleisto-
cene boundary at ~ 2.56 Ma (95% HPD: 0.87-4.89 Ma), which is older than the
divergence of the other sister species (Fig. 2A).
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Table 3. Localities, voucher information, and GenBank numbers for all samples used.

ID

0 N o gl Ww N =

10
1
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

36
37

38
39
40
4
42
43
44
45
46
47
48
49
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Species

S. altishoulderus
S. anatirostris

S. angularis

S. angularis

S. angustiporus
S. anophthalmus
S. anshuiensis

S. aquihornes

S. bicornutus

S. brevibarbatus
S. brevifinus

S. brevis

S. cyphotergous
S. convexiforeheadus
S. donglanensis
S. furcodorsalis
S. gracilicaudatus
S. grahami

S. guanyangensis
S. guilinensis

S. guishanensis
S. huangtianensis
S. huaningensis
S. huanjiangensis
S. hugeibarbus

S. huizeensis

S. hyalinus

S. jii

S. jiuxuensis

S. lateristriatus

S. lingyunensis

S. longibarbatus
S. longihornes

S. longshnaensis
S. macrocephalus

S. macrolepis
S. macrophthalmus

S. maculatus

S. malacopterus
S. maitianheensis
S. mashanensis
S. microphthalmus
S. multipunctatus
S. oxycephalus

S. purpureus

S. punctatus

S. purpureus

S. giubeiensis

S. giubeiensis

Location (* type localities)

Mashan County, Guangxi

Panzhou City, Guizhou*

Baotian Town, Panzhou City, Guizhou

Xingren County, Guizhou

Lingyun County, Guangxi

Shuanglongjian town, Qiubei County,

Yunnan*

XingrenCounty, Guizhou

Luodian County, Guizhou*

Wenliu Township, Qiubei County, Yunnan*

Donglan County, Guangxi
Tian’e County, Guangxi
Kunming City, Yunnan

Guishan, Shilin County, Yunnan

Huaning County, Yunnan
Libo County, Guizhou*
Huize County, Yunnan

Alugudong, Luxi County, Yunnan
Gongcheng County, Guangxi
Jiuxu Town, Hechi City, Guangxi
Maojiachong, Zhanyi County, Yunnan

Libo County, Guizhou*

Hongguo Town, Panzhou City, Guizhou*
Shupi Township, Qiubei County, Yunnan*
Heilongtan, Shilin County, Yunnan

Nandan County, Guangxi

Xiaao, Duan County, Guangxi

Weiwei Township, Yanshan County, Yunnan
Wulong Township, Shizong County, Yunnan*

Jiuxiang,Yiliang County, Yunnan

Lingyun County, Guangxi
Huishui County, Guizhou
Shilin County, Yunnan

Luoping County, Yunnan

Zhonghe Ying Township, Kaiyuan, Yunnan*

Songming, Yunnan

Qiubei County, Yunnan*

Voucher number

GZNU20210531002
GZNU20180420001
GZNU20180420001
GZNU20190504001

S28

GX0064-1L20-13
GX0155
GZNU20150819010
S30
CA139

GX0173
GX0073-L17-2
XH5401
GX0175
XH3701
GX0124
GZNU20150120005
hrfri2018046
XH4701
YNUSJ201308060038
XH8501
XH1102
GZNU2019102022
GZNU20210503016
S22
XH0103

XH8201
XH8401

8
S43
XH2301
GX0026-L18-12
NNNU201712001
YNUS020160610002
IHB:2006638
S20
IHB:2006624
S21

Mitogenome

NC_013186
NC_069226
MZ636514
PQ157935
MZ636515
NC_023472
KR069120

KX528071

0Q319607

GU589570

GQ148557

MWO014319
MH982229
MF100765

MW411665
NC_056194

MN145877
MG026730
MG686610
MW548264
MWO014318

NC_063104

Cytb

PQ155086

MT373106
0Q718395
MT373105

PQ155090
AB196440

0Q718398

MT373108
MT373104
AY854722
MT373109
AY854718
MT373103

AY854721

AY854736
AY854703

MZ634123
PQ155085
AY854683

AY854729
AY854733

EU366193
PQ155088
AY854710
MT373107

PQ155083

PQ155084

ND4/16S/ND5/

co1

PQ155094

MW548423

MW548424

PQ155091
MW548425

MW548426
MW548427
AY854779
MW548428
AY854775
MW548429

AY854778

AY854793
AY854760

MZ634125
PQ155093

AY854740
DQ845925

AY854786

AY854790
HM536754
HM536835
HM536889

EU366183

PQ155095
AY854767
MW548430

PQ155097

PQ155098
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50
51
52
53
54
55
56
57
58
59

60
61
62
63

64
65
66
67
68

69

Species

S. qujingensis

S. rhinocerous

S. ronganensis

S. sanxiaensis

S. simengensis

S. tingi

S. wenshanensis

S. wenshanensis

S. wumengshanensis

S. xunlensis

S. xiejiahuai sp. nov.
S. xingyiensis
S. xichouensis

S. yangzongensis

S. yimenensis
S. yishanensis
S. zhenfengensis
S. zhenfengensis

S. tianlinensis

S. tianlinensis

Outgroup

70
71
72

73
74
75
76

77
78

79

Carassius auratus
Cyprinus carpio

Schizothorax
yunnanensis

Onychostoma simum
Barbus barbus
Puntius ticto

Neolissochilus
hexagonolepis

Garra orientalis

Myxocyprinus
asiaticus

Danio rerio

Location (* type localities) Voucher number Mitogenome Cytb ND4/1:%S1/ND5/
Huize County, Yunnan hrfri2018044 MH937706
Luoping County, Yunnan - KR069119
Rong’'an County, Guangxi - KX778473
Guojiaba Town, Zigui County, Hubei* KNHM 2019000001 OP745534
- - 0Q718406
Fuxian Lake, Yunnan YNUST201406180002 MG323567
Xigu Town, Wenshan, Yunnan YNUSW20160703016 MW553076
Dehou Town, Wenshan City, Yunnan* S45 - PQ155089 PQ155100
Xuanwei County, Yunnan YNUSM20160817008 MG021442
Huanjiang, Guangxi IHB:04050268 EU366187 EU366184
HM536752
HM536833
HM536887
Hongguo Town, Panzhou City, Guizhou* S46 PQ165088
XingyiCity, Guizhou, China* - ON573218
Xingjie Town, Xichou County, Yunnan* S37 - PQ155087 PQ155099
Yangzonghai Lake, Yunnan XH6101 AY854725 AY854782
DQ845926
Yimen, Yunnan IHB:2006646 EU366191 EU366180
Liujiang County, Guangxi - MK387704
Zhenfeng County, Guizhou* GZNU20150112021 MW014317
Zhenfeng County, Guizhou* S17 - PQ155082 PQ155096
Longping Township, Tianlin County, S10 - PQ155081 PQ155092
Guangxi*
Longping Township, Tianlin County, GZNU20210531003 PQ214929
Guangxi*
- - AB111951
- - JN105357
- - KR780749
_ - KF021233
- - AB238965
- - AB238969
- - KU380329
- - JX290078
- - AY526869
- - KM244705

Morphological analyses

A total of five principal component factors with eigenvalues greater than two
were extracted based on principal component analysis of the morphometric
data (Suppl. material 3). These together accounted for 94.48% of the total
variance, with the first principal component (PC1) and second principal com-
ponent (PC2) accounting for 32.98% and 25.84% of the total variance. In the
scatter plot of PC1 versus PC2, the new species Sinocyclocheilus xiejiahuai
sp. nov. was distinguishable from S. lateristritus and S. qujingensis on the PC1
axis (Fig. 3). Major morphometric characters loaded on the PC1 axis included
body depth, anal-fin length, prepectoral length, pectoral-fin base length, caudal
peduncle length, caudal peduncle depth, head width, snout length, eye diame-
ter, interorbital width, distance between anterior nostrils, mouth width, rostral
barbel length, and maxillary barbel length (Table 4).
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Figure 2. A time tree based on mitochondrial genes assessment B type species for five species groups. Species photos
B1, B3, B4, and B6 from Shan et al. (2000), B2 from Zhang and Dai (1992), and B5 from Li (1992).

Morphological comparison

Based on morphology and phylogeny, the new species Sinocyclocheilus xiejia-
huai sp. nov. was assigned to the S. tingi group, and a detailed morphological
comparison is shown in Table 2.

Sinocyclocheilus xiejiahuai sp. nov. can be distinguished from the 24 species
belonging to the S. angularis and S. microphthalmus groups by the absence of
horn-like structures and indistinct elevation at the head-dorsal junction, pectoral
fins tip not reaching to pelvic-fin origin (vs presence of horn-like structures and
pectoral fins long and not reaching to pelvic-fin origin); from the five species
belonging to the S. jii species group by with serrations along posterior margin
of the last unbranched fin of the dorsal fin (vs absent) (Zhao et al. 2009), and
from the 21 species belonging to the S. cyphotergous species group by pectoral
fins tip not reaching to pelvic-fin origin (vs usually reaching to pelvic-fin origin).
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Figure 3. Plot of principal component analysis, scores of Sinocyclocheilus xiejiahuai sp.
nov., S. lateristritus, and S. qujingensis based on morphometric data.

For the 26 species of the S. tingi group, new species can be distinguished
by a series of morphological characters. By lacking irregular markings on the
body lateral, the new species can be distinguished from S. aluensis, S. angusti-
porus, S. bannaensis, S. grahami, S. guishanensis, S. huaningensis, S. huizeensis,
S. lateristriatus, S. longshanensis, S. macrocephalus, S. maculatus, S. maitian-
heensis, S. malacopterus, S. oxycephalus, S. purpureus, S. robustus, S. wumeng-
shanensis, S. xichouensis, S. tingi, S. yimenensis, and S. wenshanensis. New spe-
cies differs from S. anophthalmus by eyes present (vs absent) and lateral line
pores 74 (vs 52-56); from S. longifinus, S. qujingensis, and S. yangzongensis by
six branched dorsal-fin rays (vs 7) and seven branched pelvic-fin rays (vs 8 or 9).
The new species can be further distinguished from S. qujingensis and S. yangzon-
gensis by 13 branched pectoral-fin rays (vs 16), and from S. longifinus by the tip of
the pectoral fin not reaching to pelvic-fin origin (vs reaching to pelvic-fin origin).

For the four species not placed in any species group, new species differed
from S. luolouensis by eye normal (vs eyes reduced) and pectoral fins tip not
reaching to pelvic-fin origin (vs .beyond pelvic-fin origin) (Lan et al. 2013), from
S. gracilis by having nine rakers on the first gill arch (vs 12) and body depth of
13% of standard length (vs 21.0-23.8%), from S. pingshanensis and S. graci-
lis by with serrations along posterior margin of the last unbranched fin of the
dorsal fin (vs absent) and nine rakers on the first gill arch (vs 10-12), and from
S. wui by three unbranched anal-fin rays (vs 2), 13 branched pectoral-fin rays (vs
14-15), and 17 branched caudal-fin rays (vs 14-15).
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Table 4. PCA loadings of five principal components extracted from 34 morphometric
data of S. xigjiahuai sp. nov. and its related species.

PC1 PC2 PC3 PC4 PC5
Standard length 0.389 0.508 -0.188 -0.616 0.164
Body depth 0.645 0.419 -0.614 -0.089 0.031
Predorsal length 0.351 0.531 -0.586 0.406 -0.159
Dorsal-fin base length -0.476 0.765 -0.010 -0.267 0.106
Dorsal-fin length -0.303 0.877 -0.217 -0.020 0.004
Pre-anal length -0.383 0.026 -0.791 0.005 0.336
Anal-fin base length -0.473 0.259 -0.066 0.155 0.648
Anal-fin length -0.640 0.612 0.265 0.221 0.034
Prepectoral length -0.820 0.378 -0.159 -0.275 -0.134
Pectoral-fin base length 0.683 0.056 0.499 -0.489 -0.080
Pectoral-fin length -0.031 0.280 0.695 -0.075 -0.505
Prepelvic length -0.544 0.741 0.325 0.096 0.030
Pelvic-fin base length 0.588 -0.293 -0.060 0.043 -0.662
Pelvic-fin length -0.243 0.880 0.029 0.175 -0.363
Caudal peduncle length 0.602 -0.479 0.583 0.112 0.211
Caudal peduncle depth 0.725 0.363 -0.429 -0.356 -0.103
Head length 0.261 0.774 0.511 -0.039 0.180
Head depth 0.571 0.583 -0.409 -0.291 -0.219
Head width 0.727 0.353 -0.257 0.512 -0.004
Snout length 0.625 0.386 0.457 0.259 0.197
Eye diameter 0.643 0.702 0.060 -0.233 0.041
Interorbital width 0.755 0.532 0.057 -0.001 0.191
Prenostril length 0.852 0.336 0.008 0.063 0.348
Distance between posterior nostrils 0.561 -0.141 0.460 -0.393 0.278
Upper jaw length -0.535 0.436 0.524 0.176 0.084
Lower jaw length -0.562 0.649 0.151 0.248 0.072
Mouth width 0.731 0.415 -0.384 0.202 0.022
Rostral barbel length 0.639 0.369 0.403 0.477 -0.010
Maxillary barbel length 0.634 -0.022 0.719 0.192 -0.146
Distance from the pectoral-fin origin to the 0.459 -0.352 -0.581 0.445 -0.073
pelvic-fin origin
Distance from the pelvic-fin origin to the 0.456 -0.582 0.054 0.046 0.460
anal-fin origin
Eigenvalues 6.887 10.361 1.049 0.689 0.979
Percentage of total variance 32.981 25.837 17.032 7.820 6.814
Cumulative percentage 32.981 58.817 75.850 83.669 90.483

Taxonomic account

Sinocyclocheilus xiejiahuai Luo, Fan, Xiao & Zhou, sp. nov.
https://zoobank.org/B3636299-814D-4EE8-92F4-CA48078A7581
Fig. 4, Table 5

Material examined. Holotype. GZNU20230304001, total length 242.8 mm
(TL), standard length 201.8 mm (SL), « Hongguo Town, Panzhou City, Guizhou
Province, China; 25.6576°N, 104.4044°E; ca 1852 m a.s.l.; collected on
October 2,2021.

Diagnosis. Sinocyclocheilus xigjiahuai sp. nov. can be distinguished from
all other congeners by the following combination of characters: (1) absence
of horn-like structures and indistinct elevation at the head-dorsal junction;
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Figure 4. Lateral view of adult holotype GZNU20230304001 of Sinocyclocheilus xiejiahuai sp. nov. in preservative A left
side B right side.

(2) absence of irregular black markings on the body lateral and scaleless; (3)
eyes large, eye diameter 13% of head length; (4) dorsal-fin rays, iii, 6%, last un-
branched ray strong, with serrations along posterior margin; (5) pectoral-fin
rays, i, 13; (6) anal-fin rays, iii, 5; (7) pelvic-fin rays, i, 7; (8) lateral line pores 74;
(9) gill rakers well developed, nine on first gill arch; (10) pectoral fins short, tip
not reaching to pelvic-fin origin (Table 5).

Description. Body fusiform, moderately elongate and compressed. Dorsal
profile convex from nape to dorsal-fin, greatest body depth at dorsal-fin inser-
tion, ventral profile slightly concave, tapering gradually toward the caudal-fin,
greatest body depth slightly anterior to dorsal-fin insertion.

Head short, compressed laterally, length longer than maximum head width,
depth longer than maximum head width. Eyes present, eye diameter 13% of
head length (HL), interorbital distance larger than distance between posteri-
or nostrils. Snout short, U-shaped, and projecting beyond lower jaw in dorsal
view, length 37% of HL. Mouth subterminal, with slightly projecting upper jaw.
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Two pairs of nostrils, anterior and posterior nostrils close set, nares at 2/3 be-
tween snout tip and anterior margin of eye, anterior nares possessing an an-
terior rim with a posterior fleshy flap forming a half-tube. Two pairs of barbels,
rostral barbels short, not reaching the anterior edge of operculum when extend-
ed backwards, maxillary barbel slightly long compared to rostral barbel, beyond
the anterior edge of operculum when extended backwards (Table 5).

Dorsal fin rays iii, 6%, pectoral fin rays i,13, pelvic fin rays i, 7, anal fin raysiiii, 5,
and 13 branched caudal fin rays. Dorsal fin long, 24% of SL, less than head length,
distal margin truncated, origin posterior to pelvic fin insertion, situated slightly
anterior to midpoint between snout tip and the caudal fin base, last unbranched
ray strong, softening toward tip, with serrations along posterior margin, first

Table 5. Morphological characteristics and measurements of Sinocyclocheilus xiejiahuai sp. nov., S. qujingensis, and

S. lateristritus.

Total length

Standard length

Body depth

Predorsal length
Dorsal-fin base length
Dorsal-fin length
Pre-anal length
Anal-fin base length
Anal-fin length
Prepectoral length
Pectoral-fin base length
Pectoral-fin length
Prepelvic length
Pelvic-fin base length
Pelvic-fin length
Caudal peduncle length
Caudal peduncle depth
Head length

Head depth

Head width

Snout length

Eye diameter
Interorbital width

Prenostril length

Distance between posterior nostrils

Upper jaw length
Lower jaw length
Mouth width

Rostral barbel length
Maxillary barbel length

Distance from the pectoral-fin origin

to the pelvic-fin origin

Distance from the pelvic-fin origin to

the anal-fin origin

S. xiejiahuai sp. nov. (n = 1) S. lateristritus (n = 2) S. qujingensis (n = 6)

Range Range Mean * SD Range Mean t SD
240.0 73.2-87.5 80.8+5.2 53.3-140.1 96.7 £61.4
201.0 59.3-71.0 64.9 £4.1 43.3-98.1 70.7 £38.7
56.7 13.0-18.4 15.3+1.9 9.9-19.2 146 +6.6
108.6 30.9-39.4 34.1+3.0 22.3-50.0 36.1+£19.6
247 8.5-9.6 9.2+04 5.9-12.3 9.1+45
40.0 12.7-16.7 152+1.5 10.2-19.4 148+6.4
140.4 42.0-49.2 455+2.4 30.9-68.9 49.9 £26.9
17.4 5.2-6.8 58+0.5 4.0-8.4 6.2+3.1
28.4 9.8-13.3 11.6+1.2 7.3-16.3 11.8+6.4
53.0 17.1-19.7 18.4+0.9 12.7-27.2 19.9+10.3
8.9 2.1-31 2505 1.4-3.0 22+12
329 8.9-16.0 13.0+29 7.2-17.5 12373
98.1 29.9-36.0 33.3+2.1 21.8-49.1 35.5+£19.3
8.9 2.0-3.3 2505 1.8-4.2 3.0+1.7
25.5 8.9-13.5 11.0+1.6 6.5-13.7 10.1+5.1
49.5 12.3-16.6 14.0+1.6 8.4-22.6 15.5+£10.1
247 6.4-8.5 7107 4.6-9.2 6.9+3.2
57.1 16.4-21.0 19.2+1.6 11.8-26.3 19.0+10.3
40.3 11.3-15.2 125+1.4 8.1-16.1 12.1+56
33.1 7.8-11.2 9.3+1.2 5.6-13.6 9.6 +5.7
21.0 4.7-6.8 6.3+0.8 3.3-8.7 6.0+3.8
6.7 1.8-2.4 2102 1.2-24 1.8+0.9
18.6 4.4-6.4 55+0.7 3.4-71 52+26
13.1 2.3-3.5 3.0+04 1.7-3.5 26+1.3
12.9 2.9-438 3.6+0.7 24-48 3.6+1.7
13.7 4.8-5.7 53+0.4 3.2-7.6 54+3.1
121 4.4-54 49+04 3.0-6.8 49+27
17.2 4.4-6.1 5007 3.1-6.8 50+26
24.6 4.8-9.8 71+1.6 2.2-9.5 59+52
30.2 5.3-12.0 8.0+28 2.5-11.8 7.1+6.6
422 11.4-14.2 12.7+0.9 8.7-20.1 14.4+8.0
38.4 9.5-10.8 9.9+0.5 6.2-16.4 11.3x7.2
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branched ray longest, shorter than HL, tip reaching to the vertical of the anus.
Pectoral fin developed, distal margin rounded, length slightly small than HL, 16%
of SL, tips beyond 2/3 of the distance between pectoral-fin origin and pelvic-fin
origin, tips not reaching to pelvic fin-origin. Pelvic fin moderately developed, distal
margin rounded, length 14% of SL, and tips not reaching to anus. Anal fin short,
15% of SL, distal margin truncated, origin close to the anus, tips not reaching to
caudal fin base. Caudal peduncle well developed, length 52.4 mm, depth 23.4
mm, and without adipose crests along both dorsal and ventral sides. Caudal fin
slight forked, upper lobe equal in length to the lower one, tips rounded.

Body non-scale, lateral line pores 74. Complete lateral line, slightly curved,
curved downward at the anus position, originating from posterior margin of
operculum and extending to end of caudal peduncle.

Coloration. In 7% formalin solution, the specimen was grayish brown overall,
with each fin pale yellow.

Geographical distribution and habitat. Sinocyclocheilus xiejiahuai sp. nov.
is the only vertical cave found at an altitude of 2276 m in Hongguo Town, Pan-
zhou City, Guizhou Province, China, some distance away. The discovery site
is within the Beipanjiang River Basin (Fig. 1). There is no light in the cave. In-
dividuals were distributed in a small pool ~ 25 m from the cave entrance. The
pool is ~ 1.8 m wide and 80 cm deep, and the water temperature at the time of
collection was ~ 16 °C and pH 7.4. Inside the cave, the species of S. xiejiahuai
sp. nov. is symbiotic with S. longicornus (S. angularis group) and Triplophysa
panzhouensis. The arable land outside the cave is mainly cultivated with maize,
wheat, and potatoes.

Etymology. The specific name xigjiahuai is in honor of Professor Jia-Hua Xie
(B 5 HE), for his contribution to zoological research in China. Before retiring
from Guizhou Normal University, he described S. angustiporus, the first spe-
cies distributed in Guizhou within the S. tingi species group, and his work has
been an important contribution to the study of zoology in Guizhou, especially
the conservation of critically endangered species. We propose the common
English name “Xie's Golden-lined Fish” and the Chinese name “Xié Shi Jin Xian
Ba (U IRk f).”

Discussion

Based on previous records, the genus Sinocyclocheilus (Fang, 1936) was re-
corded with 79 species (Zhao and Zhang 2009; Xu et al. 2023; Luo et al. 2023;
Shao et al. 2024), all of which are endemic to southwestern China, and the de-
scription of the new species in this study increases it to 80 species. Up to now,
there are 27 species in the tingi group, mainly distributed in eastern Yunnan and
western Guizhou. Sinocyclocheilus xiejiahuai sp. nov. is the third species of the
S. tingi species group discovered in Guizhou with S. angustiporus and S. robu-
tus. Although the description of this new species is based on a single specimen
and some measurements may not be sufficient, the fin characteristics (see
morphological comparisons above) and genetic differences support the validi-
ty of this new species. The new species is phylogenetically close to S. lateristri-
atus and S. qujingensis (Fig. 2), with genetic distances of 1.9% and 3.1% (Suppl.
material 3), which was greater than that between sister species of the same
genus, e.g., 1.2% between S. yimenensis and S. huizeensis (Suppl. material 2).
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The new species co-inhabits a cave with S. longicornus, and is the first report of
the sympatric distribution of the S. tingi and S. angularis groups. Furthermore,
our phylogenetic tree suggests that S. longshnaensis should be assigned to the
S. microphthalmus species group.

Our reconstructed divergence times are similar to those of Wen et al. (2022)
who discussed the origin and early diversification of the genus Sinocyclochei-
lus. Time-tree-based results suggest that Sinocyclocheilus originated in the late
Eocene, with its most recent common ancestor/Clade | occurring at 34.83 Ma,
and that divergence of the remaining clades was centered in the Oligocene
to early Miocene, ca 19.39-32.92 Ma (Fig. 2). The origin and early divergence
events are well-coupled with the rapid uplift of the Qinghai-Tibetan Plateau
during the Oligocene-middle Miocene (Ding et al. 2022). Middle Miocene Cli-
mate Optimum (17-14 Ma), the monsoon climate brings precipitation to pro-
mote the development of caves in the karst region (Farnsworth et al. 2019),
which increases the ecological opportunities for the formation of cave fishes
within the Sinocyclocheilus. We also observed that Sinocyclocheilus xiejiahuai
sp. nov., S. lateristriatus, and S. qujingensis are distributed in the Nanpanjiang
River basin in close phylogenetic and geographic proximity, and this congru-
ence may indicate that the formation of these species, and even of species
in the S. tingi group, is related to historical drainage changes resulting from
the uplift of the Yunnan-Guizhou Plateau since the Late Miocene (Zhang et
al. 2020). Thus, geographic isolation from historical drainage changes has
shaped the formation of species diversity in the S. tingi species group (Mao et
al. 2021,2022; Zhao and Zhang 2009; Wen et al. 2022).

This new species is presently restricted to its type locality. Given that its
habitat borders the urban area of Panzhou, which is experiencing rapid urban-
ization, there is a significant risk of habitat disturbance and destruction in the
near future. In the last five years, we have conducted a total of 16 field surveys
at the type locality, and no new individuals have been detected except for the
first one, suggesting that the population size of this species is very small. The
Chinese government listed all species of Sinocyclocheilus endemic to China as
second-class of the national protected animals on 5 February 2021 (National
Forestry and Grassland Administration & National Park Administration, 2021).
Therefore, the new species has strict legal protection in China, and the local
government should strengthen publicity about the protection of this species to
avoid it being caught and trafficked. In addition to the small population size, the
following threats to the habitat of the new species include declining water levels
in caves, pesticide use, domestic waste, and as potential land for urban con-
struction. Therefore, we suggest the species may be eligible for listing as Endan-
gered (B1ab (i, ii, iii) + 2ab (i, i, iii)) in the IUCN Red List of Threatened Species.
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Abstract

The Qizimeishan National Nature Reserve is situated in the southwestern region of Hu-
bei Province, adjacent to the northeastern edge of the Yunnan-Guizhou Plateau. A survey
of spiders of this reserve was conducted recently, leading to the discovery of three new
species of the genus Pseudopoda Jager, 2000: P, arcuata Zhang, J. Liu & Hu, sp. nov. (9),
P, gizimeishanensis Zhang, J. Liu & Hu, sp. nov. (£, ¢) and P. weimiani Zhang, J. Liu & Hy,
sp. nov. (&, ¢). Diagnoses, descriptions, photos, and a distribution map are provided.

Key words: Biodiversity, high-altitude niche, huntsman spiders, morphology, taxonomy,
Yunnan-Guizhou Plateau

Introduction

The Qizimeishan National Nature Reserve is located in Xuan’en County, southwest
Hubei, with a total area of 345.5 km? and the highest peak about 2010 m above sea
level (Liu et al. 2006). It mainly protects the middle subtropical mountain evergreen
broad-leaved forest and the subalpine sphagnum marshes wetland areas. The re-
serve is rich in wildlife resources and has been listed as a key area of biodiversity
in the country by the China Biodiversity Conservation Action Plan (Xu et al. 2006).
The genus Pseudopoda Jéger, 2000 is the largest genus of the family Sparas-
sidae Bertkau, 1872, with 256 known species (World Spider Catalog 2024). Cur-
rently, 155 Pseudopoda species are known in China and five in Hubei (Quan et
al. 2014; Zhang et al. 2023; Gong et al. 2023; Wen et al. 2024). Recently, a series
of taxonomic works on the genus was published: Wen et al. (2024) described
one new species from Hubei; Wu et al. (2024) described three new species
from China, Laos, and Thailand; Gong et al. (2023) described a new species
from Hubei; Deng et al. (2023) described four new species from Chongging;
and Zhang et al. (2023) described 99 new species from East, South and South-
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east Asia. Pseudopoda species are small to large spiders, living primarily in the
leaf litter and less commonly on vegetation (J&dger et al. 2015).

A survey of spiders in the Qizimeishan National Nature Reserve carried out
by colleagues of the Hubei University from June to July 2023 yielded three new
species of Pseudopoda, which are described herein.

Material and methods

Specimens were examined using an Olympus SZX7 stereo microscope. Photo-
graphs were taken with a Leica M205C stereo microscope, and final multifocal
images were produced with Helicon Focus (version 7.7.0). The male palps were
examined and photographed after dissection. The epigynes were examined after
being dissected from the spider’s body. All morphological measurements were
calculated using a Leica M205C stereo microscope. Eye diameters were taken
at the widest point. Legs and palps measurements were given as total length (fe-
mur, patella, tibia, metatarsus [absent in palp], tarsus). The terminologies used
in text and figure legends follow Quan et al. (2014). Spination follows that given
in Davies (1994). All measurements were in millimetres (mm). The specimens
examined in this study were deposited in the Centre for Behavioural Ecology and
Evolution (CBEE), College of Life Sciences, Hubei University in Wuhan.

Abbreviations in text and figures: AB, anterior bands; ALE, anterior lateral
eyes; AME, anterior median eyes; C, conductor; CH, clypeus height; CO, copu-
latory opening; dRTA, dorsal retrolateral tibial apophysis; DS, dorsal shield of
prosoma; E, embolus; EF, epigynal field; EP, embolic projection; FD, fertilization
duct; Fe, femur; FW, first winding; LL, lateral lobes; Mt, metatarsus; OS, opistho-
soma; Pa, patella; PLE, posterior lateral eyes; PME, posterior median eyes; Pp,
palp; RTA, retrolateral tibial apophysis; S, spermathecae; Sp, spermophor; ST,
subtegulum; T, tegulum; Ti, tibia; vVRTA, ventral retrolateral tibial apophysis; |, I,
i, 1V, legs | to IV.

Result
Taxonomy

Family Sparassidae Bertkau, 1872
Subfamily Heteropodinae Thorell, 1873

Genus Pseudopoda Jager, 2000

Type species. Pseudopoda prompta (O. Pickard-Cambridge, 1885).

Diagnosis. Male Pseudopoda species can be diagnosed by the following com-
bination of characters: 1) embolus at least in its basal part broadened and flat-
tened; 2) conductor membranous (absent in some species); and 3) retrolateral
tibial apophysis arising proximally or mesially from the tibia. Females can be di-
agnosed by the following combination of characters: 1) epigyne with lateral lobes
extending distinctly beyond epigastric furrow, and covering median septum in
most species; 2) first winding membranous, and with bent margins in most spe-
cies; and 3) first winding or first winding and lateral lobes covering the internal
duct system (J&ger, 2000; Jiang et al. 2018; Zhang et al. 2023; Wu et al. 2024).

Distribution. East, South and Southeast Asia.
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Pseudopoda arcuata Zhang, J. Liu & Hu, sp. nov.
https://zoobank.org/79C05FD8-0C12-4853-A41E-E336BF9B01DD
Figs 2,3,10

Type material. Holotype « female: CHINA, Hubei Province: Enshi Tujia and
Miao Autonomous Prefecture, Xuan’en County, Qizimeishan National Nature
Reserve, Chunmuying Town, Shaiping Village; 29°57'47.52"N, 109°45'20.60"E;
elev. 1822 m; 31 July 2023; Changhao Hu & Mian Wei leg. (CBEE, QZMS00602).
Paratype + 1 female, Enshi Tujia and Miao Autonomous Prefecture, Xuan'en
County, Qizimeishan National Nature Reserve, Chunmuying Town, Huoshao-
bao; 30°1'27.03"N, 109°45'23.23"E; elev. 1919 m; 13 July 2023; Changhao Hu &
Mian Wei leg. (CBEE, QZMS00582).

Etymology. The specific epithet is a Latin word meaning “arc-shaped”, refer-
ring to the arc-shaped LL; adjective.

Diagnosis. The female of P arcuata Zhang, J. Liu & Hu, sp. nov. resembles
that of P allantoides Zhang, Jager & Liu, 2023 (cf. fig. 2A-C vs. fig. 8A-C in
Zhang et al. 2023) by having curved anterior and posterior margins of LL, but can
be recognised by: 1) S extending horizontally; and 2) FD arising anteriorly from S
(vs. S extending longitudinally, FD arising medially from S in P, allantoides).

Female: Measurements: Small-sized. Body length 6.0, DS length 3.0, width
2.8; OS length 2.9, width 2.0. Eyes: AME 0.13, ALE 0.19, PME 0.22, PLE 0.23,
AME-AME 0.11, AME-ALE 0.07, PME-PME 0.21, PME-PLE 0.28, AME-PME
0.19, ALE-PLE 0.26, CH AME 0.23, CH ALE 0.19. Spination: Pp 131, 101, 2121,
1014; Fe 1-111 323, IV 321; Pa I-IV 000; Ti I-11 2221, llI-1V 2126; Mt |-l 2024,
[11-1V 2026. Measurements of palp and legs: Pp 3.4 (1.1,0.8,0.4, -, 1.1),19.3
(2.5,1.1,2.6,2.2,0.9),1112.1 (3.2,1.4,3.6,2.8,1.1),111 7.3 (2.0,0.7,2.1,1.7,0.8),
IV9.2(2.9,0.9,2.2,2.3,0.9). Leg formula: II-I-IV-1ll. Promargin of chelicerae with
three teeth, retromargin with four teeth, cheliceral furrow with c. 28 denticles.

Epigyne (Fig. 2A-C): As in diagnosis. EF 2 times wider than long, without
obvious AB. Anterior and posterior margins of LL almost parallel and strongly
curved. FW covering the whole S. S with enlarged terminal. FD narrow and
long, laterad.

Colouration (Fig. 3A, B): DS yellow, with black marks. Fovea black. Legs with
black spots. Dorsal OS brown, with black spots, ventral OS dark yellow, with
several black spots, with a brown patch in front of spinnerets.

Male: Unknown.

Distribution. China (Hubei Province) (Fig. 10).

Pseudopoda gizimeishanensis Zhang, J. Liu & Hu, sp. nov.
https://zoobank.org/DE4E69FA-D226-4043-A461-1E00BDCCB3B7
Figs 1,4-6,10

Type material. Holotype + male: CHINA, Hubei Province: Enshi Tujia and Miao
Autonomous Prefecture, Xuan’en County, Changtanhe Dong Autonomous
Township, Qizimeishan National Nature Reserve, Qizimeishan Mountain;
30°1'45.19"N, 109°43'45.42"E; elev. 1270 m; 6-11 July 2023; Changhao Hu &
Mian Wei leg. (CBEE, QZMS00902). Paratypes - 8 males and 10 females, with
same data as for holotype (CBEE, QZMS02441-QZMS02458).
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Figure 1. Pseudopoda gizimeishanensis Zhang, J. Liu & Hu, sp. nov. (photos by Mian Wei) A male B female.
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Figure 2. Pseudopoda arcuata Zhang, J. Liu & Hu, sp. nov., female A epigyne, ventral B vulva, dorsal C vulva, dorsal; red
line represents schematic course of internal duct system. Abbreviations: CO, copulatory opening; FD, fertilization duct;
FW, first winding; LL, lateral lobes; S, spermathecae. Scale bars: 0.2 mm.
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Figure 3. Pseudopoda arcuata Zhang, J. Liu & Hu, sp. nov., female habitus (A dorsal B ventral). Scale bars: 2 mm.

Etymology. The specific epithet is derived from the type locality, the Qizimeis-
han Mountain; adjective.

Diagnosis. The male of P gizimeishanensis Zhang, J. Liu & Hu, sp. nov. re-
sembles that of P baoshanensis Zhang, Jager & Liu, 2023 (cf. fig. 4A-C vs. fig.
26A-C in Zhang et al. 2023) by having the expanded E, but can be recognised
by: 1) RTA long, arising basally from Ti; 2) T without prolaterad outgrowth; and
3) tip of E pointing 11 o'clock (vs. RTA short, arising medially from Ti, T with
prolaterad outgrowth, tip of E pointing 7 o'clock in P baoshanensis). The fe-
male of P. gizimeishanensis Zhang, J. Liu & Hu, sp. nov. resembles that of P
nanyueensis Tang & Yin, 2000 (cf. fig. 5A-C vs. figs 2, 3 in Tang and Yin 2000)
by: 1) anterior margins of LL V-shaped; 2) anterior margins of LL parallel to
posterior margins of LL, but can be recognised by: S long, with wrinkles, almost
parallel to anterior margins of LL (vs. S without wrinkles, extending horizontal
in P nanyueensis).

Male: Measurements: Medium-sized. Body length 14.9, DS length 7.7, width
6.6; OS length 6.8, width 4.8. Eyes: AME 0.29, ALE 0.42, PME 0.25, PLE 0.39,
AME-AME 0.26, AME-ALE 0.17, PME-PME 0.46, PME—-PLE 0.59, AME-PME
0.37, ALE-PLE 0.39, CH AME 0.72, CH ALE 0.66. Spination: Pp 131, 101, 2111;
Fe I-11323, 111 322, IV 321; Pa I-111 101, IV 000; Ti I-11 2226, Il1-1V 2126; Mt -1l
2024, 111 3025, IV 3036. Measurements of palp and legs: Pp 10.1 (3.3,1.7,1.9, -,
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Figure 4. Pseudopoda gizimeishanensis Zhang, J. Liu & Hu, sp. nov., left male palp (A prolateral B ventral C retrolateral).
Abbreviations: C, conductor; dRTA, dorsal retrolateral tibial apophysis; E, embolus; Sp, spermophor; ST, subtegulum; T,
tegulum; vRTA, ventral retrolateral tibial apophysis. Scale bars: 0.5 mm.

3.2),133.2(9.3,3.0,9.0,8.9,3.0),1134.8 (9.9,2.8,9.5,9.5,3.1), 111 26.6 (7.7, 2.2,
7.3,7.0,2.4),1V 29.5(8.5,2.2,7.7, 8.6, 2.5). Leg formula: II-I-IV-1ll. Promargin of
chelicerae with three teeth, retromargin with four teeth, cheliceral furrow with
c. 26 denticles.

Palp (Fig. 4A—C): As in diagnosis. C membranous, arising from T at 11 o’clock
position. E expanded and plate-like, arising from T at 9 o'clock position; embolic
tip curved. RTA arising basally from Ti; vRTA triangular; dRTA long, with two thin
teeth in retrolateral view.

Colouration (Fig. 6A, B): DS yellow, with black spots. Ventral legs with black
spots. Dorsal OS brown, ventral OS with black spots, spinnerets yellow, with two
parallel longitudinal lines of lighter dots.

Female: Measurements: Medium-sized. Body length 16.9, DS length 7.9, width
7.1; OS length 8.6, width 6.6. Eyes: AME 0.33, ALE 0.51, PME 0.31, PLE 0.42,
AME-AME 0.32, AME-ALE 0.27, PME-PME 0.58, PME-PLE 0.64, AME-PME
0.44, ALE-PLE 0.41, CH AME 0.60, CH ALE 0.58. Spination: Pp 131, 101, 2121,
1014; Fe I-11323, 111 322, 1V 321; Pa I-IV 101; Ti [-IV 2026; Mt 1 1014, lI-111 2024,
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Figure 5. Pseudopoda gizimeishanensis Zhang, J. Liu & Hu, sp. nov., female A epigyne, ventral B vulva, dorsal C vulva,
dorsal; red line represents schematic course of internal duct system. Abbreviations: AB, anterior bands; CO, copulatory
opening; FD, fertilization duct; FW, first winding; LL, lateral lobes; S, spermathecae. Scale bars: 0.5 mm.
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Figure 6. Pseudopoda gizimeishanensis Zhang, J. Liu & Hu, sp. nov. A, B male habitus (A dorsal B ventral) C, D female
habitus (C dorsal D ventral). Scale bars: 2 mm.
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IV 3025. Measurements of palp and legs: Pp 9.2 (2.8,1.1,2.1,-,3.2),125.6 (7.0,
29,7.0,6.4,2.3),11269(7.9,2.8,7.2,6.8,2.2),11223(7.0,2.7,5.4,5.2,2.0), IV
24.6 (7.6,2.3,5.9, 6.5, 2.3). Leg formula: II-I-IV-1Il. Promargin of chelicerae with
three teeth, retromargin with four teeth, cheliceral furrow with c. 26 denticles.

Epigyne (Fig. 5A—-C): As in diagnosis. EF as wide as long, with obvious AB.
Anterior margins of LL V-shaped. S long and anterolaterally pointed, with wrin-
kles. FW covering entire S. FD narrow.

Colouration (Fig. 6C—D): As in males, but darker and with a transverse white
patch in posterior part of dorsal OS.

Distribution. China (Hubei Province) (Fig. 10).

Pseudopoda weimiani Zhang, J. Liu & Hu, sp. nov.
https://zoobank.org/F77D7DED-DBF0-4CB9-907B-051ABD35FD04
Figs 7-10

Type material. Holotype + male: CHINA, Hubei Province: Enshi Tujia and Miao
Autonomous Prefecture, Xuan'en County, Qizimeishan National Nature Reserve,
Changtanhe Dong Autonomous Town Qizimeishan Mountain; 30°1'45.19"N,
109°43'45.42"E; elev. 1270 m; 6—11 July 2023; Changhao Hu & Mian Wei leg. (CBEE,
QZMS00732). Paratypes - 2 males and 11 females, with same data as for holotype
(CBEE, QZMS02459-QZMS02466, QZMS02779, QZMS04305-QZMS04308) - 1
male, Enshi Tujia and Miao Autonomous Prefecture, Xuan'en County, Qizimeishan
National Nature Reserve, Changtanhe Dong Autonomous Town, Liangxihe Village;
29°58'46.33"N, 109°42'11.27"E; elev. 827 m; 29 June 2023; Changhao Hu & Mian
Wei leg. (CBEE, QZMS00632) « 1 female, Enshi Tujia and Miao Autonomous Pre-
fecture, Xuan'en County, Qizimeishan National Nature Reserve, Shadaogou Town,
Longtan Village; 29°41'42.96"N, 109°39'46.03"E; elev. 637 m; 17 July 2023; Chang-
hao Hu & Mian Wei leg. (CBEE, QZMS00622) + 1 female, Enshi Tujia and Miao
Autonomous Prefecture, Xuan'en County, Qizimeishan National Nature Reserve,
Shadaogou Town, Baishuihe Village; 29°55'25.78"N, 109°44'9.49"E; elev. 843 m;
23-24 July 2023; Changhao Hu & Mian Wei leg. (CBEE, QZMS03877).

Etymology. This species is named after one of the collectors: Mian Wei; noun
in genitive case.

Diagnosis. The male of P weimiani Zhang, J. Liu & Hu, sp. nov. resembles that
of P honggi Deng, Zhong, Irfan & Wang, 2023 (cf. fig. 7A-C vs. figs 5-10 in Deng
et al. 2023) by: 1) RTA unbranched; 2) E wide; and 3) EP distinct, but can be rec-
ognised by: 1) RTA short and smooth; and 2) EP twisted (vs. RTA long and grad-
ually narrowing toward the tip, EP without a twist, terminal not exceeding E in P
honggi). The female of P weimiani Zhang, J. Liu & Hu, sp. nov. resembles that of
P taipingensis Zhang, Jager & Liu, 2023 (cf. fig. 8A-C vs. fig. 237A-C in Zhang et
al. 2023) by: 1) anterior margins of LL almost straight; and 2) S “/\"-shaped, but
can be recognised by: 1) posterior margins of LL almost straight and parallel to
anterior margins; and 2) S with an obvious turning in ventral view (vs. posterior
margins of LL W-shaped, S with distinct tube-like structures in P. taipingensis).

Male: Measurements: Small-sized. Body length 7.1, DS length 3.6, width 3.2;
0S length 3.3, width 2.1. Eyes: AME 0.15, ALE 0.24, PME 0.17, PLE 0.26, AME—-
AME 0.13, AME-ALE 0.07, PME-PME 0.22, PME-PLE 0.28, AME-PME 0.24,
ALE-PLE 0.22, CH AME 0.34, CH ALE 0.32. Spination: Pp 131,101, 2111; Fe |-l
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Figure 7. Pseudopoda weimiani Zhang, J. Liu & Hu, sp. nov., left male palp (A prolateral B ventral C retrolateral). Abbre-
viations: C, conductor; E, embolus; EP, embolic projection; RTA, retrolateral tibial apophysis; Sp, spermophor; ST, subteg-
ulum; T, tegulum. Scale bars: 0.5 mm.

323, 1l1-1V 322; Pa |-111101, 1V 100; Ti I-11 2228, llI-1V 2126; Mt I-11 2024, 111 3025,
IV 3036. Measurements of palp and legs: Pp 5.1 (1.7,0.6,1.1,—,1.7),118.8 (4.9,
1.4,59,4.8,1.8),1119.8(5.5,1.5,6.2,5.1,1.5), 111 14.6 (4.3, 1.0, 4.4, 3.6, 1.3), IV
17.5(5.0, 1.1, 4.8, 4.8, 1.8). Leg formula: II-I-IV-1Il. Promargin of chelicerae with
three teeth, retromargin with four teeth, cheliceral furrow with c. 26 denticles.

Palp (Fig. 7A-C): As in diagnosis. C membranous, arising from 12 o'clock
position of T. E wide, arising from 9 o'clock position of T; EP plate-like and twist-
ed; embolic tip with a small sharp tooth. RTA short, with smooth margin, arising
medially from Ti.
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Figure 8. Pseudopoda weimiani Zhang, J. Liu & Hu, sp. nov., female A epigyne, ventral B vulva, dorsal C vulva, dorsal; red
line represents schematic course of internal duct system. Abbreviations: AB, anterior bands; CO, copulatory opening; FD,
fertilization duct; FW, first winding; LL, lateral lobes; S, spermathecae. Scale bars: 0.2 mm.
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Figure 9. Pseudopoda weimiani Zhang, J. Liu & Hu, sp. nov. A, B male habitus (A dorsal B ventral) C, D female habitus
(C dorsal D ventral). Scale bars: 2 mm.
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Figure 10. Distribution map of the three new species of Pseudopoda. Black circles: P. arcuata Zhang, J. Liu & Hu, sp.
nov.; green square: P. gizimeishanensis Zhang, J. Liu & Hu, sp. nov,; red triangles: P weimiani Zhang, J. Liu & Hu, sp. nov.
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Colouration (Fig. 9A, B): DS yellow, with black marked and black margin. Fo-
vea black. Legs with black spots. OS light brown, with several reddish-brown
marks, regularly arranged.

Female: Measurements: Small-sized. Body length 8.2, DS length 3.6, width
3.4; OS length 4.5, width 3.9. Eyes: AME 0.15, ALE 0.18, PME 0.23, PLE 0.25,
AME-AME 0.15, AME-ALE 0.11, PME-PME 0.22, PME-PLE 0.31, AME-PME
0.25, ALE-PLE 0.30, CH AME 0.32, CH ALE 0.26. Spination: Pp 131, 101, 2121,
1014; Fe 1-11 323, -1V 322; Pa I-1ll 101, IV 100; Ti I-11 2228, IV 2126; Mt I-II
2024, 111 3025, IV 3036. Measurements of palp and legs: Pp 4.8 (1.5,0.7,1.0, -,
1.6),112.0(3.2,1.2,3.4,3.0,1.2),1113.9 (3.9,1.0,4.1,3.6,1.3), 111 10.5 (3.2, 0.9,
2.8,2.5,1.1),1V12.3(3.8,0.9,3.1, 3.3, 1.2). Leg formula: ll-IV-I-Ill. Promargin of
chelicerae with three teeth, retromargin with four teeth, cheliceral furrow with
c. 26 denticles.

Epigyne (Fig. 8A—C): As in diagnosis. EF wider than long, with indistinct AB.
LL much wider than long, anterior margins of LL almost straight, posterior mar-
gins almost parallel to anterior margins of LL. Terminal of S twisted, posterolat-
erally pointed. FW covering anterior part of S. FD long and narrow.

Colouration (Fig. 9C, D): As in males, but with some bright dots in anterior
part of dorsal OS.

Distribution. China (Hubei Province) (Fig. 10).

Discussion

The genus Pseudopoda is widely distributed across China, with 155 spe-
cies accounting for approximately 61% of the world’s total. The majority
of these species are found in the southwestern regions, particularly on the
Yunnan-Guizhou Plateau, which harbors 84 species — more than 54% of the
Chinese species — highlighting the region’s rich biodiversity and varied to-
pography (Jager 2001; Jager and Vedel 2007; Yang et al. 2009; Zhang et al.
2013, 2017; Jiang et al. 2018; Zhang et al. 2019; Yang et al. 2022; Zhang et
al. 2023). The distribution of Pseudopoda spiders in China is closely linked
to the country’s mountainous areas, where species have adapted to specif-
ic altitudinal niches. The Qizimeishan National Nature Reserve, part of the
northeastern extension of the Yunnan-Guizhou Plateau, features a diverse
landscape with elevations ranging from 650 m to over 2010 m (Liu et al.
2006). This variation in altitude creates a variety of microclimates and hab-
itats that support a wide array of species. However, research on the spiders
of this area remains limited.

Furthermore, Pseudopoda is particularly diverse in high-altitude regions
(Jager, 2001, 2015; Zhang et al. 2023), with approximately 79% of the world’s
species found at elevations above 1000 m. In the current study, we report
three new Pseudopoda species, all of which were collected at elevations above
1000 m, except for P weimiani Zhang, J. Liu & Hu, sp. nov., which was also
found at elevations between 600 and 900 m. Finally, the limited dispersal ability
of these spiders, likely due to the absence of ballooning behavior, results in
small, localized populations, making these species highly susceptible to habi-
tat changes (Bell et al. 2005; Zhang et al. 2021). Consequently, conservation ef-
forts and taxonomic studies should prioritize the Qizimeishan National Nature
Reserve to protect its unique and valuable spider fauna.
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Abstract

Although Microphysogobio tungtingensis (Nichols, 1926) has been treated valid since
it was described, its morphology remains vague, especially when comparing it with
another similar species, M. elongatus (Yao & Yang, 1977). In this study, the types of
both species were examined and also compared with several lots of specimens from
a wide geographical range: there is no significant difference in morphology between
them. Additionally, molecular evidence supported by mitochondrial gene sequence
also showed low genetic distance in between. Thus, it is suggested that M. elongatus
is a junior synonym of M. tungtingensis. While revising these two species, a new spe-
cies, Microphysogobio punctatus sp. nov., was discovered that has a similar distribu-
tion with them both. However, it can be distinguished from its congeners by having
a globular or oval shaped posterior air-bladder chamber which length 58.6%—-82.8%
of eye diameter; a narrow upper jaw cutting edge which less than half mouth width;
a slender caudal peduncle with depth 34.6%-48.5% of length; and a six-branched-ray
anal fin. This new species also has numerous small black spots on all fins which is
also unique. The new species is morphologically and molecularly close to M. bicolor
(Nichols, 1930).

Key words: East Asia, freshwater fish, Gobionidae, morphology, phylogeny, taxonomy

Introduction

The species of Microphysogobio Mori, 1934 are small gobionid fishes widely
distributed in East Asia from northern Vietnam to eastern Russia, and eastern
Chinais their main distribution region (Sun et al. 2022b; Fricke et al. 2024). They
usually occur in the middle and upper reaches of the river system, preferring the
sand and gravel mixed benthic habitats. Upon now, thirty-one Microphysogobio
species were considered valid in the world, and approximately twenty-four of
which were discovered in China (Sun et al. 2022a, 2022b; Fricke et al. 2024).
The species in this genus has a three-lobe lower lip with developed papillae,
horny sheaths on upper and lower jaw cutting margin and also a small posterior
air-bladder chamber (Sun et al. 2021).
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Microphysogobio tungtingensis was described by Nichols (1926a) based on
one specimen collected near the lake Tungting, from Huping, Hunan (nowadays
the Lake Dongting, Hubin Township in Yueyang City, Hunan Province), in the
middle reaches of the Yangtze River basin. However, a more recent taxonomic
study misidentified M. tungtingensis as a species that has only five branched
anal-fin rays (vs six in holotype) based on three non-types (Luo et al. 1977).
The subsequent taxonomic studies (Yue 1998; Huang et al. 2017, 2018; Sun
and Zhao 2022) followed Luo et al. (1977). In fact, the branched anal-fin ray
count in the genus Microphysogobio is conservative, and so it can be used as
a key character in its taxonomy (Sun and Zhao 2022). Another species, Micro-
physogobio elongatus, originally described by Yao and Yang (in Luo et al. 1977)
based on five syntypes collected in Guangxi Zhuang Autonomous Region, has
a similar morphology with M. tungtingensis, and also a nearby distribution in
the adjacent river basin (Luo et al. 1977; Yue 1998; Huang et al. 2017). This
species, however, also has six branched anal-fin rays just as the holotype of
M. tungtingensis. Therefore, a study needs to take a close look at both species
and the validity of M. elongatus.

