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Abstract
Microdous amblyrhynchos, a new species, the second one in the genus, from the family Odontobutidae, is 
described from the Hongshui River, in the upper reaches of the Xijiang River of the Pearl River drainage, 
Baise City, Guangxi Zhuang Autonomous Region, southern China. This species is distinguished from its 
only congener, M. chalmersi, by the blunt snout (vs. pointed); mean snout length/head length ratio 0.27 
(vs. 0.3); eye not extending outward (vs. protruding); mean interorbital width/head length ratio 0.25 
(vs. 0.11). Additionally, the results of molecular phylogenetic analysis confirmed that M. amblyrhynchos 
sp. nov. is distinct from its sister species, M. chalmersi.
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Introduction

The family Odontobutidae comprises about 15–22 species in seven genera (Iwata 2011; 
Li et al. 2018). They are typically small, benthic, ambush predators that are endemic to 
freshwater ponds and creeks of eastern and southern Asia. This family can be distinguished 
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from other gobiiforms by the following combination of characters: (1) six branchiostegal 
rays; (2) separated pelvic fins; (3) well-developed scapula excluding the cleithrum and 
proximal radials; and (4) longitudinally distributed lines of cephalic sensory papillae (Ho-
ese and Gill 1993; Iwata 2011; Li et al. 2018). Li et al. (2018) revealed two clades within 
Odontobutidae using nuclear gene capture data, one of which includes three monophy-
letic genera: Microdous Li, 2018 (southern China and northern Vietnam) as sister to a 
clade consisting of Micropercops Fowler & Bean, 1920 (China, Japan and the Korean 
Peninsula) and Sineleotris Herre, 1940 (southern China and the Indo-China Peninsula).

Microdous Li, He, Jang, Liu & Li, 2018 was established for Phylipnus chalmersi 
Nichols & Pope, 1927 and distinguished from other genera of Odontobutidae by 
a unique combination of the following character states: (1) presence of suborbital 
bone; (2) presence of complete cephalic sensory canals; (3) small and cuspidal gill 
rakers; (4) gill openings extending to under the front part of the eyes; (5) absence 
of vertical bands on the sides; (6) absence of a dark band under the eye; and (7) 
presence of an irregular black fleck on the upper part of the base of the pectoral fin 
in preserved specimens (Li et al. 2018). In the present study, a new species in the 
previously monotypic Microdous is described from Guangxi, southern China. The 
new species is also supported by a molecular phylogenetic analysis of mitochondrial 
cytochrome c oxidase subunit I (COI) implemented to evaluate the position of the 
new species among closely related taxa.

Materials and methods

In total, eight specimens were collected from Lihong Village (24°26.21'N, 106°26.72'E; 
c. 870 m a.s.l.), Yuhong Town, Lingyun County, Baise City, Guangxi Zhuang Autono-
mous Region using fish traps (Fig. 1). Specimens were preserved in 95% ethanol in 
the field then transferred to 75% ethanol. The right pectoral fins of six specimens were 

Figure 1. The sampling location of Microdous amblyrhynchos sp. nov. in China (inset) indicated by the 
green triangle.
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clipped for molecular analysis, and then the specimens were fixed in 10% formalin 
and transferred into 75% ethanol for morphological examination. All specimens were 
assigned with a collection number (CL) to facilitate sample tracking. Five specimens 
(holotype and four paratypes) were used to collect morphological measurements and 
most counts except for the number of gill rakers and vertebrae (Table 1). Three para-
types were used in the molecular analysis. Seven specimens were used to calculate snout 
length/ head length ratios in order to examine whether the snout was blunter in the 
new species than in that of M. chalmersi.

Type specimens were deposited at the Fish Collection of the Shanghai Ocean Uni-
versity (SOU), China. Collection numbers and voucher numbers (in parentheses) of 
specimens of the new species are as follows: CL3084-1 (= SOU1801010-1), CL3084-2 
(= SOU1801010-2), CL3084-3 (= SOU1801010-3), CL3084-4 (= SOU1801010-4), 

Table 1. Morphological characters for the type specimens of Microdous amblyrhynchos sp. nov.