Although several new species were reported in recent studies (Huang et al.
2016, 2017, 2018; Sun et al. 2022b), the diversity of Microphysogobio is great-
ly underestimated. During the revision on M. tungtingensis and the so-called
M. elongatus, we noticed several lots of specimens from Guangxi Zhuang Au-
tonomous Region that were wrongly identified as M. tungtingensis. After thor-
ough field investigations, with the morphological comparisons and molecular
phylogenetic analyses, we describe them as a new species herein.

Materials and methods
Specimen collection, examination, and preservation

All examined specimens were collected by hand net, fish trap, or bought
from the local markets. Detailed information on the specimens is listed in
the section Comparative material. Specimens used for morphological study
were fixed in 10% formalin solution for three days, followed by 70% ethanol
alcohol for long-term preservation. Specimens used for molecular phyloge-
netic study were fixed in 95% ethanol. The holotype of the new species was
deposited at the Institute of Zoology, Chinese Academy of Sciences, Beijing,
China (ASIZB; abbreviation follows Leviton et al. 1985), paratypes were de-
posited at ASIZB, Institute of Hydrobiology, Chinese Academy of Sciences,
Wuhan, China (IHB), and Laboratory of Ichthyology, Shanghai Ocean Univer-
sity, Shanghai, China (SHOU). The holotype of M. tungtingensis is stored at
American Museum of Natural History, New York, the United States (AMNH).
The syntypes of M. elongatus are stored at IHB. Other comparative materials
are also deposited at ASIZB, IHB, and SHOU.

Morphological study

Measurements were taken point-to-point with a digital caliper to 0.01 mm on
the left side of the specimens, and counts were also made on the left side of
specimens. In order to make a more accurate measurement for lips structure,
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photographs of the lip papillae system were taken and images were analyzed
with ImageJ v. 1.52 software. Once the scale was settled, the distance between
two points was measured with a straight line (Lunghi et al. 2019). Counts and
measurements followed Sun et al. (2021). In order to get a general perception
on external morphologic differences, 30 different measurable traits, log, -stan-
dardized to eliminate the allometries, were input into Past v. 4.03 (Hammer et
al. 2001) for principal component analysis (PCA).

Molecular phylogenetic analyses

Molecular phylogenetic studies were based on the mitochondrial Cytochrome-b
(Cyt-b) sequences. DNA was extracted from the pelvic fin on the right side of
the fish. Cyt-b was amplified using the primers cytbF1 (5-TGACTTGAAGAAC-
CACCGTTGTA-3’) and cytbR1 (5-CGATCTTCGGATTACAAGACCGATG-3) fol-
lowing Huang et al. (2016). Sequencing reactions were performed according
to the operating instructions of BigDye Terminator v. 3.1 (BDT), with 1 pL of
primer (3.2 pmol/pL), 1 uL of template DNA, 2 pL of BigDye® Terminator v. 3.1,
and 6 uL of double distilled water (dd H20) for a total reaction volume of 10 pL.
The thermo-cycling conditions were initial denaturation for 2 min at 96 °C, de-
naturation for 10 s at 96 °C, annealing for 10 s at 50 °C, and extension for 1 min
at 60 °C. After 30 cycles, a final extension was performed at 60 °C for 3 min
and the polymerase chain reaction (PCR) products were preserved at 4 °C. Se-
quencing was conducted by Beijing TsingKe Biotech Co., Ltd. (China).

The sequencing results were assembled using SeqMan Il, and other se-
guences were acquired from the NCBI database. The voucher ID of each in-
dividual and GenBank accession No. are given in Table 1. Forty-three Cyt-b
sequences of Microphysogobio species were included in the molecular phy-
logenetic analyses. Pseudogobio guilinensis was used as outgroup. Nucle-
otide sequence alignment was conducted using MEGA v. 6.0 (Tamura et al.
2013) with ClustalW. ModelFinder (Kalyaanamoorthy et al. 2017) was used
to select the best-fit model using Bayesian information criterion (BIC). The
Bayesian inference (Bl) phylogenies were inferred using MrBayes v. 3.2.6
(Ronquist et al. 2012) under the HKY+F+G4 model (two parallel runs, 1 000
000 generations), with the initial 25% of sampled data discarded as burn-
in. Maximum likelihood (ML) phylogenetic analysis was conducted using
MEGA 6.0 under the HKY+G+l model (10 000 bootstrap replications). Trees
were visualized by using TVBOT (https://www.chiplot.online/tvbot.html; Xie
et al. 2023). Each sequence was labeled with its own taxonomic nomencla-
ture and the evolutionary divergence of sequence pairs between and within
groups (i.e., species) was estimated using the Kimura 2-parameter model
(Kimura 1980). In addition, two independent methods, i.e., Poisson tree pro-
cess (PTP) and assemble species by automatic partitioning (ASAP), which
rely on different operational criteria, were applied to infer molecular species
delineation for Microphysogobio (Kapli et al. 2017; Puillandre et al. 2020).
The rooted phylogenetic trees (both Bl and ML) were uploaded to the PTP
online server (http://species.h-its.org/ptp/). Aligned sequences were upload-
ed to the ASAP online server using the Jukes-Cantor (JC69) model (https://
bioinfo.mnhn.fr/abi/public/asap/). The delineation results were visualized
on the trees, respectively.
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Table 1. Voucher code, sampling localities, haplotypes, and accession numbers of Microphysogobio species and out-
group for molecular analyses.

Accession

Voucher Code Species Locality Drainage Haplotype ho Source
ASIZB 240450 | Microphysogobio = Lingchuan County, Guangxi Zhuang R. Lijiang, Pearl River Basin H1 - This study
punctatus sp. nov. Aut. Reg. China
ASIZB 240452 | M. punctatus sp. | Lingchuan County, Guangxi Zhuang R. Lijiang, Pearl River Basin H2 - This study
nov. Aut. Reg. China
ASIZB 240451 | M. punctatus sp. | Lingchuan County, Guangxi Zhuang R. Lijiang, Pearl River Basin H3 - This study
nov. Aut. Reg. China
ASIZB 240554 | M. punctatus sp. Yongfu County, Guangxi Zhuang R. Luogingjiang, Pearl River Basin H4 - This study
nov. Aut. Reg. China
ASIZB 240555 | M. punctatus sp. Yongfu County, Guangxi Zhuang R. Luogingjiang, Pearl River Basin H5 - This study
nov. Aut. Reg. China
ASIZB 240539 | M. punctatus sp. Yongfu County, Guangxi Zhuang R. Luogingjiang, Pearl River Basin H6 - This study
nov. Aut. Reg. China
ASIZB 240548 | M. punctatus sp. | Guanyang County, Guangxi Zhuang | R. Xiangjiang, middle Yangtze River Basin H7 - This study
nov. Aut. Reg. China
ASIZB 240549 | M. punctatus sp. | Guanyang County, Guangxi Zhuang | R. Xiangjiang, middle Yangtze River Basin H8 - This study
nov. Aut. Reg. China
ASIZB 240543 | M. punctatus sp. | Guanyang County, Guangxi Zhuang | R. Xiangjiang, middle Yangtze River Basin H9 - This study
nov. Aut. Reg. China
ASIZB 240544 | M. punctatus sp. | Guanyang County, Guangxi Zhuang | R. Xiangjiang, middle Yangtze River Basin H8 - This study
nov. Aut. Reg. China
ASIZB 220619 | M. bicolor Yanshan County, Jiangxi Prov. China | R. Xinjiang, middle Yangtze River Basin H10 0OM803135 Sun and
Zhao 2022
ASIZB 220620 | M. bicolor Yanshan County, Jiangxi Prov. China = R. Xinjiang, middle Yangtze River Basin H11 0OM803136 Sun and
Zhao 2022
ASIZB 220630 | M. bicolor Wuyuan County, Jiangxi Prov. China R. Raohe, middle Yangtze River Basin H12 0OM803140 Sun and
Zhao 2022
ASIZB 220646 | M. bicolor Wuyuan County, Jiangxi Prov. China R. Raohe, middle Yangtze River Basin H13 0OM803141 Sun and
Zhao 2022
MYUVNT1 M. yunnanensis Dien Bien Prov. Vietamn R. Lixianjiang, Red River Basin H14 MK133329 | Huang et al.
2018
MLURJ1 M. luhensis Luhe County, Guangdong Prov. Rongjiang River Basin H15 KT877355 | Huang et al.
China 2018
MKAND1 M. kachekensis Nankai Town, Hainan Prov. China Nandujiang River Baisn H16 KM999930 | Huang et al.
2016
ASIZB 240446 | M. tungtingensis Xiangtan City, Hunan Prov. China | R. Xiangjiang, middle Yangtze River Basin H17 - This study
ASIZB 240445 | M. tungtingensis Xiangtan City, Hunan Prov. China | R. Xiangjiang, middle Yangtze River Basin H18 - This study
ASIZB 240430 | M. tungtingensis Yuelu District, Hunan Prov. China | R. Xiangjiang, middle Yangtze River Basin H19 - This study
ASIZB 240431 | M. tungtingensis Yuelu District, Hunan Prov. China | R. Xiangjiang, middle Yangtze River Basin H20 - This study
ASIZB 240462 | M. elongatus Yongfu County, Guangxi Zhuang R. Luogingjiang, Pearl River Basin H17 - This study
Aut. Reg. China
ASIZB 240461 | M. elongatus Yongfu County, Guangxi Zhuang R. Luogingjiang, Pearl River Basin H17 - This study
Aut. Reg. China
ASIZB 240463 | M. elongatus Yongfu County, Guangxi Zhuang R. Luogingjiang, Pearl River Basin H21 - This study
Aut. Reg. China
ASIZB 240553 | M. elongatus Yangshuo County, Guangxi Zhuang R. Lijiang, Pearl River Basin H17 - This study
Aut. Reg. China
MELQZ1 M. elongatus Quanzhou County, Guangxi Zhuang | R. Xiangjiang, middle Yangtze River Basin H17 KU356199 | Huang et al.
Aut. Reg. China 2017
MFUMJ1 M. fukiensis Shaowu City, Fujian Prov. China R. Futunxi, Minjiang River Basin H22 KM999927 | Huang et al.
2016
MFUMJ2 M. fukiensis Shaowu City, Fujian Prov. China R. Futunxi, Minjiang River Basin H23 KM999928 | Huang et al.
2016
MFUMJ3 M. fukiensis Xinquan Town, Fujian Prov. China R. Tingjiang, Hanjiang River Basin H24 KM999929 | Huang et al.
2016
ASIZB 220771 | M. fukiensis Guangze County, Fujian Prov. China R. Futunxi, Minjiang River Basin H25 0OM803150 Sun and
Zhao 2022
ASIZB 220772 | M. fukiensis Guangze County, Fujian Prov. China R. Futunxi, Minjiang River Basin H26 0M803151 Sun and
Zhao 2022
ASIZB 220802 | M. fukiensis Wauyishan City, Fujian Prov. China R. Jianxi, Minjiang River Basin H27 0M803152 Sun and
Zhao 2022
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Voucher Code Species

ASIZB 220803 | M. fukiensis

20170925BB05 | M. kiatingensis

MZHGC1 M. zhangi
MZHGL1 M. zhangi
MZHQZ1 M. zhangi
ASIZB 220682 | M. zhangi
ASIZB 220715 | M. zhangi
MABCO1 M. alticorpus
MXIML1 M. xianyouensis
ASIZB 220826 | M. oujiangensis
MBDHO1 M. brevirostris
Outgroup
PG-YSO01 Pseudogobio
guilinensis

Accession

Locality Drainage Haplotype o Source
Wauyishan City, Fujian Prov. China R. Jianxi, Minjiang River Basin H27 OM803153 Sun and
Zhao 2022
Chengdu City, Sichuan Prov. China Upper Yangtze River Basin H28 MG797640 = Zouetal.
2018
Gongcheng County, Guangxi R. Gongchenghe, Pearl River Basin H29 KT877354 | Huang et al.
Zhuang Aut. Reg. China 2017
Guilin City, Guangxi Zhuang Aut. R. Lijiang, Pearl River Basin H30 KU356194 | Huang et al.
Reg. China 2017
Quanzhou County, Guangxi Zhuang | R. Xiangjiang, middle Yangtze River Basin H31 KU356196 | Huang et al.
Aut. Reg. China 2017
Yanshan County, Jiangxi Prov. China | R. Xinjiang, middle Yangtze River Basin H32 OM803145 | Sunand
Zhao 2022
Wuyuan County, Jiangxi Prov. China R. Raohe, middle Yangtze River Basin H33 0OM803148 Sun and
Zhao 2022
Chiayi County, Taiwan Prov. China Bazhang River Basin H34 KM031524 | Jean et al.
2014
Xianyou County, Fujian Prov. China Mulanxi River Basin H35 KM999931 | Huang et al.
2016
Jinyun County, Zhejiang Prov. China R. Panxi, Oujiang River Basin H36 OM803130 | Sunetal.
2022b
Taoyuan City, Taiwan Prov. China R. Dahan, Tamshui River Basin H37 KP168487 | Changetal.
2016
Yangshuo County, Guangxi Zhuang R. Lijiang, Pearl River Basin KX096699 Heetal.
Aut. Reg. China 2017

Results
Taxonomic account

Microphysogobio tungtingensis (Nichols, 1926)
Figs 1, 2; Table 2

Pseudogobio tungtingensis Nichols, 1926: 4 (original description); Nichols
(1943): 180.

Microphysogobio tungtingensis: Banadrescu and Nalbant (1966): 201 (partim:
Huping on lake Tungting, Hunan).

Abbottina elongata: Yao and Yang in Luo et al. (1977): 524.

Microphysogobio elongatus: Yue (1998): 362 (partim: Guilin, Liujiang, and Ning-
ming in Guangxi); Zhang and Zhao (2016): 74; Xiao and Lan (2023): 154.

Microphysogobio kiatingensis: Xiao and Lan (2023): 152.

Material examined. Holotype. - AMNH 8447, 51.3 mm standard length (SL);
Huping (= Hubin), Tungting Lake (= Lake Dongting), Hunan (= Hunan Province),
China; collected by Clifford H. Pope; 1921.

Additional material examined. + ASIZB 240436-44, 9 specimens, 50.8-
73.0 mm SL; Changsha City, Hunan Province, from the confluence of the Jinjiang-
he River and the Xiangjiang River (28.13403751°N, 112.95238278°E, 29 m a.s.l.);
collected by Mr. Tao Jiang, 22 October 2022 - ASIZB 240430-2, 3 specimens,
58.9-69.4 mm SL; Ximaowu Village, Yisuhe Township, Xiangtan County, Xiangtan
City, Hunan Province, from the Juanshui River (27.73808121°N, 112.88006622°E,
36 m a.s.l.); collected by Mr. Tao Jiang; 7 December 2022 « ASIZB 240386-92,
7 specimens, 70.9-84.7 mm SL; Longxia Village, Hukou Township, Chaling
County, Zhuzhou City, Hunan Province, from the Mishui River (26.56112501°N,
113.60761060°E, 144 m a.s.l.); collected by Zhixian Sun; 1 October 2020 + ASIZB
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Figure 1. Microphysogobio tungtingensis, holotype, AMNH 8447, 51.4 mm SL A lateral view B dorsal view C ventral view;
photographed by Dr. Thomas Vigliotta.

240395-404, 10 specimens, 54.6—74.5 mm SL; Yuelu District, Changsha City,
Hunan Province, from the Jinjianghe River (28.12234231°N, 112.90897867°E, 29
m a.s.L.); collected by Mr. Tao Jiang; 8—17 June 2023 - ASIZB 240445-9, 5 spec-
imens, 43.1-59.4 mm SL; Yuelu District, Changsha City, Hunan Province, from
the Jinjianghe River (28.12234231°N, 112.90897867°E, 29 m a.s.l.); collected by
Mr. Tao Jiang; 25 November 2023 - IHB 587820, 1 specimen, 65.9 mm SL; Guilin
City, Guangxi Zhuang Autonomous Region, from the Lijiang River; July 1958 -
IHB 587249, 587254, 587876, 3 specimens, 74.3—79.0 mm SL; Liujiang District,
Liuzhou City, Guangxi Zhuang Autonomous Region, from the Liujiang River; July
1958 « IHB 587915, 1 specimen, 64.2 mm SL; Ningming County, Chongzuo City,
Guangxi Zhuang Autonomous Region, from the Mingjiang River « ASIZB 240340-
5,240461-77, 23 specimens, 61.3-75.3 mm SL; Shangtai Village, Yongfu Town-
ship, Yongfu County, Guilin City, Guangxi Zhuang Autonomous Region, from the
Xihe River (25.01610083°N, 109.98018869°E, 140 m a.s.l.); collected by Zhixian
Sun, Chen Tian and Dong Sheng; 2 January 2024 - ASIZB 185300-5, 6 spec-
imens, 59.4-81.4 mm SL; Jiangzhou District, Chongzuo City, Guangxi Zhuang
Autonomous Region, from the Zuojiang River; 14 March 2003 « ASIZB 185204-5,
2 specimens, 59.4-61.3 mm SL; Sanjiang Dong Autonomous County, Liuzhou
City, Guangxi Zhuang Autonomous Region, from the Liujiang River; 8 March 2003
*+ ASIZB 240393-4, 2 specimens, 72.9-74.9 mm SL; Yangshuo County, Guilin
City, Guangxi Zhuang Autonomous Region, from the Lijiang River; collected by
Zhixian Sun; 8 July 2019 - ASIZB 240427-8, 2 specimens, 54.6-67.9 mm SL;
Pingle County, Guilin City, Guangxi Zhuang Autonomous Region, from the Lijiang
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Figure 2. Lateral (A), dorsal (B), and ventral (C) views of Microphysogobio tungtingensis, ASIZB 240560, 81.8 mm SL,
from the Jinjianghe River, a tributary of the Xiangjiang River, in Yuelu District, Changsha City, Hunan Province; Lateral (D),
dorsal (E), and ventral (F) views of M. elongatus (= M. tungtingensis), ASIZB 240426, 72.3 mm SL, from the Lijiang River,
the Pearl River Basin, in Pingle County, Guilin City, Guangxi Autonomous Region.

River; collected by Zhixian Sun; 16 January 2020 < ASIZB 240426, 1 specimen,
72.3 mm SL; Pingle County, Guilin City, Guangxi Zhuang Autonomous Region,
from the Lijiang River; collected by Zhixian Sun; 10 January 2021.

Diagnosis. Posterior chamber of air-bladder small, elongated oval shaped,
length 9.2%-11.8% of head length, and 30.4%—-34.9% of eye diameter; upper
jaw cutting-edge narrow, width less than half mouth width; lateral-line scales
36-39 (mode and mean 37); circumpeduncular scales 12; branched anal-fin
rays 6; midventral region of body scaleless only before pectoral-fin base end.

Redescription. Body elongated, thoracic region flattened, abdomen rounded,
caudal peduncle short, compressed laterally. Dorsal body profile rising from nos-
trils to dorsal-fin origin, dropping along dorsal-fin base, then gradually sloping to
caudal-fin base. Maximum body depth at dorsal-fin origin, body depth 14.7%—
20.1% of standard length. Head elongated, length larger than body depth; snout
blunt, with concavity on top of snout before nostrils; eye diameter 29.3%-38.9%
of head length, located at dorsal half of head; interorbital region flattened, width
smaller than eye diameter (28.6%—50.5% of eye diameter). Anus positioned at
anterior one-third of distance from pelvic-fin insertion to anal-fin origin.

Mouth horseshoe-shaped and inferior, with one pair of maxillary barbels rooted
at extremity of upper lip, barbel length shorter than eye diameter (35.2%-71.7%
of eye diameter); upper and lower jaws with thin horny sheaths on cutting mar-
gins, upper jaw cutting edge width smaller than half mouth width (17.8%—-43.2% of
mouth width). Lips thick, well developed, with pearl-like papillag; central portion of
anterior papillae arranged in one row with 2—4 well developed papillae, size slight-
ly larger than other lateral side papillae; lateral portions of anterior papillae in sev-
eral rows; medial pad on lower lip heart-shaped, or bisected into two oval-shape
pads, rarely grooved on surface; lateral lobes on lower lip covered with multiple de-
veloped papillae, posteriorly disconnected from each other behind medial pad and
laterally connected with upper lip anterior papillae at mouth corner (Fig. 3A, B).
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Table 2. Morphometric measurements of Microphysogobio tungtingensis and M. elongatus. Numbers in the brackets
indicate number of specimens.

Microphysogobio tungtingensis (n = 35) Microphysogobio elongatus (n = 41)
Characters Holotype Holotype + other specimens Syntypes (n = 5) Syntypes + other specimens

Range Mean SD Range Mean Range Mean SD
Branched dorsal-fin rays 7 7 7 7 7 7 7
Branched anal-fin rays 6 6 6 6 6 6 6
Branched pectoral-fin rays 13 11-13 12 11-12 12 11-12 12
Branched pelvic-fin rays 7 7 7 7 7 7 7
Lateral line scales 39 36-39 37 37-38 37 36-38 37
Scales above lateral line 3.5 3.5 3.5 3.5 3.5 3.5 3.5
Scales below lateral line 2 1.5-2 2 1.5-2 2 1-2 2
Pre-dorsal scales 9 8-10 9 9-10 10 8-11 10
Circumpeduncular scales 12 12 12 12 12 12 12
Standard Length (mm) 51.3 43.1-84.7 64.2-79.0 721 54.6-81.4
As percentage of SL
Body depth 15.7 14.7-20.1 17.3 1.5 15.5-17.4 16.3 15.5-19.3 171 0.9
Head length 222 21.4-26.1 23.6 1.1 22.2-24.5 23.1 21.5-25.3 23.5 0.9
Dorsal-fin length 229 20.3-24.3 23.0 1.0 20.7-23.3 22.3 20.7-25.7 23.6 1
Dorsal-fin base length 14.8 11.6-14.8 133 0.7 12.5-13.4 13 12.0-14.1 13.1 0.5
Pectoral-fin length 21.2 19.0-23.7 21.2 1.2 20.4-23.6 22 19.4-25.0 22.4 1.3
Pectoral-fin base length 4.6 4.6-6.3 55 0.4 5.1-5.7 54 4.2-6.2 53 0.5
Pelvic-fin length 16.8 14.1-19.5 16.6 1.0 15.9-17.3 16.7 15.9-19.7 17.5 0.9
Pelvic-fin base length 3.5 3.3-4.9 4.1 0.4 3.4-40 3.7 3.3-47 4 0.4
Anal-fin length 15.0 12.7-17.7 15.0 1.1 13.5-16.0 14.5 13.5-18.1 15.7 1.1
Anal-fin base length 7.6 3.6-8.6 7.0 0.8 57-7.3 6.5 5.7-8.9 7 0.7
Pre-dorsal length 42.5 41.0-46.2 43.8 1.3 42.2-43.5 42.8 40.3-45.6 43.4 1.1
Pre-pectoral length 23.7 22.5-26.4 24.8 0.9 24.0-25.5 24.4 22.9-26.4 24.7 1
Pre-pelvic length 47.0 47.0-51.9 48.3 1.2 47.1-49.3 48.3 46.4-51.4 48.8 1.2
Pre-anal length 76.5 74.6-81.2 77.8 1.5 74.2-80.1 77.4 74.2-80.2 77.5 1.4
Caudal peduncle length 17.1 13.2-18.2 15.5 1.1 14.8-17.0 15.5 14.3-18.1 16 0.9
Caudal peduncle depth 7.7 7.4-9.4 8.3 0.4 7.8-8.4 8.1 7.6-9.3 8.4 0.4
Head Length (mm) 1.4 9.9-19.4 16.7 15.0-18.2 12.2-18.9
As percentage of HL
Head depth 57.9 46.9-60.7 54.9 3.3 53.7-56.9 55.2 48.8-59.1 54.6 2.3
Head width 65.8 49.5-65.8 59.9 3.2 52.7-58.8 55.5 52.7-62.9 58.3 2.4
Eye diameter 30.9 29.3-37.3 332 1.6 32.2-35.1 337 30.7-38.9 34.9 2.2
Interorbital width 20.8 13.4-25.2 19.3 29 18.5-23.2 21 16.6-23.2 19.8 1.7
Snout length 38.6 33.4-45.8 389 2.9 34.3-40.2 37.3 30.4-40.2 36 2
Anterior papillae length 28.4 22.3-32.0 27.3(31) 2.6 26.4-36.9 31 25.2-36.9 28.6 2.6
Anterior papillae width 22.7 17.4-36.3 26.9(31) 4.5 22.2-28.9 24.6 14.3-28.9 21.5 3.6
Central anterior papillae width 57 5.1-8.5 6.7(31) | 09 5.3-7.3 6.4 4.5-9.2 6.9 1.3
Upper jaw cutting edge width 7.8 4.7-9.1 6.7(31) | 1.3 6.2-7.1 6.6 (3) 4.4-7.7 59(37) 0.8
Medial pad width 10.2 7.5-12.1 10.0(31)| 1.0 8.8-13.1 11.6 7.0-13.4 10.8 1.2
Mouth depth 15.1 14.7-22.7 17.9(31) | 2.0 17.7-21.2 19.1 15.2-21.2 18 1.3
Mouth width 18.0 18.0-28.6 22.4(31) 2.7 18.8-24.2 20.9 16.9-27.2 21.2 2.5
Barbel length 20.6 12.0-23.2 16.5(31) | 2.9 15.3-24.8 18.3 14.7-24.8 17.7 2.2

Body covered with moderately small cycloid scales. Lateral line complete,
almost straight in lateral center, slightly bent down under dorsal origin. Lateral
line scales 36 (20 specimens), 37 (37), 38 (17), 39 (2); scales above lateral line
3.5 (76); scales below lateral line 1 (1), 1.5 (25), 2 (50); pre-dorsal scales 8 (7),
9 (33), 10 (35), 11 (1); circumpeduncular scales 12 (76). Midventral region of
body scaleless only before pectoral-fin base end.

Dorsal fin with three unbranched and seven (76 specimens) branched rays;
distal margin slightly concave, origin nearer to snout than caudal-fin base. Pec-
toral fin with one unbranched and 11 (12), 12 (50), 13 (14) branched rays; tip of
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2 (s £
Figure 3. Lip papillae patterns of Microphysogobio species: A M. tungtingensis, ASIZB 240560 B M. elongatus (= M. tungtingen-
sis), ASIZB 240426 C M. punctatus sp. nov., holotype, ASIZB 240329 D M. punctatus sp. nov., ASIZB 240300 E M. microstomus,
SHOU 20231209017 F M. zhangi, holotype, ASIZB 204677 G M. vietnamica, ASIZB 240571 H M. bicolor, ASZIB 220638.

adpressed not reaching anterior margin of pelvic-fin base. Pelvic fin with one
unbranched and seven (76) branched rays, inserted below 2" or 3 branched
dorsal-fin ray; tip of adpressed reaching midway to anal-fin origin. Anal fin with
three unbranched and six (76) branched rays; origin nearer to caudal-fin base
than to pelvic-fin insertion. Caudal fin deeply forked, with nine branched rays on
upper lobes and eight branched rays on lower lobes, lobes pointed.

Total vertebrae 4+34 (holotype). Gill rakers rudimentary. Pharyngeal teeth “5-
5” (in one row). Air-bladder small, anterior chamber enveloped in thick fibrous
capsule; posterior chamber small, elongated oval shaped, length less than half
eye diameter (length 30.4%-34.9% of eye diameter), 9.2%-11.8% of head length.

Coloration in life. Dorsal side of head and body yellowish grey, mid-lateral
side shallow yellowish grey, and ventral side grayish white. Dorsal side of body
with four distinct black crossbars (1¢t and 2" at dorsal-fin base origin and end-
ing respectively, 3" at vertical position above anal-fin base origin, 4" on caudal
peduncle respectively). Lateral side with seven or eight small black blotches;
margin of scales above lateral line slightly black pigmented, lateral-line scales
without obvious black spots, margin of first row below lateral line slightly black
pigmented. One fluorescent green strip extend above lateral line. Interorbital re-
gion without black crossbar. Operculum and suborbital region with two distinct
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black blotches (one between anterior margin of eye and upper lip, the other
expanded from posterior orbit to opercular) and one small black blotch exist
between 2" and 3™ suborbital plate. One black blotch above pectoral-fin base.
Fins translucent, with small black pigments on some fin rays; dorsal-fin rays
with some black spots; pectoral fin, pelvic fin with tiny black spots and lines;
anal fin without spots; caudal-fin rays with two rows of black spots.

Coloration in preservation. Dorsal side of head and body brownish yellow,
mid-lateral side shallow brownish yellow, and ventral side grayish white. Dorsal
side of body with four distinct black crossbars in same position as live individual.
Lateral side with seven or eight small dark grey blotches; margin of scales above
lateral line slightly black pigmented, lateral-line scales without obvious black
spots, margin of first row below lateral line slightly black pigmented. The fluores-
cent green strip faded. Interorbital region without black crossbar. Operculum and
suborbital region with two distinct black blotches in same position as live indi-
vidual, and one small black blotch exist between 2™ and 3 suborbital plate. One
black blotch above pectoral-fin base. Fins pale, with small black pigments on
some fin rays; dorsal-fin rays with some black spots; pectoral fin, pelvic fin with
tiny black spots and lines; anal fin without spots; caudal-fin rays with two rows
of black spots. The black pigments on fin rays faded after long-time preserve.

Sexual dimorphism. No significant sexual dimorphism observed.

Distribution. Microphysogobio tungtingensis is distributed in the Xiangjiang
River system and the Lake Dongting of the middle Yangtze River basin. It is also
found distributed in the Xijiang River system, which belongs to the Pearl River
basin (Fig. 4).
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Figure 4. The distribution of the Microphysogobio punctatus sp. nov., M. tungtingensis and M. bicolor. “T" in circles indi-
cates the type locality of each species.
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Habitat and biology. Microphysogobio tungtingensis inhabits the slow flow-
ing water of rivers. It usually appears in areas with sandy bottoms with gravel
and pebbles like other congeners. It can also be found in the water body with
muddy bottom.

Etymology. The name, tungtingensis, refers to its type locality, Lake Dong-
ting. Chinese common name for this species is “J i /)N fifi] "

Microphysogobio punctatus sp. nov.
https://zoobank.org/F4C9B518-70FC-4A3B-928C-A305F9511A78
Figs 5, 6; Table 3

Microphysogobio kiatingensis: Wen (2006): 226.
Microphysogobio tungtingensis: Xiao and Lan (2023): 156.

Type material. Holotype. « ASIZB 240329, 75.4 mm SL; Lingchuan County, Guilin
City, Guangxi Zhuang Autonomous Region, from the Huangshahe River, a tribu-
tary of the Lijiang River (25.3202379°N, 110.42292216°E, 166 m a.s.l.); collect-
ed by Zhixian Sun, Chen Tian, and Weihan Shao, 31 December 2023. Paratypes.
+ ASIZB 240330-5 (6 specimens), 240450-60 (11 specimens), 53.4-78.9 mm
SL; IHB-T-A0000009, 1 specimen, 73.7 mm SL; SHOU 20231231061, 1 speci-
men, 73.8 mm SL; same collection information as holotype.

Additional material examined. - ASIZB 240528-38, 11 specimens, 56.0—
75.2 mm SL; Guanyang County, Guilin City, Guangxi Zhuang Autonomous
Region, from the Guanjiang River, a tributary of the Xiangjiang River; col-
lected by Zhixian Sun; 5 December 2020 + ASIZB 240505-10, 6 specimens,
53.9-73.1 mm SL; Guanyang County, Guilin City, Guangxi Zhuang Autono-
mous Region, from the Guanjiang River, a tributary of the Xiangjiang River;
collected by Zhixian Sun; 20 January 2021 - ASIZB 240511-27, 17 speci-
mens, 47.4-78.2 mm SL; Guanyang County, Guilin City, Guangxi Zhuang
Autonomous Region, from the Guanjiang River, a tributary of the Xiangjiang
River; collected by Zhixian Sun; 31 December 2021 + ASIZB 240539-42, 4
specimens, 58.1-70.7 mm SL; Yongfu County, Guilin City, Guangxi Zhuang
Autonomous Region, from the Luogingjiang River; collected by Junhao Huang
and Zhuocheng Zhou; 27 November 2020 « ASIZB 240300-14, 240423-8, 21
specimens, 65.0-76.0 mm SL; IHB-YF-2024010201-3, 3 specimens, 71.3-
76.9 mm SL; SOU 20240102121-3, 3 specimens, 69.2-74.0 mm SL; Shebian
Village, Longjiang Township, Yongfu County, Guilin City, Guangxi Zhuang Au-
tonomous Region, from the Xihe River, a tributary of the Luogingjiang River
(25.22972694°N, 109.83651085°E, 205 m a.s.l.); collected by Zhixian Sun,
Chen Tian and Dong Sheng; 2 January 2024.

Diagnosis. This new species can be distinguished from its congeners by a
combination of the following characteristics: Posterior chamber of air-blad-
der small, globular or oval shaped, length 15.8%—-26.4% of head length, and
58.6%-82.8% of eye diameter; upper jaw cutting-edge narrow, width less than
half mouth width; caudal peduncle slender, depth 34.6%-48.5% of length;
lateral-line scales 37-40 (mode 38, mean 39); circumpeduncular scales 12;
branched anal-fin rays 6; midventral region of body scaleless only before pecto-
ral-fin base end; all fins with numerous small black spots.
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Figure 5. Microphysogobio punctatus sp. nov., holotype, ASIZB 240329, 75.4 mm SL A lateral view B dorsal view C ventral
view; photos were taken after fixed by formalin.

Description. Body elongated, thoracic region flattened, abdomen rounded, cau-
dal peduncle slender, compressed laterally. Dorsal body profile rising from nostrils
to dorsal-fin origin, dropping along dorsal-fin base, then gradually sloping to cau-
dal-fin base. Maximum body depth at dorsal-fin origin, body depth 14.6%—19.5% of
standard length. Head elongated, length larger than body depth; snout blunt, with
moderate concavity on top of snout before nostrils; eye diameter 30.7%—-38.5% of
head length, positioned at dorsal half of head; interorbital region flattened, width
smaller than eye diameter (39.2%-67.9% of eye diameter). Anus positioned at
anterior one-third of distance from pelvic-fin insertion to anal-fin origin.

Mouth horseshoe-shaped and inferior, with one pair of maxillary barbels
rooted at extremity of upper lip, barbel length shorter than eye diameter
(26.4%-79.3% of eye diameter, 54.4% in average); upper and lower jaws with
thin horny sheaths on cutting margins, upper jaw cutting edge width smaller
than half mouth width (22.0%-46.8% of mouth width, 35.2% in average). Lips
thick, well developed, with pearl-like papillag; central portion of anterior papillae
arranged in one row, usually consists 2—6 papillae, tightly contact with each
other (occasionally separated, Fig. 3C), size slightly larger than other lateral
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Figure 6. A Freshly caught Microphysogobio punctatus sp. nov. from its type locality, uncatalogued B live individual from
Luzhai County, Liuzhou City, Guangxi Autonomous Region in Luogingjiang River, collected and photographed by Dr. Fan
Li C original drawing by Zhi-Xian Sun based on individual collected from Yongfu County, Guilin City, Guangxi Autonomous
Region in Xihe River.

side papillae; lateral portions of anterior papillae in several rows; medial pad on
lower lip heart-shaped, shallow grooved on surface; lateral lobes on lower lip
covered with multiple developed papillae, posteriorly disconnected from each
other behind medial pad and laterally connected with upper lip anterior papillae
at mouth corner (Fig. 3C, D).
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Table 3. Morphometric measurements of Microphysogobio punctatus sp. nov. and M. bicolor.

Characters

Branched dorsal-fin rays
Branched anal-fin rays
Branched pectoral-fin rays
Branched pelvic-fin rays
Lateral line scales
Scales above lateral line
Scales below lateral line
Pre-dorsal scales
Circumpeduncular scales
Standard Length (mm)
As percentage of SL
Body depth

Head length

Dorsal-fin length
Dorsal-fin base length
Pectoral-fin length
Pectoral-fin base length
Pelvic-fin length
Pelvic-fin base length
Anal-fin length

Anal-fin base length
Pre-dorsal length
Pre-pectoral length
Pre-pelvic length
Pre-anal length

Caudal peduncle length
Caudal peduncle depth
Head Length (mm)

As percentage of HL
Head depth

Head width

Eye diameter
Interorbital width

Snout length

Anterior papillae length
Anterior papillae width

Central anterior papillae width

Upper jaw cutting edge width

Medial pad width
Mouth depth
Mouth width
Barbel length

ZooKeys 1214:161-186 (2024), DOI: 10.3897/z0okeys.1214.127061

Microphysogobio punctatus sp. nov. (n = 85)

Holotype

7

12
7
37
3.5
2
10
12
75.4

16.4
221
233
121
219
5.2
17.9
4.1
16.4
6.6
42.6
232
45.7
73.9
18.5
7.5
16.7

59.9
59.9
31.8
23.8
35.6
28.8
28.3
9.8
1.4
135
18.9
24.4
15.4

Holotype + Paratypes + Other Specimens

Range
7
6
11-13
7
37-40
3.5-4
2
9-11
12
47.4-78.9

14.6-19.5
20.7-25.4
21.9-28.2
11.5-15.5
21.0-28.3
4.4-6.4
16.2-20.8
3.4-4.9
14.3-20.3
6.1-8.9
40.4-46.3
21.9-26.8
44.0-51.2
71.5-78.1
16.2-21.0
6.4-9.0
10.6-19.2

52.2-62.4
50.9-63.7
30.7-38.5
19.4-30.9
31.7-43.2
26.5-38.2
17.6-36.1
4.3-11.0
57-11.8
9.6-19.4
15.1-23.4
17.9-30.1
8.9-25.6

Mean
7
6
12
7
39
3.5
2
10
12

171
231
24.4
13.4
23.6
5.4
18.6
4.0
17.0
7.3
43.2
241
47.5
74.7
18.4
7.6

56.5
57.5
33.6
24.6
37.6
32.3
27.2
6.7
8.7
12.9
19.9
24.7
18.2

SD

1.0
0.9
1.4
0.8
1.5
0.4
0.9
0.3
1.0
0.5
1.1
0.8
1.3
1.5
0.9
0.5

2.1
2.6
1.7
2.2
2.5
2.8
4.1
1.4
1.5
15
1.6
2.6
4.1

Holotype

58.7

19.0
22.1
22.9
12.8
22.5
53
18.0
3.4
14.4
53
44.4
23.6
46.5
77.3
17.5
9.4
13.0

65.2
66.0
31.5
21.8
324
25.4
22.5
4.9
6.1
10.1
16.4
18.3
11.3

Microphysogobio bicolor (n = 26)
Holotype + Other Specimens

Range
7
5
11-12

36-38

9-10
12
39.1-84.5

15.7-24.3
22.1-26.1
20.6-24.7
11.7-14.8
18.7-23.1
48-6.4
14.3-18.1
3.4-57
12.8-16.2
5.3-7.6
41.2-46.1
23.6-29.7
46.5-58.4
75.5-90.0
15.8-19.3
7.9-9.9
9.1-22.0

50.4-65.2
55.9-66.0
26.0-33.9
21.0-34.5
32.4-43.4
25.4-38.1
21.8-39.9
4.4-11.0
6.1-11.7
9.7-14.1
15.4-23.8
18.3-33.1
11.3-22.7

Mean
7
5
12
7
37
3.5
2
10
12

19.0
23.8
22.6
13.5
21.0
5.5
16.4
4.4
14.6
6.8
43.8
26.4
521
81.0
17.3
8.6

55.9
61.0
30.2
27.8
38.0
30.8
29.8
6.2
8.3
11.7
18.9
24.6
17.5

SD

22
0.8
1.1
0.7
1.3
0.4
1.0
0.5
0.7
0.5
1.2
1.5
3.3
3.3
1.0
0.6

3.5
27
1.9
4.2
2.5
3.0
4.6
1.5
1.5
1.2
22
3.3
3.2

Body covered with moderately small cycloid scales. Lateral line complete,
almost straight in lateral center, slightly bent down under dorsal origin. Lateral
line scales 37 (6 specimens), 38 (38), 39 (29), 40 (12); scales above lateral line
3.5(72),4 (13); scales below lateral line 2 (85); pre-dorsal scales 9 (23), 10 (60),
11 (2); circumpeduncular scales 12 (85). Midventral region of body scaleless
only before pectoral-fin base end.
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Dorsal fin with three unbranched and seven (76 specimens) branched rays;
distal margin slightly concave, origin nearer to snout than caudal-fin base. Pec-
toral fin with one unbranched and 11 (2), 12 (57), 13 (26) branched rays; tip of
adpressed almost reaching or slightly extending anterior margin of pelvic-fin
base. Pelvic fin with one unbranched and seven (85) branched rays, inserted
below 2" or 3 branched dorsal-fin ray; tip of adpressed reaching or extending
midway to anal-fin origin. Anal fin with three unbranched and six (85) branched
rays; origin almost equal-distant from caudal-fin base to pelvic-fin insertion.
Caudal fin deeply forked, with nine branched rays on upper lobes and eight
branched rays on lower lobes, lobes pointed.

Gill rakers rudimentary. Pharyngeal teeth “5-5" (in one row). Air-bladder
small, anterior chamber enveloped in thick fibrous capsule; posterior chamber
small, globular or oval shaped, length less than eye diameter (58.6%—82.8%,
mean 68.2%), 14.6%-26.4% (mean 22.8%) of head length.

Coloration in life. Dorsal side of head and body brownish grey, mid-lateral
side shallow brownish grey, and ventral side grayish white. Dorsal side of body
with five distinct black crossbars (1%t on back of nape, 2" and 3™ at dorsal-fin
base origin and ending respectively, 4" at vertical position above anal-fin base
origin, 5" on caudal peduncle respectively). Lateral side with 8—10 different
sized black blotches, some blotches sometime connect with the 39, 4", and 5%
crossbar on the lateral side of body; scales above lateral line black pigmented,
lateral-line scales with obvious black spots, margin of first row below lateral line
black pigmented, and 2™ row below lateral line slightly black pigmented. Inter-
orbital region with a black crossbar. Operculum and suborbital region with two
distinct black blotches (one between anterior margin of eye and upper lip, the
other expanded from posterior orbit to opercular) and one small black blotch
exist between 2" and 3 suborbital plate. One black blotch above pectoral-fin
base. Fins membrane translucent, with numerous black pigments on some fin
rays; dorsal-fin rays glittery green, with many black spots and dash lines; pec-
toral fin rays and pelvic fin rays glittery green, with many black spots and dash
lines; anal fin rays with some black spots; caudal-fin rays with numerous black
spots (Fig. 6A, B).

Coloration in preservation. Dorsal side of head and body brownish yel-
low, mid-lateral side shallow brownish yellow, and ventral side grayish white.
Dorsal side of body with five distinct black crossbars in same position as
live individual. Lateral side with 8—10 differently sized dark grey blotches;
scales above lateral line black pigmented, lateral-line scales without obvious
black spots, margin of first row below lateral line slightly black pigmented.
Interorbital region with a black crossbar. Operculum and suborbital region
with two distinct black blotches in same position as live individual, and
one small black blotch exist between 2" and 3 suborbital plate. One black
blotch above pectoral-fin base. Fins membrane pale, with numerous black
pigments on some fin rays in same position as live individual, glittery green
on fin rays faded.

Sexual dimorphism. No significant sexual dimorphism observed.

Distribution. According to the field collections, this species is distributed in
the Guijiang and Liujiang rivers, two northern tributaries of the Xijiang River
system, which belongs to the Pearl River basin. It is also found in the upper
Xiangjiang River, which drains into the middle Yangtze River basin (Fig. 4).
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Habitat and biology. Microphysogobio punctatus sp. nov. inhabits the slow
flowing water of rivers approximately 30—40 meters wide. It usually appears in
areas with sandy bottoms with gravel and pebbles. Co-exiting species includes
e.g., Opsariichthys bidens, Acheilognathus tonkinensis, Squalidus argentatus,
Sarcocheilichthys sp. Microphysogobio zhangi, and Cobitis spp.

Etymology. The new species name punctatus is derived from the Latin punc-
tum, meaning spot. The name refers to the numerous black spots on its scales
and fin rays. Suggested Chinese name for this species is “Bf & /N i),

Discussion
Microphysogobio elongatus, a junior synonym of M. tungtingensis

Microphysogobio elongatus was originally described as a slender (body depth
less than 16.7% of SL) species with six branched anal-fin rays and distribution
in the Xijiang River, the tributary of the Pearl River basin (Luo et al. 1977). In its
original description, it can be distinguished from “M. tungtingensis” (based on
three non-types) only by their branched anal-fin rays (six rays in M. elongatus
vs five rays in “M. tungtingensis”) and their distribution. According to the sub-
sequent studies which followed Luo et al. (1977), the key character between
M. tungtingensis and M. elongatus is still basically on branched anal-fin ray
count. However, after carefully checking the original descriptions of M. tung-
tingensis along with the other Microphysogobio species described by Nichols
himself (Nichols 19264, 1926b, 1930) and examining the X-ray photos of those
types, we confirmed that the branched anal-fin rays of M. tungtingensis should
be six. Thus, it is not easy to distinguish M. tungtingensis and M. elongatus in
this situation but only by their distribution (former in the Lake Dongting system
in the middle Yangtze River basin vs latter in the Xijiang River system of the
Pearl River basin), causing the validity of the latter suspicious.

In order to understand the potential morphological differences between
these two species, 76 specimens, including the types of both species, from
a wide geographical range, were examined (Figs 1, 7). The result shows that
there is no significant difference in both counts and measurable traits (Table 2).
The PCA on those morphometric measurements were performed to make com-
parisons in detail. The first three component contributed 82.3% of the variance.
Principle component 1 (PC 1) represents most on the body size of the speci-
mens, while PC 2 and PC 3 reflected their morphology. The PCA loadings are
presented in Table 4, showing that the lip papillae system pattern contributes
most in PC 2 and PC 3. However, both PC1 against PC2 and PC2 against PC3
are not able to separate these two species (Fig. 8).

Molecular phylogenetic analyses were also conducted. The intraspecific dis-
tance of M. tungtingensis and M. elongatus was 0.16% and 0.04% respectively,
while the interspecific distance between them is 0.13%. This value is approx-
imate to the intraspecific distance of M. tungtingensis, making it hard to tell
they are different. Besides, the interspecific distance is far less than any oth-
er showed in the genus Microphysogobio. The phylogenetic trees (Fig. 9) also
demonstrate undetectable length of the branches.

Although distributed in different river basins, such distribution might be inter-
preted by two previously suggested hypotheses. One is that the Lingqu Canal, an
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Figure 7. Microphysogobio elongatus (= M. tungtingensis), syntype, IHB 58-7-876, 77.2 mm SL A lateral view B dorsal
view, and C ventral view.

ancient artificial canal connected in 214 B.C. during Qin Dynasty which connect-
ing the Xiangjiang River with the Lijiang River, might cause the trans-basin gene
flow between the Yangtze River basin and the Pearl River basin, which was discov-
ered for M. zhangi (Huang et al. 2017). This interpretation was supported by the
shared haplotype (Table 1) from both river basins. The second hypothesis is the
episodic river capture events between the interwoven watersheds of the Nanling
Mountains’ complex landform, e.g., the Lijiang River capture (Ru 2011), causing
the cross-basin distribution, which was found in Sarcocheilichthys parvus (Li et al.
2023). Given the low intraspecific and interspecific distances (Table 5) within the
phylogenetic linage M. tungtingensis located (M. tungtingensis + M. elongatus +
M. fukiensis + M. kiatingensis) and their broad geographical distribution (from the
upper Yangtze River basin to the southeast coastal river systems), we drew the
conclusion that the species within this linage performed a relatively conserved
mutation in molecular. Hence, according to the trees shown in Fig. 9, it is also
likely that the cross-basin distribution was caused by the very recent river capture
event which was not long enough ago to accumulate a certain mutation to be de-
tected by the current mitochondrial gene data, especially in this conserved linage.

Based on the morphological comparisons, molecular phylogenetic analyses,
and its distribution, we suggest M. elongatus to be a junior synonym of M. tung-
tingensis. On the basis of the revision of M. tungtingensis, we are now able to
distinguish the new species, with an overlapping distribution, discussed below.
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Table 4. Loadings on the first three principal components extracted from morphometric
data of Microphysogobio tungtingensis and M. elongatus.

Morphometric measurements PC1 PC 2 PC3
Standard length 0.171 -0.073 0.058
Body depth 0.212 -0.108 0.213
Head length 0.181 -0.015 0.039
Head depth 0.187 -0.039 0.112
Head width 0.192 -0.017 0.135
Dorsal-fin length 0.161 -0.135 -0.009
Dorsal-fin base length 0.184 -0.106 0.119
Pectoral-fin length 0.174 -0.135 -0.043
Pectoral-fin base length 0.190 -0.073 0.112
Pelvic-fin length 0.165 -0.168 -0.048
Pelvic-fin base length 0.189 -0.114 0.210
Anal-fin length 0.168 -0.155 -0.038
Anal-fin base length 0.149 -0.122 0.033
Caudal peduncle length 0.170 -0.145 0.082
Caudal peduncle depth 0.195 -0.137 0.085
Eye diameter 0.169 -0.053 -0.034
Interorbital width 0.185 -0.086 0.012
Snout length 0.202 0.115 0.180
Pre-dorsal length 0.180 -0.040 0.052
Pre-pectoral length 0.175 -0.018 0.044
Pre-pelvic length 0.177 -0.058 0.088
Pre-anal length 0.171 -0.071 0.032
Anterior papillae length 0.229 0.115 -0.171
Anterior papillae width 0.161 0.699 0.343
Central anterior papillae width 0.155 0.105 -0.414
Upper jaw cutting edge width 0.117 0.342 -0.181
Medial pad width 0.224 0.087 -0.322
Mouth depth 0.237 0.160 -0.112
Mouth width 0.175 0.332 -0.017
Barbel length 0.187 -0.022 -0.559

Table 5. Genetic distances of the Cyt b gene computed by MEGA 6.0 amongst 14 analyzed species of Microphysogobiol;
Pseudogobio guilinensis was used as the outgroup.

Intraspecific 1 2 3 4 5 6 7 8 9 10 1 12 13 14

1 | Microphysogobio 0.0324
punctatus sp. nov.

2 | M. bicolor 0.0123 0.0665

3 | M. oujiangensis NA 0.1335/0.1314

4 | M. brevirostris NA 0.1291 0.1328 | 0.0496

5 | M. xianyouensis NA 0.1392 0.1377 0.0905 0.0834

6 | M. alticorpus NA 0.1345/ 0.1407 | 0.1555 | 0.1604  0.1464

7 | M.zhangi 0.0263 0.1303 0.1365 0.1331 0.1218|0.1283 | 0.1386

8 | M. kiatingensis NA 0.1290  0.1353 | 0.1250 | 0.1230 0.1106 | 0.1476 0.1083

9 | M. elongatus 0.0004 0.1206 | 0.1299 | 0.1061 | 0.1116 0.1102 | 0.1381 0.1080 | 0.0336

10 | M. tungtingensis 0.0016 0.1203|0.1290 | 0.1062 0.1128  0.1113  0.1388 0.1082 0.0346 0.0013

11 | M. fukiensis 0.0037 0.1234/0.1291 0.1106 | 0.11510.1113 | 0.1367 | 0.1068 0.0364 0.0150 0.0155

12 | M. kachekensis NA 0.0980 | 0.1011  0.1298 | 0.1255 0.1298 | 0.1392 0.1316 0.1373 | 0.1289 0.1289  0.1299

13 | M. luhensis NA 0.0947 | 0.1026 0.1330 | 0.1254 0.1341  0.1360 0.1314 0.1408 0.1279 0.1279 0.1306| 0.0205

14 | M. yunnanensis NA 0.0961 0.1023  0.1274 0.1232 0.1318|0.1339  0.1315  0.1396 | 0.1289 0.1289 0.1288 0.0115 0.0196

15 | P, guilinensis NA 0.1678 | 0.1665 0.1686 0.1629 0.1658 0.1859 0.1634 0.1548 0.1482 0.1489 0.1528| 0.1570 0.1594| 0.1593
(outgroup)
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Figure 8. Scatterplot of the PC1 against PC2 (A) and PC2 against PC3 (B) extracted from
30 morphometric data of Microphysogobio tungtingensis and M. elongatus. Letter “T"
marked inside the dots indicate the type specimens.

Morphological comparison of the new species

Among the 30 known Microphysogobio species, M. punctatus sp. nov. can be
distinguished from M. brevirostris (Giinther, 1868), M. chinssuensis (Nichols,
1926), M. yaluensis (Mori, 1928), M. hsinglungshanensis Mori, 1934, M. ko-
reensis Mori, 1935, M. longidorsalis Mori, 1935, M. amurensis (Taranetz, 1937),
M. alticorpus Banarescu & Nalbant, 1968, M. anudarini Holcik & Pivnicka, 1969,
M. liaohensis (Qin, 1987), M. rapidus Chae & Yang, 1999, M. jeoni Kim & Yang,
1999, M. wulonghensis Xing, Zhao, Tang & Zhang, 2011, M. nudiventris Jiang,
Gao & Zhang, 2012, M. xianyouensis Huang, Chen & Shao, 2016, and M. oujian-
gensis Sun & Zhao, 2022 by having a narrower upper jaw cutting edge (width
22.0%-46.8% of mouth width vs larger than half of mouth width).

For the remaining 14 congeners, the new species can be distinguished from
M. linghensis Xie, 1986 and M. microstomus Yue, 1998 by having well developed
lip papillae system (vs undeveloped or less developed papillae on lips, Fig. 3E).
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Figure 9. Molecular phylogenetic trees of Microphysogobio punctatus sp. nov., M. tungtingensis, M. elongatus and other
phylogenetically close related congeners based on Cyt b sequence (1140 bp) A Bayesian Inference method B maximum
likelihood method.

It can be distinguished from M. kiatingensis (Wu, 1930) by having a larger squa-
mous zone on mid-ventral region (scaleless only before pectoral-fin base end
vs scaleless before two-thirds of the distance from the pectoral-fin insertion to
the pelvic-fin insertion). It can be distinguished from M. bicolor (Nichols, 1930),
M. tafangensis (Wang, 1935), M. zhangi Huang, Zhao, Chen & Shao, 2017 by hav-
ing more branched anal-fin rays (6 vs 5). For M. zhangi, the species sympatric with
the new species, it can be further distinguished from the new species by having
different anterior papillae pattern on upper lip (two large papillae vs two to six
similar sized papillae, Fig. 3D, F) It can also be distinguished from M. fukiensis
(Nichols, 1926), M. tungtingensis (Nichols, 1926) and M. vietnamica Mai, 1978 by
having larger posterior chamber of the air-bladder (length 58.6%—82.8% of eye di-
ameter vs length 21.9%-43.1%, 30.4%—-34.9% and 35.5%—64.2% of eye diameter
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respectively). Considering M. vietnamica has overlap on air-bladder size with the
new species, it can be further distinguished from latter by having different anterior
papillae pattern on upper lip (two large papillae separated from each other vs sim-
ilar sized papillae tightly contacted with each other, Fig. 3D, G). The new species
can be distinguished from M. pseudoelongatus Zhang & Zhao, 2001 by having
more circumpeduncular scales (12 vs 10). For the M. nikolskii (Dao & Mai, 1959),
the species inquirenda (Kottelat 2013), the new species can be distinguished
from it by having fewer lateral-line scales (37-40 vs 43; Huang et al. 2018).

For the rest of the three congeners, they are morphologically similar with the
new species by having a larger posterior chamber of the air-bladder (larger than
half eye diameter and sometimes equal to eye diameter) and tightly contacted cen-
tral portion of anterior papillae. The new species can be distinguished from these
three species by having more black pigmentation on fin rays. In addition, the new
species can be distinguished from Microphysogobio yunnanensis (Yao & Yang,
1977) by having fewer scales above lateral line (3.5-4 vs 4.5), from M. luhensis
Huang, Chen, Zhao & Shao, 2018 by having a larger eye diameter (30.7%-38.5% vs
25.2%—27.9% of head length), and from M. kachekensis (Oshima, 1926) by having
a more slender caudal peduncle (depth 34.6%—48.5% vs 48.9%—55.7% of length).

As for Microphysogobio bicolor, although it has already been distinguished
from the new species by having fewer branched anal-fin rays (5 vs 6), it is also
morphologically close to the new species by having similar size of the air-blad-
der (63.1%-82.0% vs 50.3%—82.8% of eye diameter in average) and lip papil-
lae pattern (Fig. 3H). However, the new species has a slender caudal peduncle
(depth 34.6%-48.5% vs 43.3%-58.4% of length; Fig. 10) and shorter preanal
distance (71.5%-78.1% vs 75.5%-90.0% of SL) as compared to M. bicolor.

A total of 37 haplotypes from 43 Microphysogobio individuals for Cyt b gene
were included in the molecular phylogeny study. Based on molecular phyloge-
netic analyses, the new species is sister to M. bicolor, and together sister to
M. luhensis—M. kachekensis—M. yunnanensis clade. The interspecific distance
between M. punctatus and M. bicolor is 6.65% for Cyt b based on K2P model.
The intraspecific distance within M. punctatus is 3.24% based on K2P model,
which is lower than the interspecific distance. In fact, the molecular species
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Figure 10. Morphometric measurement divergence in caudal peduncle depth between Microphysogobio punctatus sp.
nov. and M. bicolor.

ZooKeys 1214:161-186 (2024), DOI: 10.3897/z00keys.1214.127061 181



Zhi-Xian Sun et al.: Revision on Microphysogobio tungtingensis and a new species description

delineation method (ASAP and PTP) inferred that the three geographic popu-
lations (Lingchuan, Yongfu, and Guanyang counties) to be three different mo-
lecular species which forming a monophyletic lineage. However, there is no
significant difference in morphology among three populations, plus the closely
connected river system within their distribution, we treated them as one species.

Comparative material

Microphysogobio bicolor: + AMNH 9678, holotype, 58.7 mm SL; Hekou Town-
ship, Yanshan County, Shangrao City, Jiangxi Province, from the Xinjiang River;
collected by Clifford H. Pope; 22 June 1926 + ASIZB 220619-27, 9 specimens,
39.1-50.3 mm SL; Yongping Township, Yanshan County, Shangrao City, Jiangxi
Province, from the Yanshanhe River (28.21615237°N, 117.79050896°E, 75 m
a.s.l.); collected by Zhixian Sun and Rui Zhang; 11-12 April 2021 + ASIZB 213554,
1 specimen, 52.4 mm SL; Yongping Township, Yanshan County, Shangrao City,
Jiangxi Province, from the Yanshanhe River (28.21615237°N, 117.79050896°E,
75 m a.s.l); collected by Zhixian Sun, Rui Zhang, Chen Tian, and Xin Wang; 20
July 2021 - ASIZB 220628-35, 8 specimens, 42.1-62.2 mm SL; Taibai Town-
ship, Wuyuan County, Shangrao City, Jiangxi Province, from the Le'anhe River
(29.07164455°N,117.67277022°E, 47 m a.s.l.); collected by Junhao Li and Zhixian
Sun; 16 December 2020 - ASIZB 220636-40, 220647, 220650, 220652, 220654,
9 specimens, 63.1-84.5 mm SL; bought from the Dongmen Market from the lo-
cal fishermen, Wuyuan County, Shangrao City, Jiangxi Province, from the Le’anhe
River; collected by Zhixian Sun and Rui Zhang; 11 April 2020 - ASIZB 229848-9, 2
specimens, 59.0—-76.0 mm SL; bought from the Wangjiaba Market from the local
fishermen, Guangxin District, Shangrao City, Jiangxi Province, from the Xinjiang
River; collected by Zhixian Sun, Rui Zhang, Chen Tian, and Xin Wang; 21 July 2021.

Microphysogobio fukiensis: + ASIZB 220660-68, 9 specimens, 50.5-
64.6 mm SL; bought from the local market, Guangze County, Nanping City, Fuji-
an Province, from the Futunxi River; collected by Zhixian Sun, Rui Zhang, Qiuju
Chen and Rui Xi; 17 April 2021.

Microphysogobio kechekensis: « ASIZB 240478-88, 11 specimens, 64.8—
83.6 mm SL; bought from the local market, Baisha Li Autonomous County,
Hainan Province, probably caught by fishermen from the Wanquanhe River; col-
lected by Shanyu Wu; 3 April 2020 « ASIZB 69768, 1 specimen, 100.0 mm SL;
Gongzheng Township, Shangsi County, Fangchenggang City, Guangxi Zhuang
Autonomous Region, from a stream of Maolingjiang River; collected by Yahui
Zhao; 29 April 1999.

Microphysogobio luhensis: « ASIZB 204717, paratype, 55.5 mm SL; Dongkeng
Township, Luhe County, Shanwei City, Guangdong Province, from the Rongjiang
River (23.30165309°N, 115.71898652°E, 126 m a.s.l.); collected by Shih-Pin
Huang; 2 April 2009.

Microphysogobio microstomus: + SHOU 20231209017, 47.3 mm SL; Shanhu
Township, Shengzhou City, Shaoxing City, Zhejiang Province, from the Shanxi
River (29.63724853°N, 120.84212848°E, 12 m a.s.l.); collected by Zhixian Sun;
9 December 2023.

Microphysogobio vietnamica: + ASIZB 240561-71, 11 specimens, 43.0-
53.5 mm SL; Shixing County, Shaoguan City, Guangdong Province, from the
Mojianghe River; collected by Zhixian Sun; 4 January 2021.
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Microphysogobio yunnanensis: <+ |IHB 645480, 645486-7, 645492,
645494-5, 645499, syntypes, 7 specimens, 73.8—-82.2 mm SL; Yuanjiang
Hani Yi and Dai Autonomous County, Yuxi City, Yunnan Province, from the
Yuanjiang River (the Red River); May 1964 « IHB 645496, 6440132, 6440136,
6440296, 6440638, 6440648-9, 6440654, 6450063, syntypes, 9 specimens,
68.0—-95.9 mm SL; Hekou Yao Autonomous County, Honghe Hani and Yi Au-
tonomous Prefecture, Yunnan Province, from the Yuanjiang River (the Red
River); April and May 1964.

Microphysogobio zhangi: - ASIZB 204677, holotype, 75.1 mm SL; Quanzhou
County, Guilin City, Guangxi Zhuang Autonomous Region, from the Xiangjiang
River (25.93332646N, 111.08037923E, 151 m a.s.l.); collected by Shih-Pin
Huang and Jinging Huang; 6 November 2015 « ASIZB 220669-76, 8 specimens,
48.2-63.6 mm SL; Pingle County, Guilin City, Guangxi Zhuang Autonomous Re-
gion, from the Lijiang River; collected by Zhixian Sun; 23 January 2021.
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Abstract

Four adult females of a rare benthic/epiphytic harpacticoid copepod species of the
genus Peltidium Philippi, 1839 were collected from insular zooplankton samples ob-
tained at Revillagigedo National Park, Mexico. They were identified as Peltidium nayarit
Suéarez-Morales & Jarquin-Gonzaélez, 2013 with type location (and the single previ-
ously known distribution site) at Playa Careyeros (20°46'59.46"N, 105°30'35.48"W),
Nayarit, Mexico. We provide a complementary description of this species including
new details of antennules, caudal rami, legs 1 and 5, and cuticular ornamentation
using scanning electron microscopy observations. Peltidium nayarit has a dark red-
dish-pink coloration allegedly mimicking the color of the macroalgae where they live,
but specimens collected in the present study were obtained from sea surface zoo-
plankton net tows. The record of Peltidium nayarit in the Revillagigedo Islands rep-
resents the southwestern-most record of the genus in the Americas and the second
record for Mexico.

Key words: Crustacean fauna, Harpaticoida, marine copepods, range extension, taxonomy

Introduction

The copepod genus Peltidium currently includes 47 nominal species widely
distributed in different regions of the world’s oceans (Walter and Boxshall
2024). However, Peltidium species are typically found in low species richness
in each region (Sudrez-Morales and Jarquin-Gonzalez 2013). Five Peltidium
species have been reported in the Caribbean region (Varela 2005; Suarez-Mo-
rales et al. 2006; Varela and Gémez 2013). Only two species of the subfami-
ly Peltidiinae have been reported in the Eastern Tropical Pacific (Gémez and
Varela 2013; Sudrez-Morales and Jarquin-Gonzalez 2013). Gomez and Varela
(2013) described a new Peltidiidae species, Alteutha alsagopu Gémez & Vare-
la, 2013, collected on the coast of Sinaloa, Gulf of California, Mexico. Peltidi-
um nayarit Suarez-Morales & Jarquin-Gonzalez, 2013, is therefore the second
record of Peltidiidae known in the Mexican Pacific. Peltidium nayarit was dis-
covered in meiobenthic samples collected from a rocky, sandy beach in the
state of Nayarit, Mexico. The original description of P. nayarit was based only
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on optical microscopy. The goal of the present study was to complement the
original morphological description with the description of females observed
with scanning electron microscopy and report the offshore distribution range
of this species previously known only from the neritic region of the Central
Mexican Pacific.

Materials and methods

We carried out a pioneering biological survey of the insular zooplankton di-
versity of the four islands of the Revillagigedo National Park (San Benedic-
to, Roca Partida, Clarion, Socorro), Mexico, from 18-22 April 2023 on board
the L/A Quino El Guardian. Quantitative zooplankton samples were collected
with a standard zooplankton net (0.6 m mouth diameter, 2 m length, 300
pum mesh size), towed near the sea surface (<2 m depth) for 10 minutes.
The net was equipped with a General Oceanic digital flowmeter (GO R2030)
to estimate the filtered seawater volume and calculate standardized abun-
dance expressed in ind./1000 m? (Smith and Richardson 1977). Copepods
were fixed in a 4% formalin solution buffered with saturated sodium borate,
then sorted from the original samples and transferred to 70% ethanol with
glycerin for long-term preservation. All harpacticoid copepods were sorted
out from the entire zooplankton samples. Two harpacticoid copepod speci-
mens of a Peltidium species were observed with a scanning electron micro-
scope (SEM, Hitachi S-3000N) in the Laboratory of Scanning Electron Mi-
croscopy located at Centro de Investigaciones Bioldgicas del Noroeste S.C.,
La Paz, Baja California Sur, Mexico. This methodology stands out due to its
high resolution and great depth of field, which allows a three-dimensional
visualization of the copepods. Each specimen was gradually dehydrated for
one hour at each of the following ethanol concentrations: 70, 80 and 96%.
The harpacticoid copepods were later dried to the critical point with carbon
dioxide gas (CO,) using the Polaron E3000 critical point equipment (Samdri
PVT 3B). The copepods were mounted on a copper filament with sticky glue
to observe the specimens from different angles in the SEM. The specimens
were coated with gold ions using a Polaron E5100 sputter-coater (Denton
Vacuum Desk Il). The observations were made with an intensity of 20 kV
capable of a maximum of 300,000 x magnification. The other two Peltidium
harpacticoid specimens were observed using an optical stereo microscope
(Carl Zeiss Stemi 2000).

Digital images of the Peltidium specimens were obtained in dorsal, ventral,
lateral and frontal views. Taxonomic diagnostic characters of this species were
described in detail from anterior to posterior appendages. The images were
improved in contrast and brightness and transparency of the background using
the digital analysis of layers with Photoshop CS5 (v.12.0 x64). Plates of each
specimen were made with a black background to contrast the SEM images
using Adobe lllustrator CS5 (v. 15.0). The copepod specimens examined in the
present study (including both specimens observed with SEM) were deposited
in the Zooplankton Collection, Centro Interdisciplinario de Ciencias Marinas,
Instituto Politécnico Nacional, La Paz, Baja California Sur, Mexico (Curator José
Ricardo Palomares-Garcia).
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Description

Peltidium nayarit Suarez-Morales & Jarquin-Gonzalez, 2013
Figs 1-3

Material examined. - Four adult females, two specimens mounted on glycerin
sealed with acrylic varnish for optical stereo microscope observation and two
specimens used for scanning electron microscopy * Two adult females collect-
ed at Punta Norte, San Benedicto Island, Revillagigedo National Park, Mexico
(19°20'10"N, 110°47'58"W); 18 April 2023, 16:10 h, zooplankton sample col-
lected near surface < 2 m depth; collector Jaime Gémez-Gutierrez + One adult
female collected at Punta Sureste, Clarion Island, Revillagigedo National Park,
Mexico (18°20'50"N, 114°41'39"W); 21 April 2023, 18:47 h, zooplankton sample
collected near surface < 2 m depth; collector Jaime Gémez-Gutierrez + One adult
female collected at Piedra Caleta, Clarion Island, Revillagigedo National Park,
Mexico (18°22'17"N, 114°41'35"W); 23 April 2023, 18:47 h, zooplankton sample
collected near surface < 2 m depth; collector Jaime Gémez-Gutierrez. Standard-
ized abundance of P nayarit was typically low (average 9.7 ind./1000 m?, range
7.2-12.5ind./1000 m?3), found in three positive sampling stations out of a total
of 10 zooplankton sampling stations.

New locality. San Benedicto and Clarion islands, Revillagigedo National Park,
Mexico.

Complementary description. We describe only the observed morphologi-
cal differences and details not included in the original description of Peltidium
nayarit reported in Sudrez-Morales and Jarquin-Gonzalez (2013).

Copepods with dark reddish-pink coloration (Fig. 1A). Specimens measure
on average 0.8 mm total length and 0.5 mm width (Fig. 1B, C). Free endopodal
segment with outer row of long spinules, armed with one spine and two lateral
setae plus seven distal setal elements, four of them being articulated stout
setae. The same element is ornamented with inner pectinate margin (Fig. 2A,
B). Antenna. Coxa small, allobasis with short abexopodal seta and longitudi-
nal patch of spinules on outer margin. Exopod two-segmented, elongated, first
segment with short slender seta, second segment bearing three setae distally,
distal margin with row of short spinules. One exopodal seta modified, with reg-
ular pectinate ornamentation along both margins (Suarez-Morales and Jarquin-
Gonzalez 2013, Fig. 2C). The pectinate ornamentation of the distal margin of
the antenna was not shown in the original description of P. nayarit (Suarez-Mo-
rales and Jarquin-Gonzélez 2013).

Leg 1 (Fig. 2D). Coxa elongate, ornamented with single row of small spinules
on inner and outer margins, plus single short seta on inner middle part of seg-
ment. Basis wide, inner margin and part of outer margin ornamented with
spinules. Inner distal basipodal seta reaching distal margin of first endopodal
segment. Outer basipodal seta reaching distal end of basis. Exopod three-seg-
mented, second exopodal segment longest, about 1.5 times as long as first
segment, with patch of minute spinules on outer distal margin. Two exopodal
claws on distal position of third exopodal segment; outer claw half as long
as inner claw. Endopod two-segmented, shorter than exopod. Endopodal seg-
ments wide, globose (sensu Wells 2007), ornamented with rows of short setule
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Figure 1. Peltidium nayarit adult females collected from San Benedicto and Clarion Islands, Revillagigedo National Park,
Mexico A photograph of a female showing dark reddish-pink coloration in ventral view B SEM image of a specimen in
ventral view C SEM image of a specimen in right lateral view.
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Figure 2. Peltidium nayarit adult female collected from San Benedicto and Clarion Islands, Revillagigedo National Park,
Mexico A antenna with ornamented inner pectinate margin B detail of the pectinate margin C leg 1 with a pectinate fringe
D detail of the inner margin of the second endopodite segment.
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Figure 3. Leg 5 of Peltidium nayarit, adult female, showing exopodal setae. Setal nomenclature follows Wells (2007) and
Sudrez-Morales and Jarquin-Gonzalez (2013). Specimen collected from San Benedicto Island, Revillagigedo National

Park, Mexico.
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along the inner and outer margins. Terminal elements include a spine orna-
mented with distal row of minute spinules and two equally long slender setae.
First endopodite segment with an inner seta; second endopodite segment with
an inner seta and two equally long slender terminal setae, the inner seta bears
a pectinate fringe on its inner margin (Fig. 2C, D).

Remarks. In the original description of P nayarit (Suarez-Morales and
Jarquin-Gonzalez 2013, fig. 2C) the margin of the endopodite with the pectinate
fringe on its inner margin was not described (Fig. 2C, D).

Leg 5 (Fig. 3). This is the amendment of the original description exopod and
baseoendopod separated. Baseoendopod with two pores bearing single inner
seta; external seta long, borne on elongate cylindrical lobe of baseoendopod
reaching half the length of exopodal lobe; exopodite slender, with one pore and
with 5 setal elements (I-V) (sensu Wells 2007), two inserted on inner margin (I,
1), and three (I11-V) distally; elements I-Ill represented by stout, distally pinnate
setae, elements IV and V possess equally long slender setae; in the specimens
from the Revillagigedo Islands, the unique pinnate element observed is element
I, and elements | and Il were spiniform (Fig. 2E).

According to Suarez-Morales and Jarquin-Gonzalez (2013), P. nayarit shares
some diagnostic morphological characters with P. speciosum Thompson &
Scott, 1903, including leg 5 with a very similar armature and structure except
for a relatively robust exopodal segment (length/width ratio = 3.7 vs. 4.2 in
P. nayarit) and a shorter outer baseoendopodal seta, reaching to about half
the length of exopodal seta V (Nicholls 1941, see fig. 8). These morphological
features differ from P. nayarit, in which the same seta almost reaches the distal
end of seta V (Sudrez-Morales and Jarquin-Gonzalez 2013, fig. 3). However, we
observed remarkable morphological differences with the original description,
because the Ill element of the exopodite of the specimens of the present study
bear only pinnate element and elements | and Il were spiniform, while in speci-
mens of P. nayarit from the Nayarit coast elements |-Ill have setae.

Discussion

Several harpacticoid genera have been discovered and described as meioben-
thic fauna. The meiobenthic habitat is commonly exposed to strong seawater
currents, where the low-profile body shape (like an isopod) helps the copepod
maintain its position on the substrate’s surface or remain attached to coral or
macroalgae (Noodt 1971; Hicks 1980; Gheerardyn et al. 2006). Overall, sampling
effort in phytal-meiobenthic habitats has been scarce and has received little at-
tention in most regions of the world. The original discovery and single record
of Peltidium nayarit was from a rocky beach (20°46'59.46"N, 105°30'35.48"W,
Nayarit, central Pacific of Mexico) as a result of resuspension of sediments by
turbulence from the meiobenthic community into the water (Sudrez-Morales
and Jarquin-Gonzélez 2013).

We report the second record of this species from two distant oceanic is-
lands at Revillagigedo National Park, San Benedicto and Clarion Islands. The
San Benedicto record represents an unexpected distant habitat about 600
km offshore from the type locality on the Nayarit coast; Clarion Island is a
further 425 km offshore from San Benedicto Island. This broad distribution
range may be related to the influence of episodic storms and hurricanes caus-
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ing anomalous river plumes that favor improbable zooplankton transport be-
tween the mainland (Nayarit and Colima states) and the Islas Marias Archi-
pelago, four islands located close to the shelf-break off the central Mexican
Pacific coast (Martinez-Flores et al. 2011; Gdmez-Gutiérrez et al. 2014). How-
ever, other oceanographic processes, such as eddies from Cabo San Lucas
and Cabo Corrientes with a typical southwest offshore trajectory (Kurczyn
et al. 2012) can cause the drift of offshore zooplankton to reach the insu-
lar habitats of Revillagigedo Archipelago. Peltidium nayarit in its planktonic
phase is allegedly a low-abundance copepod species that likely attains larger
population densities in the epibenthic habitat, which will be investigated in
future studies.
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Abstract

This study presents a comprehensive revision of the genus Protoleptops Heinrich, 1967.
We describe a new species, P. nyeupe Dal Pos & Di Giovanni, sp. nov., from Burundi,
marking the first documented occurrence of an Ichneumoninae species in the country.
Additionally, we provide the first diagnostic description of the female P. farquharsoni
Heinrich, 1967 and report a new occurrence of this species in KwaZulu-Natal. Further-
more, we document P magnificus for Mpumalanga (South Africa) and P angolae Hein-
rich, 1967 in Uganda, thereby extending the known range of the latter into East Africa. A
detailed catalogue of all species within the genus Protoleptops is also included.

Key words: Biodiversity, Darwin wasps, identification key, new records, parasitoids,
taxonomy

Introduction

Among the extant subfamilies of Darwin wasps, Ichneumoninae stands out as
the most diverse, with over 4300 species in 430 genera (Yu et al. 2016; Santos
et al. 2021). After a troubled past, marked by several inconsistent and para-
phyletic tribal subdivisions, the subfamily Ichneumoninae is currently divided
into seven monophyletic tribes, with Ichneumonini comprising the vast ma-
jority of the taxa (Santos et al. 2021). In the Afrotropics, Heinrich (1967) rec-
ognized 12 tribes of Ichneumoninae (and did not deal with Phaeogenini), of
which nine have been synonymized under Ichneumonini (Santos et al. 2021).
Among these dissolved tribes, Protichneumonini was recognized by having: (1)
the area dentipara gradually curving down on the propodeum, almost reaching
the hind coxa; (2) frons smooth, without longitudinal carina; (3) propodeum not
abbreviated into a boss or arch; (4) head not cubical; (5) face and clypeus with
a distinct epistomal sulcus (also called clypeal suture); and (6) mandibles not
or only slightly twisted (e.g., Heinrich 1961; Heinrich 1967).

Within Protichneumonini, Heinrich (1967) described two new genera: the
monotypic Protoleptops Heinrich, 1967, comprising only Protoleptops heinrichi
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Heinrich, 1967, and Apatetorops Heinrich, which contained three new species
- Apatetorops angolae Heinrich, 1967, A. farquharsoni Heinrich, 1967, and
A. magnificus Heinrich, 1967. Heinrich (1967) proposed mainly the following
characters for the separation of the two genera: the carination of the propo-
deum (well developed in Protoleptops, extremely reduced in Apatetorops) and
the constriction of T2-T5 (constricted in Protoleptops). Later on, Townes and
Townes (1973) recognized Apatetorops as a junior synonym of Protoleptops,
without providing any reasoning for their action but probably not considering
the above characters as sufficient for the separation of the two genera. Since
then, the genus has never been reviewed nor recorded.

In the current contribution, we provide a review of Protoleptops, with an up-
dated diagnosis of the genus, the first diagnosis of the female of P. farquharsoni,
and the description of a new species, P. nyeupe Dal Pos & Di Giovanni, sp. nov.
from Burundi. Additionally,a commented catalogue of the species is presented,
together with some additional new distributional records.

Materials and methods
Photographs

An OPTIKA SZM-2 dissecting stereo microscope was used for observation
and study. Photographs of Protoleptops nyeupe Dal Pos & Di Giovanni, sp.
nov. were taken with a Canon EOS 7D, Canon MP-E 65 mm /2.8 1-5 x macro
lens and a Canon EF 100 mm macro lens. Zerene Stacker software ver. 1.04
was used for the stacking. Images were enhanced using Adobe Photoshop
ver. 24.4.1. All the other pictures were taken using an Olympus OM-D camera
mounted on a Leica M125 C binocular microscope and stacked using Helicon
Focus (ver. 8).

Mapping

Maps were generated in QGIS ver. 3.2 using the ESRI Imagery plugins (https://
www.esri.com), integrated into the Python console for QGIS for the main back-
ground layer, and an overlaid globe projection using the Thematic Mapping in
the Thematic Mapping Engine integration. Following Dal Pos et al. (2023), the
distribution for Madagascar follows the official division, which recognizes 23
regions (“faritra”) instead of the former six provinces (INSTAT 2010).

List of depositories

DDPC Davide Dal Pos private collection, Orlando, Florida, USA,;

FSCA Florida State Collection of Arthropods, Gainesville, Florida, USA (Eli-
jah Talamas);

MNHN Muséum national d’Histoire naturelle, Paris, France;

MZUR Museum of Entomology, “Sapienza” University of Rome, Italy (Mau-
rizio Mei);

o0LMm Oberosterreichische Landesmuseen, Linz, Austria;

ZSM Zoologische Staatssammlung Miinchen, Munich, Germany (Olga
Schmidt).
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Data of examined material

Label information for the type specimens is reported verbatim, using the fol-
lowing conventions: / = different lines; // = different labels; italic = handwriting.
For non-type specimens, names of collecting localities have been standardized.

Treatment of taxa

Morphological terminology follows Broad et al. (2018) and is aligned with the
Hymenoptera Anatomy Ontology (Yoder et al. 2010). However, unlike Broad et
al. (2018), we used the following terms: “mesoscutellum” instead of “scute-
llum” [see Dal Pos et al. (2024) for more details]; and “epistomal sulcus” in-
stead of “clypeal sulcus”. We also decided to employ “propodeum” instead of
the HAO-suggested term “metapectal-propodeal complex” simply because the
former is more widely used. For propodeal carinae and areas, we adhered to
the terminology used by Broad et al. (2018) and we did not align it with the
HAQ, as this terminology is almost completely absent from the database. In
addition, we reported the widely used term “costula” to indicate the portion of
the anterior transverse carina dividing the area externa from the area dentipara.
Names of metasomal tergites are abbreviated as T1 (first metasomal tergite),
T2 (second metasomal tergite), etc.

For each species, a differential diagnosis, type information, material exam-
ined, and relevant comments are provided. Type localities are reported as they
appeared in the original publication with the addition of the country of origin.
Unavailable names are identified in square brackets (as in Dal Pos et al. 2023).

Results
Key to the species of Protoleptops Heinrich, 1967

1 Carination of propodeum nearly complete (Fig. 4D, 6B): lateral portion of an-
terior transverse carina (i.e., costula) strong, also lateral longitudinal carina
at the level of area dentipara distinct, even forming a slight ridge between
area dentipara and area spiracularis (Fig. 6B). Scopa absent (Fig. 4C). T2-
T5 each anteriorly constricted (Fig. 4E)................ P, heinrichi Heinrich, 1967

- Carination of propodeum incomplete (Figs 1D, 3B, 5D, 6E, 7B): anterior
transverse carina lacking or at least incomplete (i.e., costula absent or
only hinted), area dentipara confluent with area externa and area spiracu-
laris. Scopa present (Figs 1E, 2C, 5E, 7E). T2—-T5 not anteriorly constricted
(Figs TF, 2E, 3B, 3E, 5F, 6E, 7B)......cveviivieeeeceeeeeeeceeeeeeeeeeee e 2

2 Temples straight (not bulging) in dorsal view (Figs 1C, 7C). Hind tarsus
WHITE MATKEd .....oviiiiieee et enaens 3

- Temples strongly bulging in dorsal view (Figs 2D, 5C). Hind tarsus brown-
ISPDIACK ...t e 4

3 T2 medially densely punctate (Fig. 1F, 3B). In females, mesoscutellum
reddish-orange, mesoscutum black laterally, reddish-orange medially (Fig.
1D). Scopa small, reduced to a tuft of setae on ventro-distal area of the
hind coxa (Fig. 1E). T2 black with a posterior white band (Fig. 1F, 3B). Area
petiolaris not delimited, confluent with area basalis and area superomedia
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(Fig. 1D, 3B). Mesopleuron densely and strongly punctate (Fig. 1A, 3A) ....
............................................................................ P. angolae (Heinrich, 1967)
- T2 medially strongly longitudinally striate (Fig. 7B). In females, mesoscu-
tellum and mesoscutum completely white (Fig. 7A). Scopa mid-sized, cov-
ering 1/3 of the ventro-distal area of the hind coxa (Fig. 7E). T2 completely
reddish-brown, without posterior white band (Fig. 7B). Area petiolaris sep-
arated from area superomedia (Fig. 7B). Mesopleuron superficially and
sparsely punctate..........cccc......... P. nyeupe Dal Pos & Di Giovanni, sp. nov.
4 T2 strongly longitudinally striate; T3—T8 smooth and shining (Fig. 5F, 6E).
Mesoscutum sparsely and superficially punctate throughout; mesoscu-
tellum with lateral white bands, reddish-brown medially (Fig. 5C). Sco-
pa large, covering roughly 2/3 of the ventro-distal area of the hind coxa
(Fig. BE) v P. magnificus (Heinrich, 1967)
- T2 medially densely punctate; T3—-T8 shagreened (Fig. 2E, 3E). Mesoscu-
tum densely punctate anteriorly; mesoscutellum completely reddish-or-
ange (Fig. 2D). Scopa reduced to a tuft of setae on ventro-distal area of
the hind coxa (Fig. 2C) ....ccooveveiriieinee P. farquharsoni (Heinrich, 1967)

Taxonomy

Class Insecta Linnaeus, 1758

Order Hymenoptera Linnaeus, 1758
Superfamily Ichneumonoidea Latreille, 1802
Family Ichneumonidae Latreille, 1802
Subfamily Ichneumoninae Latreille, 1802
Tribe Ichneumonini Latreille, 1802

Genus Protoleptops Heinrich, 1967

Protoleptops Heinrich, 1967: 71-72. Type species Protoleptops heinrichi Hein-
rich, 1967, by original designation.

Apatetorops Heinrich, 1967: 79-81. Type species Apatetorops magnificus Hein-
rich, 1967, by original designation. Synonymized by Townes and Townes
(1973: 226).

Diagnosis. We hereby provide a brief diagnosis of Protoleptops by including the
traits of its junior synonym Apatetorops, therefore expanding the concept of
the genus. We discovered a new character that separates well the former two
genera that was not reported by Heinrich (1967): the presence/absence of a
scopa on the ventral section of the hind coxa. The dimension of the scopa also
works well in separating some of the species (see key above). A phylogenetic
analysis with the inclusion of more specimens will be necessary to understand
if the synonymy of the two genera proposed by Townes and Townes (1973) still
stands. Since Apatetorops and Protoleptops were included by Heinrich (1967)
in the now-dissolved tribe Protichneumonini, we invite the reader to either use
Heinrich’s (1967) key to the Afrotropical tribe or review our diagnosis in the
Introduction. Within this former tribe, Protoleptops can easily be distinguished
from all the other Afrotropical genera of Ichneumoninae by the following com-
bination of characters: (1) carination of the propodeum not fully complete, at
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least with area superomedia and area basalis confluent (divided in Chasmopyg-
ium Heinrich, 1967 and Holcichneumon Cameron, 1911); (2) postpetiole with
either irregular striation or puncto-striate (uniformly and densely punctate in
Aethiamblys Heinrich, 1967, Afrocoelichneumon Heinrich, 1938, Corymbichneu-
mon Morley, 1919, and Punctileptops Heinrich, 1967); (3) hypostomal carina
not lamellate nor with triangular projections (modified in Genaemirum Heinrich,
1936, Leptophatnus Cameron, 1906, Oriphatnus Heinrich, 1967); (4) lower tooth
of the mandible lying in the same plane as the upper tooth (bent inward in Ap-
atetorides Heinrich, 1938); (5) T2 with punctures (almost completely smooth
and impunctate in Apatetor Saussure, 1892); (6) area between gastrocoe-
li bigger than the width of a gastrocoelus (gastrocoeli extremely enlarged in
Stenapatetor Heinrich, 1938); (7) metascutellum not carinated or carinated only
at the base; (8) mandible wide and robust (slender in Pseudocoelichneumon
Heinrich, 1967); (9) upper tooth longer than lower tooth (shortened in Liojoppa
Szépligeti, 1908); (10) mesoscutum longer than wide (as long as wide in Lio-
joppa Szépligeti, 1908); (11) metascutellum not globular (globular in Coelolep-
tops Heinrich, 1967); (12) first flagellar segment longer than second (shorter
in Punctileptops Heinrich, 1967); and (13) area dentipara not well defined (bor-
dered by carinae in Punctileptops Heinrich, 1967).

Protoleptops angolae (Heinrich, 1967)
Figs 1A-F, 3A-C

Apatetorops angolae Heinrich, 1967: 83—-84 (original description, key); Schmidt
and Schmidt 2011: 64 (type catalogue).

Protoleptops angolae; Townes and Townes 1973: 226 (catalogue, new combi-
nation); Yu and Horstmann 1997: 530 (catalogue); Yu et al. 2016 (catalogue).

Differential diagnosis. Protoleptops angolae can be easily distinguished from
all the other known species of the genus by the following combination of char-
acters: (1) incomplete carination of propodeum, with costulae lacking and area
dentipara confluent with area externa and area spiracularis (carination almost
complete in P. heinrichi); (2) temples straight and converging (bulging and not
converging in P. farquharsoni, P. heinrichi and P. magnificus); (3) white hind tar-
sus (infuscate in P. farquharsoni, P. heinrichi, and P magnificus); (4) presence
of a small scopa (absent in P.heinrichi, bigger in P magnificus and P. nyeupe
sp. nov.); (5) mesoscutellum reddish-orange (entirely white in P nyeupe sp. nov.
and with white lateral marks in P magnificus); (6) T2 medially densely punctate
(longitudinally striate in P magnificus and P. nyeupe sp. nov.); (7) area petiolaris
not delimited (clearly separated from area superomedia in P nyeupe sp. nov.);
and (8) mesopleuron densely and strongly punctate (superficially and sparsely
punctate in P nyeupe sp. nov.).

Original type series. Holotype (by original designation). ANGOLA + ; Cuanza
Norte, Roca Canzele, 30 km north of Quiculungo, Mar. 1954; (ZSM). Paratypes
ANGOLA * 19 & 1d; Cuanza Norte, Roca Canzele, 30 km north of Quiculungo,
Mar. 1954; (ZSM).

Material examined. Holotype. ANGOLA * Q; “[White label] Roca Canzele / Ango-
la, 30 km / nordl.Quiculungo / lll. 54 // [White label] Apatetorops / @ angolae / det
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Figure 1. Protoleptops angolae (Heinrich, 1967), female, holotype A habitus, lateral view B face, frontal view C head and
mesoscutum, dorsal view D mesoscutellum and propodeum, dorsal view E hind coxa, ventral view F metasomal tergites,

dorsal view. Scale bar: 1 cm.
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Heinr. Heinr // [Red label] Holotype // [Pink label] Zoologische Staatssammlung
/ Miinchen / Type-No.: ZSM-Hym-00241 // [Red label] Typus Nr. Hym. / 421 / Zo-
ologische / Staatsammlung / Miinchen.”; (ZSM). Paratype. ANGOLA * 1; “[White
label] Roca Canzele / Angola, 30 km / nordl.Quiculungo / lIl. 54 // [White label]
Apatetorops / & angolae / det Heinr. Heinr // [Red label] Allotype; (ZSM).

Non-type specimens. UGANDA + 19; Kibale N. P, Kanyawara Bio. Station,
00°33'54.4"N, 30°21'29.8"E, 11-18 Apr. 2010, 1509 m, Malaise trap, S. Katusa-
be & Co. leg. (DDPC).

Male. Described in the original description by Heinrich (1967) as “Allotype”.

Distribution. Angola: Cuanza Norte Province (Heinrich 1967); Uganda: West-
ern Region (new record) (Fig. 8).

Remarks. Protoleptops angolae is hereby recorded for the first time in Ugan-
da, expanding the range of the species from southern Africa to East Africa.

Protoleptops farquharsoni (Heinrich, 1967)
Figs 2A-E, 3D-F

Apatetorops farquharsoni Heinrich, 1967: 84—-85 (original description, key);
Schmidt and Schmidt 2011: 74 (type catalogue).

Protoleptops farquharsoni; Townes and Townes 1973: 226 (catalogue, new
combination); Yu and Horstmann 1997: 530 (catalogue); Yu et al. 2016 (cat-
alogue).

Diagnosis of female. The diagnosis of the female is provided here for the first
time based on two females from South Africa (see below in Material exam-
ined). Compared to the male, the female has less white patterning overall. The
prosternum, mesosternum, and femora are predominantly reddish-brown with
only a few scattered yellow patches. In males, these body parts are mostly
whitish-yellow. The face is primarily white, with a darker, infuscate area in the
center. The orange of the mesoscutum is slightly reduced and the infuscation
is more extensive. The posterior yellow band on T2 is smaller and the hind coxa
is entirely reddish-brown without any white markings.

Differential diagnosis. Protoleptops farquharsoni can be easily distinguished
from all the other known species of the genus by the following combination
of characters: (1) incomplete carination of propodeum, with costulae lacking
and area dentipara confluent with area externa and area spiracularis (carina-
tion almost complete in P. heinrichi); (2) temple, in dorsal view, bulging (straight
and converging in P. angolae and P. nyeupe sp. nov.); (3) hind tarsus brown-
ish-black (white in P angolae and P. nyeupe sp. nov.); (4) presence of a small
scopa (absent in P. heinrichi, bigger in P magnificus and P. nyeupe sp. nov.); (5)
mesoscutellum reddish-orange (entirely white in P. nyeupe sp. nov. and with
white lateral marks in P.heinrichi and P magnificus); (6) T2 medially densely
punctate (longitudinally striate in P magnificus and P. nyeupe sp. nov.); and (7)
mesoscutum densely punctate anteriorly (sparsely and superficially punctate
in P magnificus).

Original type series. Holotype (by original designation). SOUTH AFRICA * &;
Eastern Cape, King William’s Town [now Qonce], Peeree forest, 6 Mar. 1962;
(ZSM).
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Figure 2. Protoleptops farquharsoni (Heinrich, 1967), female A habitus, lateral view B face, frontal view C hind coxa,
ventral view D head, mesoscutum and mesoscutellum, dorsal view E metasomal tergites, dorsal view. Scale bar: 1 cm.
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Figure 3. Protoleptops angolae (Heinrich, 1967), male, paratype A habitus, lateral view B propodeum and metasomal
tergites, dorsal view C face, frontal view. Protoleptops farquharsoni (Heinrich, 1967), male, holotype D face, frontal view
E metasomal tergites, dorsal view F habitus, lateral view. Scale bar: 1 cm.
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Material examined. Holotype. SOUTH AFRICA - 3; “[White label] N.-Cape Prov.
/ King Williams Town / Peeree Forest / 6.1ll. 1962 // [White label] Apatetorops /
farquharsoni / & Heinr. / det Heinr. // [Red label] Holotype // [Pink label] Zoolo-
gische Staatssammlung / Miinchen / Type-No.: ZSM-Hym-00242 // [Red label]
Typus Nr. Hym. / 422 / Zoologische / Staatsammlung / Miinchen.”; (ZSM).

Non-type specimens. SOUTH AFRICA * 29 Q; KwaZulu-Natal, Ngome Forest, 1
Nov. 1970, H. & M. Townes leg.; (ZSM).

Distribution. South Africa: Eastern Cape (Heinrich 1967); KwaZulu-Natal
(new record) (Fig. 8).

Remarks. The two specimens used for the first female diagnosis of the spe-
cies had been identified as Apatetorops farquharsoni by Gerd Heinrich, but the
records were never published, despite being integrated into the ZSM collection.

In the original identification key, Heinrich (1967: 81) mentioned “mesoster-
num uniformly white” as a trait to differentiate farquharsoni from angolae.
However, in the female of the species, the mesosternum is reddish-brown and
therefore, the white coloration of the mesosternum should be considered a
male-specific trait.

Protoleptops heinrichi Heinrich, 1967
Figs 4A-E, 6A-C

Protoleptops heinrichi Heinrich, 1967: 72-73 (original description, key, figures);
Townes and Townes 1973: 226 (catalogue); Yu and Horstmann 1997: 530
(catalogue); Yu et al. 2016 (catalogue).

Differential diagnosis. Protoleptops heinrichi can be easily distinguished
from all the other known species of the genus by the following combina-
tion of characters: (1) almost complete carination of the propodeum (in-
complete in all the other species); (2) absence of a scopa (present in all the
other species); and (3) T2-T5 anteriorly constricted (not constricted in all
the other species).

Original type series. Holotype (by original designation). MADAGASCAR * Q;
Antsiranana, lvondro, Feb. 1940; (MNHN). Paratypes. MADAGASCAR * 1J; An-
tsiranana, lvondro, Dec. 1938; MNHN + 12Q; Antsiranana, Rogez, 1935; (ZSM).

Material examined. Holotype. MADAGASCAR * Q; “[White label] MADAGAS-
CAR // [White label] Ivondro // [Blue label] MUSEUM PARIS / 11.40 / A. SEYRIG
// [White label] Apatetor / heinrichi/ TYPE // [White label] Protoleptops / @ hein-
richi / Heinr. / det Heinr. // [Red label] Holotype // [Whitel label] Muséum Paris
/ EY10172"; (MNHN). Paratypes. MADAGASCAR * J; “[White label] MADAGAS-
CAR // [White label] Ivondro [Written over Rogez, Foret Cote Est] // [Blue label]
MUSEUM PARIS / XI1.38 / A. SEYRIG // [White label] Protoleptops / heinrichi
& / Heinr. / det Heinr. // [Red label] Allotypus // [Whitel label] Muséum Paris /
EY10173"; (MNHN) « Q; “[White label] MADAGASCAR / Rogez / Foret Core Est //
[Blue label] MUSEUM PARIS / 1935 / A. SEYRIG // [White label] heinrichi / Heinr.
/ det. G. Heinr. // [White label] Protoleptops / heinrichi / @ Heinr. / det Heinr. //
[Yellow label] Paratypus”; (ZSM).

Male. Described in the original description by Heinrich (1967) as “Allotype”.

Distribution. Madagascar: Antsiranana (Heinrich 1967) (Fig. 8).
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Figure 4. Protoleptops heinrichi Heinrich, 1967, female, holotype A habitus, lateral view; female, paratype B face, frontal
view C hind coxa, ventral view D head, mesoscutum, mesoscutellum, and propodeum, dorsal view E metasomal tergites,
dorsal view. Images of the habitus downloaded from the public MNHN database (available at https://science.mnhn.fr/
institution/mnhn/collection/ey/item/ey10172). Scale bar: 1 cm.
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Remarks. The specific epithet given by Heinrich might appear to be self-glo-
rification, as it is named after himself. However, it is actually a dedication to
his friend, A. Seyrig, who was the first to recognize it as a new species and
labeled it as “Apatetor heinrichi”, but never officially described it. When Heinrich
discovered the species at the MNHN, he chose to retain the name in honor of
his friend’s intentions, stating: “I felt bound to carry out the will of my late friend,
rather than to shrink from the possibility of being blamed for self-glorification in
using this species name” (Heinrich 1967: 72).

Protoleptops magnificus (Heinrich, 1967)
Figs SA-F, 6D-F

Apatetorops magnificus Heinrich, 1967: 81-83 (original description, key, fig-
ures); Schmidt and Schmidt 2011: 83 (type catalogue).

Protoleptops magnifica [sic]; Townes and Townes 1973: 226 (catalogue, new
combination, incorrect gender agreement).

Protoleptops magnificus; Yu and Horstmann 1997: 530 (catalogue, mandatory
change); Yu et al. 2016 (catalogue).

Differential diagnosis. Protoleptops magnificus can be easily distinguished
from all the other known species of the genus by the following combination
of characters: (1) incomplete carination of the propodeum, with costulae
lacking and area dentipara confluent with area externa and area spiracularis
(carination almost complete in P. heinrichi); (2) temple, in dorsal view, bulg-
ing (straight and converging in in P angolae and P. nyeupe sp. nov.); (3) hind
tarsus infuscate (white in P angolae and P. nyeupe sp. nov.); (4) presence of
a scopa taking up 2/3 of the ventral part of the coxa (absent in P heinrichi, re-
duced in P angolae and P. farquharsoni); (5) mesoscutellum with lateral white
marks (reddish-orange in P. farquharsoni and P. angolae); (6) T2 longitudinally
striate medially (densely punctate in P angolae and P. farquharsoni); and (7)
mesoscutum sparsely and superficially punctate (densely punctate anteriorly
in P. farquharsoni).

Original type series. Holotype (by original designation). TANZANIA + Q; Tanga,
West Usambara Mountains, Lushoto, 17700 m 19 Feb. 1962; (ZSM).

Paratypes. TANZANIA *+ 599 & 1J; same locality as the holotype, 17 Feb.
1962; ZSM - 12; same locality as the holotype, 1600 m, 5 Mar. 1962; (ZSM).
SOUTH AFRICA * 1Q; Eastern Cape, Port St. Johns, 20 Feb. 1963; (ZSM)

Material examined. Holotype. TANZANIA * Q; “[White label] TANGANYIKA / W
Usambara Mts. / 1700 m. Lushoto / 79.11.1962 [White label] Apatetorops / mag-
nificus / @ Heinr. / det.Heinr. // [Red label] Holotype // [Pink label] Zoologische
Staatssammlung / Miinchen / Type-No.: ZSM-Hym-00240 // [Red label] Typus
Nr. Hym. / 420 / Zoologische / Staatsammlung / Miinchen.”; (ZSM). Paratypes.
TANZANIA * & “[White label] TANGANYIKA / W Usambara Mts. / 1700 m. Lush-
oto / 17.11.1962 [White label] Apatetorops / magnificus / & Heinr. / det.Heinr. //
[Red label] Allotypus”; (ZSM).

Non-type specimens. SOUTH AFRICA * 19; Mpumalanga, Waterval-Boven
[=Emgwenyal), Elandsrivier, 18.i.2000, J. Halada leg.; (OOLM).

Male. Described in the original description by Heinrich (1967) as “Allotype”.
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Figure 5. Protoleptops magnificus (Heinrich, 1967), female, holotype A habitus, lateral view B face, frontal view C head,
mesoscutum and mesoscutellum, dorsal view D propodeum, dorsal view E hind coxa, ventral view F metasomal tergites,
dorsal view. Scale bar: 1 cm.
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Figure 6. Protoleptops heinrichi Heinrich, 1967, male, paratype A habitus, lateral view B propodeum and metasomal terg-
ites, dorsal view C face, frontal view. Downloaded from the public MNHN database (available at https://science.mnhn.fr/
institution/mnhn/collection/ey/item/ey10173). Protoleptops magnificus (Heinrich, 1967), male, paratype, D face, frontal
view E propodeum and metasomal tergites, dorsal view F habitus, lateral view. Scale bar: 1 cm.
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Distribution. South Africa: Eastern Cape (Heinrich 1967); Mpumalanga (new
record); Tanzania: Tanga region (Heinrich 1967) (Fig. 8).

Remarks. In their catalogue, Townes and Townes (1973: 226) provided a
new combination for Apatetorops magnificus Heinrich, 1967, moving the spe-
cies into the genus Protoleptops. While doing so, they referred to Protoleptops
magnifica [sic], possibly misinterpreting the gender of the genus Protoleptops
as feminine instead of masculine. Subsequently, Yu and Horstmann (1997:
530) correctly interpreted the gender as masculine and made the mandatory
change to the suffix in accordance with ICZN (1999: article 34.2).

Protoleptops nyeupe Dal Pos & Di Giovanni, sp. nov.
https://zoobank.org/54F974F4-597C-46A2-B817-0EB76421D494
Fig. 7A-E

Type material. Holotype - 2, “[White label] BURUNDI. Rwegura, Kibira / Nat. Park, 2
5325.95292725.4E,/ 2226 m, 28-30.1.2011, M. Mei, / P. Cerretti, D. Withmore [Whit-
more] leg. // [Red label] HOLOTYPE / Protoleptops / nyeupe / Dal Pos & Di Giovanni,
des. 2024 // FSCA 00051872" (FSCA). The specimen is in perfect condition. Para-
type * , same data as the holotype. The specimen is in perfect condition (MZUR).

Differential diagnosis. Protoleptops nyeupe sp. nov. can be easily distin-
guished from all the other known species of the genus by the following combi-
nation of characters: (1) incomplete carination of the propodeum, with costu-
lae lacking and area dentipara confluent with area externa and area spiracularis
(almost complete in P. heinrichi); (2) temples straight and converging (bulg-
ing and not converging in P. farquharsoni, P. heinrichi and P magnificus); (3)
white hind tarsus (infuscate in P. farquharsoni, P. heinrichi, and P magnificus);
(4) presence of a scopa taking up 1/3 of the ventral part of the coxa (absent
in P.heinrichi, reduced in P angolae and P. farquharsoni, and taking up 2/3 of
the ventral side of the coxa in P magnificus); (5) mesocutellum entirely white
(reddish-orange in P. farquharsoni and P angolae; with lateral white marks in
P. heinrichi and P magnificus); (6) T2 medially longitudinally striate (densely
punctate in P angolae and P. farquharsoni); (7) area petiolaris well delimited
(not well delimited in P. angolae sp. nov.); and (8) mesopleuron superficially and
sparsely punctate (densely and strongly punctate in P angolae).

Etymology. The specific epithet nyeupe is a noun in apposition, derived from
the Swabhili word “nyeupe” for white. This name refers to the extensive white
coloration of the mesoscutum and mesoscutellum, which stands in stark con-
trast to the dark coloration of the rest of the body.

Description. Holotype female. Body length: 17.8 mm; fore wing length:
14.2 mm. Head. Overall shining; face subquadrate, as wide as medially high,
smooth, with very sparse and superficial punctures, medio-apically protruding in
a very distinct blunt tubercle right below antennal sockets, clear delimitation be-
tween clypeus and face present; frons concave, smooth and shining; vertex matt
and impunctate; ocellar triangle equilateral, elevated and proximally delimited by
a shallow sulcus; ocular-ocellar distance about 1.3 x ocellus diameter, inter-ocel-
lar distance 1.0 x ocellus diameter; occipital carina distinct and complete, meet-
ing hypostomal carina at base of mandible; temples straight and converging in
dorsal view; gena, in lateral view, not strongly inflated, matt; clypeus medially
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Figure 7. Protoleptops nyeupe Dal Pos & Di Giovanni, sp. nov., female, holotype A habitus, dorsal view B propodeum and
T1-T2, dorsal view C head, dorsal view D face, frontal view E hind coxa, ventral view. Scale bar: 1 cm.

slightly convex in lateral view, shining with straight apical margin and almost
completely impunctate; malar space about 0.7 x basal width of mandible; malar
sulcus present and shagreened; mandible robust, with sparse setiferous punc-
tures centrally, teeth rather stout and widely separated with ventral tooth shorter
(about 0.5 x) than upper tooth; maxillary palp long, reaching fore coxa, 5t seg-
ment about 1.5 x as long as 4™; antenna with 45 flagellomeres, slightly enlarged,
with flagellomeres 20-38 ventrally flattened and 1.4 x as wide as long, 15! flagel-
lomere about 1.3 x as long as 2", apical flagellomere distinctly longer than wide.
Mesosoma. Overall shining; pronotum with shallow punctures; epomia present
and strong; propleuron smooth, with dense, shallow punctures and covered with
setae, projected into a blunt, rounded flange ventro-apically; mesoscutum sub-
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Legenda

& P. angolae
A P farquharsoni
B P heinrichi

P. magnifi

P. nyeupe

Figure 8. Distribution map of the known species of the genus Protoleptops Heinrich, 1967.

quadrate, smooth, impunctate, notauli absent; mesoscutellum not elevated over
metascutellum, impunctate and not carinated; mesopleuron shining on upper
1/3, with shallow and sparse punctures, more densely and finely punctate ven-
trally, on upper-posterior section with a deep sulcus right below subtegular ridge;
epicnemial carina continuous with subtegular ridge; subtegular ridge strongly
projecting outwardly anteriorly; sternaulus absent; posterior transverse carina of
mesosternum completely absent; metapleuron with dense, shallow punctures,
juxtacoxal carina absent; propodeum short in lateral view, sloping gently with
almost no horizontal portion, overall irregularly sculptured throughout except for
anterior margin and for area basalis and area petiolaris, which are completely
smooth and almost shining; lateral longitudinal carina present throughout length
of propodeum; lateromedian longitudinal carina present; anterior transverse ca-
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rina absent so that area basalis and area superomedia are continuous; posterior
transverse carina present only medially, delimiting a small area petiolaris. Legs.
All coxae setose; fore and middle coxae ventrally impunctate; hind coxa with
dense punctures throughout; scopa present, occupying 1/3 of apico-ventral re-
gion of hind coxa. Hind femur about 5.3 x as long as medially high. Tarsal claws
without pecten. Wings. Fore wing with 3rs-m present, areolet rhomboidal, with
3rs-m and 2rs-m converging; 1cu-a opposite M&RS, CU between 1Tm-cu&M and
2cu-a about 1.5 x as long as 2cu-a. Hind wing with distal abscissa of CU present,
pigmented, CU about 3.5 x as long as cu-a. Metasoma. T1 shining throughout,
with postpetiole longitudinally striate except shagreened posterior portion with
sparse punctures; T2 with gastrocoeli deep and subquadrate; thyridia present,
space between gastroceoli narrower than one gastrocoelus; T3 superficially
and densely punctate, impunctate posteriorly; remaining tergites shagreened;
terebra (i.e., external visible portion of the ovipositor) short, with densely setose
ovipositor sheaths. Coloration. Head black with central area of face, clypeus and
mandible (except black apical teeth) reddish-brown; two white comma-shaped
patches on frons running from frontal orbit towards ocellar triangle. Scape and
pedicel black with only a reddish-brown patch; flagellum black with white an-
nulus present only on dorsal side, from 10" to 15" flagellomeres. Mesosoma
reddish-brown, with dorso-lateral portion of propleuron, entire mesoscutum, and
mesoscutellum white; dorsal portion of mesopleuron, metanotal trough and an-
terior portion of propodeum infuscate. Legs overall reddish-brown, with dorsal
sides of all femora and fore and mid tibiae infuscate; hind tibia, fore and mid
tarsi, black; hind tarsus white with only proximal part of basitarsus, distal portion
of telotarsus and claws black. Wing entirely hyaline with pterostigma centrally
light brown. Metasoma with T1-T3 reddish-brown with only an infuscate patch
on postero-median portion of T2 and T3; T4 infuscate; T4-T8 black.

Male. Unknown.

Host. Unknown.

Distribution. Burundi: Cibitoke Province (Fig. 8).

Discussion

The discovery of the new species occurred in the bushes at the edge of a dirt
road, where specimens of P. nyeupe sp. nov. were collected together with some
females of an unidentified Cryptini (Ichneumonidae, Cryptinae), with which the
new species shares an absolutely identical color pattern (i.e., creamy white me-
soscutum in sharp contrast to the dark coloration of the rest of the body). The
two species, P. nyeupe sp. nov. and the unidentified Cryptinae, markedly stood
out from the background as small whitish moving spheres (M. Mei pers. obs.).
From our observations in different museums and collections, various species
and genera of both Ichneumoninae and Cryptinae share this distinctive color
pattern in the Afrotropics. However, the significance of this unusual mimetic
chain is likely to remain unanswered until a deeper understanding of the tax-
onomy and biology of Darwin wasps in the Afrotropics is achieved. Of note,
the discovery of P nyuepe sp. nov. also marks the first record of the subfamily
Ichneumoninae for Burundi. This “surprising” finding, coupled with the first re-
cord of P. angolae in East Africa, shows that knowledge about the diversity and
distribution of Darwin wasps in the Afrotropical region is still severely lacking.
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Indeed, beyond a small number of nations that, for historical reasons, have
been reasonably sampled, most ecotypes and countries in the Afrotropics have
not been adequately investigated yet (Meier et al. 2024).
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Abstract

Integrative taxonomic practices that combine multiple lines of evidence for species de-
limitation greatly improve our understanding of intra- and inter-species variation and bio-
diversity. However, extended phenotypes remain underutilized despite their potential as a
species-specific set of extracorporeal morphological and life history traits. Primarily rely-
ing on variations in wing patterns has caused taxonomic confusion in the genus Aciurina,
which are gall-inducing flies on Asteraceae plants in western North America. However,
species display distinct gall morphologies that can be crucial for species identification.
Here we investigate a unique gall morphotype in New Mexico and Colorado that was
previously described as a variant of that induced by Aciurina bigeloviae (Cockerell, 1890).
Our analysis has discovered several consistent features that distinguish it from galls of
A. bigeloviae. A comprehensive description of Aciurina luminaria Baine, sp. nov. and its
gall is provided through integrative taxonomic study of gall morphology, host plant ecol-
ogy, wing morphometrics, and reduced-representation genome sequencing.

Key words: Bigeloviae, candle, ddRAD, Ericameria, flame, marshmallow, nauseosa,
rabbitbrush, tephritid, trixa, wing

Introduction

Species delimitation is an essential step in our collective goal as biologists to cal-
culate the total diversity of life on the planet (Dayrat 2005), and is particularly vital
in the midst of ongoing decline of insects — the world’s most species-rich group
of animals (Dirzo et al. 2014; Stork et al. 2015; Sdnchez-Bayo and Wyckhuys
2019). However, species divisions are frequently unclear, particularly where pure-
ly morphological descriptions include high levels of intra-species variation, which
poses a significant challenge in taxonomy, as it can result in unreliable diagnosis
of species boundaries (Gentile et al. 2021). Most descriptions of insect species
are made from adult morphological characters alone and are presented as a list
of traits that have some author-determined significance in recognition (e.g., col-
oration, wing patterns, integumental texture). This issue can be addressed by
combining multiple lines of evidence, such as morphological, ecological, and
geographical data, to make more accurate and robust species delimitations;
a long-standing practice coined in recent decades as “integrative taxonomy”
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(Schlick-Steiner et al. 2010). Taxonomists are also now equipped with molecular
tools that can provide deep genome-wide datasets to investigate intra-taxon dis-
tinctions, even in cryptic or rare groups of arthropods (Hebert et al. 2003; Sheikh
et al. 2022). An integrative taxonomy approach to species description improves
our overall species estimates and identification of significant radiations in evolu-
tionary history. By embracing a holistic approach, integrative taxonomy allows for
a more nuanced understanding of biodiversity, leading to more precise species
identification (Schlick-Steiner et al. 2010). This not only enhances our knowledge
of the natural world but also is crucial for conservation efforts, as accurately iden-
tifying species is foundational to protecting them and their habitats.

Though many have adopted integrative taxonomic description, a potentially
powerful tool for species delimitation remains under-utilized: the extended phe-
notype. This refers to an organism’s genetic expression that can be observed
beyond their own bodies, particularly in the case of animals that construct or
modify unique structures such as bird nests and spider webs (Blamires 2013;
Mainwaring et al. 2014). These extensions of the phenotype represent spe-
cies-specific behaviors and adaptations, establishing them as a key piece of the
species’ ecology, and a set of additional morphological traits that can be used in
species delimitation (Bailey et al. 2009; Freudenstein et al. 2016). For example,
gall-inducing insects create structures that are so frequently species-specific
that they can be used as a diagnostic character for identification (Raman et al.
2005; Bailey et al. 2009; Redfern 2011; Russo 2021). Integrating extended phe-
notypes in species description will likely enhance the resolution of taxonomic
classifications, especially with ecosystem engineers like gall-inducing insects.

The genus Aciurina (Diptera: Tephritidae) are gall-inducing flies on Asterace-
ae shrubs in western North America (Foote et al. 1993). Many species in this
genus are informally recognized by gall morphological characters, and, simi-
larly to many tephritid “picture-wing” flies, formally identified with diagnostic
black and transparent markings of the wings. The common and widespread
species Trypeta bigeloviae was first described only as a “white, woolly [sic], and
conspicuous” gall on the plant Bigelovia (Cockerell 1890a). The fly was then
described in the same year as both T. bigeloviae and T. bigeloviae var. disrupta
based on a single distinction in the postero-distal hyaline region of the wing: in
disrupta this area is divided (disrupted) into two by a complete black marking
(Cockerell 1890b). Bates (1935) later re-assigned T. bigeloviae to the genus
Aciurina, including the variety disrupta which he did not consider distinct, citing
variation of this character in specimens from the same locality. Wing marking
variation led Steyskal (1984) in his revision of Aciurina to then synonymize the
type species Aciurina trixa Curran, 1932 and Aciurina semilucida Bates, 1935
with Aciurina bigeloviae (Cockerell, 1890), which he characterized as being the
most variable species of the genus. However, Dodson and George (1986) soon
after described the likely recently diverged relationship of A. bigeloviae and A.
trixa based on thorough examination of gall morphology, host plant ecology,
hybrid breeding success, and genetic allelic frequencies. First Goeden and
Teerink (1996) reinstated A. semilucida, then Headrick et al. (1997) officially
reinstated A. trixa as a species distinct from A. bigeloviae and provided a larval
description. The most reliable diagnostic character established between the
sister species was gall morphology: A. bigeloviae has a white, wooly “cotton”
gall and A. trixa has a resinous, waxy “smooth” gall. Both species form galls on
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Ericameria nauseosa (Pall. ex Pursh) G.L.Nesom & G.l.Baird, however on differ-
ent varieties of the species.

Dodson and George (1986) also described in detail the confusing variation
in wing patterns noted by the other authors above by establishing three pattern
categories among the two species: 1) the Type | pattern that included the orig-
inally described wing pattern for A. bigeloviae plus that of var. disrupta, 2) the
Type Il pattern which matched the description of A. trixa, and 3) the Type II’ pat-
tern (hereafter referred to as Type Ill) as a modified version of the A. trixa wing
pattern, but from flies reared from A. bigeloviae-type cotton galls (Fig. 1). The
authors admit that this third pattern, with its unexpected gall-wing morpholog-
ical pairing, left them somewhat stumped: “Whether they belong to bigeloviae,
trixa, or a third species probably will not be resolved until further studies parallel
to those reported here are carried out” (Dodson and George 1986).

Here we follow this thread and using an integrative taxonomic approach that
employs gall morphology, previously unexplored host plant ecology, extensive
wing morphometric and character analysis, and multi-locus reduced represen-
tation genome sequencing, provide evidence that the Type Il flies are a third
species. We provide a name for this species, Aciurina luminaria, and a complete
morphological description of the adult fly and its gall.

Materials and methods

We observed in previous collections of A. bigeloviae that “cotton” galls in New
Mexico could be categorized into two groups by general gall shape: spherical and
teardrop-shaped (Fig. 2). We were able to confirm from rearing haphazardly col-
lected galls that the spherical cotton galls were induced by flies with Type | wing
morphology (A. bigeloviae), and the teardrop-shaped galls were induced by flies
with Type lll wing morphology. The ability to recognize the different gall morphs
in the field allowed us to perform targeted collections for each morphotype.

We systematically collected and reared A. bigeloviae and A. trixa galls in
New Mexico between 2021-2022 following methods outlined in Baine et al.
(2023a). Type Il galls were collected haphazardly from identified populations
throughout New Mexico and Colorado in April and May of 2021-2023 by clip-
ping sections of stem with gall attached and transporting them to the University
of New Mexico. In the lab, galls were placed in insect rearing cages (BugDorm)
and kept at 45% relative humidity. Adult flies were removed from cages as they
emerged and preserved in 100% EtOH at -20 °C for the following analyses. A
subset of pinned flies and galls was examined for morphological characters
and photographed using an EOS 40D camera fitted with a 65 mm MP-E macro
photo lens (Canon) mounted on Stackshot macro rail with controller (Cogni-
sys), and then focus stacked with Zerene Stacker software. Representative flies
and galls of each sampled population, plus other material examined, including
the holotype of A. luminaria, were deposited in the following collections: The
Museum of Southwestern Biology, Arthropods Division, New Mexico (MSBA);
Smithsonian Institution, National Museum of Natural History, Washington DC
(USNM); and William F. Barr Entomological Museum, Idaho (WFBM).

Aciurina species are frequently documented as specialists on particular
varieties of E. nauseosa. For example, A. bigeloviae is associated with E. n.
subsp. nauseosa var. graveolens, and A. trixa in New Mexico is associated
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with E. n. subsp. nauseosa var. latisquamea (Dodson and George 1986). To
determine the host plant identity of Type Ill galls, we additionally returned to a
subset of sites during the flowering season in the fall of 2022 and 2023 to ob-
tain plant voucher specimens. Plant samples were identified using Anderson
(2006) and Allred and Jercinovic (2020), and deposited in the MSB Herbarium.

Wing morphology

A total of 62 female Aciurina specimens of the three morphotypes from 19 pop-
ulations were selected for morphological assessment. Both wings of each spec-
imen were carefully removed by pulling at the connection point where the tegula
meets the thorax. Wings were mounted on glass slides with a Euparal mounting
medium (Hempstead Halide). The edges of the cover slide were then sealed with
clear nail polish and slides were left to dry at room temperature for 24 hours. Im-
ages of each wing were taken using a Axiocam 208 color camera mounted on a
Stemi 508 microscope (Zeiss). Measurements were taken in ZEN 3.6 blue edition
(Zeiss). The methodology used to take standardized proxy measurements of the
wing width (represented by distance from apex of vein R1 to junction of vein M4
and crossvein dm-m) and length (represented by distance from junction of vein
M4 and crossvein bm-m to apex of vein M4) follows Baleba et al. (2019). A total
of seven different measurements and three different categorical observations
were made for each wing (Fig. 1A). To facilitate comparison without influence of
difference in overall body size, each measurement was divided by our measure-
ment for wing length. Finally, measurements from each wing pair were averaged.
We then compared morphotype Ill to both morphotype | and Il using each set
of measurements by analysis of variance (ANOVA, aov) or Kruskal-Wallis where
assumptions for ANOVA were not met (kruskal.test), and each set of categorical
variables by Pearson’s x? test (chi.test) in R version 4.2.2 (R Core Team 2021).

The terminology we used for venation and cells follows Cumming and Wood
(2017), and our selected measurements and categorical variables are defined
as follows (Fig. 1A):

* brL: The maximum diameter of the subapical hyaline spot of cell br. This
spot has a circular-elliptical shape, so the measurement typically follows
a line from one elliptical-vertex to the other.

* rrL: The maximum width of the hyaline region located within cells r, and
r,.» Crossing vein R,,.: measurement taken from the midpoint of the vein
C to the parabolic vertex of the shape. This pattern occasionally reaches
vein R, ; in this case the midpoint that borders this vein is used instead of
a parabolic vertex.

* rrH: The maximum length of the same region hyaline in cellsr, and r,,,
measured along veinR,,..

* mrL: The maximum length of the subapical hyaline region in cellsr,,, and
m: length taken from the postero-distal corner to the parabolic vertex of
the region.

* C1: The presence or absence of a complete medial stripe within the anal
lobe from veins CuA+CuP to the posterior wing margin.

*+ C2: The presence or absence of a complete medial stripe within cell m,
from vein M, to the posterior wing margin.
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* C3: The extent of black medial stripe in the large subbasal hyaline region
on the posterior margin of the wing within cell m. Three conditions exist:
stripe absent, stripe incomplete, and stripe completely bisecting the re-
gion (var. disrupta morphology).

Genomics

From three populations each of A. bigeloviae, A. trixa and Type lll, we extracted
whole-body DNA from three replicates (total n = 27) using the DNeasy Blood &
Tissue kit and protocol (Qiagen), and quantified nucleic acid with a Qubit 3.0
fluorometer (Invitrogen). We generated genotypes for each sample from sin-
gle-nucleotide polymorphisms (SNPs) derived from double digest restriction site
associated DNA sequencing (ddRADseq) (Peterson et al. 2012). DNA was di-
gested with enzymes EcoRI and Msel, and fragments were coupled with lllumina
adaptors through T4 ligation. Pooled fragments were used for PCR with a proof-
reading enzyme (Iproof; BioRad), and fragment size selection for 300-450 bp

B Type | - A. bigeloviae ("disrupta”)

g

D Type Il - A. trixa

E Type Il - A. luminaria
a

Figure 1. Wing morphotypes and measurements taken A diagram of characters and measurements defined and used in
analysis B A. bigeloviae C A. bigeloviae D A. trixa E A. luminaria sp. nov. Not to scale.

ZooKeys 1214: 217-236 (2024), DOI: 10.3897/z00keys.1214.130171 221



Quinlyn Baine et al.: Aciurina luminaria sp. nov.

5mm t

5mm

Figure 2. Galls of A. luminaria and A. bigeloviae A immature A. luminaria galls B internal view of immature A. luminaria gall
with early instar larva burrowing into the stem while gall develops C mature A. luminaria galls D internal view of mature A.
luminaria gall with full-sized larval chamber E mature A. bigeloviae galls F internal view of A. bigeloviae gall with a mature
larva in the larval chamber. Side by side comparison of A. bigeloviae (left) and A. luminaria (right) tomentum texture and
uniformity G external view H internal view.
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was performed using a Pippin Prep quantitative electrophoresis unit. An lllumina
NovaSeq S2 housed at the University of Texas at Austin Genomic Sequencing
and Analysis Facility (Austin, TX) generated sequences of ~100 bp from input
fragments. Trimmomatic 0.39 was used to truncate and filter demultiplexed sin-
gle-end reads to a threshold of 85 bp (Bolger et al. 2014). Sequence files are
deposited in NCBI GenBank under BioProject ID PRINA1075688.

We mapped trimmed reads de novo using the Stacks 2.61 (Catchen et al.
2011) wrapper denovo_map.pl with the selected parameters: 5 minimum reads
per stack, 3 maximum mismatches per locus, 3 maximum mismatches per
stack, and minimum 80% individuals required per locus (parameter optimization
was performed generally following Paris et al. 2017). We then filtered stacks in R
with SNPfiltR (DeRaad 2022) and the settings: maximum depth of 50, maximum
missing per sample 80%, minimum SNP completeness 80%, and minimum mi-
nor allele count of 1. Filtered SNP loci were used for principal component analy-
sis (PCA) using packages vcfR (Knaus and Griinwald 2017), dartR (Gruber et al.
2018) and adegenet (Jombart 2008). We also calculated m for each population
as a measure of nucleotide diversity. Structure was estimated using sparse non-
negative matrix factorization (SNMF) with package LEA (Frichot and Francois
2015). For each K value, where K represents the number of clusters ranging from
110 9, we performed 50 iterations. We then selected and graphed the best result
from the most optimal K value, as identified through the cross-entropy criterion.

SNPs per sample were concatenated to generate sequences for each indi-
vidual, and sequences were aligned in Stacks. Phylogeny was inferred by max-
imum likelihood (ML) tree with IQ-TREE 2.2.0 (Minh et al. 2020). ModelFinder
(Kalyaanamoorthy et al. 2017) was used to select the best model as deter-
mined by Akaike Information Criterion (AIC). We calculated branch support
from 1000 ultrafast bootstrap (UFBoot) (Hoang et al. 2018) and 1000 Shimo-
daira—Hasegawa approximate likelihood ratio test (SH-aLRT) (Guindon et al.
2010) replications. We report the selected model and basal branch support
values. Sequence reads used in all above genomic analyses are deposited in
NCBI GenBank within BioProject PRINA1075688.

Results
Wing morphology

Morphometric comparisons of A. bigeloviae and A. trixa with the Type Ill mor-
photype highlighted regions of the wing that differ significantly in relative size
and can therefore be used as diagnostic characters. The greater length of the
hyaline spot within cell br (measurement brL) in Type Ill is the most notably
distinct wing measurement from the other two morphotypes (A. bigeloviae x? =
20.57, p < 0.0007; A. trixa x? = 20.83, p < 0.0001). Type lll also differs in the
dimensions of the hyaline spot inr, and r,,,, being longer than in A. bigeloviae
(measurement rrH, F = 30.61, p < 0.0001), and wider than in A. trixa (measure-
ment rrL, F = 7.99, p < 0.01). Finally, the measurement mrL is slightly greater in
A. trixa than in Type Ill (F = 4.44, p < 0.05).

Despite variation, A. bigeloviae wings had the darkened stripes represented
by the selected characters consistently present, while in Type Ill they were ab-
sent (Table 1). The absence of the dark stripe within the hyaline region in cell
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m (C3) that frequently separates A. trixa from A. bigeloviae, also separates the
Type lll morphotype from A. bigeloviae, but not from A. trixa. See Suppl. material
1:fig. S1 for wing character variation in each of the three morphotypes sampled.

Table 1. Significance values from yx? tests to compare the presence/absence of wing
characters in the three morphotypes.

Wing pattern character A. bigeloviae ~ Type Il A. trixa ~ Type lll

C1 x%>=50.22,df =1, p < 0.0001 x%>=36.29,df =1, p < 0.0001
Cc2 X% =68, df =1, p<0.0001 x%=65.33,df =1, p <0.0001
C3 x%=47.28,df =2, p < 0.0001 NS
Genomics

From the ddRAD sequencing of the three morphotypes, 42,838 SNPs were re-
tained after filtering. A single sample was filtered out for high relative missing-
ness, so we used 26 samples total for the following analyses. The first principal
component (PC1) in the PCA performed accounted for 42.3% of the variance,
splitting the morphotypes into discrete clusters that match to gall morpholo-
gy (Fig. 3A). The second principal component (PC2) explained an additional
21.2% of the variance, splitting Type Il from A. bigeloviae, and also with mini-
mal loadings on geographic variation within A. bigeloviae populations (Fig. 3A).
The PCA represents the greatest amount of variance exists between the three
morphotypes. Average genetic diversity across all sites (1) was lower in Type llI
(0.0008) thanin A. bigeloviae (0.0014) or A. trixa (0.0011) across all populations
(0.0775, 0.1324, 0.1083, respectively across variant sites). Genetic diversity
was also lower by a comparable margin in Type Il across the populations at the
sympatric site for all three morphotypes, “SNM” (0.0767 versus 0.12 A. bigelo-
viae and 0.1006 A. trixa). The most optimal K for structure-like SNMF analysis
was 3, and plots reveal that there is virtually no admixture present between the
morphotypes, even in the populations at the sympatric sites (Fig. 3C).

Finally, to construct the phylogeny, we selected with ModelFinder a trans-
version substitution model of AG=CT and empirical unequal base frequencies,
plus a FreeRate model (Yang 1995; Soubrier et al. 2012) for rate heterogeneity
across sites with 2 categories, and an ascertainment bias correction appropri-
ate for SNP alignments (TVM+F+ASC+R2). The output tree supports the pat-
tern observed in the results above, that the morphotypes are consistently dis-
tinct, and that variation is lower in A. bigeloviae (Fig. 3B). The tree also suggests
that Type Ill is more closely related to A. bigeloviae than A. trixa is, which may
mean that their shared gall morphological traits are ancestral.

Taxonomy

Aciurina luminaria Baine, sp. nov.
https://zoobank.org/BC9BB3A4-E1CC-4793-AC8D-B8A4E779FFBF
The Candle Flame Gall Tephritid

Type material examined. Holotype (Fig. 4A, C) USA - NM; Santa Fe Co.; @; Tesuque
E arroyo crossing Road 74; 35.77686°N, 105.92904°W; 5 May 2021; Q. Baine leg.,;
MSBA81957. Allotype (Fig. 4B, D) USA « NM; Santa Fe Co.; &; 1 mi SE Chupadero
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Figure 3. Results from SNP comparisons across populations (labeled as three-letter abbreviations) of the three morpho-
types (labeled by color) A PCA plot B Maximum likelihood tree with basal support values UFBoot + SH-aLRT C sNMF

structure-like admixture plot.

off St Rd 592; 35.814°N, 105.907426°W; 7 May 2023; Q. Baine leg.; MSBA81946.
Paratypes USA < CO; Alamosa Co.; 22 17; S of Mosca side of Hwy 17;37.62534°N,
105.86636°W; 20 May 2021; V. Martinson leg.; MSBA81880-81882 - 32 34 1
gall; San Luis State Wildlife Area, Lane 6 N; 37.66256°N, 105.72293°W; 20 May
2021; E. Martinson & V. Martinson leg.; MSBA81892-81893, MSBA81896—
81897, USNMENTO02011093-USNMENT02011095 - 49 43; San Luis State
Wildlife Area, Lane 6 N; 37.66256°N, 105.72293°W; 14 May 2023; Q. Baine leg.
MSBA81926-81933 - 72 64; W of San Luis Valley Regional Airport entrance, Ala-
mosa; 37.4442°N,105.86753°W; 14 May 2023; Q. Baine leg.; MSBA81898-81901,
USNMENTO02011096-USNMENT02011097 + 29 33; 2 mi S Zapata Falls turnoff
Hwy 150; 37.59092°N, 105.6015°W; 15 May 2023; Q. Baine leg.; MSBA81909—
81913. 22 13; Road N 110 and Lane 1 N off Hwy 17; 37.59092°N, 105.6015°W;
15 May 2023; Q. Baine leg.; MSBA81914-81916 + 29 1J; Corner of Cortez Rd
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Figure 4. Aciurina luminaria sp. nov. A holotype lateral habitus B allotype lateral habitus. Difference in eye color is a result
of the age of mounted specimen C holotype dorsal habitus D allotype dorsal habitus E holotype head, anterior F holotype
abdomen, dorsal G—H variation in dorsal abdomen color G mostly orange morph H dark morph.
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and Van lwarden Dr, Alamosa; 37.43771°N, 105.88511°W; 14 May 2023; Q. Baine
leg.; MSBA81922-81925. Chaffee Co. « 29 23; Hwy 285 W of Johnson Village;
38.80956°N, 106.11603°W; 20 May 2021; E. Martinson leg.; MSBA81883-81886
* NM; Cibola Co.; 22 2dJ; El Malpais National Conservation Area Narrows;
34.96499°N, 107.81464°W; 15 May 2022; V. Martinson leg.; MSBA81876—-81879.
San Juan Co. * 14; S Bloomfield Hwy 550 Kutz Wash; 36.64524°N, 108.00264°W;
18 March 2022; E. Martinson leg.; MSBA81891. Sandoval Co. * 49; N side Hwy
550, La Jara; 36.0581873°N, 106.9749619°W; 31 May 2020; D. Hughes leg.;
MSBA81887-81890. Santa Fe Co. * 59 4, 1 gall; Tesuque E arroyo crossing
Road 74; 35.77686°N, 105.92904°W; 7 May 2023; Q. Baine leg.; MSBA81934—
81938, MSBA81941-81942, USNMENT02011090-USNMENT02011092 - 29;
Tesuque E arroyo crossing Road 74; 35.77686°N, 105.92904°W; 5 May 2021,
Q. Baine leg.; MSBA81956-81957 « 49 24; 1 mi SE Chupadero off St Rd 592,
35.814006°N, 105.907426°W; 7 May 2023; Q. Baine leg.; MSBA81943-81948 - 39
43, Tesuque Arroyo Ancho and Meredith Dr on Tesuque Village Rd; 35.752991°N,
105.934346°W; 7 May 2023; Q. Baine leg.; MSBA81949-81955. Taos Co. * 29
3d; 3 mi N Ojo Caliente off Hwy 285; 36.33046°N, 106.00581°W; 14 May 2023; Q.
Baine leg.; MSBA81917-81921 - UT; Kane Co.; 19 1J; Coral Pink Sand Dunes; 3
July 1966; E.J. Allen leg.; WFBM0050980-0050981.

Other material examined. USA < NM; Alamosa Co.; 4 galls, 1 pupa; S Nageezi
side of Pueblo Pintado Rd; 36.21480°N, 107.69633°W; 23 May 2024; S. Rollins
leg « 49 34; Corner of Cortez Rd and Van Iwarden Dr, Alamosa; 37.43771°N,
105.88511°W; 14 May 2023; Q. Baine leg. * 3 larvae; San Luis State Wildlife
Area, Lane 6 N; 37.66256°N, 105.72293°W; 20 May 2021; E. Martinson leg.

Diagnosis. This wing pattern of the adult A. luminaria can be distinguished most
easily from both A. bigeloviae and A. trixa by the elongate hyaline spot in cell br,
consistent dark brown region surrounding crossvein r-m, and lack of dark stripe
in anal cell; it further from A. bigeloviae by lack of dark stripe in the postero-distal
region of cell m and lack of medial dark stripe in cell cua, (frequently present in A.
trixa also). It differs from the similar-looking A. maculata (Cole, 1919) and A. lutea
(Coquillett, 1899) by the hyaline cell bc and hyaline basal region of cell br. The ex-
tent of bright orange on the abdomen of many A. luminaria specimens also distin-
guishes it from A. maculata which has a more red abdomen, and from A. bigeloviae
and A. trixa which frequently have a dark orange, brown, or black abdomen. Gen-
italia structures are highly similar to that of A. bigeloviae, except perhaps for the
rounded tips of the prensisetae which differ from illustrations in Steyskal (1984).
However, Steyskal describes A. bigeloviae (at the time synonymized with A. trixa
and A. semilucida) as being highly variable in male terminalia characters, so this
may or may not be reliably diagnostic. The gall can be distinguished from A. bige-
loviae and A. maculata by the pointed, teardrop shape, and from all remaining galls
in the genus by the thick layer of dense tomentum covering the surface (Fig. 2).

Description. Female body length (minus terminalia) 6 mm.

Head (Fig. 4E) uniformly pale yellow except for occiput and narrow intero-
cular margin grey and moderately pilose. Compound eye bright green, drying
to dull red. Three pairs of frontal setae, two pairs of orbital setae, and one pair
of ocellar setae present. All setae pale yellow in color matching frons in color.
Antenna yellow with black arista.

Thorax. Scutum and dorsal portions of pleura dark gray in background color with
pale gray pollinosity and dense pale yellow setulae making the scutum appear pale
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yellow-gray in color at a distance. Scutellum pale orange-brown at apex, narrowly
gray at base. Subscutellum with anterior half pale yellow, posterior half and all of
mediotergite black with pale gray pollinosity. Ventral part of pleura yellow-orange.
The following setae are present, and pale yellow: basal scutellar, postalar, intra-alar,
acrostichal, postsutural dorsocentral, presutral supra-alar, postsutural supra-alar,
two notopleural, postpronotal, anepisternal, and katepisternal. Anepimeral seta in-
distinguishable from surrounding setulae. Legs wholly orange in color except for
black tarsal claw and apical tarsal setae. Forefemur with elongate comb-like setae.
Wing 4.2 mm in length. Costa pale orange. Setae narrowly present dorsally at junc-
tion of R,,, and vein R,,.. Wing coloring is dark brown to black with the following
hyaline regions: cell bc, base of cell br, two vertical bands in cell ¢, the proximal one
extending posteriorly halfway into cell bm, two marginal spots in r, with apical spot
extending into ., large (2x wide as high) subapical spot in cell br, medial spot in
cell bm, large basal and small apical spot in cell cua,, subapical spot (1.5 high as
wide) in cell dm, entire cell cup except for narrowly at apex, alula, anal lobe, large
basal marginal spot in cell m, and subapical band extending from posterior margin
in cell m into cell r,, reaching vein R, .. Halteres bright yellow.

Abdomen bright red-orange and shiny. Oviscape wholly black and shining.
Eversible membrane brown, with shallowly semicircular cuticle denticles. Ac-
uleus short (0.8 mm), notched at basal edge. Apical one third of aculeus with
minute denticles covering medial edge (Fig. 5A).

Male body length (minus terminalia) 4 mm. Matching female in all respects
except for terminalia. Epandrium black and shining, and proctiger pale yel-
low-orange. Surstylus pale brown, and prensisetae paired, bluntly rounded at
the tips, and black. Phallus (1.25 mm long) and glans dark brown (Fig. 5B).

Variation. Ventral thoracic pleura (including episternum, meron, anatergite
and katatergite) in darker morphs are black with gray pollinosity, as on the scu-
tum. Abdomen color ranges from wholly orange, orange with black tergite 6 (5
in male), orange with lateral black spots on tergites 5 and 6 (4 and 5 in male), to
mostly black with orange background in dark morphs of both sexes (Fig. 4F-H).

Immature. Second instar larva: Body white, elliptical-oblong and rounded on
both anterior and posterior ends. Body segmented by rows of acanthae. Gna-
thocephalon conical and generally smooth. Mouth hook black and bidentate.
Posterior spiracular plate with three pale brown rimae. Puparium: length 4.00
mm, width 1.62 mm. Dark brown, shining, elliptical-oblong, and rounded on
both anterior and posterior ends. Anterior end with invagination scar and ante-
rior thoracic spiracle. Posterior spiracular plate with spiracle darkened and flat.

Gall relatively large at maturity (7.24 mm mean latitudinal diameter), has a
mostly rounded oblong to tapered teardrop shape and is covered uniformly in
dense off-white cottony tomentum (Fig. 2C).

Biology. Aciurina luminaria is univoltine and has a life cycle and phenology
similar to A. bigeloviae and A. trixa (Baine et al. 2023a; 2023b). Eggs are laid
singly into the leaf bud of a distal plant stem. The gall forms at the oviposition
site and the developing larva feeds on the tissue surrounding the central cham-
ber of the gall. By fall, the gall reaches full size, and the larva reaches its final
instar and chews to the outer layer of the gall to create a circular trap door. The
larva ceases feeding and overwinters inside the gall, then pupates in the spring.
Adults eclose in summer and push their way through the door to emerge from
the gall and find a mate. The period of emergence from galls reared by these
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A B

Figure 5. Aciurina luminaria terminalia A female B male.

authors is May 29" — June 28™". The latest date of emergence in examined ma-
terial from Utah is July 18™ (gall collected 3 July 1966).

Associated arthropods. The most common parasitoid by far is Eurytoma
chrysothamni (Hymenoptera: Eurytomidae). We reared very few unidentified Hal-
ticoptera, Pteromalus (Pteromalidae), and Torymus (Torymidae) wasps, which
may be the same species as those associated with A. bigeloviae (Baine et al.
2023a). We also observed and reared a small number of Rhopalomyia (Diptera:
Cecidomyiidae) hypergalls on the surface of galls collected in northwestern
New Mexico. The hypergall system has been previously documented on both A.
bigeloviae (Baine et al. 2023b) and A. trixa (Russo 2021), but whether the midge
species is the same is unknown. Unexpectedly, and unknown from other Aciuri-
na systems, a single Synergus (Hymenoptera: Cynipidae) wasp was also reared.

Host plant. The known host plant is strictly Ericameria nauseosa subsp. am-
mophila L.C. Anderson, which was described from the San Luis Valley in Colora-
do (Anderson 2006). This plant is restricted to sandsheet and sand dune habitat
and is known from southern Colorado (Anderson 2006) and here we add to its
range northern New Mexico. Floral specimens from galled plants in New Mexico
are deposited in MSB Herbarium (UNM0143677-UNMO0143682). The host plant
of material from Pink Sand Dunes, Utah is only identified as “Chrysothamnus nau-
seosus” [sic] and the host plants of gall observations in Arizona are unidentified.
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Geographical range. Beyond the localities of the examined material above, we
have confirmed the presence of this species in some locations reported by Dod-
son and George (1986): Great Sand Dunes National Monument, CO, and near the
cities Grants and Gallup, NM. We are aware of a specimen collected from Kanab,
UT (A. Norrbom, pers. comm. Aug 2024). We are also able to definitively identify
from photos the distinctive tomentum and shape of this gall on iNaturalist. Thus,
the following localities are added to our own observations to the range of A. lumi-
naria from public user observations: Petrified Forest National Park, AZ (obs. no.
2848593 & 112933554); Porcupine Spring, AZ (170773584); Brown's Canyon, CO
(151317053); Nageezi, NM (141568708); Aztec, NM (151553769); White Sands Na-
tional Park, NM (199614395); and Kodachrome Basin State Park, UT (57095918).

Etymology. The species epithet is a noun derived from the Spanish word for
“light” which is specifically used in the southwest United States for small dec-
orative lanterns traditionally displayed during the winter leading up to Christ-
mas. We chose this epithet because the shape of this species’ gall is similar
to that of a small flame on a candle, like those inside luminarias. Furthermore,
this species’ galls are easiest to find when they are mature, and after the host
leaves have dropped, so they are also associated with display in wintertime in
the Southwest. The tradition of luminarias is common and adored in New Mex-
ico, the type locality of this species. We elected to use the more widespread
term luminaria over northern New Mexico regionally specific “farolito” because
the species’ range extends into other regions in the West.

Discussion

We used multiple lines of evidence to illuminate the species boundaries in an
oft-confused complex of gall-inducing flies in the southwestern United States.
Aciurina luminaria induces galls of a distinct and diagnostic shape on a dif-
ferent E. nauseosa subspecies than its sympatric relatives, A. bigeloviae and
A. trixa. It can further be consistently separated from these species by con-
sistent differences in the adult wing pattern, and by genotyping via reduced
representation genome sequencing.

We provide the following supplement, modified from that of Headrick et al.
(1997) couplets to modify the key to species of Aciurina by Foote et al. (1993),
with figure citations referencing Foote et al. (1993) except as noted. We have
also removed a character from the key of Headrick et al. (1997: 419) that we
found to be inconsistently present in both A. bigeloviae and A. trixa in New
Mexico, and therefore not reliable as a diagnostic character: “pterostigma of at
least one wing with a proximal hyaline or subhyaline incision”.

Additions to the key to species of Aciurina by Foote et al. (1993)

10 Pterostigma along costa no more than 1.5x as long as its greatest width (fig.
121c); vein dm-cu nearly straight (fig. 121e), the lower apical angle of cell dm
~ 65° (fig. 121f); wing predominantly hyaline................. A. notata (Coquillett)

- Pterostigma along costa at least 2.0 x as long as its greatest width (fig.
124a); vein dm-cu usually bowed apicad (fig. 124b), the lower apical angle
of cell dm seldom less than 90° (fig. 124c); wing with approximately equal
area hyaline and brown, or predominantly brown ..............cccccoeeveveniennnn. 11
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11 Proximal marginal hyaline incision in cell m lacking median, dark mark .....12
- Proximal marginal hyaline incision in cell m with a median, dark, often
elongate mark (fig. 122), which sometimes divides the incision (Steyskal
1984: fig. 13) (Dodson and George 1986: fig. la, b); galls spheroid with
cottony tomMentUM .........cooveireirieieieeee e A. bigeloviae (Cockerell)
12 Anal cell bisected at least partially by medial brown mark from veins
A1+CuA1 extending posteriorly, often reaching posterior wing margin; hy-
aline spot within cell br of the wing subcircular, 1-1.5 x as long as wide;
brown region surrounding vein r-m paler in color than remaining dark part
of wing, appearing like a diffuse orange spot; submedial dark mark usually
present crossing cell cua, from vein CuA, to posterior wing margin; galls
Without TOMENTUM .......ooiiiiii e A. trixa Curran
—  Anal cell without medial brown mark; hyaline spot within cell br of the
wing elongated longitudinally, 1.5-2.5 x as long as wide; brown region sur-
rounding vein r-m consistent in color, no diffuse spot present; submedial
dark mark in cell cua, absent; galls frequently ovoid or teardrop shaped
with dense cottony tomentum.............cccccce..... A. luminaria Baine, sp. nov.

The adaptive significance of melanized wing patterns present on tephritid
fly species is unclear as studies have found evidence that these patterns could
play a role in sexual communication (Benelli et al. 2014; Hippee et al. 2022),
thermoregulation (Sivinski and Pereira 2005), or predator deterrence by salti-
cid mimicry (Mather and Roitberg 1987; Whitman et al. 1988; Rao and Diaz-
Fleischer 2012). From this study, it is clear that A. luminaria wings are not sexu-
ally dimorphic, similar to A. bigeloviae and A. trixa. However, it is also clear that
A. luminaria wings have less melanized area on them than these species, and
in combination with their usually paler abdomens, indicates that there may be
an advantage to paler colors in their habitats.

The lower nucleotide diversity of A. [uminaria suggests it is a more recently
speciated group, and potentially the result of a “founder-effect” in which very
few individuals from a population establish a lineage after colonizing a novel
niche on a different host plant variety (Balakrishnan and Edwards 2009). This is
supported by our observations of wing pattern variation, which is higher in A. bi-
geloviae and lower in A. luminaria. However, in the field, populations of the host
plant E. n. subsp. ammophila appear largely fragmented across the range, often
separated by dozens of miles, so the dispersal mechanisms of this species, if it
was evolved from a single founding population, is mysterious.

Because A. luminaria occurs in sympatry with A. bigeloviae but on a unique
host plant subspecies, speciation may be a result of host-race formation. Ev-
idence of speciation via host-race formation, from a host switch specifically,
is well-supported in the tephritid genus Rhagoletis, who display extraordinary
host fidelity similar to that observed in Aciurina (Abrahamson and Blair 2008).
Host-race formation is also documented in the closely related galling tephritid
Eurosta solidaginis (Fitch, 1855), where two populations that are specific to
distinct species of host Solidago (goldenrod) are reproductively isolated via
assortative mating, and oviposition preference to the plant species of maternal
provenance (Abrahamson and Blair 2008). Though we do not have documen-
tation of A. luminaria mating or ovipositional behavior, the lack of intermedi-
ates in both our wing and genomic analyses suggest a similar level of isolation
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that may be maintained by similar barriers. In both Eurosta and Rhagoletis,
there is substantial evidence that host switches were advantageous for enemy
escape (Brown et al. 1995; Feder et al. 1995); a new niche, like a host plant
and/or altered gall form may be absent of, or inaccessible to, predators that
previously had a negative impact on fitness of the fly. In rearing A. luminaria
for this description, we observed many fewer enemy parasitoids than have
been reared from A. bigeloviae in a similar and overlapping range (Baine et al.
2023a), suggesting a lower rate of attack and therefore the possibility of ene-
my escape driving differentiation.

Although evolutionary biologists frequently view species delimitation as an
impossible task due to disagreement on significant characters that define spe-
cies concepts (De Queiroz 2007), we can describe species with relatively high
confidence if we use “integration by congruence” which delimits based on mul-
tiple, independent, taxonomic characters (e.g., ecological niche + DNA) (Padial
et al. 2010). In the case of A. luminaria, we employ integrative taxonomy to use
the combined evidence of distinction in ecological niche, diagnostic morpholo-
gy, and genomic structure to recognize a new species.
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Abstract

Two new species of the genus Triplophysa from southwestern Guizhou Province, China,
are described. These are Triplophysa ziyunensis Wu, Luo, Xiao & Zhou, sp. nov. and Trip-
lophysa yaluwang Lan, Liu, Zhou & Zhou, sp. nov. from Maoying Town, Ziyun County,
Guizhou Province, China. Triplophysa ziyunensis Wu, Luo, Xiao & Zhou, sp. nov. is distin-
guished from other hypogean species of the genus Triplophysa by having a combination
of the following characteristics: body naked, scaleless, pigmented markings on surface
of body, except ventral; eyes reduced, diameter 2.4-4.9% of head length; pelvic-fin tip
extending to anus; tip of pectoral fin not reaching pelvic fin origin; anterior and posterior
nostrils closely set, with anterior nostril elongated to a barbel-like tip; tip of outrostral
barbel extending backward, not reaching anterior margin of the eye; lateral line com-
plete; posterior chamber of air bladder degenerated; and fin differences. Triplophysa
yaluwang Lan, Liu, Zhou & Zhou, sp. nov. is distinguished from other hypogean species
of the genus Triplophysa by having a combination of the following characteristics: body
naked, scaleless, with irregular pale and dark brownish brown markings, except ven-
trally; eyes reduced, diameter 4.6-6.1% of head length; pelvic-fin tip reaching anus; tip
of pectoral fin not reaching to pelvic fin origin; anterior and posterior nostrils closely
set, with anterior nostril elongated to a barbel-like tip; tip of outrostral barbel extending
backward, not reaching to anterior margin of the eye; lateral line complete; posterior
chamber of air bladder degenerated; and fin differences. Mitochondrial Cyt b revealed
relatively small genetic differences, 1.4-2.0%, between the two new species and close
relatives. Nuclear gene RAG1 indicated that the two new species possessed unique
haplotypes with multiple linking mutations. This study emphasizes the importance of
utilizing nuclear genes to identify new species in rapidly speciation cave species, with
small genetic differences due to mitochondrial introgression occurring interspecies.

Key words: Mitochondrial DNA, morphology, new species, nuclear gene, Triplophysa
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Introduction

The high-plateau loach fish genus Triplophysa Rendahl, 1933 comprises more
than 184 recognized species of small loaches that are distributed on the Qin-
ghai-Xizang Plateau and nearby regions (Luo et al. 2023; Fricke et al. 2024).
Morphological characteristics that distinguish Triplophysa from other genera
in the Nemacheilidae include closely set anterior and posterior nostrils and
a posterior wall of the bony capsule of the swim bladder. Males have tuber-
cle-bearing, elevated skin on both sides of the head and a thickened tubercu-
lated pad or agglomerations on the dorsal surfaces of the broadened and wid-
ened pectoral-fin rays (Zhu 1989; Zheng et al. 2009; Prokofiev 2010; He et al.
2012; Ren et al. 2012; Yang et al. 2012; Wu et al. 2018a; Chen and Peng 2019;
Deng et al. 2022). Triplophysa species are distributed from the Qinghai-Xizang
Plateau at an average elevation of 4000 m to the Yunnan-Guizhou Plateau at an
average elevation of 7000-2000 m (Zhu 1989; Luo et al. 2023). Their habitats
include lakes, rivers, and caves (Zhu 1989; Lan et al. 2013), on the basis of
which Triplophysa can be divided into two life groups: An epigean group and a
hypogean or cave-dwelling group (Liu et al. 2022; Lu et al. 2022). The hypogean
group is mainly distributed in underground rivers in southwest China, including
Guizhou, Chongging, Guangxi, Yunnan, and Hunan provinces (Luo et al. 2023).
This group can be further subdivided into two morphological types, the stygo-
bionts, and stygophiles (Zhao et al. 2011; Ma et al. 2019), based on the level of
adaptation to the cave environment (Zhao et al. 2011; Lu et al. 2022). There are
106 species of Triplophysa and 39 hypogean species are distributed in Chongg-
ing, Guangxi, Guizhou, Yunnan, and Hunan provinces in China (Table 1) (Lan
et al. 2013; Zhang et al. 2020; Chen et al. 2021; Liu et al. 2022; Lu et al. 2022;
Luo et al. 2023).

Guizhou Province is the region where the two major rivers of Asia, the
Pearl River, and the Yangtze River, are separated (Fig. 1). The subtropical
monsoon climate and paleogeology have shaped the karst landscapes and
rich cave resources. This ecological background has enabled the forma-
tion of a diverse subterranean biota (Li et al. 2022; Wen et al. 2022). A to-
tal of 12 species occur in this region, eight of which have been described
during the last ten years. These are Triplophysa anlongensis Lan, Song, Luo,
Zhao, Xiao & Zhou, 2023, T. baotianensis Li, Liu & Li, 2018, T. guizhouensis
Wu, He & Yang, 2018, T. cehengensis Luo, Mao, Zhao, Xiao & Zhou, 2023,
T. longliensis Ren, Yang & Chen, 2012, T. nasobarbatula Wang & Li, 2001,
T. panzhouensis Yu, Luo, Lan, Xiao & Zhou, 2023, T. gingzhenensis Liu, Zen &
Gong, 2022, T. rongduensis Mao, Zhao, Yu, Xiao & Zhou, 2023, T. sanduensis
Chen & Peng, 2019, T. wudangensis Liu, Zen & Gong, 2022, and T. zhenfen-
gensis Wang & Li, 2001 (Wang and Li 2001; Ren et al. 2012; Li et al. 2018;
Wu et al. 2018a; Chen and Peng 2019; Liu et al. 2022; Luo et al. 2023). Body
pigmentation and pigmented markings were present in 11 of the 12 spe-
cies, except for T. cehengensis, and the key distinguishing characteristics of
these species are shown in Table 2. Four new species of Triplophysa were
recently described in Guizhou (Luo et al. 2023), thus suggesting that addi-
tional undescribed species may exist in this region.

In August and December 2023, we collected several specimens of Trip-
lophysa, identified by the closely set anterior and posterior nostrils, while
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Table 1. A list of 39 species of hypogean fishes of the genus Triplophysa distributed in the Southwest China.

ID

O 0w N o g~ W N =

W W W W W W W W W WRNINININININ NN NDDND =22 a2
O 0 N o g A W N =) O OV 0 N OO0 ol B W N = O OV 0O N OO o bd W N = O

ZooKeys 1214: 237-264 (2024), DOI: 10.3897/z0okeys. 1214.122439

Species
T. aluensis Li & Zhu, 2000
T. anshuiensis Wu, Wei, Lan & Du, 2018

T. anlongensis Lan, Song, Luo, Zhao, Xiao & Zhou, 2023

T. baotianensis Li, Liu & Li, 2018

T. cehengensis Luo, Mao, Zhao, Xiao & Zhou, 2023
T. erythraea Liu & Huang, 2019

T. fengshanensis Lan, 2013

T. flavicorpus Yang, Chen & Lan, 2004

T. gejiuensis (Chu & Chen, 1979)

T. guizhouensis Wu, He & Yang, 2018

T. huapingensis Zheng, Yang & Che, 2012

T langpingensis Yang, 2013

T. longipectoralis Zheng, Du, Chen & Yang, 2009
T longliensis Ren, Yang & Chen, 2012

T. luochengensis Li, Lan, Chen & Du, 2017

T. macrocephala Yang, Wu & Yang, 2012

T. nandanensisLan, Yang & Chen, 1995

T. nanpanjiangensisZhu & Cao, 1988

T. nasobarbatula Wang & Li, 2001

T. panzhouensis Yu, Luo, Lan, Xiao & Zhou, 2023
T. posterodorsalus (Li, Ran & Chen, 2006)

T. gingzhenensis Liu, Zen, & Gong, 2022

T. gini Deng, Wang & Zhang, 2022

T. qgiubeiensis Li & Yang, 2008

T. rongduensis Mao, Zhao, Yu, Xiao & Zhou,2023
T rosa Chen & Yang, 2005

T sanduensisChen & Peng, 2019

T. shilinensis Chen,Yang & Xu, 1992

T tianeensis Chen, Cui & Yang, 2004

T. tianlinensis Li, Li, Lan & Du, 2017

T tianxingensis Yang, Li & Chen, 2016

T. wudangensis Liu, Zen & Gong, 2022

T. wulongensis Chen, Sheraliev, Shu & Peng, 2021
T. xiangshuingensis Li, 2004

T. xiangxiensis Yang, Yuan & Liao, 1986

T. xichouensis Liu, Pan, Yang & Chen, 2017

T. xuanweiensis Lu, Li, Mao & Zhao, 2022

T. yunnanensis Yang, 1990

T. zhenfengensis Wang & Li, 2001

Province
Yunnan
Guangxi
Guizhou
Guizhou
Guizhou
Hunan
Guangxi
Guangxi
Yunnan
Guizhou
Guangxi
Guangxi
Guangxi
Guizhou
Guangxi
Guangxi
Guangxi
Yunnan
Guizhou
Guizhou
Guangxi
Guizhou
Chongging
Yunnan
Guizhou
Chongging
Guizhou
Yunnan
Guangxi
Yunnan
Yunnan
Guizhou
Chongging
Yunnan
Hunan
Yunnan
Yunnan
Yunnan

Guizhou

Main drainage
Pearl River
Pearl River
Pearl River
Pearl River
Pearl River

Yangtze River
Pearl River
Pearl River
Pearl River
Pearl River
Pearl River
Pearl River
Pearl River
Pearl River
Pearl River
Pearl River
Pearl River
Pearl River
Pearl River
Pearl River
Pearl River

Yangtze River

Yangtze River
Pearl River
Pearl River

Yangtze River
Pearl River
Pearl River
Pearl River
Pearl River
Pearl River

Yangtze River

Yangtze River
Pearl River

Yangtze River
Red River
Pearl River
Pearl River

Pearl River

Tributary
Nanpanjiang River
Hongshui River
Nanpanjiang River
Nanpanjiang River
Beipanjiang River
Yuanjiang River
Hongshui River
Hongshui River
Nanpanjiang River
Hongshui River
Hongshui River
Hongshui River
Liujiang River
Hongshui River
Hongshui River
Liujiang River
Hongshui River
Nanpanjiang River
Liujiang River
Nanpanjiang River
Liujiang River
Wujiang River
Yuanjiang River
Nanpanjiang River
Beipanjiang River
Wujiang River
Duliujiang River
Nanpangjiang River
Hongshui River
Hongshui River
Nanpangjiang River
Wujiang River
Wujiang River
Nanpanjiang River
Yuanjiang River
Red River
Beipanjiang River
Nanpanjiang River

Beipanjiang River

Reference
Li and Zhu 2000
Wu et al. 2018a
Luo et al. 2023
Lietal 2018
Luo et al. 2023
Huang et al. 2019
Lanetal. 2013
Yang et al. 2004
Chu and Chen 1979
Wu et al. 2018b
Zheng et al. 2012
Lan et al. 2013
Zheng et al. 2009
Ren et al. 2012
Lietal. 2017a
Yang et al. 2012
Lan et al. 1995
Zhu and Cao 1988
Wang and Li 2001
Luo et al. 2023
Ran et al. 2006
Liu et al. 2022
Deng et al. 2022
Li et al. 2008
Luo et al. 2023
Chen and Yang 2005
Chen and Peng 2019
Chen et al. 1992
Chen et al. 2004
Lietal 2017b
Yang et al. 2016
Liu et al. 2022
Chen et al. 2021
Li 2004
Yang et al. 1986
Liu et al. 2017
Lu et al. 2022
Chu and Chen 1990
Wang and Li 2001

conducting a survey of cave fishes in western Guizhou Province, China.
Morphological examination and molecular phylogenetic analysis indicat-
ed that these specimens were distinct from the 39 hypogean species of
Triplophysa. We formally describe two new species, Triplophysa ziyunen-
sis sp. nov., and Triplophysa yaluwang sp. nov., based on evidence from
morphology, mitochondrial, and nuclear genes.
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Figure 1. Sample collection localities and distributions of the two new species and 39 hypogean species of the genus Triplo-
physa in southern China. The base maps are from the Standard Map Service website (http://bzdt.ch.mnr.gov.cn/index.html).

Materials and methods
Sampling

Thirty-seven samples of six species were collected in total for morphology
comparison and genetic analysis (Fig. 1). Of these five specimens representing
the new species, we collected Triplophysa ziyunensis sp. nov., from Maoying
Town, Ziyun County, Guizhou, and five specimens representing the new species,
Triplophysa yaluwang sp. nov., from Maoying Town, Ziyun County, Guizhou. The
following specimens were used for morphometric data: nine specimens were
T. rosa from Huolu Town, Wulong County, Chonggqing; three specimens were T.
wudangensis from Wudang District, Guiyang City, Guizhou; eight specimens were
T. gingzhenensis from Qingzhen County, Guiyang City, Guizhou; and seven spec-
imens were T. guizhouensis from Baijin Town, Huishui County, Guizhou. All of
the specimens were fixed in 10% buffered formalin and later transferred to 75%
ethanol for preservation. Muscle samples used for molecular analysis were pre-
served in 95% alcohol and stored at -20 °C. All of the specimens were deposit-
ed at Guizhou Normal University (GZNU), Guiyang City, Guizhou Province, China.

DNA extraction, PCR, and sequencing

Genomic DNA was extracted from muscle tissue using a DNA extraction kit from
Tiangen Biotech (Beijing) Co. Ltd. In total, six tissue samples used for molecu-
lar analysis were amplified and sequenced for mitochondrial gene cytochrome b
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(Cyt b) using the primers L3975 (5-CGCCTGTTTACCAAAAACAT-3') and H4551
(5-CCGGTCTGAACTCAGATCACGT-3') following Xiao et al. (2001). We also am-
plified one nuclear gene recombinase-activating 1 protein gene (RAGT) for 16 tis-
sue samples, using primer LTF1 (5-ATCATCGATGGCCTCTCAGGTT-3") and LTR1
(5-ACGTGGGCTAGAGTCTTGTGTAGGT-3’). PCR amplifications were performed
within a 20 pl reaction volume with the cycling conditions that follow: An initial de-
naturing step at 95 °C for 4 min, 35 cycles of denaturing at 95 °C for 30 s, anneal-
ing at 45 °C (for Cyt b)/ 52 °C (for RAGT) for 40 s, and extension at 72 °C for 1 min
followed by a final extension at 72 °C for 10 min. PCR products were purified with
spin columns. The products were sequenced on an ABI Prism 3730 automated
DNA sequencer at Chengdu TSING KE Biological Technology Co. Ltd. (Chengdu,
China). All of the newly obtained sequences were submitted to GenBank (Table 3).

Phylogenetic analyses and nuclear haplotyping

Sixty-three mitochondrial Cyt b sequences, including six newly sequenced and
57 downloaded from GenBank, were used for molecular analysis. We followed
the phylogenetic study of Luo et al. (2023) and used Barbatula labia, B. barbat-
ula, and Homatula berezowskii as outgroups (Table 3).

All of the sequences were assembled and aligned using the MUSCLE (Edgar
2004) module in MEGA v. 7.0 (Kumar et al. 2016) with default settings. Alignment
results were checked visually. Phylogenetic trees were constructed via both max-
imum likelihood (ML) and Bayesian inference (Bl) methods. The ML was con-
ducted in IQ-TREE v. 2.0.4 (Nguyen et al. 2015) with 10,000 ultrafast bootstrap
(UBP) replicates (Hoang et al. 2018), and it was performed until a correlation co-
efficient of at least 0.99 was reached. The Bl was performed in MrBayes v. 3.2.1
(Ronquist et al. 2012), and the best-fit model was obtained based on the Bayes-
ian information criterion computed with PartitionFinder v. 2.1.1 (Lanfear et al.
2017). The first, second, and third codons of Cyt b were defined in this analysis.

The analysis suggested the best partition scheme for each codon position
of Cyt b. TRNEF+I+G, HKY+|, and TIM+I+G were selected for the first, second,
and third codons, respectively. Two independent runs were conducted in the
Bl analysis, each of which was performed for 2x 107 generations and sampled
every 1000 generations. The first 25% of the samples were discarded as a burn-
in, resulting in a potential scale reduction factor of < 0.01. Nodes in the trees
were considered well-supported when Bayesian posterior probabilities (BPP)
were = 0.95 and the ML ultrafast bootstrap value (UBP) was = 95%. Uncorrected
p-distances (1000 replicates) based on Cyt b were estimated using MEGA v. 7.0.

We also used the nuclear gene (RAGT) in POpART v. 1.7 (Leigh and Bryant 2015)
based on the Median Joining method (Bandelt et al. 1999) to obtain haplotypes for
assessing differences between the new species and genetically similar species.

Morphometrics, comparisons, and statistics

Morphometric data were collected from 37 well-preserved specimens of Triplo-
physa (Suppl. material 1). Twenty measurements were recorded to the nearest
0.1 mm with digital calipers following the protocols of Tang et al. (2012) and Li
et al. (2018). All of the measurements were taken on the left side when looking
directly at the head end of the fish.
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Table 3. Localities, voucher information, and GenBank numbers for all samples used. Numbers in bold were generated
in this study.

ID

O O N oW N =

A A DA DA D DLW WWWWWWWWWININ NN NNNDNNDN =SSR a2
o g A WN R O VW 0N o g ON =2 O VY oo Nl WON O =2 O Vv o NI o M W N =2 o

Species
T. guizhouensis
T. guizhouensis
T. guizhouensis
T. yaluwang sp. nov.
T. yaluwang sp. nov.
T. longliensis
T. sanduensis
T. qini
T. xiangxiensis
T. xiangxiensis
T. nandanensis
T. nandanensis
T. nandanensis
T tianeensis
T. tianeensis
T. nasobarbatula
T. nasobarbatula
T. nasobarbatula
T. macrocephala
T rosa
T rosa
T. rosa
T rosa
T rosa
T rosa
T. gingzhenensis
T. gingzhenensis
T. gingzhenensis
T. gingzhenensis
T. wudangensis
T wudangensis
T. wudangensis
T. wudangensis

T. wudangensis

T. ziyunensis sp. nov.
T. ziyunensis sp. Nov.
T. ziyunensis sp. nov.

T. ziyunensis sp. nov.

T. erythraea

T. xuanweiensis
T. xuanweiensis
T. xuanweiensis
T. zhenfengensis
T. zhenfengensis
T. zhenfengensis

T. zhenfengensis

Localities (* type localities)

Lewang Town, Wangmo County, Guzihou, China
Lewang Town, Wangmo County, Guzihou, China
Baijin Town, Huishui County, Guzihou, China*
Maoying Town, Ziyun City, Guizhou, China*
Maoying Town, Ziyun City, Guizhou, China*

/

Zhonghe Town, Sandu County, Guizhou, China*
Houping Village, Wulong County, Chongging, China*
Feihu Cave, Hunan, China*

/

Hechi City, Guangxi,China
Liuzhai Town, Nandan County, Guangxi, China*
Liuzhai Town, Nandan County, Guangxi, China*

/

Bala Township, Tian ‘e County, Guangxi, China*
Dongtang Township, Libo County, Guizhou, China*
Dongtang Township, Libo County, Guizhou, China*
Dongtang Township, Libo County, Guizhou, China*
Lihu Town, Nandan County, Guangxi, China*
Huolu Town, Wulong County, Chongging, China*
/

HuoLuTown, Wulong County, Chongging City, China*
Huolu Town, Wulong County, Chongging, China*
Huolu Town, Wulong County, Chongging, China*
Huolu Town, Wulong County, Chongging, China*
Qingzhen County, Guiyang City, Guizhou, China*
Qingzhen County, Guiyang City, Guizhou, China*
Qingzhen County, Guiyang City, Guizhou, China*
Qingzhen County, Guiyang City, Guizhou, China*
Wudang District, Guiyang City, Guizhou, China*
Wudang District, Guiyang City, Guizhou, China*
Wudang District, Guiyang City, Guizhou, China*
Wudang District, Guiyang City, Guizhou, China*
Wudang District, Guiyang City, Guizhou, China*
Maoying Town, Ziyun City, Guizhou, China*
Maoying Town, Ziyun City, Guizhou, China*
Maoying Town, Ziyun City, Guizhou, China*
Maoying Town, Ziyun City, Guizhou, China*
Dalong Cave, Huayuan County, Hunan, China*
Tangtang Town, Xuanwei City, Yunnan, China*
Tangtang Town, Xuanwei City, Yunnan, China*
Tangtang Town, Xuanwei City, Yunnan, China*
Xinlongchang Town, Xingren City, Guizhou, China*
Xinlongchang Town, Xingren City, Guizhou, China*
Xinlongchang Town, Xingren City, Guizhou, China*

Xinlongchang Town, Xingren City, Guizhou, China*
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Voucher ID
GZNU20220313001
gznu09
GZNU20230722007
GZNU20240118005
GZNU20240118006
SWU2016090300
SWU20170613001

/

IHB 2015010002
SWU20151123046
GZNU20230404005
GZNU20230404007
/
GZNU20230404003
GZNU20190114001
GZNU20220313010
GZNU20220313011
GZNU20230404002
SWU10100503
F3911
GZNU20230404009

IHB 201911150004

IHB 201908090003
GZNU20230404010

GZNU20230529003
GZNU20230529004
GZNU20230529005

/
ASIZB223818
ASIZB223819
ASIZB223820

GZNU20220313007
GZNU20220313008
GZNU20220313009
GZNU20220313005

Cytb
0Q241174
KU987438
GZ01

PQ117067
PQ117068
MW582825
MW582822
ON528184
JN696407
KT751089
MG697588
0Q754126
0Q754128
MW582826
0Q754124
MH685911
0Q241175
0Q241176
0Q754123
JF268621

MG697587
0Q754130

MT700458

MT700460
0Q754131

PQ117069
PQ117069
PQ117071

MG967615
0L675196
0L675197
0L675198
0Q241177
0Q241178
0Q241179
0Q241180

RAG1
PQ117091
PQ117092
PQ117093
PQ117090
PQ117089

PQ117076
PQ117079
PQ117080
PQ117081

PQ117082
PQ117083
PQ117084

PQ117085
PQ117086
PQ117087
PQ117071
PQ117072
PQ117073
PQ117074
PQ117075
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47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73

Species
T. rongduensis
T. rongduensis
T. rongduensis
T. anlongensis
T anlongensis
T. anlongensis
T. baotianensis
T. baotianensis
T. panzhouensis
T. panzhouensis
T. panzhouensis
T. cehengensis
T. cehengensis
T. cehengensis
T. huapingensis
T. huapingensis
T. langpingensis
T. giubeiensis
T. wulongensis
T. wulongensis
T. nujiangensa
T. tibetana
T. tenuis
T. wuweiensis
Barbatula barbatula
Barbatula labiata

Homatula berezowskii

Localities (* type localities) Voucher ID Cytb RAG1

Rongbei Town, Ceheng County, Guzihou, China* GZNU20230110001 0Q754135
Rongbei Town, Ceheng County, Guzihou, China* GZNU20230110002 0Q754136
Rongbei Town, Ceheng County, Guzihou, China* GZNU20230110003 0Q754137
Xinglong Town, Anlong County, Guzihou, China* GZNU20230112001 0Q754138
Xinglong Town, Anlong County, Guzihou, China* GZNU20230112002 0Q754139
Xinglong Town, Anlong County, Guzihou, China* GZNU20230112003 0Q754140
Baotian Town, Panzhou City, Guzihou, China* GZNU20180421005 MT992550
Baotian Town, Panzhou City, Guzihou, China* GZNU20180421006 0Q241181
Hongguo Town, Panzhou City, Guizhou, China* GZNU20220513001 0Q754119
Hongguo Town, Panzhou City, Guizhou, China* GZNU20220513002 0Q754120
Hongguo Town, Panzhou City, Guizhou, China* GZNU20220513003 0Q754121
Rongbei Town, Ceheng County, Guzihou, China* GZNU20230109001 0Q754132
Rongbei Town, Ceheng County, Guzihou, China* GZNU20230109002 0Q754133
Rongbei Town, Ceheng County, Guzihou, China* GZNU20230109003 0Q754134
/ F3917 MG697589

Huaping Town, Leye County, Guangxi, China* GZNU20230404004 0Q754125
Longping Township, Tianlin County, Guangxi* GZNU20230404001 0Q754122
NijiaoVillage, Qiubei County, Yunnan , China* GZNU20230404006 0Q754127
Wulong County, Chongging, China* / MW582823
HuoLuTown, Wulong County, Chongging City, China GZNU20230404008 0Q754129
Fugong County, Yunnan, China IHB201315814 KT213598
Mafamu lake, Xinjiang, China NWIPB1106069 KT224364

Niutou river, Qingshui County, Gansu, China IHB0917490 KT224363
Yongchang County, Gansu, China IHB201307124 KT224365

/ / KP715096

Xinyuan County, Xinjiang, China IHB201306569 KT192057
Qujing City, Yunnan, China FS-2014-Y03 NC_040302

Comparative data for the 39 hypogean species of Triplophysa were obtained

from the literature and specimen examination (Table 2). Specimens of 19 spe-
cies from the type locality were collected and examined, and these included:
T. anlongensis, T. cehengensis, T. baotianensis, T. erythraea, T. guizhouensis,
T. huapingensis, T. langpingensis, T. macrocephala, T. nasobarbatula, T. nandan-
ensis, T. panzhouensis, T. gingzhenensis, T. qini, T. giubeiensis, T. rosa, T. rongdu-
ensis, T. tianeensis, T. wudangensis, and T. zhenfengensis (see Suppl. material
1). The measurements of these species were also included in the statistical
analysis, taking into consideration the morphological similarity, genetic differ-
ences, and geographical distances of the two new species to T. rosa, T. ging-
zhenensis, T. wudangensis, T. guizhouensis, T. sanduensis, and T. longliensis.

Principal component analyses (PCAs) of size-corrected measurements and
simple bivariate scatterplots were used to characterize the morphometric dif-
ferences between the new species and closely related species. Mann—Whitney
U tests were used to determine the significance of differences in morphometric
characteristics between the new species and similar species. All of the statis-
tical analyses were performed using SPSS 21.0 (SPSS, Inc., Chicago, IL, USA),
and differences were considered statistically significant at P < 0.05. PCAs of
morphological data were performed after logarithmic transformation and un-
der nonrotational conditions. All of the pre-processing of morphological data
was performed in Microsoft Excel (Microsoft Corporation 2016).
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Results
Phylogenetic analyses, genetic divergence, and nuclear haplotypes

ML and BI phylogenies were constructed based on mitochondrial Cyt b, with
the sequence length being 1140 base pairs. The Bl and ML phylogenetic trees
showed a highly consistent topology that strongly supported the monophyly
of the genus Triplophysa, and indicated that Triplophysa could be divided into
two major clades, namely, the hypogean group and the epigean group (Fig. 2A).

The hypogean group contains 24 species from the karsts of southwest
China (Chongging, Guangxi, Guizhou, Hubei, and Yunnan) and two other
lineages from western Guizhou that can be further divided into three clades
(Fig. 2A): Clade A, only T. wulongensis, mainly in the Wujiang River basin
(Fig. 1); subclade B1, including T. giubeiensis, T. langpingensis, T. huapingensis,
T. cehengensis, T. panzhouensis, T. baotianensis, T. anlongensis, T. rongduensis,
and T. zhenfengensis, mainly in the Nampanjiang, Beipanjiang, and Hongshui
River basins (Fig. 2A); and subclade B2 including T. xuanweiensis, T. erythraea,
T. wudangensis, T. gingzhenensis, T. rosa, T. macrocephala, T. nasobarbatula,
T tianeensis, T. nandanensis, T. xiangxiensis, T. qini, T. sanduensis, T. longliensis,
T. guizhouensis, and two other lineages from western Guizhou, mostly upstream
of the Pearl and Yangtze rivers (Fig. 1).

All of the samples within subclade B1 from Shuitang Village, Maoying Town,
Ziyun County, Guizhou Province (samples 35-38 in Table 3), clustered together
in a sister cladeto T. wudangensis, T. gingzhenensis, and T. rosa with strong node
support (BPP/UBP =1.00/1.00). This population could be distinguished from all
of the known species and other undescribed lineages in this study via distinct
morphological characteristics and molecular differences, with a lower p-dis-
tance of 1.8-2.0% (vs T. wudangensis, T. rosa, and T. gingzhenensis) (Table 4).
Thus, the population at this locality represents an independently evolved lin-
eage and is described below as a new species, Triplophysa ziyunensis sp. nov.

All of the samples within subclade B1 from Xinzhai Village, Maoying Town, Zi-
yun County, Guizhou Province (samples 4 and 5in Table 3), clustered together in a
sister clade to T. guizhouensis with strong node support (BPP/UBP = 0.98/0.96).
This population could be distinguished from all of the known species and other
undescribed lineages in this study by distinct morphological characteristics and
molecular differences, with a lower p-distance of 1.4% (vs T. guizhouensis) (Ta-
ble 4). Thus, the population at this locality represents an independently evolved
lineage and is described below as a new species, Triplophysa yaluwang sp. nov.

Haplotype networks based on RAGT showed that unique, non-shared hap-
lotypes were observed in the two new species and multiple linking mutations
occurred with closely related species (Fig. 2B). We observed shared haplotypes
from among T. gingzhenensis, T. rosa, and T. wudangensis (Fig. 2B). More hap-
lotype diversity was found within T. rosa, a pattern that may be related to higher
genetic diversity and wider distribution.

Morphological analyses

Mann-Whitney U tests revealed differences in several morphological character-
istics among the two new species (T. ziyunensis sp. nov. and T. yaluwang sp.
nov.), and between the new species and the closely related species (Table 5).

ZooKeys 1214: 237-264 (2024), DOI: 10.3897/z0okeys.1214.122439 246



Chang-Ting Lan et al.: Two new hypogean species of the genus Triplophysa

vyL | €vL | €9L  §SL | L9L | 9¥L 9GL | L¥L  8¥L  ¥GL  LLZ | €GL ZT9L | €6 | 9GL  ¥¥L | 9€EL | 06  O¥L | S¥L 60 | 89 | ¥E | 6EL | 9GL sisuabuajusyz ;| | 9¢
vLL Tyl | ¢LL | 0TL | LLL | 9Ll | €Tl Ll SLL | Lyl | vl Ll SYL | §LL 8Ll OvL | vyl 9Ll 6LL | 8L T¥L | 8¥L | L'LL | €LL sisusfamuenx 1 | G¢
vvL 06 | 06 | 8L | L8 8EL| 6S 98 | 6€EL| ¥8 L6  S¥L S8 ¢L  9vL <C¢SL L8 | TLL T¥L Lv¥lL E€v¥L 6L €6 sisuaixbuelx | | ¢
8€L | 9¥L  ¥EL | 8E€L  SSL | ¥EL | 9€L | €9L | L'SL | 8¥L  S9L | LSL | G€L  GSL | /L | 6€L  ¥SL  S9L | 99L  69L  L¥lL  LEL sisusbuoinm | | €7

G0L| €6 GL |TvL | €6 | 9L | SSL | 86 | LOL| vvL LOL | €6 | vvL 8vL| L6 €LL ¥SL| 6vL €GL L8 @ 8l sisuabuepnm | | ¢

90L  90L  9%L  0OL O0OL 8SGL | €S | 0C  €9L | LS | §OL ¢9L | L9L  ZOL  9LL | S9L G9L 99L | 86  90L sisusauen | | 1z

€6 | 9€L | €S | 06 | GE€EL | ¢6  SOL 6€L | €6 L0 LSL | /Zv¥L 9T  OLL | S¥L LZ¥L 8YL | ST 66 sisusnpues | | 0g

6€L L6 | ¥L | GSL L6 | LOL | 9%¥L 00L €6 | S¥L €SL 06 | 9LL | ¥SL LSGL | ¥SL | L8 | 61 esol ] | 6l

v'eEL | 8EL | ¥¥L | T¥L Sv¥L | S¥L  9¥L €EL | S¥L 9¥L 8TL | 8EL YL Tv¥L | LvlL LTl LYl sisuataqnib 1 | gL

88 | e€¥L  ¥6  SOL 6€L | L6 €S  9GL LSL 0SS  £OL|G¥L SSL L¥L | LS | G6 wib | /L

¢GL | S6 | ¢OL €vL | L6 L6  ¥¥L 9¥L 68 | €LL | €SL LSL ¥SL | S8 | 0C sisusuayzbutb ;1 | 9L

¢SL | LSL | coL | €SL | ecL | L¥L | LOL €vL ¥EL| ¢8 | LL 0L | 9€L  8SL sisuanoyzued | | GL

GG ZGL | 60 | ¥6  €GL | 6¥L | 96 | LZL | ZGL | 8SL SSL| L6 66 e[njeqieqoseu | | L

09L | €S | €0L | ¥9L  09L LOL | €c¢L 09L €9L | S9L | L6 | 60L sisusuepueu | | gl

L'SL | OvL | 8€L | 6G | 8€EL | LGL | G6  OLL | OOL 8€EL S¥L snwieypydosoiw | | ZL

¥6  LSL | 6¥L | 96 | 0¢CL | €SL 6SL ¥SL| ¢6  0OL ejeydasosoew I | LL

0GL | 9¥L 82 | 90L  T¥L ¢¥L | 9vL  &GT | 0O0L sisuayjbuol 1 | 0L

vyl | L'SL | 8GL | 8€L  OvL  L¥vL | L¥L | T¥L sisusbuidbuel | 6

9vL | 6¥L | €6 | CTOL 66 | L¥L LSL sisusbuideny | 8

90L | 6€L  S¥L | L¥L | ¥L | 86 sisusnoyzinb | | £

9¥L | 8€EL | 9L | €0L | S'LL eseiypfie 1| 9

89 | 8¢ | 8€L | LSL sisusbuaysd 1 | G

89 | OvL 61l sisusuenoeq L | ¥

Syl | €SL sisusbuojue | | ¢

56 ‘Aou “ds Buemnef | | ¢

‘Aou “ds sisuaunfiz | L

T4 ve €2 44 1z (114 6L 8L LL 9L Sl yL €L zL LL oL 6 8 L 9 S 4 € A L sajads al

"q 149 |elpuoyoolWw uo paseq esAydojdii) snuab ay} Jo seioads oleUaBUOD Z pue ssoads mau usamiaq (%) aouelsip-d peros.LIodun 7 d|qeL

247

ZooKeys 1214: 237-264 (2024), DOI: 10.3897/z00keys.1214.122439



Chang-Ting Lan et al.: Two new hypogean species of the genus Triplophysa

0.99/93

Numbet of sampies

0.93.00/89 |

@ 7. yaluwang sp. nov. @ 7. ziyunensis sp. nov.

@ 7. guizhouensis @ T gingzhenensis

@ T wudangensis T. rosa
® Linking mutation

Triplophysa guizhouensis (1-3)

| Triplophysa yaluwang sp. nov. (4-5)
Triplophysa longliensis (6)

1.00/93%  Triplophysa sanduensis (7)

Triplophysa qini (8)

| Triplophysa xiangxiensis (9-10)

_|‘_ I Triplophysa nandanensis (11-13)

L| | Triplophysa tianeensis (14-15)

1.00/100

[} | Triplophysa nasobarbatula (16-18)
Triplophysa macrocephala (19)
| Triplophysa rosa (20-21)
Triplophysa qingzhenensis (26)
| Triplophysa wudangensis (30-31)

Triplophysa ziyunensis sp. nov. (35-37)

1.00/96

Triplophysa erythraea (39)

4“ Triplophysa xuanweiensis (40-42)

Triplophysa zhenfengensis (43-46)

| Triplophysa rongduensis (47-49)

10087 | Triplophysa anlongensis (50-52)

| Triplophysa baotianensis (53-54)

1.00/99 | Triplophysa panzhouensis (55-57)

1.00/100

1.00/100

—— 0.93/88

Q.71/77]

—[ | Triplophysa cehengensis (58-60)

1.00/99

]| Triplophysa huapingensis (61-62)

BPP/IUFB

Triplophysa langpingensis (63)

0.05

Triplophysa qiubeiensis (64)

{ | Triplophysa wulongensis (65-66)

1.00/98 Triplophysa nujiangensa (67)
1,00;1001'—: Triplophysa tibetana (68)

L1.00/100/— 7riplophysa fenuis (89)
Triplophysa wuweiensis (70)

1 ,OOIQSI

A Homatula berezowskii (73)

Figure 2. Phylogeny and nuclear gene haplotypes A phylogenetic

tree based on mitochondrial Cyt b (1140 bp). Bayesian

posterior probabilities (BPP) from Bl analysis/ultrafast bootstrap supports (UBP) from ML analysis are noted beside
nodes. Scale bars represent 0.05 nucleotide substitutions per site. The numbers at the tips of species name correspond
to the ID numbers listed in Table 2 B haplotypes inferred based on the nuclear gene RAGT.

These significantly different
barbel, fins, and tail (Table 5)

measurements were concentrated on the head,
. There are significant morphological differences

only in eye diameter and pectoral-fin ray length for Triplophysa yaluwang sp.

nov. and T. guizhouensis.

Four principal component factors with eigenvalues greater than one were ex-
tracted based on the PCA of the morphological data. These factors accounted
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for 83.42% and 74.86% of the total variation (Suppl. material 2). The first prin-
cipal component (PC1) accounted for 38.23% and 28.77% of the variation
and was positively correlated with all of the variables (eigenvalue = 3.0 and
4.1). On the two-dimensional plots of PC1 and PC2, the new species T. ziyun-
ensis sp. nov. can be readily distinguished from T. wudangensis, T. rosa, and
T. gingzhenensis (Fig. 3A). T. yaluwang sp. nov. can be readily distinguished
from T. guizhouensis (Fig. 3B), while the holotype of T. longliensis are mosaic in
the T. yaluwang sp. nov. The two new species are clearly distinguished by mor-
phological characteristics from the geographical and morphological relative
species based on statistical analysis of the measurements and the PCA result.

T. gingzhenensis T. guizhouensis FY i
2.0 3 2.0 o > e T
= T. rosa N |
, Y. A ; :
W S WS S 1.0 i o ;S B og
VoA . ! ; : “ae d »‘
'y \, A a‘ \.|. . \\ r’ ’
A L ‘A J (3] % ot &l P
30.0- o e A Q 0.0 h A ’
o ! A ‘\ \\‘\‘ ’ * g m .\~
- I| R T longliensis @' W -
~l ,. \‘, "\._:"’_-'J
-1.01 e P -1.0+ i
Triplophysa ziyunensis sp. nov. S
e Tn’pfophyfé-yaluwang Sp. nov
2.0+ e -2.04
‘\ A i:l
i ; T. sanduensis
T. wudangensis
'3(} 1 1 I T 1 '3G 1 1 T T I I
2.0 -1.0 0.0 1.0 20 -3.0 -2.0 -1.0 0.0 1.0 20
A PC1 B PC1

Figure 3. Plots of principal components analysis scores of A T. ziyunensis sp. nov. and B T. yaluwang sp. nov., and closely

related species based on morphometric data.

Taxonomic account

Triplophysa ziyunensis Wu, Luo, Xiao & Zhou, sp. nov.
https://zoobank.org/BA4F7B39-A976-4D59-AE66-439DB9130A2E
Figs 4, 5, Table 5, Suppl. material 1

Type material. Holotype. GZNU20230529001 (Fig. 4), 105.1 mm total length
(TL), 86.7 mm standard length (SL), collected by Li Wu and Xing-Liang Wang on
29 May 2023, at Shuitang Village, Maoying Town, Ziyun County, Guizhou Prov-
ince, China (25.96846238°N, 106.13737106°E; 1228 m a.s.l.; Fig. 1).
Paratypes. Four specimens from the same locality as the holotype:
GZNU20230226008-226010, and GZNU20230529002, 63.3-100.1 mm SL, col-
lected by Tao Luo, Li Wu, Xing-Liang Wang, Xin-Rui Zhao, and Chang-Ting Lan

on 26 February 2023.

Diagnosis. Triplophysa ziyunensis sp. nov. is distinguished from other hy-
pogean species of the genus Triplophysa by the following characteristics in
combination: (1) body naked, scaleless, pigmented markings on surface of
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12 mm

12 mm

12 mm

3 mm (e ! A 3 mm 3 mm

Figure 4. Morphological characteristics of holotype GZNU20230529001 of Triplophysa ziyunensis sp. nov. in preservative (10%
formalin) A dorsal view B ventral view C lateral view D dorsal view of head E lateral view of head, and F ventral view of head.
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body, except ventral; (2) eyes reduced, diameter 2.4-4.9% of head length (HL);
(3) pelvic-fin tip extending to anus; (4) tip of pectoral fin not reaching pelvic fin
origin; (5) anterior and posterior nostrils closely set, with anterior nostril elon-
gated to a barbel-like tip; (6) tip of outrostral barbel extending backward, not
reaching anterior margin of eye; (7) lateral line complete; (8) posterior chamber
of air bladder degenerated; and (9) dorsal-fin rays iii-8, pectoral-fin rays i-10,
pelvic-fin rays i-6, anal-fin rays iii-5, and 16 branched caudal-fin rays.

Description. Morphological data on the specimens of Triplophysa ziyunensis
sp. nov. are provided in Table 5 and Suppl. material 1. Body elongated and cylin-
drical, posterior portion gradually compressed from dorsal fin to caudal-fin base,
with deepest body depth anterior to dorsal-fin origin, deepest body depth 13-16%
of standard length (SL). Dorsal profile slightly convex from snout to dorsal-fin in-
sertion, and then straight from posterior portion of dorsal-fin origin to caudal-fin
base. Ventral profile flat. Head short, length 26-27% of SL, slightly depressed and
flattened, width slightly greater than depth (head width (HW)/head depth (HD) =
1.1-1.3). Snout slightly pointed, and snout length 46—50% of HL. Mouth inferior
and curved, mouth corner situated below anterior nostril, upper and lower lips
smooth, lower lip with V-shaped median notch. Three pairs of barbels are pres-
ent: inner rostral barbel long, length 23-27% of HL, backward extending to corner
of the mouth; out rostral barbel long, length 52—-58% of HL, backward extending
to beyond posterior margin of eyes. Maxillary barbel not extending to posterior
margin of operculum, length 34-42% of HL. Anterior and posterior nostrils close-
ly set, length 0.20—0.25 mm. Anterior nostril tube long, with an elongated short
barbel-like tip, tip of posterior nostril extending backward not reaching to anterior
margin of the eye. Eyes reduced, with diameter 2-5% of HL. Gill opening small,
gill rakers not developed, ten inner gill rakers on first gill arch (n = 1).

Dorsal-fin rays iii-8, pectoral-fin rays i-10, pelvic-fin rays i-6, anal-fin rays i-5, 16
branched caudal-fin rays. Dorsal fin short, length 20-23% of SL, distal margin
emarginated, origin anterior to pelvic-fin insertion and situated slightly posterior
to the midpoint between snout tip and caudal-fin base, first branched ray longest,
shorter than head length, tip of dorsal fin vertical to the anus. Pectoral fin mod-
erately developed, length 22-24% of SL, tip of pectoral fin extending backward
almost to midpoint between origin of pectoral and pelvic fin origins, not reaching
to pelvic fin origin. Pelvic fin length 16—20% of SL, vertically aligned with third
branched ray of dorsal fin, tips of pelvic fin reaching anus. Anal fin length 16-20%
of SL, distal margin truncated, origin close to anus, tips of anal fin not reaching
caudal-fin base, distance between tips of anal fin and anus 8.5x the eye diameter.
Caudal fin forked, upper lobe equal in length to lower lobe, tips pointed, caudal
peduncle length ~ 13.6 mm, caudal peduncle depth ~ 5.8 mm, with weak adipose
crests along both dorsal and ventral sides. Total vertebrae: 39 (n = 1).

Cephalic lateral line system developed. Lateral line complete, exceeding tip
of pectoral fin and reaching base of caudal fin. Two chambers of air bladder, an-
terior chamber dumbbell-shaped and membranous, open on both sides, slightly
closed posteriorly; posterior chamber degenerated, slightly filling the body cavi-
ty, connected with anterior chamber by a long, slender tube.

Coloration. In cave water, the body of living fish is semi-translucent and pale
pink, with irregular dark brownish brown patches on the head and body (Fig. 5).
After fixation in 10% formalin solution, the body color was pale grey, and the
dark-brown patches on the head and body were more prominent (Fig. 4).
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Figure 5. Ecological photographs of Triplophysa ziyunensis sp. nov. and closely related species in life A Triplophysa ziyun-
ensis sp. nov. B T. rosa C T. wudangensis, and D T. gingzhenensis, from Dr. Zhi-Xuan Zeng.

ZooKeys 1214: 237-264 (2024), DOI: 10.3897/z00keys.1214.122439




Chang-Ting Lan et al.: Two new hypogean species of the genus Triplophysa

Secondary sex characteristics. No secondary sex characteristics were
observed based on the present specimens of Triplophysa ziyunensis sp. nov.

Comparisons. Detailed comparative morphological data of Triplophysa zi-
yunensis sp. nov. with the 39 recognized hypogean species of Triplophysa are
given in Table 2. Triplophysa ziyunensis sp. nov. is genetically close to T. ging-
zhenensis, T. rosa, and T. wudangensis and shares some similar morphological
characters, such as reduced eye degeneration and degenerated body pigmen-
tation, pigmented markings on the body surface, except ventral, but can still be
distinguished by a combination of some morphological characters.

Triplophysa ziyunensis sp. nov. is be distinguished from T. gingzhenensis and
T. wudangensis by having 10 branched pectoral fin rays (vs 8—9), 6 branched
pelvic-fin rays (vs 5), 16 branched caudal fin rays (vs 14—15), and inhabiting the
Pearl River basin (vs Yangtze River basin).

Triplophysa ziyunensis sp. nov. can be distinguished from T. rosa by having re-
duced body pigmentation, pigmented markings on body surface, except ventral
(vs absence), eyes reduced, diameter 2.4-4.9% of HL (vs absent), 8 branched
dorsal fin rays (vs 9), 10 branched pectoral fin rays (vs 12), 6 branched pelvic-fin
rays (vs 7), 16 branched caudal fin rays (vs 14), and inhabiting the Pearl River
basin (vs Yangtze River basin).

Ecology and distribution. Triplophysa ziyunensis sp. nov. has only been found
in one cave in Shuitang Village, Maoying Town, Ziyun County, Guizhou Province,
China, at an elevation of 1134 m. The pool where the new species was found is
more than 15 m long, 13 m wide, and ~ 3 m deep, with a slow flow of water, and
is located 80 m further inside the entrance of the cave. Inside the cave, anoth-
er fish (Sinocyclocheilus multipunctatus, three individuals), bats (Rhinolophus
sp., five individuals), and frogs (Odorrana wuchuanensis, 11 individuals) were
found. Outside the cave, rapeseed and peppers were being grown. The popula-
tion of the new species is very small and only five specimens were collected.

Remarks. The new species, Triplophysa ziyunensis sp. nov., inhabits the under-
ground rivers of the type locality. Eyes are present and reduced, and with irregular
dark brownish brown patches on the head and body. Therefore, this species can be
considered as a stygophile fish within the hypogean group of the genus Triplophysa.

Etymology. The specific epithet ziyunensis refers to the type locality of
the new species: Shuitang Village, Maoying Town, Ziyun County. We propose
the common English name “Ziyun high-plateau loach” and the Chinese name
“Zi Yun Gao Yudn Qu (% = = ).

Triplophysa yaluwang Lan, Liu, Zhou & Zhou, sp. nov.
https://zoobank.org/DE306B1B-F770-4E79-9B9E-400CEC202266
Figs 6, 7, Table 5, Suppl. material 1

Type material. Holotype. GZNU20240118001 (Fig. 6), 87.6 mm total length
(TL), 73.9 mm standard length (SL), collected by Jia-Jun Zhou on 18 January
2024, in Xinzhai Village, Maoying Town, Ziyun County, Guizhou Province, China
(25.89908752°N, 106.07921141°E, 1276 m a.s.l.; Fig. 1).

Paratypes. Four specimens from the same locality as the holotype:
GZNU20240118002-118005, 54.1-83.9 mm SL, collected by Jia-Jun Zhou and
Ye-Wei Liu on 27 September 2023.
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9 mm

3 mm E 3 mm F 3 mm

Figure 6. Morphological characteristics of holotype GZNU20240118001 of Triplophysa yaluwang sp. nov. in preservative (10%
formalin) A dorsal view B ventral view C lateral view D dorsal view of head E lateral view of head, and F ventral view of head.

Diagnosis. Triplophysa yaluwang sp. nov. is distinguished from other hypo-
gean species of the genus Triplophysa by the following characteristics in com-
bination: (1) body naked, scaleless, with irregular pale dark brownish brown
markings, except ventral; (2) eyes reduced, diameter 4.6-6.1% of head length;
(3) pelvic-fin tip reaching anus; (4) tip of pectoral fin not reaching to pelvic fin
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origin; (5) anterior and posterior nostrils closely set, with the anterior nostril
elongated to a barbel-like tip; (6) tip of outrostral barbel extending backward,
not reaching to anterior margin of eye; (7) lateral line complete; (8) posterior
chamber of air bladder degenerated; and (9) dorsal-fin rays iii-7, pectoral-fin
rays i-9, pelvic-fin rays i-5, anal-fin rays i-5, and 14 branched caudal-fin rays.

Description. Morphological data of Triplophysa yaluwang sp. nov. spec-
imens are provided in Table 5 and Suppl. material 1. Body elongated and
cylindrical, posterior portion gradually compressed from dorsal fin to cau-
dal-fin base, with deepest body depth anterior to dorsal-fin origin, deepest
body depth 12-16% of SL. Dorsal profile slightly convex from snout to dor-
sal-fin insertion, then straight from posterior portion of dorsal-fin origin
to caudal-fin base. Ventral profile flat. Head short, length 26—-27% of SL,
slightly depressed and flattened, width slightly greater than depth (HW/HD
= 1.1-1.3). Snout slightly pointed, and snout length 43-52% of HL. Mouth
inferior and curved, mouth corner situated below anterior nostril, upper and
lower lips smooth, lower lip with V-shaped median notch. Three pairs of bar-
bels are present: inner rostral barbel long, length 16-27% of HL, backward
extending to corner of mouth; out rostral barbel long, length 39-44% of HL,
backward extending to beyond anterior margin of eyes. Maxillary barbel not
extending to posterior margin of operculum, length 22-36% of HL. Anteri-
or and posterior nostrils closely set, length 0.44-0.82 mm. Anterior nostril
tube long, with an elongated short barbel-like tip, tip of posterior nostril ex-
tending backwards not reaching to anterior margin of eye. Eyes reduced,
with diameter 5-6% of HL. Gill opening small, gill rakers not developed, nine
inner gill rakers on first gill arch (n = 1).

Dorsal-fin rays iii-7, pectoral-fin rays i-9, pelvic-fin rays i-5-6, anal-fin rays
i-5, 14 branched caudal-fin rays. Dorsal fin short, length 19-22% of SL, distal
margin emarginated, origin anterior to pelvic-fin insertion and situated slightly
posterior to the midpoint between snout tip and caudal-fin base, first branched
ray longest, shorter than head length, tip of dorsal fin vertical to anus. Pectoral
fin moderately developed, length 19-25% of SL, tip of pectoral fin extending
backward almost to the midpoint between origin of pectoral and pelvic fin ori-
gins, not reaching to pelvic fin origin. Pelvic fin length 16—-17% of SL, vertically
aligned with second branched ray of dorsal fin, tips of pelvic fin reaching to
anus. Anal fin length 16-18% of SL, distal margin truncated, origin close to
anus, tips of anal fin not reaching caudal-fin base, distance between tips of anal
fin and anus 2.2x the eye diameter. Caudal fin forked, upper lobe slightly longer
than lower lobe, tips pointed, caudal peduncle length ~ 12 mm, caudal pedun-
cle depth ~ 4.8 mm, with weak adipose crests along both dorsal and ventral
sides. Total vertebrae: 40 (n = 1).

Cephalic lateral line system developed. Lateral line complete, exceeding tip
of pectoral fin and reaching base of caudal fin. Two chambers of air bladder, an-
terior chamber dumbbell-shaped and membranous, open on both sides, slightly
closed posteriorly; posterior chamber degenerated, slightly filling the body cavi-
ty, connected with anterior chamber by a long, slender tube.

Coloration. In cave water, living fish were semi-translucent with a pale pink
body with irregular dark brownish brown patches on the Entire body (Fig. 7).
After fixation in 10% formalin, the body color was white, and the dark brown
color lightened (Fig. 6).
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Figure 7. Ecological photographs of Triplophysa yaluwang sp. nov. and closely related species in life A Triplophysa
yaluwang sp. nov. (paratype, GZNU20240118002) B Triplophysa yaluwang sp. nov. (paratype, GZNU20240118005), and
C T. guizhouensis.

Variations. Among the five specimens collected, GZNU20240118002-
118004 are essentially identical to the holotype in fin characteristics and body
coloration. GZNU20240118005 differs from the holotype by the absence of
body pigmentation and the absence of the eye (Fig. 7).

Secondary sex characteristics. Secondary sex characteristics were not
observed in the specimens of Triplophysa yaluwang sp. nov.
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Comparisons. Detailed morphological comparative data of Triplophysa yalu-
wang sp. nov. with Triplophysa ziyunensis sp. nov. and the 39 hypogean species
of Triplophysa are given in Table 2. Triplophysa yaluwang sp. nov. is genetically
close to T. guizhouensis, T. longliensis, and T. sanduensis, but it can be distin-
guished in combination with morphological characteristics.

Triplophysa yaluwang sp. nov. can be distinguished from Triplophysa ziyun-
ensis sp. nov. by having dorsal fin distal margin being emarginated (vs trun-
cated), total vertebrae 40 (vs 39), seven branched dorsal fin rays (vs 8), nine
branched pectoral fin rays (vs 10), and 14 branched caudal fin rays (vs 16).

Triplophysa yaluwang sp. nov. is distinguished from T. longliensis by having
eyes reduced, small diameter 4.6-6.1% of HL (vs normal, diameter 9.5-11.5%
of HL), interorbital width, 24.3-26.0% of HL (vs 31.4-37.5 of HL), total verte-
brae 40 (vs 42), degenerated posterior chamber of air bladder (vs developed),
seven branched dorsal-fin rays (vs 8), nine branched pectoral-fin rays (vs 10),
and 14 branched caudal-fin rays (vs 15-16).

Triplophysa yaluwang sp. nov. is distinguished from T. sanduensis by having
eyes reduced, small diameter 4.6-6.1% of HL (vs normal, diameter 11.9-15.4%
of HL), interorbital width, 24.3-26.0% of HL (vs 31.2-40.2 of HL), total verte-
brae 40 (vs 41), dorsal-fin rays, iii, 7 (vs ii, 8-9), three unbranched anal-fin rays
(vs 1), 14 branched caudal-fin rays (vs 17-18), and tip of pelvic fin reaching
anus (vs not reaching anus).

Triplophysa yaluwang sp. nov. differs from T. guizhouensis by having eyes
reduced, diameter 4.6-6.1% of HL (vs normal, diameter 9.4-12.1% of HL), dor-
sal fin distal margin being emarginated (vs truncated), body scaleless (vs body
covered by sparse scales), degenerated posterior chamber of air bladder (vs
developed), seven branched dorsal fin rays (vs 8), five branched anal-fin rays (vs
6), and tip of pelvic fin reaching anus (vs not reaching anus).

Ecology and distribution. The new species Triplophysa yaluwang sp. nov. was
found in one cave far from the village of Xinzhai Village, Maoying Town, Ziyun
County, Guizhou Province, China (Fig. 1), in a water system where the under-
ground river is a tributary of the Hongshui River. The cave habitat is a vertical
shaft with an entrance located halfway up the mountainside. The underground
river is approximately 150 m deep from the entrance, and the accessible portion
is around 200 m long, 3 m wide, and 1-2 m deep. In this cave, the new species
is sympatric with Sinocyclocheilus multipunctatus and some unnamed spiders.

Remarks. The new species, Triplophysa yaluwang sp. nov., inhabits the un-
derground rivers of the type locality. Eyes are present and reduced, and with
irregular dark brownish brown patches on the head and body. Therefore, this
species can be considered as a stygophile fish within the hypogean group of
the genus Triplophysa.

Etymology. The specific epithet yaluwang comes from King Yaluy, a hero to
the Miao people of Ziyun County, Guizhou Province, China, where the type local-
ity is found. He was the 18" generation leader of the Miao ancestors in western
China and led the Miao people through many trials and tribulations. He eventu-
ally carved out a suitable land for his people to live in near the type locality. His
deeds have been preserved in the form of a song, which has been organized
into the first full-length heroic epic of the Hmong, King Yalu. We propose the
common English name “King Yalu high-plateau loach” and the Chinese name
“Ya Lt Wang Gao Yuén Qiu (JF& T & Ji iff)".
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Discussion

We describe two new species, Triplophysa ziyunensis sp. nov. and Triplophy-
sa yaluwang sp. nov., based on morphological comparisons (Table 2), mito-
chondrial DNA sequence differences, and nuclear gene haplotypes (Fig. 2).
The description of these two new species increases the number of species in
the hypogean group of Triplophysa from 39 to 41 and the previous number of
known species from Guizhou is increased to 15. The previous 13 species are
T. cehengensis, T. rongduensis, T. panzhouensis, T. anlongensis, T. baotianensis,
T. guizhouensis, T. longliensis, T. nasobarbatula, T. gingzhenensis, T. sanduensis,
T. wudangensis, T. wulongensis, and T. zhenfengensis (Table 1). Our previous
studies revealed that the cave-dwelling species of Triplophysa in Guizhou are
concentrated in the south, central, and southwest (Fig. 1). Before this study,
a large recording gap existed between central-southern and western Guizhou
(Fig. 1), suggesting the possible presence of cryptic species in this region (Luo
et al. 2023). This hypothesis was supported by the results of the present study.
Similarly, discontinuities with previous records remain in northeastern and
eastern Guizhou, suggesting that it would be useful to focus efforts there on
the discovery of new species or new distribution areas.

The new species described here have only slight mitochondrial differences
from closely related species (Table 4). For example, the new species T. yaluwang
sp. nov. clusters with T. guizhouensis, both from the Hongshui River drainage
basin, at a genetic distance of 1.4%. The type locality of the two new species
is near the watershed between the Pearl and Yangtze rivers, i.e., the Miaoling
Mountains (Fig. 1). Geological evidence suggests that the Miaoling mountains
formed in the Early Pleistocene and eventually became the watershed between
the Pearl River and Yangtze River systems during the mid- to late Pleistocene
(Zhou and Chen 1993). Thus, the slight mitochondrial differences are associ-
ated with multiple connectivity between rivers, includes both surface and un-
derground rivers, which leads to potential mitochondrial introgression (Yuan et
al. 2023). Similar gene flow was observed among species of Triplophysa in the
Qinghai-Tibetan Plateau region (Feng et al. 2019). This hypothesis is also sup-
ported by the mitochondrial matrilineal tree in this study, i.e., the species of the
independent hydrological origin are not clustered together in the phylogenetic
tree, but rather are distributed in a mosaic fashion (Figs 1, 2). However, this
could also be related to short-term radial species formation. To evaluate this
situation, we suggest the use of additional nuclear genetic markers or genomic
evidence in the description of new species.
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Abstract

As part of our detailed study of the Caucasian mayfly fauna, we describe Epeorus (Cau-
casiron) abditus sp. nov., a new species of the genus Epeorus Eaton, 1881, subgenus
Caucasiron Kluge, 1997, based on larvae collected in Tiirkiye, Georgia, and Russia. We
use several methodological approaches to delimit the new species by analysing COIl
sequence data and larval morphology. We provide a comparison with related taxa and
diagnostic characters allowing determination of the larvae. We also update the identi-
fication key for the Caucasian species of E. (Caucasiron) with E. (C.) abditus sp. nov.
and two recently described species, E. (C.) hyrcanicus Hrivniak & Sroka, 2021 and E. (C.)
tripertitus Hrivniak & Sroka, 2022.

Key words: Aquatic insects, species delimitation, taxonomy

Introduction

The biota of the Caucasus biodiversity hotspot is extraordinarily diverse (Mitter-
meier et al. 2011) and mayflies (Ephemeroptera) are no exception. Currently, 130
species from 15 families and 33 genera are known from the Caucasus, almost
half of which (61 species) are considered endemic (Hrivniak 2020). The genus
Epeorus Eaton, 1881 is one of the most diversified mayfly genera in the Caucasus
region. The larvae inhabit cold and well-oxygenated streams and rivers with stony
substrate and are relatively common in the region (Bojkova et al. 2018; Hrivniak
et al. 2018). Considering the large body size of mature larvae, which can exceed
20 mm in some species, such as E. (Caucasiron) magnus (Braasch, 1978), they
represent a charismatic and conspicuous group of mountain aquatic biota. Except
for a single species, Epeorus (Epeorus) zaitzevi Tshernova, 1981, all Caucasian
Epeorus species belong to the subgenus Caucasiron Kluge, 1997 (Hrivniak et al.
2021), which encompasses 17 species known from the Caucasus and the neigh-
bouring mountains (Pontic, Taurus, and Zagros Mountains) (Hrivniak et al. 2022).
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The geographic distribution of E. (Caucasiron) is split into two areas, the Cau-
casus and Central-East Asia, which includes the Tian Shan, the Himalayas, and
mountain ranges in the Yunnan-Guizhou Plateau in south-west China (Braasch
2006; Chen et al. 2010; Kluge 2015; Ma et al. 2022). The latter appears to be
less diversified and species-rich, although it has been studied less intensively.

Current phylogenetic analyses suggest that species richness may be even high-
er in the Caucasus, as cryptic diversity was detected within E. (C.) znojkoi Tsher-
nova, 1938 and E. (C.) tripertitus Hrivniak & Sroka, 2022 (Hrivniak et al. 20204,
2022), and some unexplored lineages were found. In this study, we investigate the
identity of several specimens that were rarely found in Tirkiye, Georgia, and Rus-
sia during our extensive sampling in the area in 2013-2019. To test whether they
represent a new species, we use various molecular species delimitation tools
and comparative morphology. Additionally, we extend an identification guide for
E. (Caucasiron) larvae published by Hrivniak et al. (2020b) to include the species
described after 2020 and allow correct identification of all E. (Caucasiron) species
from the Caucasus and adjacent Mediterranean and Irano-Anatolian regions.

Material and methods

The material used for this study was collected in Russia (2013), Tiirkiye (2016),
and Georgia (2016, 2019) using hydrobiological hand net. All specimens were
preserved in 75-96% EtOH and are deposited in the collections of the Biology
Centre of the Czech Academy of Sciences, Institute of Entomology, Ceské Budé-
jovice, Czech Republic (IECA). The material of other E. (Caucasiron) species
used for morphological comparisons was obtained from the IECA collection.

Morphological examination

Parts of specimens were mounted on microscopic slides using HydroMatrix
(MicroTech Lab, Graz, Austria) mounting medium. To remove the muscle tissue
for an investigation of the cuticular structures, specimens were left overnight
in a 10% solution of NaOH prior to slide mounting. Drawings were made us-
ing a stereomicroscope Olympus SZX7 and a microscope Olympus BX41, both
equipped with a drawing tube. Photographs were obtained using Leica DFC450
camera fitted with macroscope Leica Z16 APO and stacked in Helicon Focus
ver. 5.3 X64. All photographs were subsequently enhanced with Adobe Pho-
toshop ver. CS5. Morphological diagnostic characters for the description of a
new species were adopted from Hrivniak et al. (2020b).

DNA extraction, PCR, sequencing and alignment

Total genomic DNA of four specimens (labelled as A1-A3 and A6) was ex-
tracted from legs using the DEP-25 DNA Extraction Kit (TopBio) and DNeasy
Blood & Tissue Kit (Qiagen), both according to the manufacturer’s protocol.
Mitochondrial cytochrome oxidase subunit | (COI) was sequenced according
to Hrivniak et al. (2017). COI sequences of other E. (Caucasiron) species used
for molecular comparisons were obtained from Hrivniak et al. (2017, 2019,
2020c, 2021, 2022). The PCR amplification of COI and reaction volumes was
carried out as described in Hrivniak et al. (2017). Sequences were assembled
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in Mega X (Kumar et al. 2018) and aligned in Jalview (Waterhouse et al. 2009)
using the Mafft algorithm. Newly obtained sequences were deposited in Gen-
Bank with accession numbers (GB) PP987168—-PP987171.

Molecular species delimitation

Molecular delimitation of species was performed using the single threshold Gen-
eral Mixed Yule Coalescent model (GMYC, Pons et al. 2006; Fujisawa and Bar-
raclough 2013), Multi-rate Poisson tree processes for single-locus (mPTP; Kapli
et al. 2016) and the Assemble Species by Automatic Partitioning (ASAP; Puillan-
dre et al. 2021). GMYC, mPTP, and ASAP were performed by the online servers
https://species.h-its.org/gmyc/, https://bio.tools/mptp and https://bicinfo.mnhn.
fr/abi/public/asap/, respectively. The COI gene tree for GMYC and mPTP was re-
constructed using BEAST ver. 2 (Bouckaert et al. 2014) with settings described
in Hrivniak et al. (2020c). The dataset included all described species from the
subgenus Caucasiron distributed in the Caucasus and adjacent regions. Two anal-
yses were running on CIPRES Science Gateway (Miller et al. 2010) for 200 million
generations sampled every 20 000 generations. Convergence and effective sam-
ple size (ESS > 200) were verified using Tracer ver. 1.7 (Rambaut et al. 2018). The
first 10% of trees from each run were discarded as burn-in. Files from both inde-
pendent runs were combined using LogCombiner ver. 2.6.7. The maximum clade
credibility tree was constructed using TreeAnnotator ver. 1.8.4 with default set-
tings. The input dataset for ASAP comprised sequences aligned in a fasta file. The
simple pairwise genetic distances were selected, and other settings were default.
Inter- and intraspecific pairwise genetic distances were calculated in MEGA X.

Results and discussion
Molecular species delimitation

The final COI alignment contained 97 sequences, 631 base pairs and 197 par-
simony informative positions. The single threshold GMYC model estimated 20
species (Cl = 12-28) consisting of 19 ML clusters and one singleton. Epeorus
(Caucasiron) abditus sp. nov. was delimited as a distinct species. The mPTP
method and the distance-based ASAP analysis also delimited E. (Caucasiron)
abditus sp. nov. as a distinct species (Fig. 2). The monophyly of all species
clusters was supported (PP = 1).

Pairwise genetic distances between E. (Caucasiron) abditus sp. nov. and oth-
er E. (Caucasiron) species ranged from 8.33% in E. (C.) magnus to 15.93% in
E. (C.) shargi Hrivniak & Sroka, 2020. Genetic distances within E. (Caucasiron)
abditus sp. nov. varied between 0.33 and 1.64%.

Taxonomy

Epeorus (Caucasiron) abditus sp. nov. is attributed to the subgenus Caucasiron
within the genus Epeorus based on the presence of projection on the costal rib
of gill plates II-VII (Fig. 5G, arrow), and the presence of medio-dorsally directed
hair-like setae located on the anterior margin of the head (see Kluge 2015 for a
revision of the subgenus).
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Epeorus (Caucasiron) abditus Hrivniak & Sroka, sp. nov.
https://zoobank.org/AFOC3D08-A97C-483C-A766-9B3F9CFE6113
Figs 4,5

Type material. Holotype - female larva (GB: PP987170), TURKIYE: Artvin Prov-
ince, Camili Village, unnamed mountain stream, 1599 m a.s.l.; 41°24'04"N,
42°24'04"E; code: CAM 6, 25.7.2016, G. Tirkmen leg.

Paratypes - 1 larva (mounted on slide), same data as holotype * 1 larva (GB:
PP987171; mounted on slide), GEORGIA: Adjara, Kobuleti district, vicinity of Kh-
ino (Didvake) village, Kintrishi River, 792 m a.s.l.; 41°43'01"N, 42°02'41"E; code:
No6,19.4.2013, A.V. Martynov leg « 1 larva (GB: PP987168, mouthparts mounted
on slide), GEORGIA: Kakheti Province, South of Alazani Pass, Stori River, 1514 m
a.s.l; 42°14'35.1"N, 45°29'44.5"E; code GE060/2019, 3.5.2019; L. Hrivniak leg
+ 1 larva, RusslA: Kabardino-Balkaria, vicinity of Terskol village, left tributary of
Baksan River, 2192 m a.s.l.; 43°14'31"N, 42°33'49"E; 19.5.2013, V.V. Martynov
leg - 2 larvae (one barcoded, GB: PP987169), RussIA: Kabardino-Balkaria, vicin-
ity of Tyrnyauz village, right tributary of Baksan River, 1904 m a.s.l, 43°271'N,
42°52'E; 19.5.2013, V.V. Martynov leg.

Type material is deposited in IECA.

Etymology. The species name abditus (Latin) means hidden. It refers to rare
distribution and morphological similarity with related species.

Distribution and habitat preferences of larvae. Epeorus (Caucasiron) abditus
sp. nov. has relatively wide distribution in the Caucasus region but appears
to be relatively rare due to low number of specimens obtained by extensive
sampling. They were found in the Pontic Mountains and the Lesser Cauca-
sus (northeast Tirkiye and southwest Georgia), and the central (Russia: Kab-
ardino-Balkaria) and eastern (Georgia: Kakheti) parts of the Greater Caucasus
(Fig. 1). The larvae were found in low abundance in cold and clear streams
and rivers between 792 and 2192 m a.s.l. on stony bed substrate in turbulent
flow (Fig. 3). They were not recorded in urban and agricultural areas within the
region, where many localities were investigated. Larvae co-occurred with E. (C.)
znojkoi, E. (C.) alpestris (Braasch, 1979), E. (C.) magnus.

Description of larva. General colouration of larvae yellowish brown with
dark brown maculation. Body length of late instar larvae: ca 13.3 mm (female),
11.1-11.25 mm (male). Length of cerci approximately 1.2x body length.

Head. Shape oval to trapezoidal. Anterior and lateral margin rounded, poste-
rior margin rounded in female (Fig. 4E) and slightly rounded in male (Fig. 4D).
Head dimensions of late instar larvae: length ca 4.5 mm, width ca 3.2 mm in
female; length ca 4.05 mm, width 2.75-2.8 mm in male. Head width/length
ratio: 1.46-1.48 in female; 1.46-1.51 in male.

Colouration of head: dorsal surface with pair of elongated maculae locat-
ed along epicranial suture; pale stripes extending from lateral ocelli to lat-
eral edges of head; blurred (or rectangular) macula between ocelli; rounded
maculae anterolateral of lateral ocelli; blurred (or triangular) maculae near
inner edges of compound eyes; pair of stripes (or scattered smaller macu-
lae) located anteriorly from median ocellus (Fig. 4D, E). Compound eyes grey
to brownish to black. Ocelli blackish. Antennae yellowish brown, scapus and
pedicellus darkened. Hair-like setae along anterior margin of head extend to
lateral margins. Dorsal surface of head covered with fine hair-like setae and
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Figure 1. Distribution of Epeorus (Caucasiron) abditus sp. nov.; global localisation of a study area (lower left corner) and
our sampling sites investigated between 2008-2019 (lower right corner).

sparsely distributed stick-like setae. Sparse longer and fine hair-like setae lo-
cated posteriorly to eyes.

Mouthparts. Labrum (Fig. 5A) widened anteriorly, with anterior margin slight-
ly rounded or nearly straight (in dorsal view), lateral angles rounded. Dorsal
surface (Fig. 5A, left) sparsely covered with hair-like setae and short bristle-like
setae; 5—6 longer bristle-like setae located antero-medially and two antero-lat-
erally. Epipharynx with longer, shortly plumose bristles situated along lateral to
anterior margin (Fig. 5A, right; range of setation figured as large black dots), and
brush of fine hair-like setae medially (not figured); ventral surface with group of
10-16 setae of various size located medio-posteriorly. Outer incisors of both
mandibles with three apical teeth (Fig. 5B, C). Inner incisor of left mandible with
three apical teeth, right inner incisor bifurcated. Outer edge of both mandibular
incisors with numerous setae (range of setae marked with dashed polygons).

Thorax. Pronotum anteriorly narrowed, lateral edges slightly curved. Metano-
tum with slight postero-medial projection. Dorsal surface with dark brown macu-
lation as on Fig. 4A and covered with fine, hair-like setae (as on abdominal terga
and head); sparse longer, hair-like setae along pro-, meso- and metanotal suture.

Legs. Colour pattern of femora as on Fig. 4F. Femora without medial hypo-
dermal spot. Femora apically slightly darkened; patella-tibial suture darkened;
tarsi proximally and distally darkened. Dorsal surface of femora covered by
short (sporadically elongated) apically rounded spatulate setae (Fig. 5D). Dor-
sal margin of tibiae and tarsi with row of long setae; ventral margin of both with
short distally accumulated spine-like setae. Tarsal claws with 3—4 denticles.
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Figure 2. COI gene tree with results of molecular species delimitation tools and larval morphology according to Hrivniak
et al. (2020b). Black points correspond to posterior probability 1. Delimitation of Epeorus (Caucasiron) abditus sp. nov.
is highlighted by the dashed frame.
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Figure 3. The habitat (type locality) of Epeorus (Caucasiron) abditus sp. nov. from north-
east Turkiye (photo: G. Tirkmen).

Abdominal terga. Colour pattern of abdominal terga consists of transversal
stripe along anterior margin of terga I-1X, medially extending to: i) large median
triangular macula on terga lI-Ill (1V), and ii) triangular or T-shaped macula on
terga V-IX (medial macula on tergum VIII and IX often widened). Median mac-
ula on terga V-VII surrounded by pale area (Fig. 4G). Tergum X without distinct
maculation. Lateral margin of terga I-IX with oblique macula. Denticles along
posterior margin on terga strongly sclerotised, irregular and pointed (Fig. 5E).
Surface of terga covered with hair-like setae and sparsely with stick-like setae.
Tergum X with short postero-lateral projections (Fig. 5J, K). Longitudinal medial
row of hair-like setae along abdominal terga present.

Abdominal sterna. Yellowish, with colouration pattern on sterna I-VIII consist-
ing of rounded median macula (Fig. 4H, arrow). In more pigmented specimens,
median macula with paired pale spots located medio-posteriorly. Rounded median
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Figure 4. Epeorus (Caucasiron) abditus sp. nov., larva A habitus in dorsal view B habitus in ventral view C habitus in lat-
eral view D head of male in dorsal view E head of female in dorsal view F middle leg in dorsal view G abdominal terga
H, I abdominal sterna lI-VI (arrow points on median maculation) J gills VII (in natural position from ventral view).

macula often poorly expressed and only medio-posterior edge of sterna is slightly
pigmented (Fig. 41, arrow). Colouration pattern sporadically restricted to sterna |
and Il or absent. Sternum IX of female with V-shaped median emargination and
surface covered by setae centrally (Fig. 5L).

Gills. Dorsal surface of gill plate | yellowish; of gill plates [I-VII greyish on an-
terior half, brownish on posterior half. Ventral margin of all gill plates yellowish.
Costal projection on gill plate Il well-developed (Fig. 5G, arrow). Gill plate VI
wide (in natural position of ventral view; Figs 4J, 5H, I).

Cerci. Yellowish brown, basally darkened.

Subimagoes, imagoes, and eggs. Unknown.

ZooKeys 1214: 265-279 (2024), DOI: 10.3897/z00keys.1214.131266 272



Lubos§ Hrivniak et al.: A new Caucasian Epeorus (Caucasiron)

Figure 5. Epeorus (Caucasiron) abditus sp. nov., larva A labrum (left half in dorsal view, right half in ventral view; black dots refer
to range of setae) B incisors of left mandible C incisors of right mandible (dashed polygons on outer edge of both mandibles
refer to range of setae) D setae on dorsal surface of femora E surface and posterior margin of abdominal tergum VII F gill |
G gill lll (arrow points to projection on costal margin) H gill VI (flattened on slide) I gill VII (in natural position from ventral view)
J, K abdominal segments VIII-X in lateral view (arrow points on postero-lateral projection) L sternum IX of female.

Morphological diagnostics of larvae. Epeorus (Caucasiron) abditus sp. nov. can
be distinguished by the combination of the following morphological characters: i)
femora without median spot (Fig. 4F); ii) abdominal sterna with circular median
macula as on Fig. 4H (colouration may be restricted to medio-posterior part of
sterna as on Fig. 4l); iii) abdominal terga V-VII with triangular or T-shaped macula
surrounded by pale area (Fig. 4G); iv) tergum X with short postero-lateral projection
(Fig. 5J, K, arrow); v) surface of abdominal terga with hair-like setae (Fig. 5E); vi)
shape of gill plates VIl wide (in natural position from ventral view, Figs 4J; 5H, ).

Morphological affinities. Epeorus (Caucasiron) abditus sp. nov. is similar to
several species from the Caucasus and neighbouring Mediterranean and Ira-
no-Anatolian ranges, namely E. (C.) alpestris (distributed in the Greater Caucasus),
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E. (C.) alborzicus Hrivniak & Sroka, 2020 (Alborz Mountains), and E. (C.) bicollicula-
tus Hrivniak, 2017 (Pontic Mountains, Lesser and Greater Caucasus). All of them
possess abdominal sterna with a rounded median macula and femora without
median spot (Hrivniak et al. 2020b).

Epeorus (C.) alpestris can be distinguished from E. (C.) abditus sp. nov. by the
absence of postero-lateral projections on the tergum X (Hrivniak et al. 2020b,
fig. 17L) present in E. (C.) abditus sp. nov. (Fig. 5J, K, arrow). Additionally, the
rounded maculae on abdominal sterna are always present in E. (C.) alpestris
(Hrivniak et al. 2020b, fig. 16l), whereas the colouration pattern of abdominal
sterna varies from a well-defined pattern (Fig. 4H) to an indistinct (Fig. 4) or no
pattern in E. (C.) abditus sp. nov. Moreover, Epeorus (C.) alpestris is character-
ised by typical maculation of abdominal terga (Hrivniak et al. 2020b, fig. 16G, H).

Epeorus (C.) alborzicus possesses abdominal sterna with a large circular me-
dial macula (Hrivniak et al. 2020b, fig. 40L—N) and blurred macula (or a pair of
rounded maculae) on tergum Il and IlI (Hrivniak et al. 2020b, fig. 40H, 1), in con-
trast to E. (C.) abditus sp. nov. with relatively small rounded medial macula on
abdominal sterna (Fig. 4H, I) and triangular macula on tergum Il and Ill (Fig. 4G).

Epeorus (C.) bicolliculatus differs from E. (C.) abditus sp. nov. by the presence
of paired postero-medial protuberances on abdominal terga lI-1X (Hrivniak et
al. 2020b, fig. 34H) and basally widened setae on the surface of terga (Hrivniak
et al. 2020b, fig. 35E) in contrast to basally narrow setae in E. (C.) abditus sp.
nov. (Fig. 5E).

The larvae of E. (C.) abditus sp. nov. with weakly pigmented abdominal sterna
may be erroneously assigned to E. (C.) magnus (distributed in the Greater and
Lesser Caucasus, Pontic and Taurus Mountains). This species differs from E. (C.)
abditus sp. nov. by the presence of dense bristle-like setae on the dorsal surface
of the labrum (Hrivniak et al. 2020b, fig. 11A) in contrast to sparse and hair-like
setae in E. (C.) abditus sp. nov. (Fig. 5A). In addition, E. (C.) magnus often has
clearly developed lateral projections on the tergum X (Hrivniak et al._2020b, fig.
11K—M) in contrast to only short projections in E. (C.) abditus sp. nov. (Fig. 5J, K).

Two species distributed in the western and central Greater Caucasus, name-
ly E. (C.) soldani (Braasch, 1979) and E. (C.) sinitshenkovae (Braasch & Zim-
merman, 1979), have abdominal sterna without or with weakly developed co-
louration pattern and no femoral spot. Epeorus (C.) soldani can also be easily
distinguished from E. (C.) abditus sp. nov. by setae on abdominal terga that
are basally widened in the former species (Hrivniak et al. 2020b, fig. 20E) and
narrow in the latter (Fig. 5E). Epeorus (C.) sinitshenkovae can be separated by
a poorly developed projection on costal margin of gill plates (Hrivniak et al.
2020b, fig. 26G) from E. (C.) abditus sp. nov. bearing a well-developed projec-
tion (Fig. 5G). Additionally, E. (C.) sinitshenkovae is characterised by a specific
colouration of abdominal terga and femora (Hrivniak et al. 2020b, fig. 25H, F).

All other species of E. (Caucasiron) from the Caucasus, Mediterranean, and
Irano-Anatolian ranges can be easily distinguished from E. (C.) abditus sp. nov.
by the presence of specific colouration pattern of abdominal sterna and/or
presence of femoral spot. These include E. (C.) caucasicus (Tshernova, 1938),
E. (C.) nigripilosus (Sinitshenkova, 1976), E. (C.) zagrosicus Hrivniak & Sroka,
2020, E. (C.) iranicus (Braasch & Soldan, 1979), E. (C.) longimaculatus (Braasch,
1980), E. (C.) turcicus Hrivniak, Tirkmen & Kazanci, 2019, E. (C.) shargi, E. (C.)
hyrcanicus, and E. (C.) tripertitus.
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Supplement to the identification guide to larvae of Caucasian and
Irano-Anatolian species of E. (Caucasiron)

The identification guide by Hrivniak et al. (2020b) includes 15 species of E.
(Caucasiron) described between 1938 and 2020 and covers the entire area
of the Caucasus and adjacent Mediterranean and Irano-Anatolian mountain
ranges. Since then, three more species have been described from this area,
namely E. (C.) hyrcanicus, E. (C.) tripertitus, and E. (C.) abditus sp. nov. There-
fore, we provide a supplement to the original guide that includes recently
described species. For accurate identification of E. (Caucasiron) larvae, this
supplement should be used prior to the original guide. When the possibility
that the specimens to be identified represent one of the three recently de-
scribed species is ruled out, the user can proceed with Hrivniak et al. (2020b).
The abbreviations used in this key: N: north, SE: southeast, NE: northeast, SW:
southwest. The geographic delimitation of the mountain ranges was given by
Hrivniak et al. (2020b).

Key to species (part Il)

1 Medial hypodermal femur spots present (Figs 6A, B, 7A) ............... group A
2 Medial hypodermal femur spots absent (Fig. 4F) ........ccccceeveveuenans group B
Group A

- Colouration pattern on abdominal sterna present (Figs 6D, E, 7D, E) ........ 3

—  Colouration pattern on abdominal sterna absent ...........cccccceeveiieiieieennnne.
............................. continue to subgroup A2 in Hrivniak et al. (2020b, p. 9)
3 Setae on abdominal terga wide at base (Fig. 6C). Sterna II-VI with round-
ed (or blurred) median macula and pair of medio-lateral maculae (Fig. 6D,
arrows) (colouration pattern sometimes poorly expressed, Fig. 6E); gill
plates VII narrow (Fig. 6F); medial hypodermal femur spot elongated, of-
ten blurred or poorly expressed (Fig. 6A, B) .....ccooveveieieiriiieieieieeeeiee
.................. E. (C.) tripertitus (Greater Caucasus; see Hrivniak et al. 2022)
4 Setae on abdominal terga hair-like (Fig. 7B). Sterna with oblique stripes
often laterally extended (Fig. 7D, E, arrows); gill plates VII relatively wide
(Fig. 7C); medial hypodermal femur spot as in Fig. 7A.........cccccccvvveiiennnn.
........... E. (C.) hyrcanicus (N Iran, SE Azerbaijan; see Hrivniak et al. 2021)
—  Characters differ from the combinations above .............cccccooooviiiiiiieinn.
........................................ continue to subgroup A1 in Hrivniak (2020, p. 9)

Group B

- Sterna II-VI: with rounded median macula (Fig. 4H, arrow)/with darkened
posterior margin (Fig. 41, arrow)/unpatterned (sterna I-Il often darkened);
tergum X with short postero-lateral projections (Fig. 5J, K); gill plates VII
wide (Figs 4J, 5H, 1); dorsal margin of labrum with sparse setae (Fig. 5A) ...
.......... E. (C.) abditus sp. nov. (NE Tiirkiye, SW Georgia, Greater Caucasus)

—  Characters differ from the combination above.............cccccoeoiiiiiiiiiieenn.
..................................... continue to group B in Hrivniak et al. (2020b, p. 9)
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Figure 6. Epeorus (Caucasiron) tripertitus, larva A, B middle leg C surface and posterior margin of abdominal tergum VII D,
E abdominal sterna I1-VI (arrows point on paired medio-lateral maculae) F gills VII (in natural position from ventral view).

Figure 7. Epeorus (Caucasiron) hyrcanicus, larva A middle leg B surface and posterior margin of abdominal tergum VII C gills
VII (in natural position from ventral view) D, E abdominal sterna Il-VI (arrow points on lateral extension of oblique stripe).
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Abstract

The ocean remains a reservoir of unknown biodiversity, particularly in the deep sea.
Chemosynthesis-based ecosystems, such as hydrothermal vents and hydrocarbon
seeps, host unique and diverse life forms that continue to be discovered and de-
scribed. The present study focuses on patelliform gastropods (limpets) collected
from Pacific Costa Rica Margin hydrocarbon seeps during three research cruis-
es from 2017 to 2019. Genetic and morphological analyses revealed the presence
of several new lineages within the genera Bathyacmaea Okutani, Tsuchida & Fuji-
kura,1992, Cocculina Dall, 1882, Paralepetopsis McLean, 1990, and the family Lep-
etodrilidae McLean, 1988: Bathyacmaea levinae sp. nov., Paralepetopsis variabilis
sp. nov., Pseudolepetodrilus costaricensis gen. et sp. nov., and Cocculina methana
sp. nov. These investigations also expanded the known ranges of the species Pyro-
pelta corymba McLean, 1992 and Lepetodrilus guaymasensis McLean, 1988 to the
Costa Rica Margin. This research highlights the uniqueness of gastropod fauna at
the Costa Rica Margin and contributes to our understanding of the biodiversity at
chemosynthesis-based deep-sea ecosystems in the face of global biodiversity loss
and increased commercial interest in deep-sea resources.

Key words: Biodiversity, chemosynthetic ecosystems, cold seeps, deep sea, systematics,
taxonomy

Introduction

Despite marine species across all phyla being described at an average rate
of more than 2,000 new species per year (Bouchet et al. 2023), estimates still
place the unknown number of species in the ocean at approximately 0.3-2.2
million species (Mora et al. 2011; Costello et al. 2012). Species discovery in the
deep ocean (defined as depths below 200 meters) tends to be slower than in
other oceanic regions. Bouchet et al. (2023) examined 600 randomly selected,
newly discovered marine species from around the globe and found that just
7% came from depths below 1,000 meters. Representation of the deep ocean
is also consistently lower than shallow waters on biodiversity platforms like
the Ocean Biodiversity Information System (OBIS; Webb et al. 2010). With in-
creasing commercial interest in deep-sea resources (e.g., deep-sea mining; Van
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Dover et al. 2020), increasing attention paid to the ocean’s role in regulating
climate (e.g., Levin et al. 2020), and the global threat of biodiversity loss across
ecosystems (IPBES 2019), documenting marine biodiversity before it is lost is
an increasingly salient issue.

Chemosynthesis-based ecosystems, such as hydrothermal vents and hydro-
carbon seeps, represent biodiversity hotspots on the ocean floor (Levin et al.
2016). In the first 30 years after their initial discovery in 1977, more than 1,300
species had been described from chemosynthesis-based ecosystems (Corliss
etal. 1979; German et al. 2011). Chemosynthesis, primary production fueled by
fluids expelled from the seafloor through mantle dewatering processes (hydro-
carbon seeps; Suess 2014) or geothermal activity (hydrothermal vents; Corliss
et al. 1979), produces enough energy to support entire, diverse ecosystems
(Cavanaugh et al. 1981; Levin et al. 2016). Comparatively, the rest of the deep
ocean is relatively nutrient-poor (Van Dover and Trask 2000; Levin et al. 2001).
Thus, many species at chemosynthesis-based ecosystems are endemic to
these environments, as they are often directly or indirectly reliant on chemo-
synthetically derived carbon (Cordes et al. 2006; Bergquist et al. 2007; Cordes
et al. 2009; German et al. 2011).

Hydrocarbon seeps at the Costa Rica Margin (CRM) host an abundance and
diversity of deep-sea fauna that were extensively sampled during three cruis-
es from 2017-2019. These sampling efforts yielded a high abundance and
diversity of life, of which patelliform gastropod mollusks comprised a large
portion. Patelliform gastropods (hereafter “limpets”) are common denizens at
chemosynthesis-based ecosystems and are often the primary biofilm grazers
at these sites (Sasaki et al. 2010 in Kiel 2010). Limpets are not monophyletic;
rather, this body plan has evolved many times in the deep ocean, potentially
due to its versatility in adapting to highly variable habitats (Vermeij 2017; Chen
and Watanabe 2020). Current consensus on gastropod taxonomy delineates
six discrete subclasses: Caenogastropoda, Heterobranchia, Neomphaliones,
Neritimorpha, Patellogastropoda, and Vetigastropoda (Bouchet et al. 2017).
Patellogastropoda, Neomphaliones, and Vetigastropoda are all found at che-
mosynthesis-based ecosystems. While several genera within these subclasses
were preliminarily recognized from biological samples from the CRM, the exact
species present at the CRM are largely unknown.

The present study aims to characterize the diversity of limpet species at
the CRM hydrocarbon seeps. We herein investigate the genetic identities of
limpet species at the CRM and whether these species are new to science. The
CRM is situated near the Central American Isthmus and is separated from oth-
er nearby vent and seep fields by tens to hundreds of kilometers. Furthermore,
it is positioned in the path of the equatorial currents and countercurrents,
which move water west and east across the Pacific, as well as the Costa Rica
Thermal Dome, which brings deep water to the surface (Kessler 2006; Fiedler
and Talley 2006). This geographic position leads us to hypothesize that the
CRM will host endemic species that are closely related to, but distinct from,
known species from nearby regions. This paper thus undertakes the identifi-
cation and description of the limpet species at the CRM and contributes novel
information about the biodiversity that inhabits chemosynthesis-based eco-
systems in the deep sea.

ZooKeys 1214: 281-324 (2024), DOI: 10.3897/z00keys.1214.128594 282



Melissa J. Betters et al.: New species and records of Costa Rican limpets

Materials and methods

Materials

Limpet specimens were collected from four hydrocarbon seep sites at the
Pacific Costa Rica Margin (Fig. 1) during three cruises aboard the research
vessels R/V Atlantis (AT) and R/V Falkor (FK): AT37-13 (Spring 2017), AT42-
03 (Fall 2018), FK19-0106 (winter 2019). Additional specimens from the
same hydrocarbon seep sites collected during AT15-44 (winter 2009) and
AT15-59 (winter 2010) were also examined. The human-operated vehicle
(HOV) Alvin was used aboard the R/V Atlantis and the remotely operated
vehicle (ROV) SuBastian was used aboard the R/V Falkor. Specimens were
collected in situ using sampling tools attached to the HOV and ROV such as
vacuum suction and manipulator arms. Time and date of sampling events
were recorded during each dive. Upon arrival to the surface, limpets were
sorted into distinct shell morphotypes, promptly placed into > 95% ethanol,
and subsequently stored at room temperature. All type specimens yielded
are deposited at the Scripps Institute of Oceanography Benthic Inverte-
brate Collection (SIO-BIC) in San Diego, California, USA, or at the Museo de
Zoologia de la Universidad de Costa Rica (MZUCR) in San José, San Pedro,
Costa Rica (see the section “New species and records” below for more de-
tails on type materials). All other specimens collected are either stored at
SIO-BIC, or in the personal collections of Erik Cordes at Temple University in

Philadelphia, Pennsylvania, USA.

osta Rica
9.50
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9.00
(]
o
8.50 25 50 km
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Figure 1. Map of the Pacific Costa Rica Margin. Four hydrocarbon seep locations from which patelliform gastropods
were collected are depicted: Jaco Scar (9.12,-84.84), Quepos Seep (9.03,-84.6), The Thumb (9.05, -84.4), and Mound 12

(8.93,-84.3). Contour lines denote bottom seafloor bathymetry in meters and are drawn every 250 m.
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Morphological characterization

Shells and soft tissues of all morphotypes were photographed using an Am-
Scope microscope adapter camera attached to a standard dissection micro-
scope (Leica S6D, Leica Microsystems GmbH). Each image included a stan-
dardized scalebar to allow for downstream measurements. Specimens were
kept submerged in 1 cm of >95% ethanol while images were taken. To char-
acterize the radulae of representative individuals, soft tissues were first sepa-
rated from the shell and bisected latitudinally using a sharp scalpel blade. The
anterior half of each specimen was then processed as follows: whole tissue
was incubated in a 1.5 mL microcentrifuge tube containing a 10% solution of
proteinase-k for 5—-15 minutes at 56 °C. Incubation was monitored and termi-
nated once tissue was visibly degraded, but not fully digested. The tissue was
then removed from the heat source, pulse-vortexed 3 x, and then rinsed into a
clean glass petri dish using deionized (DI) water. Under a dissection scope, the
radular ribbon was then extricated from any remaining soft tissue and removed
to another clean glass petri dish containing DI water to further dilute the pro-
teinase-k solution and prevent further breakdown of the radular ribbon. Silicon
wafer chips cut into ~ 1 cm?® squares were used as mounting substrate for
scanning electron microscopy (SEM). To mount the radula, a drop of DI water
was placed onto a chip within which the radula was then placed and manipu-
lated into a flat, teeth-up position using forceps or a sharp probe. The radula’s
position was monitored and adjusted under a light microscope while the water
was allowed to evaporate. Once dry, radulae naturally adhered to the chip’s sur-
face and were then stored dry until imaging.

For specimens of Bathyacmaea, shell cross-sections were additionally im-
aged as shell microstructures are considered one of the few reliable morpho-
logical characters with which to identify species in this genus (Chen et al. 2019;
Sato et al. 2020). Soft tissue was removed, then a cut was made with dissection
scissors on one side of the shell from the shell margin to the apex (Fig. 2). Shell
pieces cleaved apart naturally during this process along radial growth lines, and
additional pieces were pried away using forceps. All pieces were sorted into
more recently formed shell material (those closer to the shell margin) or older
shell material (those closer to the apex). Shell pieces were then soaked in 0.5%
commercial bleach (sodium hypochlorite) for 12 h. Pieces were then rinsed
with de-ionized water, soaked in a 2% solution of 1 M hydrochloric acid for one
minute, rinsed again, then left to dry before SEM imaging.

SEM was undertaken using a Quanta™ 450 FEG scanning electron micro-
scope (FEI 2012) in its high-vacuum setting at the Nano Instrumentation Center
at Temple University's College of Engineering. High-quality images were obtained
without sputter coating. For imaging, Bathyacmaea shell pieces were adhered to
a silicon wafer chip using carbon tape. Transverse (top-down) cross sections of
the shell pieces were then imaged for both newer and older shell material.

Genetic characterization

Representative individuals from each distinct shell morphotype were targeted
for genetic sequencing. DNA was also extracted from the posterior half of each
specimen that was bisected for radular isolation. Tissue was digested using a
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Figure 2. Selected character definitions for limpet A soft tissue B shells, and C radular teeth.
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Qiagen Blood & Tissue DNA Extraction kit (QIAGEN, Valencia, CA). Extracts of
DNA were obtained, quantitated using a Nanodrop 2000 spectrophotometer,
and stored at -20 °C. A 710 base pair (bp) section of the mitochondrial cyto-
chrome oxidase 1 (CO1) gene was targeted for sequencing using the primer
pair LCO1490/HC02198 (Folmer et al. 1994). A 275 bp section of the nuclear
histone-3 (H3) gene was also targeted for sequencing using the primer pairs
H3F/H3R or H3NF/H3NR (Colgan et al. 2000). Exact reaction conditions varied
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across polymerase chain reactions (PCR) (Suppl. material 1). Forward and
reverse sequence reads were obtained from PCR products through GeneWiz
(Azenta Life Sciences, South Plainfield, NJ), then cleaned and quality-assured
using BioEdit (v. 7.2.5; Hall 1999). Reverse reads were reverse-complemented
in MEGA-X (v. 10.2.6; Kumar et al. 2018) before all sequences were aligned
using ClustalW (Thompson et al. 2003). One consensus sequence was then
generated for each individual. Sequences were then run through NCBI’s nucle-
otide basic local alignment tool (BLAST) to find highly similar sequences. Se-
quences that yielded BLAST results within the same genus were grouped and
investigated together.

Nesting of CRM specimens within a particular family and genus was as-
sessed using published sequences from hypothesized sister species, genera,
families, as well as representative sequences from unrelated gastropod sub-
classes (outgroups). For each phylogenetic investigation, novel and published
sequences were aligned using ClustalW embedded within MEGA-X and the
best-fit substitution model was determined using the MEGA-X model finder
based on the lowest Bayesian Information Criterion. Maximum likelihood (ML)
phylogenies were computed within MEGA-X using 10,000 bootstrap replicates.
Bayesian phylogenies were computed within the joint programs BEAUTi and
BEAST (v. 1.10.4; Suchard et al. 2018) using a strict time clock, yule speciation
process (Gernhard 2008), and random starting tree in all cases. Unless oth-
erwise stated, all other program settings were left as default. The maximum
clade credibility tree was selected from the BEAST output using TreeAnnotator
(v. 1.10.4) with 100,000 burn-in states. For both Bayesian and ML approaches,
all base positions with less than 95% coverage were excluded from analyses.
Resultant phylogenies were visualized using Fig. Tree (v. 1.4.4; Rambaut 2018)
and finalized in Adobe lllustrator (v. 27.3.1). For the genus Paralepetopsis, which
was particularly difficult to identify to species, we additionally employed the
program Assemble Species by Automatic Partitioning (ASAP; Puillandre et al.
2021) to determine the number of likely species represented by our sequences.
We also calculated average pairwise sequence distances between and within
our sequences of Paralepetopsis using MEGA-X, a Jukes-Cantor substitution
model, and the 95% pairwise deletion option.

Results
Morphological characterization

Nearly 4,000 limpets were collected from the Costa Rica Margin hydrocarbon
seeps. All morphological characters are defined in Fig. 2. Two genera of patel-
logastropods were identified from the CRM: Bathyacmaea Okutani, Tsuchida &
Fujikura, 1992 and Paralepetopsis McLean, 1990. Two morphotypes of Bathy-
acmaea were identified from the CRM: one inhabiting tubeworms (Fig. 3A-1),
and one inhabiting mussel shells (Fig. 3J-0). Previous studies of Bathyac-
maea have revealed substrate-dependent ecophenotypes within a single spe-
cies (Chen et al. 2019), and it was thus considered a possibility that the two
morphotypes identified here could constitute a single species. The specimens
found on mussels most closely resembled the species Bathyacmaea subnip-
ponica Sasaki, 2003 and Bathyacmaea nipponica Okutani, Tsuchida & Fujikura,
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1992, while those found on tubeworms most closely resembled Bathyacmaea
kanesunosensis Sasaki, 2003. Early radular teeth of this species were found to
be morphologically distinct from either of the mature morphotypes (Fig. 3V).

Measurements of Bathyacmaea specimens (n = 52) across the entire, sam-
pled size range at the CRM found divergent trends in growth between sub-
strates culminating in the morphological differences observed between the
two substrates (Fig. 4). Specimens from tubeworms (n = 33) grew relatively
taller than those found on mussels (n = 19) as shell length increased (Fig. 4A,;
tubeworm specimens: m = 0.78 p < 0.001, R2 = 0.85; mussel specimens:
m = 0.55, p < 0.001, R2 = 0.87). Specimens from tubeworms also became sig-
nificantly more oblique as shell length increased (Fig. 4B; m =-0.02, p < 0.001,
R2 = 0.33), while those from mussel shells stayed around a constant measure
of roundness (0.78), regardless of size (Fig. 4B; p > 0.1).

Shell microstructures varied slightly between newer pieces of shell
(Fig. 5A-C) and older pieces of shell (Fig. 5E-G). The outermost shell layers
were formed of irregular spherulitic prismatic type-A (Fuchigami and Sasaki
2005; Sato et al. 2020), followed by semi-foliated structures, then by concen-
tric crossed lamellar structures. In newer shell pieces, this concentric crossed
lamellar structure was interspersed with bands of radial crossed lamellar struc-
tures (Fig. 5B,C), which were absent in older shell pieces (Fig. 5E, F).

Specimens identified as Paralepetopsis encompassed an abundance of in-
dividuals and a wide variety of shell morphotypes, making sorting and identi-
fication difficult. All Paralepetopsis at the CRM exhibited white, semi-translu-
cent shells and apexes that were consistently degraded and anteriorly offset
(Figs 6, 7). Specimens were variable in many aspects of their morphology, in-
cluding their shell sculpturing, the flatness of their shell margins, their shell
slopes, and the shape and coloration of their soft tissues (Figs 6, 7). Some
shells displayed axial sculpturing with minute beading (Fig. 6J, K), resembling
their sister genus Neolepetopsis McLean, 1990. However, as later reported, ge-
netic results consistently distinguished our specimens from members of Neo-
lepetopsis. While radulae were not attained for all shell morphotypes identified
(Fig. 7), radulae that were successfully examined showed consistency in their
tooth shape and configuration (Fig. 6S—V). Subtle variations in morphology
were also observed; The first major lateral teeth were found to be set at notice-
ably different angles depending on the individual and potentially the substrate.
The erosion of the marginal teeth also varied between individuals, potentially
due to differences in age or wear.

Two genera of vetigastropods were identified from the CRM: Pyropelta
McLean & Haszprunar, 1987 and Lepetodrilus McLean 1988. Specimens of
Pyropelta were very small, with shells that were slightly ovate, semi-translucent,
and that exhibited centrally located apexes of variable height (Fig. 8A). These
specimens most closely resembled P corymba McLean, 1992 or P musaica
McLean & Haszprunar, 1987, depending on their shell apex height. Soft tissue
had a pinkish hue with two short, posterior epipodial tentacles and two cephal-
ic tentacles (Fig. 8A). Radulae closely resembled those of a P corymba spec-
imen that was previously characterized from a Guaymas Basin hydrothermal
vent (McLean 1992).

Morphological characterization of the vetigastropod genus Lepetodri-
lus yielded two distinct morphotypes. One morphotype matched the shell
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description of L. guaymasensis McLean, 1988 which displayed ovate apertures,
variable shell heights, anterior narrowing of the shell and apexes which were
very posteriorly shifted such that some overhung the posterior margin of the
shell (Fig. 9A—F). The second morphotype had rounded apertures, low shell
profiles, posteriorly shifted apexes that were more diminished than the preced-
ing morphotype, three epipodial tentacles, and brown periostraca (Fig. 9G—M);
These most closely resembled the species L. shannonae Warén & Bouchet,
2009. Radulae obtained from this second morphotype most closely resembled
those of L. guaymasensis but had central and first lateral teeth that were dis-
tinct in shape (Fig. 9N, 0).

Finally, one morphotype within the Neomphaliones genus Cocculina Dall,
1882 was identified. Specimens of Cocculina fromthe CRM had ovate apertures,
moderately rounded shell margins, central shell apexes, and a golden-brownish
periostracum (Fig. 10A, B, D, E). These shells most closely resembled those of
Cocculina japonica Dall, 1907. Notably, the periostracum of these specimens
corroded significantly with prolonged ethanol preservation (Fig. 10G, H). Rad-
ulae of these specimens most closely resembled those of C. cowani McLean,
1987 but with distinct central teeth that form a narrow, defined ridge down the
center of the radula (Fig. 101, J).

Genetic characterization

Individuals representing the full diversity of morphotypes collected were genet-
ically barcoded for the mitochondrial cytochrome oxidase | (CO1) gene (n = 63)
and the histone-3 (H3) gene (n = 19) (Table 1). All CO1 sequences generated
were deposited in GenBank via NCBI under the accession numbers 0Q644569-
0Q644631. All H3 sequences generated were deposited under the accession
numbers Q658576-0Q658595.

From the Patellogastropods, specimens identified as Bathyacmaea Okuta-
ni, Tsuchida & Fujikura, 1992 were sequenced for CO1 (n = 4) and H3 (n = 2),
evenly divided between mussel shell and tubeworm substrates (Table 1). Phy-
logenetic analyses supported their inclusion within the subclass Patellogas-
tropoda (CO1: 100 (Bayesian Posterior Probability (BPP); H3: 100 (BPP)), the
family Pectinodontidae (CO1: 100 (BPP)), and the genus Bathyacmaea (CO1:
100 (BPP), 95 (Bootstrap Likelihood (ML)); H3: 99 (BPP), 82 (ML)) (Fig. 11A, B).
CO1 sequences from the tubeworm and mussel morphotypes showed mini-
mal pairwise genetic divergence from one another (<2%). Our novel sequences
were verified as being distinct from all other published Bathyacmaea sequenc-
es but were most similar to B. nipponica (GenBank Accession = MK341688;
CO1 Percent Identity = 93.74%).

Specimens identified as Paralepetopsis McLean, 1990 were sequenced for
CO1 (n = 33) and H3 (n = 6; Table 1). Phylogenetic analyses supported these
specimens’ inclusion within the subclass Patellogastropoda (CO1: 100 (BPP);
H3: 100 (BPP)), the family Neolepetopsidae (CO1: 100 (BPP), 90 (ML)), and
the genus Paralepetopsis (CO1: 100 (BPP), 90 (ML); H3: 100 (BPP), 91 (ML))
(Fig. 12A, B). Contrary to what was expected given their observed shell mor-
phologies, no specimens grouped within the sister genus Neolepetopsis Mc-
Lean, 1990. Our novel sequences were verified as being distinct from all other
published Paralepetopsis sequences besides one (GenBank accession number
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Table 1. Overview of gastropod limpet specimens collected from the Costa Rica Margin. Accession numbers refer to
records in the NCBI Nucleotide Database (GenBank). Substrate abbreviations: B = Bone, C = Clams, M = Mussel, R = Rock,
T = Tubeworm, W = Wood. Equipment dive number abbreviations: SD = Remotely operated vehicle SUBASTIAN dive, AD
= human-operated vehicle Alvin dive. * = Locality not depicted on the region map in Fig. 1 (coordinates: 9.65, -85.88). **
= Cryptic species; only data from confirmed clade members are reported.

Representative Sequence Accession Numbers

Genus Total Sites Depth Substrate | Equipment dives
Mound 12 Jaco Scar Quepos Seep
Bathyacmaea 33 Jaco Scar NA CO1:0Q644573, NA 1780-1820 M,R SD214, AD4914,
levinae sp. 0Q644574. H3: AD4977
nov. (mussel) 0Q658577.
Holotype: SIO-BIC
M22535
Bathyacmaea 74 Jaco Scar NA CO1:0Q644578, NA 1720-1820 T AD4911, AD4915,
levinae sp. nov. 0Q644584. H3: AD4971, AD4972,
(tubeworm) 0Q658580. AD4989
Holotype: SIO-BIC
M22535
Cocculina 64 Mound 12, NA NA CO1:0Q644628, | 992-2000 | T,W,B,C | SD230, AD4508,
methana sp. nov. Mound 0Q644629. AD4913, AD4916,
Holotype: SIO-BIC Jaguar*, H3: 0Q658592, AD4924, AD4974
M22533 Jaco Scar, 0Q658593
Quepos
Seep
Lepetodrilus 765 | Mound 12, CO1:0Q644589, CO1:0Q644590, C0O1:0Q644607, | 990-1820 | T,M,R SD214,SD217,
guaymasensis Jaco Scar, | 0Q644591,0Q644592, 0Q644606. H3: 0Q644609, AD4511, AD4912,
The Thumb, A 0Q644593,0Q644594, 0Q658585. 0Q644610. AD4915, AD4917,
Quepos 0Q644595,0Q644596, AD4922, AD4977,
Seep 0Q644602,0Q644603, AD4984, AD4987
0Q644604,0Q644605,
0Q644611.
H3: 0Q658586,
0Q658587
Pseudolepetodrilus | 10 Jaco Scar NA CO1:0Q644586, NA 1760 T AD4989
costaricensis 0Q644587,0Q644588.
gen. et sp. nov. H3: 0Q658582,
Holotype: SIO-BIC 0Q658583, 0Q658584.
M22534
Paralepetopsis (all | >1420 Mound 12, See below See below See below 990-1820 @ T,M,R,C | AD4513, AD4908,
specimens) Jaco Scar, AD4915, AD4916,
The Thumb, AD4917, AD4922,
Quepos AD4923, AD4971,
Seep AD4972, AD4977,
AD4978, AD4984,
AD4985, AD4987
Paralepetopsis il Mound 12, C01:0Q644571, C01:0Q644612, NA 995-1741 M AD4501, AD4908,
variabilis sp. Jaco Scar | 0Q644572,0Q644580, | 0Q644616,0Q644617. AD4916, AD4922,
nov. Clade 1** 0Q644581,0Q644582, AD4978, AD4984,
Holotype: SIO-BIC 0Q644585,0Q644597, AD4985, AD4987
M22537 0Q644598,0Q644601,
0Q644614,0Q644615,
0Q644622,0Q644623,
0Q644624. H3:
0Q658589.
Paralepetopsis il Mound 12, C01:0Q644579, C01:0Q644618, NA 998-1796 M AD4915, AD4922,
variabilis sp. Jaco Scar 0Q644569, 0Q644620,0Q644619. AD4971
nov. Clade 2** 0Q644576. H3: 0Q658590.
Holotype: SIO-BIC
M22537
Paralepetopsis w* Jaco Scar NA CO01:0Q644625, NA 1783-1796 M AD4915, AD4971,
variabilis sp. 0Q644626,0Q644627, AD4972, AD4977
nov. Clade 3** 0Q644583,0Q644613,
Holotype: SIO-BIC 0Q644575. H3:
M22537 0Q658578.
Paralepetopsis sp. ** Mound 12, CO1: 0Q644599 CO1: 0Q644570. H3: NA 998-1724 M AD4908, AD4971
Clade 4** Jaco Scar 0Q658576.
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Representative Sequence Accession Numbers

Genus Total Sites Depth Substrate | Equipment dives
Mound 12 Jaco Scar Quepos Seep
Paralepetopsis sp. *x Jaco Scar NA CO1: 0Q644577, NA 1783-1796 M AD4971, AD4977
Clade 5** 0Q644621. H3:
0Q658579, 0Q658591.
Pyropelta corymba | 1692 = Mound 12, CO1: 0Q644600, NA NA 995-1080 | T,M,R SD217, AD4908,
The Thumb | 0Q644608,0Q644630, AD4917, AD4922,
0Q644631. H3: AD4978, AD4984
0Q658588,0Q658594,
0Q658595

KY581541; CO1 Percent Identity = 98%) obtained from an undescribed species
from a Pescadero Basin hydrothermal vent.

It was difficult to discern the number of discrete species represented by our
specimens of Paralepetopsis. To clarify this number, automatic hierarchical
partitioning based on the mitochondrial CO1 gene was performed. Hierarchical
clustering supported the existence of seven distinct subsets within our Para-
lepetopsis genetic dataset, with a threshold distance of 0.025 and a grouping
distance of 0.043 (Fig. 13; p < 0.01). While this partitioning pattern was signifi-
cant, two pairs of subsets could not be confidently distinguished from panmic-
tic populations (Fig. 13; clades 4.1 and 4.2; clades 5.1 and 5.2; Puillandre et
al. 2021). Notably, these four subsets were represented by only one sequence
each. Thus, we collapsed these four subsets into two, conservatively designat-
ing five distinct clades from our results.

Pairwise sequence distances were then computed among these five conser-
vative clades for both CO1 and H3 sequences. Sequence distances for CO1 fell
between 5-13.6% and between 0—1.5% for H3 (Table 2). Clades 1-3 were not
distinguishable based on H3 (0% for all pairs). For CO1, within-clade distances
for clades 1-3 fell between 0.2-0.5% while between-clade distances fell be-
tween 5-7%. Within-clade distances for clades 4 and 5 were 4.6% and 5.4%,
respectively. Thus, within-clade variation for clades 4 and 5 was comparable
to the between-clade variation seen between clades 1, 2, and 3 (5% pairwise
sequence divergence). These data dictate that one should either designate
three distinct species (clades 1-3, 4, and 5) or designate seven distinct species
(clades 1,2,3,4.1,4.2,5.1, and 5.2). For the sake of being conservative in our
delineations and given these clades’ morphological flexibility, overlapping dis-
tributions, and low H3 divergence, we opt for the former option and designate

Table 2. The number of base substitutions per site from averaging over all sequences of
Paralepetopsis. Analyses were conducted using the Jukes-Cantor substitution model, a
gamma distribution rate of variation among sites, and pairwise deletion between sequence
pairs. Cytochrome oxidase | distances between clades are given below the periphery (n = 32
sequences). Cytochrome oxidase | distances within clades are given at the periphery. His-
tone-3 distances between clades are given above the periphery (n = 6 sequences). Standard
errors are given in parentheses and were estimated using 1,000 bootstrap replicates.

Clade 1 Clade 2 Clade 3 Clade 4 Clade 5
Clade 1 0.003 (0.001) 0.000 (0.000) 0.000 (0.000) 0.006 (0.004) 0.015 (0.006)
Clade 2 0.067 (0.013) 0.005 (0.002) 0.000 (0.000) 0.006 (0.004) 0.015 (0.006)
Clade 3 0.050 (0.011) 0.050 (0.011) 0.002 (0.001) 0.006 (0.004) 0.015 (0.006)
Clade 4 0.107 (0.167) 0.111(0.018) 0.108 (0.017) 0.046 (0.011) 0.015 (0.006)
Clade 5 0.120 (0.018) 0.136 (0.021) 0.127 (0.018) 0.121 (0.015) 0.054 (0.010)

ZooKeys 1214: 281-324 (2024), DOI: 10.3897/z00keys.1214.128594 290



Melissa J. Betters et al.: New species and records of Costa Rican limpets

three distinct species among our Paralepetopsis specimens. Unfortunately, due
to a shortage of representatives for clades 4 and 5, radulae and morphological
variations were unable to be fully characterized, precluding formal description.

For the vetigastropods, specimens identified as Pyropelta McLean & Hasz-
prunar, 1987 were sequenced for CO1 (n = 4) and H3 (n = 3). These sequences
supported these specimens’ inclusion within Vetigastropoda (CO1: 100 (BPP);
H3: 100 (BPP)), and within the genus Pyropelta (CO1: 100 (BPP), 54 (ML); H3: 66
(BPP), 54 (ML)) (Fig. 14A, B). Genetic affinity to P corymba and P musaica, the
species that ours most morphologically resembled, could not be assessed due to
a lack of available sequences on GenBank. However, our sequences were none-
theless verified as being distinct from all other published Pyropelta sequences
and were most similar to an unidentified species from the Gulf of Mexico (Gen-
Bank Accession = FJ977753; CO1 Percent Identity = 89.4%). Our novel CO1 se-
quences showed minimal pairwise genetic divergence from one another (< 1%).

The two morphotypes identified as Lepetodrilus McLean, 1988 were genet-
ically characterized and supported as being within the superfamily Vetigas-
tropoda (CO1: 100 (BPP); H3: 100 (BPP)) and the family Lepetodrilidae (CO1:
100 (BPP), 93 (ML); H3: 100 (BPP), 95 (ML)). One morphotype nested within
the genus Lepetodrilus (CO1: 100 (BPP), 99 (ML); H3: 100 (BPP), 96 (ML)) and
among the species L. guaymasensis with high confidence (CO1: 100 (BPP),
100 (ML)) (Fig. 15A, B). Lepetodrilus guaymasensis is a known species from the
CRM matching the physical descriptions of our specimens, and thus this ge-
netic affinity was expected (Johnson et al. 2008; GenBank accession number
EU306419; CO1 Percent Identity = 100%). These novel CO1 sequences showed
minimal pairwise genetic divergence from one another (< 1%).

The second morphotype, however, nested within the family Lepetodrilidae
(CO1:100 (BPP), 93 (ML); H3: 100 (BPP), 95 (ML)), but were excluded from the
genus Lepetodrilus (CO1: 100 (BPP), 93 (ML); H3: 100 (BPP), 95 (ML)), despite
morphological similarities. They were also excluded from all other Lepetodrilid
genera (Fig. 14A, B). These sequences were verified as being distinct from all
other published Lepetodrilidae sequences besides one unidentified specimen
on GenBank (GenBank Accession number KJ566949; CO1 Percent Identity =
94.4%). These novel CO1 sequences showed minimal pairwise genetic diver-
gence from one another (< 1%).

Finally, the Neomphaliones genus Cocculina Dall, 1882 was sequenced for
CO1 (n = 2) and H3 (n = 2) (Table 1). Genetic characterization of these speci-
mens supported their inclusion within the subclass Neomphaliones (CO1: 100
(BPP),97 (ML); H3: 72 (BPP), 57 (ML)), the family Cocculinidae (CO1: 100 (BPP),
78 (ML)), and the genus Cocculina (CO1: 100 (BPP), 87 (ML); H3: 97 (BPP),
67 (ML)). (Fig. 16A, B). Pairwise distances between our CO1 sequences were
found to be very low (< 2%). Our novel sequences were verified as being distinct
from all other published Cocculina sequences but were most similar to C. ja-
ponica (GenBank accession number OL801181; CO1 Percent Identity = 88.4%).

Institution codes

SIO-BIC Scripps Institute of Oceanography Benthic Invertebrate Collection
MZUCR Museo de Zoologlia de la Universidad de Costa Rica
EC Erik Cordes, Personal Collection at Temple University
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New species and records

Subclass Patellogastropoda
Family Pectinodontidae Pilsbry, 1891
Genus Bathyacmaea Okutani, Tsuchida & Fujikura, 1992

Bathyacmaea levinae sp. nov.
https://zoobank.org/3ACA68B0-D822-4518-BC96-F6345718B7D9
Fig. 3

Type material examined. Holotype. COSTA RICA * whole organism; ethanol-fixed;
Original label: “Bathyacmaea levinae holotype, 1, whole organism, AD4971, Cos-
taRica Margin, Jaco Scar,9.11785,-84.8407,1800 m, from tubeworms.”; SIO-BIC
M22535. Paratypes: + Same data as for holotype. Original label: “Bathyacmaea
levinae paratype, 1, whole organism, AD4971, Costa Rica Margin, Jaco Scar,
9.11785, -84.8407, 1800m, from tubeworms.”. SIO-BIC M22536. COSTA RicA
+ 2 specimens; same data as for holotype; Original label: “Bathyacmaea levinae
paratype, 2, whole organisms, AD4971, Costa Rica Margin, Jaco Scar, 9.11785,
-84.8407, 1720-1820 m, from tubeworms.”; MZUCR10674-01-02. COSTA RICA
+ 2 specimens; Costa Rica Margin, Quepos Seep, 9.03174,-84.62158; hydrocar-
bon seep; mussels; 1,409 m; 7 June 2017; AT37-13 ALVIN Dive 4924 leg.; Para-
type; whole organism; ethanol-fixed; Original label: “Bathyacmaea levinae para-
type, 2, whole organisms, AD4924, Costa Rica Margin, Quepos Seep, 9.03174,
-84.62158, 1409 m, from mussels.”; SIO-BIC M22532. COSTA RICA + 2 speci-
mens; Costa Rica Margin, Quepos Seep, 9.03174, -84.62158; hydrocarbon seep;
mussels; 1,409 m; 7 June 2017; AT37-13 ALVIN Dive 4924 leg.; Paratype, whole
organism; ethanol-fixed; Original label: “Bathyacmaea levinae paratype, 2, whole
organisms, AD4924, Costa Rica Margin, Quepos Seep, 9.03174, -84.62158,
1409 m, from mussels.”; MZUCR10672-02-03.

Type locality. COSTA RicA « Costa Rica Margin, Jaco Scar, 9.11785, -84.8407,
hydrocarbon seep; tubeworms; 1,720-1,820 m; 17 October 2018; AT42-03 AL-
VIN Dive 4971 leg.

Other material examined. CoSTA RICA + 5 specimen(s); Costa Rica Margin,
Jaco Scar; 9.117375, -84.8397; 1,811 m; 26 May 2017; AT37-13 ALVIN Dive
4911 leg.; Tubeworm, Erik Cordes Personal Collection (EC) 5739 * 5 speci-
men(s); Costa Rica Margin, Jaco Scar; 9.117375, -84.8397; 1,794 m; 29 May
2017; AT37-13 ALVIN Dive 4914 leg.; Mussel, EC5760 - 1 specimen(s); Costa
Rica Margin, Jaco Scar; 9.11753, -84.83953; 1,886 m; 29 May 2017; AT37-13
ALVIN Dive 4914 leg.; Mussel, Scripps Benthic Invertebrate Collection (SIO-BIC)
M16154 - 5 specimen(s); Costa Rica Margin, Jaco Scar; 9.117368, -84.839661;
1,796 m; 30 May 2017; AT37-13 ALVIN Dive 4915 leg.; Tubeworm, EC5815+ 10
specimen(s); Costa Rica Margin, Quepos Seep; 9.03048, -84.6202; 1,409 m; 7
June 2017; AT37-13 ALVIN Dive 4924 leg.; SIO-BIC M16201 - 10 specimen(s);
Costa Rica Margin, Quepos Seep; 9.03048, -84.6202; 1,409 m; 7 June 2017,
AT37-13 ALVIN Dive 4924 leg.; SIO-BIC M16179 - 10 specimen(s); Costa Rica
Margin, Jaco Scar; 8.97043, -84.8429167; 1,724 m; 17 October 2018; AT42-03
ALVIN Dive 4971 leg.; Tubeworm, EC7745 - 10 specimen(s); Costa Rica Margin,
Jaco Scar; 8.97043, -84.8429167; 1,724 m; 17 October 2018; AT42-03 ALVIN
Dive 4971 leg.; Tubeworm, EC7420 - 10 specimen(s); Costa Rica Margin, Jaco
Scar; 8.97043, -84.8429167; 1,724 m; 17 October 2018; AT42-03 ALVIN Dive
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I

Figure 3. Bathyacmaea levinae sp. nov. A-C holotype from tubeworms at Jaco Scar, 1,724 m, AD4971, 17 October 2018
D-F paratype from tubeworms at Jaco Scar, 1,724 m, AD4971, 17 October 2018 G-I Sequenced specimen (GenBank
Accession #0Q644578) from tubeworms at Jaco Scar, 1,760 m, AD4989, 4 November 2018 J-L paratype from mussels
at Quepos Seep, 1,409 m, AD4924, 7 June 2017 M-0 sequenced specimen (GenBank Accession #0Q644573) from mus-
sels at Jaco Scar, 1,783 m, AD4977, 23 October 2018 P radula from specimen sampled from tubeworms Q closer view of
the same radula R isolated radular tooth S isolated radular tooth from specimen sampled from mussels T, U radula from
specimen sampled from mussels V under-developed (young) section of radula from the same specimen. Scale bars:
1 mm (A-0); 250 pm (P); 100 pm (Q-T); 50 pm (U);100 pm (V).

4971 leg.; Tubeworm, EC7419 - 1 specimen(s); Costa Rica Margin, Jaco Scar;
9.117433333, -84.83961667; 1,796 m; 17 October 2018; AT42-03 ALVIN Dive
4971 leg.; Tubeworm, SIO-BIC M16731 - 10 specimen(s); Costa Rica Margin,
Jaco Scar; 8.97071, -84.8372817; 1,785 m; 18 October 2018; AT42-03 ALVIN
Dive 4972 leg.; Tubeworm, EC7336 + 10 specimen(s); Costa Rica Margin, Jaco
Scar; 8.97071, -84.8372817; 1,785 m; 18 October 2018; AT42-03 ALVIN Dive
4972 leg.; Tubeworm, EC7320 - 1 specimen(s); Costa Rica Margin, Jaco Scar;

ZooKeys 1214: 281-324 (2024), DOI: 10.3897/z0o0keys.1214.128594 293



Melissa J. Betters et al.: New species and records of Costa Rican limpets

S 0.9
A . 0.85

=
o

o
o

0.75

Shell Roundness (W/L)
o
~J

Shell Height (mm)
O = N W s O N 0 O

0.65
: @ Tubeworm 0.6 @ Tubeworm e
.
@ Mussel 0.55 @ Mussel
0.5
2 4 6 8 10 12 14 16 2 4 6 8 10 12 14 16
Shell Length (mm) Shell Length (mm)

Figure 4. Divergent trends in growth among Bathyacmaea levinae sp. nov. Data from 52 individuals (Tubeworm, n = 33; Mus-
sel,n =19) are shown A specimens found on tubeworms become taller than those found on mussels as they grow, despite
being similar in height at smaller sizes B specimens found on tubeworms become less round as they grow (m =-0.015,
p < 0.001), while specimens found on mussels remain approximately the same roundness regardless of size (p > 0.1).

9.11735, -84.83958333; 1,795 m; 18 October 2018; AT42-03 ALVIN Dive 4972
leg.; Tubeworm, SIO-BIC M16795 + 1 specimen(s); Costa Rica Margin, Jaco
Scar; 9.11785, -84.83952833; 1,784 m; 19 October 2018; AT42-03 ALVIN Dive
4973 leg.; Tubeworm, SIO-BIC M16748 + 10 specimen(s); Costa Rica Margin,
Jaco Scar; 8.97067, -84.839533; 1,783 m; 23 10 2018; AT42-03 ALVIN Dive
4977 leg.; Mussel, EC7548 - 11 specimen(s); Costa Rica Margin, Jaco Scar;
9.117567, -84.840718; 1,760 m; 4 November 2018; AT42-03 ALVIN Dive 4989
leg.; Tubeworm, EC8894 - 1 specimen(s); Costa Rica Margin, Jaco Scar;
9.117783333,-84.83945; 1,783 m; 4 November 2018; AT42-03 ALVIN Dive 4989
leg.; Rock, SIO-BIC M16943 - 8 specimen(s); Costa Rica Margin, Quepos Seep;
9.031816667, -84.62048333; 1,400 m; 5 November 2018; AT42-03 ALVIN Dive
4990 leg.; Mussel, SIO-BIC M17001 - 4 specimen(s); Costa Rica Margin, Quepos
Seep; 9.031816667,-84.62048333; 1,400 m; 5 November 2018; AT42-03 ALVIN
Dive 4990 leg.; Mussel, SIO-BIC M16988 - 2 specimen(s); Costa Rica Margin,
Quepos Seep; 9.031816667, -84.62055; 1,401 m; 5 November 2018; AT42-03
ALVIN Dive 4990 leg.; Combined Slurp, SIO-BIC M16920 - 1 specimen(s); Costa
Rica Margin, Jaco Scar; 9.1174, -84.839855; 1,803.1 m; 7 January 2019; FK19-
0106 SUBASTIAN Dive 214 leg.; Rock, EC9345 - 1 specimen(s); Costa Rica
Margin, Jaco Scar; 9.117775, -84.839525; 1,803 m; 7 January 2019; FK19-0106
SUBASTIAN Dive 214 leg.; Rock, EC9338 « 1 specimen(s); Costa Rica Margin,
Jaco Scar; 9.1174, -84.839855; 1,803 m; 7 January 2019; FK19-0106 SUBAS-
TIAN Dive 214 leg.; Rock, EC9337 - 1 specimen(s); Costa Rica Margin, Jaco
Scar; 9.1174,-84.839855; 1,812.41 m; 7 January 2019; FK19-0106 SUBASTIAN
Dive 214 leg.; Mussel, EC9323.

Diagnosis. From tubeworms, Bathyacmaea levinae sp. nov. may be diag-
nosed by their flat, serrated radular teeth and high, conical shells lacking any
obvious axial sculpturing. On mussels, Bathyacmaea levinae sp. nov. may be di-
agnosed through the combination of their ovate, evenly sloped, flattened shells
lacking any obvious axial sculpturing with their radular characteristics. At the
time of publication, these are the only Bathyacmaea species known from the
Eastern Pacific Ocean.
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Figure 5. Shell microstructures of Bathyacmaea levinae sp. nov. from tubeworms at Jaco Scar, 1,785, October 2018. For
all images, the outer shell is oriented to be at the top of the image, and the inner shell is at the bottom A cross section
of newer shell (closer to the shell margin). Outermost layer shows semi-foliated structure, followed by alternating bands
of crossed lamellar structure in concentric and radial orientations B—D close-up views of A E cross section of older shell
(closer to the apex). Outermost layer shows irregular spherulitic prismatic type-A structure, followed by semi-foliated and
concentric crossed lamellar structures F—H close-up views of E. Abbreviations: SF = semi-foliated structure, cCL = con-
centric crossed lamellar structure, rCL = radial crossed lamellar structure, ISP-A = spherulitic prismatic type-A structure.
Scale bars: 300 ym (A); 50 um (B); 20 um (C); 10 um (D); 300 um (E); 40 uym (F, G); 5 pm (H).
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Description. Shell (Figs 3A, B, 5): Specimens exhibit uncoiled, patelliform
shells. Holotype measures 8.1 mm in length, 5.2 mm in width, and 4.7 mm in
maximum height. Shell roundness (width + length) is 0.65. Shell sculpturing and
ornamentation lacking but fine radial growth lines are present. Very fine axial
striations present but not raised. Aperture opening is ovate and aperture lip is
thick and unornamented. Shell slope is flattened to mildly convex. Shell apex is
degraded and centrally located. Protoconch is unknown. Shell is thick, white, and
semi-translucent. Shell microstructures are (in order from the outermost shell lay-
er to the innermost): irregular spherulitic prismatic type-A, semi-foliated, concen-
tric crossed lamellar structures, and radial crossed lamellar structures (Fig. 5).

Soft parts (Fig. 3C): Soft tissue is white-to-yellowish in color. Mantle is thick
with a flat margin. Foot follows the shape of the shell aperture in terms of its
roundness. Margin of the foot sole is flat. Pallial tentacles are lacking. Opercu-
lum is absent. Two cephalic tentacles are present which are short, thick, and
placed low on the head. Bipectinate gill extends from behind animal’s right ce-
phalic tentacle. Eyes are absent. Oral lappets are absent but the oral opening is
lined with thickened tissue ornamented with very fine frilling.

Radula (Fig. 3P-R): Radula was obtained from the sequenced specimen
(Fig. 3G-I), whose shell measured 10 mm in length, 7.0 mm in width, and
6.8 mm in height. Docoglossate radula with formula 0+1+0+1+0. Radular ribbon
measures ~ 240 pm across. Rachidian teeth highly diminished and obscured
by laterals. Lateral teeth are long, robust, and consisting of three distinct cusps
that appear to be fused together. Lateral teeth may measure up to 400 pm in
length. The first, most anterior, cusp forms a single sharp hook lacking denti-
cle. The second cusp is longer than the first and falls in line with the third cusp
such that it creates one continuous ridge. Eight or nine short, sharp denticles
are present on this second cusp. The third, most posterior, cusp is the longest
(~ 3 x the length of the second cusp) and forms a robust, serrated ridge with
25 or more short, sharp denticles that are indistinguishable from those on the
second cusp. The third cusp'’s posterior end curves inward towards the radular
ribbon. The connecting point of the lateral teeth to the radular ribbon is located
near the posterior end of the third cusp. Marginal teeth lacking.

Variation. Two distinct morphotypes of Bathyacmaea levinae sp. nov. are
herein identified: One inhabiting tubeworms (Fig. 3A-I1), and one inhabiting
mussel shells (Fig. 3J-0). Holotype description applies to specimens found on
tubeworms. Bathyacmaea levinae sp. nov. found on mussel shells differ in that
they exhibit rounder apertures, flatter shell margins, lower shell profiles, and great-
er apex erosion (Fig. 3J-N). Paratype specimens from mussel shells measure
between 7.9-11.0 mm in length, 6.4—9.0 mm in width, and 3.0—-4.5 mm in height.
Measures of shell roundness (width + length) for these paratypes are all between
0.81-0.85, distinguishing them from the roundness of the holotype (0.65).

Radulae of specimens found on mussels also differ (Fig. 3S-U). Formula re-
mains 0+1+0+1+0 with tricuspid laterals, reduced rachidian teeth, and no mar-
ginals. All cusps of the lateral teeth are located at the very anterior end of a
long, thin tooth shaft which connects to the radular ribbon at its far posterior
end (Fig. 3S). The first, most anterior cusp of the lateral teeth is similar between
morphotypes, being sharp, hooked, and lacking denticles. The second cusp of
specimens found on mussels resembles the first cusp in terms of thickness, but
with a blunt outer edge that lacks denticles and points forward (perpendicular to
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the radular ribbon). The third, most posterior cusp is short, thick, lacking denti-
cles, and is fused with the second cusp. This third cusp is truncated and forms a
sharp barb which faces outwards when situated on the radular ribbon. Under-de-
veloped teeth of this species (Fig. 3V) further differ. Rachidian and minor lateral
teeth are highly reduced; Reduced minor lateral teeth present as thin and strand-
like with pointed anterior ends. Major laterals exhibit broad, un-serrated cusps
whose outermost end is twisted backwards, forming a lemniscate shape. The
first tooth cusp forms a sharp barb, similar to the mature radular tooth (Fig. 3S).

Distribution. Bathyacmaea levinae sp. nov. has been collected from the
hydrocarbon seep sites “Jaco Scar” (9.12, -84.84) and “Quepos Seep” (9.03,
-84.62) at the Pacific Costa Rica Margin. This species was sampled from both
mussels and tubeworms between 1,400-1,890 m depth.

Remarks. Measurements of Bathyacmaea levinae sp. nov. across the entire,
sampled size range at the CRM found divergent trends in growth between sub-
strates culminating in the morphological differences observed (Fig. 4). These
substrate-determined differences support previous studies that demonstrate
radula and shell variability in Bathyacmaea (Chen et al. 2019). Bathyacmaea
levinae sp. nov. found on mussels at the CRM most closely resemble the species
Bathyacmaea nipponica Okutani, Tsuchida & Fujikura, 1992. However, Bathyac-
maea levinae sp. nov. are genetically distinct from this species for both the mito-
chondrial CO1 gene and the nuclear histone-3 gene. Furthermore, the inner shell
layers of Bathyacmaea levinae sp. nov. are comprised of concentric and radial
crossed lamellar microstructures only, distinguishing them from Bathyacmaea
nipponica, whose inner shell layers display an interspersion of semi-foliated mi-
crostructures and crossed lamellar structures (Sato et al. 2020). Bathyacmaea
levinae sp. nov. from mussel shells also closely resemble Bathyacmaea sub-
nipponica Sasaki, 2003, but lack its cancellated shell sculpture. Bathyacmaea
levinae sp. nov. found on tubeworms most closely resemble Bathyacmaea
kanesunosensis Sasaki, 2003, though its distribution is highly distinct from our
specimens. Due to a lack of sequences published for B. kanesunosensis, their
genetic distinction remains unknown. At the time of publication, Bathyacmaea
levinae sp. nov. is the only Bathyacmaea species found in the Eastern Pacific.

Etymology. This species is named for Dr. Lisa A. Levin from Scripps Institute
of Oceanography for her significant contribution to deep-sea knowledge, espe-
cially in regard to hydrocarbon seeps.

Family Neolepetopsidae McLean 1990
Genus Paralepetopsis McLean 1990

Paralepetopsis variabilis sp. nov.
https://zoobank.org/BD92F9DD-83FD-4B3D-9883-950DDD9D0454
Fig. 6

Type material examined. Holotype. COSTA RICA + whole organism; etha-
nol-fixed; Original label: “Paralepetopsis variabilis holotype, 1, whole organ-
ism, AD4987, Costa Rica Margin, Mound 12, 8.92982, -84.31167, 996 m, from
tubeworms.”; SIO-BIC M22537. Paratypes: COSTA RICA * 9 specimens; same
data as for holotype; Original label: “Paralepetopsis variabilis paratype, 9, whole
organisms, AD4987, Costa Rica Margin, Mound 12, 8.92982,-84.31167, 996 m,

ZooKeys 1214: 281-324 (2024), DO: 10.3897/z00keys.1214.128594 297



Melissa J. Betters et al.: New species and records of Costa Rican limpets

Figure 6. Paralepetopsis variabilis sp. nov. A—C holotype from tubeworms at Mound 12, 995 m, AD4987, 2 November
2018 D-F sequenced clade 3 specimen (GenBank Accession #0Q644613) from plastic chip deployment, Jaco Scar,
1,796 m, AD4915, 17 October 2018 G-I sequenced clade 1 specimen (GenBank Accession #0Q644624) from mussels at
Mound 12,997 m, AD4978, 24 October 2018 J-L sequenced clade 1 specimen (GenBank Accession # 0Q644614) from
unknown substrate at Mound 12, 1,008 m, AD4501, 22 February 2009 M-0 sequenced clade 2 specimen (GenBank Ac-
cession # 0Q644619) from tubeworms, Jaco Scar, 1,724 m, AD4971, 17 October 2018 P-R sequenced clade 1 specimen
(GenBank Accession # 0Q644571) from mussels at Mound 12, 995 m, AD4985, 31 October 2018 S-V details of radular
ribbons. Scale bars: 1 mm (A-R); 40 um (S); 20 um (T); 40 pm (U); 50 um (V).

from tubeworms.”; SIO-BIC M22538. CoSTA RICA * 10 specimens; same data as
for holotype; Original label: “Paralepetopsis variabilis paratype, 10, whole organ-
isms, AD4987, Costa Rica Margin, Mound 12, 8.9298, -84.31167, 996 m, from
tubeworms.”; MZCR10675-01-10.
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Type locality. CosSTA RiCA « Costa Rica Margin, Mound 12, 8.92982,-84.31167;
hydrocarbon seep; tubeworms; 996 m; 2 November 2018; AT42-03 ALVIN Dive
4987 leg.

Other material examined. CoSTA RICA ¢+ 11 specimen(s); Costa Rica Margin,
Mound 11; 8.9208, -84.3054; 1,040 m; 25 February 2009; AT15-44 ALVIN Dive
4504 leg.; Tubeworm, SIO-BIC M11995 - 3 specimen(s); Costa Rica Margin,
Jaco Scar; 9.1172,-84.8417; 1,866 m; 3 March 2009; AT15-44 ALVIN Dive 4509
leg.; SIO-BIC M12037 - 10 specimen(s); Costa Rica Margin, Mound 12; 8.9305,
-84.3123;1,001 m; 5March2009; AT15-44 ALVIN Dive 4511 leg.; SIO-BIC M12058
+ 25 specimen(s); Costa Rica Margin, Mound 12; 8.93042,-84.31278; 999 m; 22
May 2017; AT37-13 ALVIN Dive 4907 leg.; SIO-BIC M16114 + 9 specimen(s);
Costa Rica Margin, Jaco Scar; 9.11538, -84.83618; 1,859 m; 27 May 2017,
AT37-13 ALVIN Dive 4912 leg.; SIO-BIC M16126 + 1 specimen(s); Costa Rica
Margin, Jaco Scar; 9.11538, -84.83618; 1,859 m; 27 May 2017; AT37-13 ALVIN
Dive 4912 leg.; SIO-BIC M16122 - 5 specimen(s); Costa Rica Margin, Jaco Scar;
9.117368, -84.839661; 1,796 m; 30 May 2017; AT37-13 ALVIN Dive 4915 leg.;
Tubeworm, EC5815 + 3 specimen(s); Costa Rica Margin, Jaco Scar; 9.117368,
-84.839661; 1,796 m; 30 May 2017; AT37-13 ALVIN Dive 4915 leg.; Tubeworm,
EC5769 + 7 specimen(s); Costa Rica Margin, Jaco Scar; 9.117368, -84.839661;
1,796 m; 30 May 2017; AT37-13 ALVIN Dive 4915 leg.; Tubeworm, EC5731
- 49 specimen(s); Costa Rica Margin, Jaco Scar; 9.118023533, -84.84095552;
1,741 m; 31 May 2017; AT37-13 ALVIN Dive 4916 leg.; Tubeworm, EC5783 -
11 specimen(s); Costa Rica Margin, Jaco Scar; 9.1193, -84.84277; 1,854 m; 31
May 2017; AT37-13 ALVIN Dive 4916 leg.; SIO-BIC M16170 - 3 specimen(s);
Costa Rica Margin, Mound 12; 8.930395, -84.3124245; 995 m; 1 June 2017,
AT37-13 ALVIN Dive 4917 leg.; Tubeworm, EC5794 - 3 specimen(s); Costa Rica
Margin, Mound 12; 8.9293, -84.315; 1,000 m; 1 June 2017; AT37-13 ALVIN Dive
4917 leg.; SIO-BIC M16161 + 81 specimen(s); Costa Rica Margin, Mound 12;
8.93046775,-84.31244503; 998 m; 5 June 2017; AT37-13 ALVIN Dive 4922 leg.;
Mussel, EC5743 - 2 specimen(s); Costa Rica Margin, Quepos Seep; 9.03048,
-84.6202; 1,409 m; 7 June 2017; AT37-13 ALVIN Dive 4924 leg.; SIO-BIC M16200
- 8 specimen(s); Costa Rica Margin, Quepos Seep; 9.03048, -84.6202; 1,409 m;
7 June 2017; AT37-13 ALVIN Dive 4924 leg.; SIO-BIC M16182 - 15 specimen(s);
Costa Rica Margin, Quepos Seep; 9.03048, -84.6202; 1,409 m; 7 June 2017;
AT37-13 ALVIN Dive 4924 leg.; SIO-BIC M16181 + 5 specimen(s); Costa Rica
Margin, Jaco Scar; 8.97043, -84.8429167; 1,724 m; 17 October 2018; AT42-
03 ALVIN Dive 4971 leg.; Tubeworm, EC7751 + 156 specimen(s); Costa Rica
Margin, Jaco Scar; 8.97043, -84.8429167; 1,724 m; 17 October 2018; AT42-03
ALVIN Dive 4971 leg.; Tubeworm, EC7750 - 3 specimen(s); Costa Rica Margin,
Jaco Scar; 8.97043, -84.8429167; 1,724 m; 17 October 2018; AT42-03 ALVIN
Dive 4971 leg.; Tubeworm, EC7745 + 10 specimen(s); Costa Rica Margin, Jaco
Scar; 8.97043, -84.8429167; 1,724 m; 17 October 2018; AT42-03 ALVIN Dive
4971 leg.; Tubeworm, EC7744 - 3 specimen(s); Costa Rica Margin, Jaco Scar;
8.97043, -84.8429167; 1,724 m; 17 October 2018; AT42-03 ALVIN Dive 4971
leg.; Tubeworm, EC10486 + 16 specimen(s); Costa Rica Margin, Jaco Scar;
8.97043, -84.8429167; 1,724 m; 17 October 2018; AT42-03 ALVIN Dive 4971
leg.; Tubeworm, EC10471 - 63 specimen(s); Costa Rica Margin, Jaco Scar;
9.117433333,-84.83961667;1,796 m; 17102018; AT42-03 ALVIN Dive 4971 leg.;
SIO-BIC M16752 - 3 specimen(s); Costa Rica Margin, Jaco Scar; 9.117433333,
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-84.83961667; 1,796 m; 17 October 2018; AT42-03 ALVIN Dive 4971 leg.; Rock,
SIO-BIC M16733 + 123 specimen(s); Costa Rica Margin, Jaco Scar; 8.97071,
-84.8373; 1,785 m; 18 October 2018; AT42-03 ALVIN Dive 4972 leg.; Tubeworm,
EC7346 + 6 specimen(s); Costa Rica Margin, Jaco Scar; 8.97071, -84.8373;
1,785 m; 18 10 2018; AT42-03 ALVIN Dive 4972 leg.; Tubeworm, EC7343 « 25
specimen(s); Costa Rica Margin, Jaco Scar; 9.11785,-84.83728;1,785m; 18 Oc-
tober 2018; AT42-03 ALVIN Dive 4972 leg.; Tubeworm, EC7340 - 1 specimen(s);
Costa Rica Margin, Jaco Scar; 9.11735, -84.83958333; 1,795 m; 18 October
2018; AT42-03 ALVIN Dive 4972 leg.; SIO-BIC M16796 - 37 specimen(s); Costa
Rica Margin, Jaco Scar; 9.1178, -88.839533; 1,783 m; 23 October 2018; AT42-
03 ALVIN Dive 4977 leg.; Mussel, EC7556 * 1 specimen(s); Costa Rica Margin,
Jaco Scar; 9.11775, -84.83953333; 1,783 m; 23 October 2018; AT42-03 ALVIN
Dive 4977 leg.; SIO-BIC M16805 - 64 specimen(s); Costa Rica Margin, Mound
12; 8.9308, -84.31263; 997 m; 24 October 2018; AT42-03 ALVIN Dive 4978 leg.;
Mussel, EC10473 - 37 specimen(s); Costa Rica Margin, Mound 12; 8.9308,
-84.31263; 997 m; 24 October 2018; AT42-03 ALVIN Dive 4978 leg.; Mussel,
EC10472 - 425 specimen(s); Costa Rica Margin, Mound 12; 8.9307, -84.3128;
997 m; 30 October 2018; AT42-03 ALVIN Dive 4984 leg.; Mussel, EC8314
+ 30 specimen(s); Costa Rica Margin, Mound 12; 8.9307, -84.3128; 997 m; 30
October 2018; AT42-03 ALVIN Dive 4984 leg.; Mussel, EC10477 « 20 speci-
men(s); Costa Rica Margin, Mound 12; 8.9307, -84.3128; 997 m; 30 October
2018; AT42-03 ALVIN Dive 4984 leg.; Mussel, EC10476 * 6 specimen(s); Costa
Rica Margin, Mound 12; 8.9299, -84.31299; 995 m; 31 October 2018; AT42-03
ALVIN Dive 4985 leg.; Mussel, EC10478 - 100 specimen(s); Costa Rica Mar-
gin, Mound 12; 8.92983, -84.31167; 995 m; 2 November 2018; AT42-03 ALVIN
Dive 4987 leg.; Tubeworm, EC8615 - 1 specimen(s); Costa Rica Margin, Jaco
Scar; 9.117783333, -84.83944667; 1,785 m; 4 November 2018; AT42-03 ALVIN
Dive 4989 leg.; SIO-BIC M16974 « 2 specimen(s); Costa Rica Margin, Jaco Scar;
9.117783333, -84.83944667; 1,785 m; 4 November 2018; AT42-03 ALVIN Dive
4989 leg.; SIO-BIC M16973 - 2 specimen(s); Costa Rica Margin, Quepos Seep;
9.031816667, -84.62048333; 1,400 m; 5 November 2018; AT42-03 ALVIN Dive
4990 leg.; Mussel, SIO-BIC M16995 - 2 specimen(s); Costa Rica Margin, Que-
pos Seep; 9.031816667, -84.62048333; 1,400 m; 5 November 2018; AT42-03
ALVIN Dive 4990 leg.; Mussel, SIO-BIC M16994 - 3 specimen(s); Costa Rica
Margin, Quepos Seep; 9.031816667,-84.62048333; 1,400 m; 5 November 2018;
AT42-03 ALVIN Dive 4990 leg.; Mussel, SIO-BIC M16991 - 1 specimen(s); Costa
Rica Margin, The Thumb; 9.1174, -84.839855; 1,074 m; 7 January 2019; FK19-
0106 SUBASTIAN Dive 214 leg.; Mussel, EC9348 - 10 specimen(s); Costa Rica
Margin, The Thumb; 9.1174, -84.839855; 1,074 m; 7 January 2019; FK19-0106
SUBASTIAN Dive 214 leg.; Mussel, EC9328 - 1 specimen(s); Costa Rica Margin,
The Thumb; 9.1174, -84.839855; 1,074 m; 7 January 2019; FK19-0106 SUBAS-
TIAN Dive 214 leg.; Mussel, EC9327 + 1 specimen(s); Costa Rica Margin, The
Thumb; 9.05,-84.4; 1,074 m; 10 January 2019; FK19-0106 SUBASTIAN Dive 217
leg.; Tubeworm, EC9480 - 1 specimen(s); Costa Rica Margin, The Thumb; 9.05,
-84.4; 1,074 m; 10 January 2019; FK19-0106 SUBASTIAN Dive 217 leg.; Mussel,
EC9468 - 1 specimen(s); Costa Rica Margin, The Thumb; 9.05,-84.4; 1,074 m; 10
January 2019; FK19-0106 SUBASTIAN Dive 217 leg.; Mussel, EC9451 + 1 spec-
imen(s); Costa Rica Margin, The Thumb; 9.05, -84.4; 1,074 m; 10 January 2019;
FK19-0106 SUBASTIAN Dive 217 leg.; Mussel, EC9434.
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Diagnosis. Paralepetopsis variabilis sp. nov. may be diagnosed by their ovate,
white, semi-translucent shells showing fine, radial growth rings. This species
also exhibits two cephalic tentacles which are short (they do not extend past
the outer shell margin) and placed low on the head. Soft tissue is whiteish-yel-
low in color. However, the most reliable way to diagnose Paralepetopsis varia-
bilis sp. nov. is through DNA characterization, as morphology is highly variable
within this species and intersects with other known species in the genus.

Description. Shell (Fig. 6A, B): Specimen exhibits uncoiled, patelliform shell.
Holotype measures 6.8 mm in length, 4.1 mm in width, and 2.9 mm in maxi-
mum height. Shell roundness (width + length) is ~ 0.61. Shell sculpturing and
ornamentation lacking but fine radial growth lines are present. Aperture open-
ing is ovate and aperture lip is thin and unornamented. Shell apex is degraded
and anteriorly shifted. Anterior and posterior shell slopes are flattened to mildly
convex. Shell is very thin, white, and semi-translucent.

Soft parts (Fig. 6C): Soft tissue is white to yellowish in color. Mantle is thick
with a mildly crumpled margin. Foot follows the shape of the shell aperture
in terms of its roundness. Margin of the foot sole is flat. Pallial tentacles are
lacking. Operculum is absent. Two cephalic tentacles are present which are
short, thick, and placed low on the head. Eyes are absent. Very reduced oral
lappets are present, as well as thickened tissue around the mouth ornamented
with very fine frilling. The animal’s head has a slight brownish coloration and a
high profile.

Radula (Fig. 6S): Docoglossate radula with formula 2+1+2+1+2+1+2. Rachid-
ian teeth have long shapes, with large triangular cusps at their anterior ends
lacking serration. Rachidian teeth are flanked on either side by a pair of minor
lateral teeth that are similar in shape to the rachidian. These two minor laterals
also have triangular cusps lacking serrations and are slightly rotated inwards.
The third (major) lateral tooth is distinct from the other two laterals, in that its
cusp is very broad, flat, and perpendicular to the radular ribbon with 9-13 small
serrations along its edge. These serrations become less pronounced near the
tooth’s outer end. These major laterals are not in line with the others, being set
slightly lower, approximately midway between the rows of rachidian and minor
lateral teeth. There are two marginal teeth set on the outer edge and just below
the major laterals. Marginals have very short, semi-lunate cusps that lack ser-
rations. First outer marginals are ~ 2 x the size of the second outer marginals.

Variation. Paralepetopsis variabilis sp. nov. exhibits significant shell vari-
ation across specimens which makes distinguishing species based on mor-
phology alone difficult. Shells may measure 5-10 mm with shell roundness
varying between 0.6 and 0.8. While all specimens exhibit uncoiled, patelliform
shells, specimens may exhibit axial sculpturing, radial sculpturing, both, or nei-
ther. Shell margins may vary in that they may be flat, convex, or rounded. Shell
apexes were unanimously degraded and anteriorly shifted, but the degree of
this erosion varies; Some shells have only the protoconch degraded, while oth-
ers have the majority of their outer shell degraded. Anterior and posterior shell
slopes may be flat or mildly rounded. Shells may be thickened, very thin, yellow-
ish, white, or semi-translucent.

Radulae of this species are somewhat variable, with the third major later-
al teeth being at noticeably different angles depending on the individual and,
potentially, the substrate (Fig. 6S-V). The first major lateral teeth imaged

ZooKeys 1214: 281-324 (2024), DO: 10.3897/z00keys.1214.128594 301



Melissa J. Betters et al.: New species and records of Costa Rican limpets

Figure 7. Specimens of Paralepetopsis representing clades 4 and 5 from Fig. 11 A—C clade 4 specimen (GenBank Acces-
sion # 0Q644570) found on tubeworms, Jaco Scar, 1,724 m, AD4971, 17 October 2018 D-F clade 4 specimen (GenBank
Accession # 0Q644599) found on mussels, Mound 12, 998 m, AD4908, 23 May 2017 G-I clade 5 specimen (GenBank
Accession # 0Q644577) from mussels, Jaco Scar, 1,783 m, AD4977, 23 October 2018 J-L clade 5 specimen (GenBank
Accession # 0Q644621) from plastic chip deployments, Jaco Scar, 1,796 m, AD4971, 17 October 2018. Radulae were
unattainable for all specimens. Scale bars: T mm.

from a specimen collected from tubeworms were perpendicular to the radu-
lar ribbon (Fig. 6S), those collected from plastic were comparatively rotated
outwards (Fig. 6U), and those collected from mussels were comparatively ro-
tated inwards (Fig. 6V). The presence or absence of marginal teeth also varies
(Fig. 6T), which may be dependent on the amount of wear on the radula or the
stage of radular tooth development. This hypothesis, however, requires further
testing to validate.

The mantle and foot margins of specimens may vary from flat to crumpled.
Coloration of soft tissues varies between specimens, with some exhibiting a
distinct blue-to-purple pigmentation around the oral lappets, while others do not.

Distribution. Paralepetopsis variabilis sp. nov. has been collected from the
hydrocarbon seep sites “Jaco Scar” (9.12,-84.84), “Quepos Seep” (9.03,-84.62),
“Mound 11" (8.92,-84.31), and “Mound 12" (8.93,-84.31) from the Pacific Costa
Rica Margin. This species was sampled from mussels, tubeworms, and rocks
between 995-1,860 m depth. Specimens have also been found and genetically
characterized from a Pescadero Basin hydrocarbon seep site (23.64, -108.39),
collected by the ROV Tiburon during dive #756 from below 2000 meters depth.

Remarks. Paralepetopsis variabilis sp. nov. clade 1 shells resemble most
closely those of P clementensis (McLean 2008) but could be distinguished from
them by having flat, rather than rounded, shell margins and flat, rather than con-
vex, shell slopes. At least one specimen of clade 1 exhibited shell structuring
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that fits the description of the closely related genus Neolepetopsis (Fig. 6J, K;
McLean 1990). However, such specimens occurring within the genus Paralepe-
topsis indicates that shell sculpturing may not be as taxonomically informa-
tive as previously thought. Paralepetopsis variabilis sp. nov. clade 2 specimens
most closely resembled P clementensis (McLean 2008); however, the axial
striations exhibited by these individuals are distinct and are instead most like
P, tunnicliffae (McLean 2008). Clade 2 specimens may be distinguished from
P, tunnicliffae in that their shell margins are rounded, rather than flat. Radulae
obtained from Paralepetopsis clade 2 appears most like P. tunnicliffae in their
reduced lateral marginal teeth. Paralepetopsis variabilis sp. nov. clade 3 spec-
imens most closely resembled P. clementensis (McLean 2008); however, they
lack the convex shell slopes typical of this species. Radulae of this species,
overall, resembled those of P. ferrugivora, but have a distinct major lateral tooth
shape (Warén and Bouchet 2001).

Etymology. The species name variabilis is Latin for variable, referring to the
notable and confounding shell variation observed in this species.

Subclass Vetigastropoda
Family Pyropeltidae McLean & Haszprunar, 1987
Genus Pyropelta McLean & Haszprunar, 1987

Pyropelta corymba McLean & Haszprunar, 1987
Fig. 8

New records. COSTA RICA * 13 specimen(s); Costa Rica Margin, Mound 12;
8.93075,-84.31252; 998 m; 23 May 2017; AT37-13 ALVIN Dive 4908 leg.; Mus-
sel, 4908_MP_12 - 4 specimen(s); Costa Rica Margin, Mound 12; 8.930395,
-84.3124245;995 m; 1 June 2017; AT37-13 ALVIN Dive 4917 leg.; Rock, EC5803
+ 213 specimen(s); Costa Rica Margin, Mound 12; 8.93046775, -84.31244503;
998 m; 5 June 2017; AT37-13 ALVIN Dive 4922 leg.; Mussel, EC5741 + 973 spec-
imen(s); Costa Rica Margin, Mound 12; 8.9308, -84.31263; 997 m; 24 October
2018; AT42-03 ALVIN Dive 4978 leg.; Mussel, EC7743 « 425 specimen(s); Cos-
ta Rica Margin, Mound 12; 8.9307, -84.3128; 997 m; 30 October 2018; AT42-
03 ALVIN Dive 4984 leg.; Mussel, EC8314 + 7 specimen(s); Costa Rica Margin,
Mound 12; 8.9307,-84.3128; 997 m; 30 October 2018; AT42-03 ALVIN Dive 4984
leg.; Tubeworm, EC10475 -+ 1 specimen(s); Costa Rica Margin, The Thumb; 9.05,
-84.4; 1,072 m; 10 January 2019; FK19-0106 SUBASTIAN Dive 217 leg.; Mussel,
EC9480 - 1 specimen(s); Costa Rica Margin, The Thumb; 9.05,-84.4; 1,072 m; 10
January 2019; FK19-0106 SUBASTIAN Dive 217 leg.; Mussel, EC9451 - 1 speci-
men(s); Costa Rica Margin, The Thumb; 9.05, -84.4; 1,072 m; 10 January 2019;
FK19-0106 SUBASTIAN Dive 217 leg.; Mussel, EC9468 - 1 specimen(s); Costa
Rica Margin, The Thumb; 9.05, -84.4; 1,072 m; 10 January 2019; FK19-0106
SUBASTIAN Dive 217 leg.; Mussel, EC9434.

Remarks. Specimens of Pyropelta corymba are herein confirmed from the
hydrocarbon seep sites “Jaco Scar” (9.12, -84.84), “Mound 12" (8.93, -84.31),
and “The Thumb” (9.05, -84.39) from the Pacific Costa Rica Margin. This spe-
cies was sampled from mussels, tubeworms, rocks, and wood between 995-
1,887 m depth. This extends the known range of this species southward from
the Californian coast and Gulf of California.
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Figure 8. Specimen of Pyropelta corymba A sequenced specimen (GenBank Accession # 0Q644631) found on mussel
shells, Mound 12, 997 m, AD4978, 24 October 2018 B-D details of radula and major and minor lateral teeth. Scale bars:
1 mm (A); 100 pm (B); 50 um (C); 10 um (D).

Family Lepetodrilidae McLean, 1988
Genus Lepetodrilus McLean, 1988

Lepetodrilus guaymasensis McLean, 1988
Fig. 9

New records. CoSTA RicA ¢ 13 specimen(s); Costa Rica Margin, Jaco Scar;
9.117323, -84.839671; 1,795 m; 27 May 2017; AT37-13 ALVIN Dive 4912 leg.;
Tubeworm, EC5737 - 3 specimen(s); Costa Rica Margin, Jaco Scar; 9.117368,
-84.839662; 1,796 m; 30 May 2017; AT37-13 ALVIN Dive 4915 leg.; Tubeworm,
EC5811 + 10 specimen(s); Costa Rica Margin, Mound 12;8.930395,-84.3124245;
995 m; 1 June 2017; AT37-13 ALVIN Dive 4917 leg.; Tubeworm, EC5798 - 48
specimen(s); Costa Rica Margin, Mound 12; 8.93046775, 84.31244503; 998 m;
5 June 2017; AT37-13 ALVIN Dive 4922 leg.; Mussel, EC5746 - 2 specimen(s);
Costa Rica Margin, Jaco Scar; 8.97067,-84.839533; 1,783 m; 23 October 2018;
AT42-03 ALVIN Dive 4977 leg.; Mussel, EC7553 « 247 specimen(s); Costa
Rica Margin, Mound 12; 8.9307, -84.3128183; 997 m; 30 October 2018; AT42-
03 ALVIN Dive 4984 leg.; Mussel, EC8313 - 5 specimen(s); Costa Rica Mar-
gin, Mound 12; 8.92983, -84.3131; 995 m; 2 November 2018; AT42-03 ALVIN
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Figure 9. Specimens of Lepetodrilus guaymasensis and Pseudolepetodrilus costaricensis gen. et sp. nov. A-C sequenced L.
guaymasensis specimen (GenBank Accession # 0Q644591) from Mound 12,998 m, AD4917, 1 June 2017 D-F additional L.
guaymasensis specimen from Jaco Scar, 1,811 m, AD4912, 27 May 2017 G-I Pseudolepetodrilus costaricensis sp. nov. holo-
type (G-I) and sequenced specimen (J-L) (GenBank Accession #0Q644586), both from tubeworms, Jaco Scar, 1,760 m,
AD4989, 4 November 2018 M close up view of P. costaricensis epipodial tentacles, with tracing N-P radula morphology rep-
resentative of this new genus O isolated marginal lateral tooth. Scale bars: 1 mm (A=M); 300 um (N); 50 um (0); 30 um (P).

Dive 4987 leg.; Tubeworm, EC8562 - 1 specimen(s); Costa Rica Margin, Jaco
Scar; 9.117775, -84.839525; 1,803 m; 7 January 2019; FK19-0106 SUBASTIAN
Dive 214 leg.; Rock, EC9336 - 319 specimen(s); Costa Rica Margin, Jaco Scar;
9.11741, -84.839632; 1,812.41 m; 7 January 2019; FK19-0106 SUBASTIAN
Dive 214 leg.; Mussel, EC9330 - 2 specimen(s); Costa Rica Margin, The Thumb;
9.048849447,-84.39383397; 1,071.5 m; 10 January 2019; FK19-0106 SUBAS-
TIAN Dive 217 leg.; Mussel, EC9500 + 1 specimen(s); Costa Rica Margin, The
Thumb; 9.048835323, -84.39417277; 1,075 m; 10 January 2019; FK19-0106
SUBASTIAN Dive 217 leg.; Mussel, EC9488 - 1 specimen(s); Costa Rica Mar-
gin, The Thumb; 9.048821, -84.394156; 1,074 m; 10 January 2019; FK19-0106
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SUBASTIAN Dive 217 leg.; Tubeworm, EC9480 - 1 specimen(s); Costa Rica Mar-
gin, The Thumb; 9.048871, -84.393744; 1,073 m; 10 January 2019; FK19-0106
SUBASTIAN Dive 217 leg.; Mussel, EC9468 - 1 specimen(s); Costa Rica Margin,
The Thumb; 9.048836,-84.393773; 1,072 m; 10 January 2019; FK19-0106 SUB-
ASTIAN Dive 217 leg.; Mussel, EC9451 - 1 specimen(s); Costa Rica Margin, The
Thumb; 9.048866, -84.394112; 1,073 m; 10 January 2019; FK19-0106 SUBAS-
TIAN Dive 217 leg.; Mussel, EC9434.

Remarks. Specimens of Lepetodrilus guaymasensis are herein confirmed
from the hydrocarbon seep sites “Jaco Scar” (9.12, -84.84), “Quepos Seep”
(9.03, -84.62), “Mound 12" (8.93, -84.31), and “The Thumb” (9.05, -84.39)
from the Pacific Costa Rica Margin. This species was sampled from mussels,
tubeworms, and rocks between 995-1,800 m depth.

Pseudolepetodrilus gen. nov.
https://zoobank.org/CD35F6A5-6 AAA-45CF-9D10-1B38CA8A20D6
Fig. 9

Type species. Pseudolepetodrilus costaricensis sp. nov.

Diagnosis. Pseudolepetodrilus gen. nov. have a complete shell with fine radi-
al and concentric sculptures, penis originating at the right side of the head, and
three pairs of posterior epipodial tentacles.

Description. Shell (Fig. 9G, H): Specimens exhibit patelliform shells with mod-
erate elevation. Apex of shell is located at the posterior end of the shell. Fine
concentric radial sculpturing and axial sculpturing present. The aperture and
shell margin are ovate and unornamented. Shell is robust with a thick, greenish
brown periostracum covering the outer shell and wrapping over the aperture lip.

Soft parts (Fig. 91, M): One pair of short cephalic tentacles are located on the
head. One pair of epipodial tentacles are located approximately midway down
the foot, with one tentacle present on either side of the organism. Three pairs
of epipodial tentacles are present at the posterior end of the organism. These
posterior tentacles are short and thin; They do not extend past the shell mar-
gin. A thick, triangular penis extends from beneath the right cephalic tentacle.
Mouth is V-shaped. Oral lappets are lacking.

Radula (Fig. 9N, 0): Radula is rhipidoglossate in configuration and is sym-
metrical. Rachidian tooth is sharp and triangular, lacking denticles. One broad,
major lateral tooth on either side of the rachidian flanked by four minor lateral
teeth all with triangular cusps: Numerous (15+) marginal teeth flank the minor
lateral teeth on either side, each exhibiting spatulate cusps with short denticles.

Remarks. Pseudolepetodrilus gen. nov. have a complete shell, penis origi-
nating at the right side of the head, and three pairs of posterior epipodial ten-
tacles. Lepetodrilus have a complete shell, penis originating at the right side
of the head, and two pairs of posterior epipodial tentacles. Gorgoleptis have a
complete shell, penis originating from the left side of the head, and two pairs of
posterior epipodial tentacles. Clypeosectus McLean, 1989 has a slit shell and
three pairs of posterior epipodial tentacles. Pseudorimula McLean, 1989 has a
slit shell and four pairs of posterior epipodial tentacles.

The radulae of this new genus most closely resembles that of Lepetodrilus in
that they both have a broad, oblique, first major lateral followed by laterals that
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rise to a peak at the third tooth and then descend away from the short, trian-
gular rachidian. However, while the major laterals of Lepetodrilus have variable,
irregular edges, the major lateral teeth of Pseudolepetodrilus gen. nov. have an
even, outer slope without any notches or grooves.

Etymology. The generic name means false (pseudo) Lepetodrilus, given its
close physical resemblance to species of the genus Lepetodrilus.

Pseudolepetodrilus costaricensis sp. nov.
https://zoobank.org/019D87DB-0CA1-4785-9E4E-7D9306AF0592
Fig. 9

Type material examined. Holotype: COSTA RICA + whole organism; etha-
nol-fixed; Original label: “Pseudolepetodrilus costaricensis holotype, 1, whole
organism, AD4989, Costa Rica Margin, Jaco Scar, 9.11785, -84.8407, 1760 m,
from tubeworms.”; SIO-BIC M22534. Paratypes: COSTA RICA * 1 specimen; same
data as for holotype; Original label: “Pseudolepetodrilus costaricensis paratype,
1, whole organism, AD4989, Costa Rica Margin, Jaco Scar, 9.11785, -84.8407,
1760 m, from tubeworms.”; MZCR10673-01.

Type locality. COSTA RICA « Costa Rica Margin, Jaco Scar, 9.11785,-84.8407,
hydrocarbon seep; tubeworms; 1,760 m; 4 November 2018; AT42-03 ALVIN
Dive 4989 leg.

Other material examined. CoSTA RICA * 4 specimen(s); Costa Rica Margin,
Jaco Scar; 9.11785,-84.8407; 1,760 m; 4 November 2018; AT42-03 ALVIN Dive
4989 leg.; Tubeworm; EC10483.

Diagnosis. Pseudolepetodrilus costaricensis sp. nov. can be diagnosed by
their unique “wing-shaped” first major lateral tooth on their radula and through
genetic characterization of the mitochondrial CO1 gene.

Description. Shell (Fig. 9G, H): Specimens exhibit patelliform shells with very
small, truncated whorl at the posterior end of the shell. Holotype measures
3.7 mm in length, 2.8 mm in width, and 1.3 mm in maximum height. Shell round-
ness (width + length) is ~ 0.75. Sinuous, concentric radial sculpturing present
on shell with fine axial striations which intersect the radial sculpture to form
very small, raised bumps. The aperture opening is ovate and unornamented.
The aperture lip is thick and unornamented. The shell margin is flat. Posterior
shell slope is flattened while the anterior shell slope is rounded. Shell apex is
posteriorly shifted. Shell is robust with a thick, greenish brown periostracum
covering the outer shell and wrapping over the aperture lip.

Soft parts (Fig. 91, M): Soft tissue is light greenish-to-yellowish in color. Man-
tle margin is thick and irregular and envelopes the body tissue. Three pairs of
posterior epipodial tentacles are present. These tentacles descend in length,
with the most anterior one being the longest and the most posterior one be-
ing the shortest. Posterior tentacles do not extend past the mantle margin.
Two broad, fleshy, anterior tentacles are located approximately midway up and
on either side of the foot margin. Two cephalic tentacles are present that are
fleshy and triangular in shape and thicker than the epipodial tentacles. The
mouth has a distinctive Y-shaped opening lacking thickened tissue. Elongated
oral lappets are present. The penis originates from below the right cephalic
tentacle. Operculum is absent.
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Radula (Fig. 9N, 0): Rhipidoglossate radula. Rachidian teeth have very short
shafts and sharp, triangular cusps. The anterior end of each cusp is flat while
the pointed ends lack denticles. Rachidian teeth are flanked by one major lateral
tooth on each side. Major laterals have broad, wing-shaped cusps that extend
higher than the rachidian teeth. The outer edges of these cusps are serrated
with ~ 16 short denticles. Three minor laterals follow which have long, sharp,
triangular cusps whose outer edge is serrated with short denticles, but whose
inner edges are not. The anterior edge of these minor laterals is slightly convex.
The fourth, minor lateral teeth also have long, sharp, triangular cusps like the
preceding three, but with serrations along both their inner and outer edges.
Marginal teeth number = 15 and exhibit rounded, spatulate cusps that are lined
with ~ 40 denticles each. Denticles on each marginal tooth are elongated pos-
teriorly and shorten as one moves anteriorly. Marginal cusps are located at the
anterior end of a long, thin tooth shaft which connects to the radular ribbon at
its base. Morphological transitions between major laterals, minor laterals, and
marginal teeth are continuous.

Distribution. Pseudolepetodrilus costaricensis sp. nov. is confirmed from
the hydrocarbon seep sites “Jaco Scar” (9.12, -84.84) at the Pacific Costa Rica
Margin. This species was sampled from tubeworms at 1,760 m depth.

Remarks. Shells of this species notably do not narrow at their anterior ends,
similar to L. shannonae (Warén and Bouchet 2009). Radulae most closely re-
sembled those of L. guaymasensis. However, unlike this species, the central
teeth of P. costaricensis are larger and lack denticles on their cusps. Further,
their first lateral teeth have a shape that is distinct from L. guaymasensis, ex-
hibiting an even, sloping outer ridge.

Etymology. The species name costaricensis refers to the Pacific Costa
Rica Margin, the geographic location where this species, and its genus, was
first discovered.

Subclass Neomphaliones
Family Cocculinidae Dall 1882
Genus Cocculina Dall 1882

Cocculina methana sp. nov.
https://zoobank.org/C1481891-EOFF-4F55-8EE3-619ADE850CC4
Fig. 10

Type material examined. Holotype: COSTA RICA + whole organism; ethanol-fixed;
Original label: “Cocculina methana holotype, 1, whole organism, AD4924, Costa
Rica Margin, Quepos Seep, 9.03174, -84.62158, 1408 m, from clams.”; SIO-BIC
M22533. Paratypes: COSTA RICA * 1 specimen; same data as for holotype; Origi-
nal label: “Cocculina methana paratype, 1, whole organism, AD4924, Costa Rica
Margin, Quepos Seep, 9.03174,-84.62158, 1408 m, from clams.”; MZCR10672-01.

Type locality. CosTA RicA - Costa Rica Margin, Quepos Seep, 9.03174,
-84.62158; hydrocarbon seep; clams; 1,408 m; 7 June 2017; AT37-13 ALVIN
Dive 4924 leg.

Other material examined. COSTA RICA * 4 specimens; Costa Rica Margin,
Quepos Seep; 9.03174, -84.62158; 1,408 m; 7 June 2017; AT37-13 ALVIN Dive
4924 leg.; Clams; Erik Cordes Personal Collection (EC) 5752 « 2 specimen(s);
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Figure 10. Specimens of Cocculina methana sp. nov. A, B holotype from clam shells, Quepos Seep, 1,408 m, AD4924, 7
June 2017 C holotype soft tissue with tracing D—F paratype from tubeworms, Quepos Seep, 1064 m, AD4923, 7 June 2017
G, H sequenced specimen (GenBank Accession # 0Q644629) from same location as previous showing intact periostracum
prior to erosion with ethanol preservation. White dotted line denotes obstruction of image by forceps used to position the
specimen I-K details of radula K details of marginal teeth. Scale bars: 1 mm (A—H); 150 pm (1); 50 pm (J); 20 pm (K).

Costa Rica Margin, Mound 12; 8.929983333,-84.31167667; 992 m; 20 October
2018; AT42-03 ALVIN Dive 4974 leg.; Bone, SIO-BIC M16788 + 3 specimen(s);
Costa Rica Margin, Jaco Scar; 9.11562, -84.84005; 1,908 m; 28 May 2017;
AT37-13 ALVIN Dive 4913 leg.; Wood, SIO-BIC M16149 - 15 specimen(s); Costa
Rica Margin, Jaco Scar; 9.1193, -84.84277; 1,854 m; 31 May 2017; AT37-13
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ALVIN Dive 4916 leg.; Tubeworm, SIO-BIC M16171 - 30 specimen(s); Costa Rica
Margin, Quepos Seep; 9.0303, -84.623; 1,433 m; 1 March 2009; AT15-44 ALVIN
Dive 4508 leg.; SIO-BIC M12024 - 3 specimen(s); Costa Rica Margin, Jaco Scar;
9.1172, -84.8417; 1,866 m; 3 March 2009; AT15-44 ALVIN Dive 45009 leg.; SIO-
BIC M12037 - 6 specimen(s); Costa Rica Margin, Mound Jaguar; 9.651755802,
-85.88211866; 2,000 m; 25 January 2019; FK19-0106 SUBASTIAN Dive 230 leg.;
Wood, SIO-BIC M17106 -+ 3 specimen(s); Costa Rica Margin, Mound Jaguar;
9.65876081,-85.88259157; 1,896 m; 25 January 2019; FK19-0106 SUBASTIAN
Dive 230 leg.; Wood, SIO-BIC M17105.

Diagnosis. Cocculina methana sp. nov. may be diagnosed by its distinct
golden-brown periostracum. It may be most reliably distinguished from its sis-
ter species, Cocculina japonica, through mitochondrial CO1 barcoding.

Description. Shell (Fig. T0A-C): Specimens exhibit uncoiled, patelliform
shells. Holotype measures 3.4 mm in length, 2.3 mm in width, and 1.7 mm in
maximum height. Shell roundness (width + length) is ~ 0.66. Fine, concentric,
radial sculpturing present on shell. The aperture opening is ovate and unorna-
mented. The aperture lip is thin, fragile, and unornamented. The shell margin is
flat. Posterior shell slope is flattened while the anterior shell slope is rounded.
Shell apex is posteriorly shifted. Protoconch is unknown. Shell is robust with a
thick, greenish brown periostracum covering the outer shell and wrapping over
the aperture lip.

Soft parts (Fig. 10C): Soft tissue is light yellow to white in color. Mantle margin
is thin and irregular. One pair of posterior epipodial tentacles present. Posterior
tentacles are thin, elongated, and do not taper in width towards their distal ends.
Two, short, blunt cephalic tentacles are present that are slightly thicker than the
epipodial tentacles. The mouth has well-developed oral lappets surrounding a
starburst-shaped oral opening. External reproductive structures were not ob-
served. Foot margin is ovate and slightly irregular. Operculum is absent.

Radula (Fig. 101-K): Radula is rhipidoglossate. Rachidian teeth are highly
diminished, lacking cusps; The rachidian teeth form a continuous, raised ridge
down the center of the radula. Rachidian are flanked by three major lateral teeth
on each side. Lateral teeth have spatulate cusps that decrease in size from the
first to third tooth. First major lateral teeth are the broadest, having 6—8 rounded
denticles on their cusps. Second major lateral teeth are slightly thinner, having
3-5 denticles on their cusps. Finally, the third major laterals are thinner than the
other two, and have two or fewer denticles on their cusps. These three major
laterals are followed by one minor lateral tooth, which is broader than any of the
other teeth preceding it. This minor lateral tooth has a short cusp that is angled
outwards with four or five blunt, rounded denticles. Each minor lateral tooth has
one or two short denticles on their innermost side (raised the highest), followed
by one broad, elongated denticle, and finally followed by another short denticle
on its outermost, lowest side. Two sets of numerous, marginal teeth follow, set at
different angles. Sets of inner marginal teeth are more or less parallel to the rad-
ular ribbon, and number 10-12 teeth. Each tooth has a very thin and long tooth
shaft (thinner than any of the preceding teeth) and a spatulate cusp with 5-7
short, rounded denticles. Sets of outer marginals are set at ~ 45° angle to the
radular ribbon, and number between 15-20 teeth. These outer marginals also
have a thin and long tooth shaft with spatulate cusps. These cusps, however, are
decorated with ~ 24 thin, bristle-like denticles (~ 12 on each side of the cusp).
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Figure 11. Bayesian phylogenies of Bathyacmaea and related genera A topology based on a 420-bp region of the mito-
chondrial CO1 gene and the HKY+G+l substitution model B topology based on a 258-bp region of the nuclear H3 gene
and the GTR+G+l substitution model. Numbers above branch nodes represent Bayesian posterior probabilities. Numbers
below branch nodes represent the proportion of replicate trees in which the associated taxa clustered together in the
bootstrap test (10,000 replicates for CO1; 5,000 replicates for H3). Only values above 50 are shown. Novel sequences are
bolded and highlighted. The trees are drawn to scale, with branch lengths representing the number of base substitutions

accumulated over time.

Distribution. Cocculina methana sp. nov. is confirmed from the hydrocarbon
seep sites Quepos Seep (9.03,-84.62), Mound 12 (8.93,-84.31), Jaco Scar (9.12,
-84.84), and Mound Jaguar (9.66, -85.88) at the Pacific Costa Rica Margin. This
species was sampled from clam shells, wood, tubeworms, and bone between
1,408-2,000 m depth. These are among the deepest-known Cocculina.

Remarks. The shells of Cocculina methana sp. nov. most closely resemble
those of C. japonica (Dall 1907). Radulae of these specimens most closely re-
sembled that of C. cowani (McLean 1987) but with distinct central teeth that
form a narrow, defined ridge down the center of the radula (Fig. 9J). The shell
apex of this species notably lacks the hooked “sail fin” appearance of other
Cocculina species. The periostracum of these specimens was observed to
significantly corrode with prolonged ethanol preservation (Fig. 10G, H). This
should be considered when examining museum specimens.
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Figure 12. Bayesian phylogeny of Paralepetopsis and related genera A topology based on a 438-bp region of the mito-
chondrial CO1 gene and the GTR+G+l substitution model B topology based on a 247-bp region of the nuclear H3 gene
and the GTR+G+l substitution model. Numbers above branch nodes represent Bayesian posterior probabilities. Numbers
below branch nodes represent the proportion of replicate trees in which the associated taxa clustered together in the
bootstrap test (10,000 replicates for CO1; 5,000 replicates for H3). Only values above 50 are shown. Novel sequences are
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Etymology. The species name methana refers to the occurrence of this
species at a hydrocarbon seep site. This habitat type is notable, as all other
known species of Cocculina occur at either inactive hydrothermal vents or
organic falls.
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Figure 13. Automatic hierarchical partitioning of novel Paralepetopsis CO1 sequences. Dendrogram shown was gener-
ated by ASAP (Puillandre et al. 2021. The red dotted line denotes the distance threshold (Dt), and the solid green line
denotes the grouping distance (Dc). Colored nodes represent the likelihood that each subset is distinct from a panmictic
population. The scalebar at the top represents the relative barcode gap width (W).

Discussion

The present study aimed to investigate the diversity of gastropod limpets at the
Pacific Costa Rica Margin (CRM) hydrocarbon seeps. Given the CRM'’s unique
geographic situation among multiple oceanic currents and its separation from
other chemosynthetic regions, it was hypothesized that this region would host
species that were related to, but distinct from, nearby chemosynthesis-based
ecosystems. Using the informative genetic loci CO1 and H3, as well as shell
and radular characters, four species and one new genus across three gastro-
pod subclasses were identified from more than 4,000 limpet specimens. This
study also confirmed the presence of Lepetodrilus guaymasensis at the CRM
and expands the known range of Pyropelta corymba southward to include CRM
hydrocarbon seeps.
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Figure 14. Bayesian phylogeny of Pyropelta and related genera A topology based on a 440-bp region of the mitochondrial
CO1 gene and the GTR+G+I substitution model B topology based on a 321-bp region of the nuclear H3 gene and the GTR+G+I
substitution model. Numbers above branch nodes represent Bayesian posterior probabilities. Numbers below branch nodes
represent the proportion of replicate trees in which the associated taxa clustered together in the bootstrap test (10,000 rep-
licates for CO1; 5,000 replicates for H3). Only values above 50 are shown. Novel sequences are bolded and highlighted. The
tree is drawn to scale, with branch lengths representing the number of base substitutions accumulated over time.

New species

Bathyacmaea levinae sp. nov. found at the CRM is notably the first of its genus
to be confirmed in the Eastern Pacific; all other species appear to be endemic
to the Western Pacific (e.g., Okutani et al. 1992; Sasaki 2003; Zhang and Zhang
2020; Chen and Sigwart 2023). Thus, the present study expands the known
range of this genus across the Pacific Ocean. This CRM species is most nota-
ble in its exhibiting distinct ecotypes depending on the substrate from which it
was sampled. While studies of other marine gastropod groups have identified
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Figure 15. Bayesian phylogeny of Lepetodrilus and related genera A topology based on a 440-bp region of the mitochondrial
CO1 gene and the GTR+G+I substitution model B topology based on a 308-bp region of the nuclear mitochondrial CO1 gene
and the GTR+G+| substitution model. Numbers above branch nodes represent Bayesian posterior probabilities. Numbers
below branch nodes represent the proportion of replicate trees in which the associated taxa clustered together in the boot-
strap test (10,000 replicates for CO1; 5,000 replicates for H3). Only values above 50 are shown. Novel sequences are bold-
ed. The tree is drawn to scale, with branch lengths representing the number of base substitutions accumulated over time.

substrate-dependent morphology as being the result of disruptive selection ex-
erted by predators (Hollander and Butlin 2010), other chemosynthesis-based
gastropods have been found to display similar patterns of phenotypic plastici-
ty across these or similar substrates (e.g., Lepetodrilus (Chen and Watanabe
2020), Bathyacmaea (Chen et al. 2019)). In agreement with previous studies of
Bathyacmaea, little to no genetic distinction between our distinct morphotypes
was found (Chen et al. 2019; Zhang and Zhang 2020). These previous findings
support our conclusion of a single, phenotypically plastic species at the CRM.
Despite these well-documented phenotypic differences across substrate, how-
ever, little is yet known approximately the functional purpose of these changes,
or what metabolic drivers are behind it.

Another group exhibiting highly variable and confounding shells is the genus
Paralepetopsis. Individuals within this genus were highly cryptic, with little to no
discernible features with which to distinguish the species under examination
from one another. There also appears to be no clear environmental separation
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The tree is drawn to scale, with branch lengths representing the number of base substitutions accumulated over time.

within this group, with three of the five genetic clades identified being found
at both the shallower site Mound 12 and the deeper site Jaco Scar (Table 1).
All but one clade was identified from both mussels and tubeworms (Table 1).
Furthermore, Paralepetopsis, as a genus, was present at all four sites exam-
ined in this study. Thus, the genetic diversity documented in this investigation
was difficult to predict. Such sympatric speciation may be the result of cryptic
mate choice or niche divergence that has not been fully characterized by the
variables currently under investigation. Regardless, our investigation supports
genetic barcoding as the most reliable way to identify Paralepetopsis species
from the CRM. Furthermore, as more than 1,300 individuals from this genus
were collected, it is highly likely that even more cryptic species may be hidden
within this genus that remain to be described.

The new species Paralepetopsis variabilis sp. nov. from the CRM seems to
have been first collected from the Pescadero Basin in the Gulf of California,
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with one representative sequence on GenBank (KY581541, Fig. 12A). This spe-
cies is described herein with permission from the corresponding author of that
sequence (pers. corr. Shannon Johnson). This connectivity is notable, as the
CRM and the Pescadero Basin are located more than 3,500 km apart from one
another, yet may be connected through the California or West Mexican currents
(Kessler 2006). Our species most closely resembled P tunnicliffae; unfortu-
nately, no published barcodes for CO1 nor H3 exist for P. tunnicliffae with which
to compare our specimens. However, P. tunnicliffae was first described from
hydrothermal vents at the Juan de Fuca Ridge, which may be consequential;
species turnover and genetic structuring has been observed between hydro-
thermal vent fields in the Northeastern Pacific and the equatorial Eastern Pacif-
ic across multiple invertebrate taxa (Tunnicliffe et al. 1996) including Lepetodri-
lus limpets (Matabos and Jollivet 2019), aplacophorans (Scheltema 2008), and
alvinellid worms (Chevaldonne et al. 2002). Such differences are ascribed to
the subduction of the Farallon Plate beneath the North American Plate approx-
imately 28 million years ago (Tunnicliffe et al. 1996; Vrijenhoek 2013). Further-
more, the distinction between vent and seep environments also tends to cor-
relate with species turnover (e.g., Tunnicliffe et al. 1996). While we propose that
this geological context, along with morphological differences, makes it unlikely
that our Costa Rican specimens are P. tunnicliffae, genetic characterization of,
and comparison with, P. tunnicliffae would still be warranted.

This study identified a single species of Cocculina limpets from the CRM,
Cocculina methana sp. nov. (Table 1). While species in this genus are typical-
ly found at organic falls, such as wood or whale carcasses in both shallow
and deep water, the species identified here was found at the hydrocarbon seep
site Quepos Seep, which is a soft-bottom, low productivity mud volcano at the
CRM. The relatively low level of hydrocarbons and sulfides at this site may have
made it ideal for the settlement of Cocculina limpets. Furthermore, the holotype
of this species was obtained from a “Bushmaster” quantitative sample that
also contained foundational seep species such as the mussel Bathymodiolus
billschneideri McCowin, Feehery & Rouse, 2020 and the tubeworm Lamellibra-
chia sp. (Webb 1969), suggesting the presence, tolerance, and potential reli-
ance on hydrocarbon seepage in its environment.

Pyropelta corymba and Lepetodrilus guaymasensis were the two known spe-
cies identified from the CRM. Lepetodrilus guaymasensis has been previously
collected and genetically characterized from both the Guaymas Basin (from
which it was originally described) and the CRM. Thus, it was not surprising
that this species was found here and displayed the expected genetic affinity
to these previously obtained sequences. Pyropelta corymba, however, has not
been identified from the CRM before, and thus these represent novel records
of occurrence for this group. Specifically, P corymba from the CRM represent
the most southerly population of this species known to date. While P corymba
has been morphologically identified from vents and seeps in the Gulf of Califor-
nia (McLean 1992) as well as from whale bone in the Catalina Basin (McLean
and Haszprunar 1987), there are no associated gene sequences that have been
published from these populations. Thus, it is impossible to assess the related-
ness between our samples and these more northerly populations.

Finally, this study identifies a new genus within the family Lepetodrilidae,
Pseudolepetodrilus gen. nov. The other genera within this family (Lepetodrilus,
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Pseudorimula, Gorgoleptis, and Clypeosectus) are all endemic to chemosynthe-
sis-based ecosystems and have been extensively studied over the past 50 years.
This is particularly true for Lepetodrilus, which are highly abundant and well-char-
acterized from the East Pacific Rise hydrothermal vents, in particular. Therefore,
the identification of a wholly new genus within this family was unexpected.
These specimens were relatively rare in our collections, having only been collect-
ed during one dive at Jaco Scar with a total of ten individuals identified. Morpho-
logically, this new genus undoubtedly most closely resembles Lepetodrilus out
of the Lepetodrilids. However, genetically, it is placed as sister to Pseudorimula
(Fig. 14A), and has three pairs of posterior epipodial tentacles, like Cylpeosectus.
Further research is needed to understand when and where this new genus likely
originated, and whether it is represented by any additional species elsewhere.

Data availability

While results from our genetic investigations support the species herein de-
scribed from the CRM, we nonetheless draw attention to the relatively small
sample sizes of several genera investigated. Pyropelta, for instance, is only rep-
resented on GenBank by three published and one unpublished mitochondrial
CO1 sequence outside of the novel sequences herein generated from the CRM.
Similarly, Paralepetopsis is represented by just seven published mitochondri-
al gene sequences outside of the novel sequences generated from the CRM.
Several species that were close morphological matches to our own, such as
Bathyacmaea kanesunosensis, Paralepetopsis tunnicliffae, Pyropelta corymba,
and Pyropelta musaica, had no associated gene sequences on public reposito-
ries, precluding genetic comparison. This shortage of sequences may lead to
an overestimation of exclusivity and may mask consequential connections be-
tween the CRM and other regions. These data deficiencies highlight one of the
core challenges of conducting deep-sea taxonomic work: Genetic samples are
often scarce. This scarcity may arise from a lack of specimens (e.g., the general
inaccessibility of these environments, the differing sampling regimes employed
by expeditions), a lack of useable genetic material (e.g., preserved specimens
fixed in formalin), or a lack of taxonomic work being conducted (e.g., personal,
private, and museum collections awaiting genetic characterization). Further-
more, the present article only describes deceased specimens, as notes and
photographs of live specimens were not obtained prior to ethanol preservation.
Information regarding the morphological characters and behaviors of live spec-
imens thus represents an avenue for future characterization and research.

Conclusions

This study conducted genetic and morphological investigations of limpets from
the hydrocarbon seeps at the CRM. These investigations found support for the
novelty of several limpet species at the CRM including Bathyacmaea levinae sp.
nov., Paralepetopsis variabilis sp. nov., Pseudolepetodrilus costaricensis gen. et
sp. nov., and Cocculina methana sp. nov. This study also presents new occur-
rence records for the known species Lepetodrilus guaymasensis and Pyropelta
corymba. This study contributes to the growing body of knowledge surround-
ing the biodiversity of the deepwater off Costa Rica. Future investigations
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examining the diversity of other deep-sea animal groups at the Costa Rica Mar-
gin may reveal additional novel species that should be of interest to regional
and global conservation efforts.
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Abstract

Three new species of Rhogadopsis Bréthes, 1913 (R. clausulata sp. nov., R. obligoides
sp. nov. and R. setosipunctata sp. nov.) are described and illustrated. Rhogadopsis uni-
carinata (Fischer, 1959) is a new combination and a new synonym of R. mediocarinata
(Fischer, 1963), syn. nov. An identification key to the species of Rhogadopsis known
from South Korea is provided.

Key words: Identification, key, new combination, new species, new synonym, parasitoid
wasp, South Korea

Introduction

The cosmopolitan subfamily Opiinae Blanchard, 1845, comprises 39 genera
and approximately 2100 described valid species, consisting generally of small
(1-5 mm body length) parasitoid wasps (Yu et al. 2016). It contains koinobiont
parasitoid wasps that mainly parasitize leaf-mining and fruit-infesting cyclor-
rhaphous dipterous larvae. The classification of Opiinae genera is still under dis-
cussion and fluctuating, primarily due to uncertainties regarding some genera
like Opius Wesmael, 1835, and Eurytenes Foerster, 1863 (Wharton 1987, 1988,
1997; Li et al. 2013; Wharton and Norrbom 2013). Papp (1989) reported Opius
(Rhogadopsis) parvungula (Thomson) from North Korea (a junior synonym of
R. reconditor (Wesmael, 1835)). Han and Kim (2023) reported R. obliqua Li & van
Achterberg from South Korea. However, the Korean specimen of R. obliqua dif-
fers from the holotype by having the second and third metasomal tergites dis-
tinctly sculptured medially, the vein CU1b of the fore wing comparatively short,
and vein the m-cu of the hind wing absent. In addition, Opius mediocarinatus
(Fischer, 1963), reported from the Korean Peninsula, has been recombined into
the genus Rhogadopsis (Chen et al. 2016) and should be included in this study.

We treat the genus Rhogadopsis Bréthes, 1913, as a valid genus separate
from Opius Wesmael, 1835, as was proposed by Li et al. (2013). Three new
species are described and illustrated, and an identification key to the Korean
Rhogadopsis is provided below.

* These authors contributed equally to this work.
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Material and methods

Specimens of Rhogadopsis clausulata sp. nov., R. setosipunctata sp. nov. and
the holotype of R. obligoides sp. nov. were collected in a Malaise trap, while the
paratype of R. obligoides sp. nov. was collected by using a net to sweep the
herbal vegetation. For identification of the subfamily Opiinae, see van Achter-
berg (1990, 1993, 1997); for references to Opiinae, see Yu et al. (2016).

Morphological terminology follows van Achterberg (1988, 1993), including
the abbreviations for the wing venation. Measurements were taken as indicated
by van Achterberg (1988): the maximum length and width of a body part were
taken unless otherwise indicated. The length of the mesosoma was measured
from the anterior border of the mesoscutum to the apex of the propodeum and
of the first tergite from the posterior border of the adductor to the medio-pos-
terior margin of the tergite.

Observations, photographic images, and descriptions were made either
with a Leica DMC2900 digital camera or with a Leica M205 C microscope
(Leica Geosystems AG) or with a digital camera on a Zeiss Stereo Discovery
V12 with AxioVision SE64 Rel. 49.1 software for stacking. The photos from
the Leica system were stacked with Helicon Focus v. 7 software (Helicon
Soft, Kharkiv, Ukraine). After stacking, illustrations were created using Adobe
Photoshop CS5.1.

The holotype and paratype of Rhogadopsis clausulata sp. nov. are deposited
in the Naturalis Biodiversity Center (RMNH) at Leiden, and the type specimens
of R. obligoides sp. nov. and R. setosipunctata sp. nov. are deposited in the Kun-
san National University (KSNU) at Gunsan.

Systematics

Genus Rhogadopsis Bréthes, 1913

Rhogadopsis Bréthes, 1913: 44; Shenefelt 1975: 1212; Wharton 1987: 66 (as
subgenus Lissosema). Type species (by monotypy): Rhogadopsis miniacea
Brethes, 1913.

Lissosema Fischer, 1972: 359. Type species (by original designation): Opius
parvungula Thomson, 1895 (= Opius reconditor Wesmael, 1835; Broad et al.
2016:291).

Diagnosis. Propodeum with a distinct (but often short) medio-longitudinal
carina anteriorly (Figs 5, 11, 34); hypoclypeal depression variable; mandible
symmetrical or nearly so (Figs 7, 8, 19, 32); dorsope absent; vein m-cu of fore
wing usually gradually merging into vein 2-CU1, and linear with vein 2-M or
nearly so (Fig. 14); if angled then hind wing comparatively wide, vein 1r-m
of hind wing less oblique and 0.6-1.0x as long as vein 1-M (Figs 2, 15, 27);
medio-posterior depression of mesoscutum variable (Figs 4, 17, 29); anterior
groove of metapleuron usually crenulate (Figs 12, 16, 28); precoxal sulcus
largely present, crenulate (Figs 12, 16, 28); vein CU1b of fore wing completely
present (Figs 2, 14, 26).
Distribution. Palaearctic, Oriental, Nearctic and Afrotropical regions.
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Biology. Parasitoids of mining dipterous larvae of the family Agromyzidae
(Agromyza Fallen, 1810, Amauromyza Hendel, 1931, Calycomyza Hendel, 1931,
Cerodontha Rondani, 1861, Liriomyza Mik, 1894, Metopomyza Enderlein, 1936,
Napomyza Westwood, 1840, Phytomyza Fallen, 1810).

Key to Korean species of the genus Rhogadopsis Bréthes

Notes. The number of included species for Korea is based on the National Insti-
tute of Biological Resources (2019), Chen et al. (2016) and this study.

1 Medio-posterior depression of mesoscutum present (Figs 17, 29); anten-
na of @ with 23-26 segments and of & with 26 segments; first metasomal
tergite more widened posteriorly and 0.7-0.9x as long as its apical width
(Figs 18, 30); second tergite variable ............ccocooeiieiirieeceeeee 2

- Medio-posterior depression of mesoscutum absent (Fig. 4); antenna of both
sexes with 28—41 segments; first metasomal tergite less widened posteriorly
and 1.0-1.6x longer than its apical width; second tergite smooth.................. 3

2 Mesoscutum and scutellum finely punctate (Fig. 29); antero-dorsal area of
mesopleuron brown; second metasomal suture and second metasomal
tergite smooth (Fig. 31); vein m-cu of fore wing interstitial or nearly so;
vein m-cu of hind wing present (Fig. 27)........cccoeiivviiicieiieeeeeeeeeee,
....................................... R. setosipunctata Han & van Achterberg, sp. nov.

-  Mesoscutum and scutellum smooth; mesopleuron entirely black; second
metasomal suture distinct crenulate dorsally; second tergite at least ba-
sally distinctly sculptured (Fig. 18); vein m-cu of fore wing distinctly post-
furcal; vein m-cu of hind wing absent (Fig. 15) ......ccocooeiiiieirieeeeee
............................................... R. obliqoides Han & van Achterberg, sp. nov.

3 Hypoclypeal depression absent (Figs 7, 8); first tergite about as long
as wide apically (Fig. 5); vein m-cu of fore wing angled with vein 2-CU1
(Fig. 2) o, R. clausulata Han & van Achterberg, sp. nov.

- Hypoclypeal depression present; first tergite 1.2—1.6x as long as wide api-
cally; vein m-cu of fore wing gradually merging in vein 2-CUT ................... 4

4 Clypeus nearly parallel-sided, slightly narrowed laterally, approximately
4.0x wider than high and largely smooth; first tergite 1.2—1.3x longer than
wide apically; face finely punctate ............. R. reconditor (Wesmael, 1835)

—  Clypeus trapezoid or narrow semi-circular, distinctly narrowed laterally,
2.5-3.0x wider than high and punctate; first tergite 1.3—1.6x longer than
its apical width; face rather coarsely punctate; [antenna of both sexes with
32=47 SEGMENTS] ....vieeieieeeeeeeeeeeeeeeeeeeee e R. unicarinata
(Fischer, 1959), comb. nov. [= R. mediocarinata (Fischer, 1963), syn. nov.]

Rhogadopsis clausulata Han & van Achterberg, sp. nov.
https://zoobank.org/9C9127E9-34AA-4F65-865A-776 AAB870CB9
Figs 1-12

Type material. Holotype, + © (RMNH), “South Korea: Kangwondo, Cuncheon,
Nam-myeon, Hudong-li, MT [= Malaise trap], 17.viii.—5.ix.2003, 37°44'N
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127°35'E, P. Tripotin, RMNH'12". Paratype: - 1 ¢ (RMNH), “South Korea: Kang-
wondo, Cuncheon, Magogli, along Hongchen river, 70 m, 12.vi.—11.vii.2004,
37°44'N 127°35'E, P. Tripotin, RMNH'12".

Diagnosis. Antennal scape and pedicel yellowish-brown, but flagellum dark
brown (Figs 9, 10); hypoclypeal depression absent (Figs 7, 8); mandible with
a rather basal lamella below at base (Fig. 8; invisible in anterior view); notauli
largely absent on disc (Fig. 4); mesoscutum and scutellum shiny, smooth and
largely glabrous; medio-posterior depression of mesoscutum absent (Fig. 4);
pterostigma wide triangular and narrowed apically (Fig. 2); vein m-cu of fore
wing distinctly postfurcal; second and following tergites dark brown, except
light pattern posteriorly (Fig. 5); setose part of ovipositor sheath shorter than
first metasomal tergite and hardly protruding beyond apex of metasoma (Fig. 6).

Description. Holotype, female; length of body 3.9 mm, of fore wing 3.6 mm.

Head. Antenna with 33 segments and 1.1x longer than body; third antennal
segment 3.0x longer than its width (Figs 9, 10); eye 1.3x longer than temple in
dorsal view; vertex smooth and frons glabrous, punctate, setose; median keel
on face smooth and shiny; clypeus 2.0x wider than its maximum height, moder-
ately setose, rather flat in lateral view and its ventral margin slightly protruding
medio-apically; hypoclypeal depression absent (Fig. 7); maxillary palp 1.1x lon-
ger than height of head; malar sulcus present (Figs 7, 8); occipital carina absent
dorsally; mandible symmetrical with a rather basal lamella below at base in
lateral view (Fig. 8).

Figure 1. Rhogadopsis clausulata Han & van Achterberg, sp. nov., holotype, ¢, South Korea, habitus, lateral.
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e —— |

Figures 2-10. Rhogadopsis clausulata Han & van Achterberg, sp. nov., holotype, ¢, South Korea 2 wings 3 mesosoma,
lateral 4 mesosoma, dorsal 5 propodeum and metasoma, dorsal 6 metasoma, lateral 7 head anterior and mesonotum,
antero-ventral 8 mandible, latero-ventral 9 antenna 10 base of antenna.
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Mesosoma. Mesosoma in lateral view 1.3x longer than its height; pronope
large and elliptical (Fig. 4); propleuron shiny and smooth; pronotal side largely
shiny and smooth, but postero-ventral area sculptured; mesopleuron smooth,
including narrow precoxal sulcus (Fig. 12); epicnemial area crenulate ventral-
ly, remaining area smooth; mesopleural sulcus crenulate; anterior groove of
metapleuron crenulate; metapleuron shiny, reticulate-rugose and moderately
setose; notauli absent on disc but with pair of short deep impressions ante-
riorly (Fig. 4); mesoscutum and scutellum shiny, smooth and sparsely setose;
medio-posterior depression of mesoscutum absent (Fig. 4); scutellar sulcus
widened medially and distinctly crenulate; propodeum coarsely reticulate-ru-
gose with a short medio-longitudinal carina and diverging oblique two trans-
verse carinae (Figs 4, 5).

Wings. Fore wing (Fig. 2): pterostigma wide, triangular and gradually nar-
rowed apically; vein 1-M almost straight; vein 1-SR+M straight; vein 3-SR lin-
ear with vein r, 1.5x longer than vein 2-SR; vein 2-SR oblique; vein SR1 nearly
straight; r:3-SR:SR1 = 3:29:57; vein m-cu distinctly postfurcal and 4x longer than
vein 2-SR+M; vein cu-a postfurcal; vein CU1b short (Fig. 2). Hind wing: vein m-cu
only pigmented basally; vein 1Tr-m 0.6x as long as vein 1-M; vein 2-M pigmented.

Legs. Length of hind femur 3.4x its maximum width (Fig. 1).

Metasoma. First tergite as long as its apical width, its surface shiny, reticu-
late-rugose and convex medially in lateral view (Figs 5, 6); dorsope absent, but
dorsal carinae strongly developed and separated posteriorly (Figs 4, 5); follow-
ing tergites smooth and moderately setose posteriorly (Fig. 5); second metaso-
mal suture obsolescent dorsally; setose part of ovipositor sheath 0.3x as long
as first tergite and 0.05x as long as fore wing, and slightly protruding beyond
apex of metasoma (Fig. 6).

Colour. Generally black or blackish-brown (Fig. 1); scape and pedicel of an-
tenna and ventral half of clypeus yellowish-brown; mandible, tegulae and legs
light brown; palpi pale yellowish; posterior bands of third to seventh tergites
yellowish; pterostigma and veins of wings brown; wings hyaline.

Variation. The paratype is very similar to the holotype, but antenna with 36
segments, length of body 4.1 mm, and of fore wing 3.6 mm, medio-longitudinal
carina of propodeum distinct and half as long as propodeum.

Distribution. South Korea.

Biology. Unknown.

Etymology. Named after the closed hypoclypeal depression: “clausus” is Lat-
in for shut or closed.

(N

Figures 11, 12. Rhogadopsis clausulata Han & van Achterberg, sp. nov., ¢, South Korea 11 holotype mesosoma, lateral
12 paratype mesosoma, lateral.
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Remarks. This new species runs to Rhogadopsis Bréthes by having a distinct
medio-longitudinal carina on the propodeum, a complete vein CU1b of fore
wing, a symmetrical mandible and a wide hind wing with less oblique vein 1r-m
of hind wing, 0.6x as long as vein 1-M (van Achterberg 2023). It is similar to
Rhogadopsis unicarinata (Fischer) because of the lack of the medio-posterior
depression of the mesoscutum, the short vein r of the fore wing and the distinct
medio-longitudinal carina of the propodeum (Chen et al. 2016). It differs from
the latter by the robust first tergite (slender in R. unicarinata), lack of the hypo-
clypeal depression (wide), head mainly black (more or less yellow), absence of
precoxal sulcus (present medially), vein m-cu of fore wing straight (curved) and
the very large pronope (absent).

Rhogadopsis obligoides Han & van Achterberg, sp. nov.
https://zoobank.org/9B8F875A-A596-4A8B-B946-6E7COB21F713
Figs 13-24

Type material. Holotype, - @ (KSNU), “South Korea: Baekgye-ro, Okryong, Gwang-
yang, Jeonnam, 10.ix.—24.ix.2019, 35°01'41"N 127°36'51"E, MT [= Malaise trap],
Hyojoong Kim leg., KSNU". Paratype, *+ 1 & (KSNU), “South Korea: Yeoseo-ri,
Cheongsan-myeon, Wando, Jeonnam, 2.vii.2020, 33°59'15.1"N 126°55'04.6"E,
SW [=collected by sweeping], Hyojoong Kim leg., KSNU".

Figure 13. Rhogadopsis obligoides Han & van Achterberg, sp. nov., holotype, ¢, South Korea, habitus, lateral.
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Diagnosis. Second and third metasomal tergites largely smooth except for
some faint sculpture anteriorly of both tergites (Fig. 18); hypoclypeal depression
distinct (Fig. 19); precoxal sulcus crenulate (Fig. 16); medio-posterior depression
of mesoscutum present (Fig. 17); first tergite reticulate-rugose without transverse
carinae (Fig. 18); vein m-cu of fore wing linear with veins 2-CU1 and 2-M (Fig. 14);
vein 1r-m of hind wing 0.7x as long as vein 1-M; vein m-cu of hind wing absent.

Description. Holotype, female; length of body 2.1 mm, of fore wing 2.2 mm.

Head. Antenna with 23 segments and as long as body; third segment 2.8x
longer than its width, 1.1x longer than fourth segment (Fig. 24); eye in dor-
sal view 3.2x longer than temple (Fig. 20); vertex and frons shiny, smooth and
sparsely setose; clypeus 2.1x wider than its maximum height (Fig. 19); clypeus
rather convex with setae and its ventral margin almost straight; hypoclypeal
depression distinct (Fig. 19); maxillary palp 0.8x longer than height of head;
malar sulcus present; occipital carina interrupted dorsally; mandible triangular
and gradually widened basally (Fig. 19).

Mesosoma. Mesosoma in lateral view 1.3x longer than its height; pronope
deep, large and round (Figs 17, 20); mesopleuron smooth but precoxal sulcus
oblique and crenulate (Fig. 16); epicnemial area smooth dorsally; mesopleural
sulcus smooth; anterior groove of metapleuron crenulate, ventral area faint-
ly rugose and remainder area smooth; notauli absent on disc except for both
deep and short impressions anteriorly (Fig. 17); mesoscutum shiny, smooth
and sparsely setose along imaginary notaulic courses and around medio-pos-
terior depression; scutellum shiny and smooth; medio-posterior depression of
mesoscutum round (Fig. 17); scutellar sulcus widened and distinctly crenulate;
propodeum coarsely reticulate-rugose with a medio-longitudinal carina and
two oblique transverse carinae (Fig. 21).

Wings. Fore wing (Fig. 14): pterostigma triangular, gradually narrowed apically;
veins 1-M and SR1 curved; veins 1-SR+M and 2-SR straight; vein 3-SR 1.7x longer
than vein 2-SR; r:3-SR:SR1 = 5:36:57; vein m-cu distinctly postfurcal and twice as
long as vein 2-SR+M; vein CU1b rather long (Fig. 14); first discal cell closed. Hind
wing (Fig. 15): vein m-cu absent; vein 1r-m 0.7x as long as vein 1-M.

Legs. Length of hind femur 4.1x its maximum width (Fig. 22); hind femur
with rather long and tibia with medium-sized setae.

Metasoma. First tergite 0.9x as long as its apical width, its surface shiny,
irregularly and densely rugose and convex medially in lateral view (Fig. 18); dor-
sope absent, but dorsal carinae strongly developed (Fig. 18); second metaso-
mal suture distinct; second tergite largely smooth but anteriorly striate-rugose;
third tergite largely smooth but densely and shortly striate-rugose anteriorly;
following tergites smooth and with few setae posteriorly; setose part of ovipos-
itor sheath 0.7x as long as first tergite and 0.1x as long as fore wing, slightly
protruding beyond apex of metasoma (Fig. 23).

Colour. Generally black (Fig. 13); scape and pedicel of antenna brown; anten-
na, ventral half of clypeus and mandible dark brown; palpi pale yellowish; legs
and tegular yellowish-brown; veins and pterostigma greyish; wings subhyaline.

Distribution. South Korea.

Biology. Unknown.

Etymology. The name is a combination of the specific name “obliqua” and
“oides” (Latin for resembling) because the new species is similar to R. obliqua
Li & van Achterberg.
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14 L 19

- A

_ |
Figures 14-24. Rhogadopsis obligoides Han & van Achterberg, sp. nov., holotype, ¢, South Korea 14 fore wing 15 hind
wing 16 mesosoma, lateral 17 mesosoma, dorsal 18 metasoma, dorsal 19 head, anterior 20 head, dorsal 21 propodeum

22 hind leg 23 ovipositor and sheath 24 antenna.

-
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Remarks. This species runs to Rhogadopsis obliqua Li & van Achterberg in
the key of Li et al. (2013), because of having the antenna of ¢ with only about
23 segments, clypeus 2.1x wider than its maximum height, the medio-posterior
depression of mesoscutum distinctly impressed, the propodeum with a short
medio-longitudinal carina, the wide hind wing with less oblique vein 1r-m of
hind wing, 0.7x as long as vein 1-M, the third metasomal tergite largely smooth,
ventro-posterior crenulate groove of pronotal side, the medio-posterior depres-
sion of mesoscutum distinctly developed and the precoxal sulcus crenulated.
However, it differs by having the second metasomal tergite more or less sculp-
tured (smooth in R. obliqua), the lack of vein m-cu of hind wing (presented as
unpigmented trace), vein 1-M of fore wing distinctly curved (slightly curved),
vein m-cu of fore wing twice as long as vein 2-SR+M (1.5 times longer) and hind
tibia of female wider and conspicuously setose (narrower and sparse setose).

Rhogadopsis setosipunctata Han & van Achterberg, sp. nov.
https://zoobank.org/A5B24C03-7A2D-4F9D-B580-CBC6B6842796
Figs 25-37

Type material. Holotype, - @ (KSNU), “South Korea: Gonggeun-ri, Gonggeun,
Hoengseong, Gangwon, 19.vii.—6.viii.2019, 37°33'58.3"N 127°57'54.9"E, MT
[= Malaise trap], Hyojoong Kim leg., KSNU".

Diagnosis. Mesoscutum and scutellum finely punctate and setose (Fig. 29);
antenna of 9 with 26 segments; hypoclypeal depression distinct (Fig. 32);

25

1.0 mm

Figure 25. Rhogadopsis setosipunctata Han & van Achterberg, sp. nov., holotype, ¢, South Korea, habitus, lateral.
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precoxal sulcus crenulate (Fig. 28); antero-dorsal area of mesopleuron brown;
medio-posterior depression of mesoscutum present (Fig. 29); vein m-cu of fore
wing interstitial (Fig. 26) or nearly so; first metasomal tergite 0.7x as long as its
apical width (Fig. 30) and smooth as following metasomal tergite.

Description. Holotype, female; length of body 2.4 mm, of fore wing 2.4 mm.

Head. Antenna with 26 segments and as long as body (Fig. 37); third seg-
ment 2.7x longer than its width, 1.1x longer than fourth segment; eye in dor-
sal view 2.2x longer than temple (Fig. 33); vertex and face shiny, punctate and
densely setose; clypeus 2.3x wider than its maximum height (Fig. 32); clypeus
in lateral view rather convex with long setae and its ventral margin slightly con-
cave; hypoclypeal depression distinct (Fig. 32); maxillary palp 0.7x as long as
height of head; occipital carina interrupted dorsally; mandible triangular and
gradually widened basally (Fig. 32).

Mesosoma. Mesosoma in lateral view 1.3x longer than its height; pronope
deep, large and round; mesopleuron smooth but precoxal sulcus oblique, robust
and crenulate (Fig. 28); epicnemial area crenulate ventrally; mesopleural sulcus
smooth; anterior groove of metapleuron crenulate; metapleuron area coarsely ru-
gose ventrally with setae and remaining area smooth; notauli absent on disc ex-
cept deep and short impressions anteriorly (Fig. 29); mesoscutum and scutellum
shiny, punctate and densely setose; medio-posterior depression of mesoscutum
elliptical (Fig. 29); scutellar sulcus robust and distinctly crenulate; propodeum re-
ticulate-rugose, with a short medio-longitudinal carina anteriorly and two oblique
transverse carinae, remaining area shiny and smooth (Figs 29, 34).

Wings. Fore wing (Fig. 26): pterostigma triangular, gradually narrowed
apically; veins 1-M and SR1 curved; vein 1-SR 0.3x as long as vein 1-M; vein
1-SR+M sinuate; vein r 0.7x as long as vein 1-SR; vein 3-SR 1.3x longer than
vein 2-SR; r:3-SR:SR1 = 7:32:54; veins m-cu, cu-a interstitial; first subdiscal cell
closed. Hind wing (Fig. 27): wide; vein m-cu faintly pigmented; vein 1r-m 0.7x
as long as vein 1-M.

Legs. Length of hind femur 3.6x its maximum width (Fig. 36).

Metasoma. First tergite 0.7x as long as its apical width, its surface shiny,
smooth and convex medially in lateral view; dorsope absent, dorsal carinae
strongly developed and reaching apex of tergite (Figs 29, 30); second metaso-
mal suture absent; second tergite shiny, smooth, with a pair of oblique depres-
sions anteriorly; following tergites shiny, smooth with posterior row of setae;
setose part of ovipositor sheath 0.7x as long as first tergite and 0.09x as long
as fore wing, slightly protruding beyond apex of metasoma (Fig. 35).

Colour. Generally black to dark brown (Fig. 25); scape of antenna, mandible
and legs yellowish-brown; antenna, face, tegulae and mesopleuron antero-dor-
sally brown; palpi pale yellowish; veins and pterostigma brown to dark brown;
wing membrane subhyaline.

Distribution. South Korea.

Biology. Unknown.

Etymology. Named after the uniformly punctate and setose face, mesoscutum
and scutellum; “punctus” is Latin for “point”, and “setosus” is Latin for “with setae”.

Remarks. This new species fits well in the genus Rhogadopsis because of
the short medio-longitudinal carina on the propodeum anteriorly, the symmetri-
cal mandible, the complete vein CU1b of fore wing, the wide hind wing with less
oblique vein 1r-m of hind wing 0.7x as long as vein 1-M and anterior groove of
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Figures 26—37. Rhogadopsis setosipunctata Han & van Achterberg, sp. nov., holotype, ¢, South Korea 26 fore wing 27 hind
wing 28 mesosoma, lateral 29 mesosoma, dorsal 30 first metasomal tergite, dorsal 31 metasoma, dorsal 32 head, ante-
rior 33 head, dorsal 34 propodeum 35 ovipositor and sheath 36 hind leg 37 antenna.

metapleuron crenulated. The species is unique among the East Palaearctic and
Northeast Oriental species because of the punctate mesoscutum and scutellum,
the smooth first tergite with coarse dorsal carinae up to the apex of the tergite and
the lack of vein 2-SR+M of the fore wing (a result of the subinterstitial vein m-cu).
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