Characters SOU1801010-7 SOU1801010-8 SOU1801010-1 SOU1801010-2 SOU1801010-3
Counts
Dorsal fins VIII;I/9 VII;I/9 VII;I/9 VII;I/9 VIII;I/10
Pectoral fins 15 15 15 15 15
Pelvic fins I/5 I/5 I/5 I/5 I/5
Anal fin I/8 I/8 I/8 I/8 I/8
Caudal fin 15 15 15 15 15
Lateral scales 41 40 40 40 41
Transverse scales 13 13 13 13 13
Predorsal scales 24 23 21 21 23
Gill rakers 4+9 (counted on a non-type specimen)
Vertebrae 16+18 (counted on a non-type specimen)
Measurements
Total length (TL), mm 89.9 81.6 83.6 75.4 90.2
Standard length (SL), mm 74.9 66.9 69.8 63.2 76.2
Percentage of SL (%)
Head length 30.1 27.9 30.3 31.3 29.2
Predorsal length 35.8 36.1 37.4 39.4 37.2
Snout to second dorsal fin 54.8 55.1 57.6 55.7 54.9
Snout to anus 56.5 55.5 55.5 57.0 56.1
Snout to pelvic fins 31.0 30.3 31.2 32.1 29.5
Length of caudal peduncle 26.9 26.3 26.1 25.6 24.9
Depth of caudal peduncle 11.7 10.4 10.8 10.6 10.2
Body depth at first dorsal fin origin 19.0 17.0 19.4 18.6 18.2
Body width at anal fin origin 12.9 9.1 12.0 9.5 10.0
Length of first dorsal fin base 12.5 13.6 14.3 11.3 14.7
Length of second dorsal fin base 20.1 19.5 20.0 18.9 19.3
Length of anal fin base 12.6 13.1 15.3 12.8 13.0
Length of pectoral fin 22.0 20.6 22.6 23.8 22.0
Length of pelvic fin 15.9 17.7 18.4 19.9 18.5
Percentage of head length (%)
Snout length 26.4 27.3 27.3 27.8 27.0
Maximum head depth 59.3 60.0 64.0 55.3 61.9
Maximum head width 61.0 62.7 64.9 58.0 62.2
Interorbital width 26.8 26.2 27.2 26.9 26.1
Eye diameter 21.0 21.6 19.2 20.4 22.1
Lower jaw length 31.6 36.5 33.3 28.4 33.4
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Table 2. Localities, voucher information and GenBank accession numbers for the samples used in this study.

Species Collection number Locality GenBank numbers
Microdous amblyrhynchos SOU1801010-1 

SOU1801010-2 
SOU1801010-3

Baise, Guangxi, China OP536373, 
OP536374, 
OP536375

Microdous chalmersi CL2076-3 Wuzhishan, Hainan, China OQ319987, 
CL2076-5 OQ319988

Sineleotris saccharae 25012 Fangchenggang, Guangxi, China OQ382855
Neodontobutis hainanensis 20272 Hainan, China OQ330750
N. lani 25911 Longzhou, Guangxi, China OQ330749
Micropercops swinhonis – – NC_021763.1
Odontobutis sinensis – – NC_022818.1
O. haifengensis – – NC_036056.1
O. interruptus – – NC_027583.1
O. potamophilus – – NC_022706.1
O. platycephala – – NC_010199.1
O. yaluensis – – NC_027160.1
Perccottus glenii – – NC_020350.1
Rhyacichthys aspro – – NC_004414.1

CL3084-5 (= SOU1801010-5), CL3084-6 (= SOU1801010-6), CL3084-7 
(= SOU1801010-7), CL3084-8 (= SOU1801010-8).

Morphological measurements, counts and observations followed Wu et al. (2008). 
Nomenclature of cephalic sensory pores followed Akihito (1986). Each specimen was 
sexed by morphology of the urogenital papilla (Miller 1992). Two non-type specimens 
were dissected for counts of the number of gill rakers and vertebrae, and for examina-
tion of the vomerine region.

Genomic DNA was extracted using an Ezup Column Animal Genomic DNA Pu-
rification Kit (Sangon, Shanghai, China). Partial sequences (~ 1500 bp) of cytochrome 
c oxidase subunit I (COI), covering whole barcoding region was amplified from three 
paratype specimens (SOU1801010-1, SOU1801010-2, SOU1801010-3) as well as 
from comparative specimens (Table 2) using Vazyme 2× Taq Plus Master Mix II (San-
gon, Shanghai) with a forward primer, CCATTTTACCTGTGRCAATCACACG, 
and a reverse primer CAGAGCGGTTATGTRTCTGGCTTGAA according to Zhou 
et al. (2022). The following thermal cycles was followed: an initial denaturation at 
94 °C for 5 min, 30 cycles of denaturation at 94 °C for 30 sec, primer annealing at 
55 °C for 30 sec, extension at 72 °C for 1 min, and the final extension was 7 min at 
72 °C (Zhou et al. 2022). The amplified products were checked on 1% agarose gels be-
fore sending to Azenta (Suzhou, Jiangsu, China) for sequencing. The sequence of three 
paratype specimens were lodged in GenBank with accession numbers OP536373, 
OP536374 and OP536375.

Sequences of additional material were retrieved from the National Center for Bio-
technology Information database (Table 2). All sequences were aligned and analyzed using 
MEGA11 (Tamura et al. 2021). A maximum-likelihood tree including all genera of Od-
ontobutidae except for Terateleotris was reconstructed under the HKY+G model with 1000 
bootstrap replications. The resulting tree was visualized in FigTree v. 1.4.4 (Rambaut 2018).
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Taxonomic account

Microdous amblyrhynchos sp. nov.
https://zoobank.org/2C35228B-6C4A-4D19-B8EC-C0E03CB2D67E
Figs 2, 3
Blunt-snout small-toothed sleeper, Dùn Wěn Xì Chǐ Yoù, 钝吻细齿䱂 (Chinese)

Type material. Holotype. SOU1801010-7 (CL3084-7) (Fig. 2), male, 74.9 mm 
standard length (SL), obtained from an unnamed stream of a tributary of the Hong-
shui River, upper reaches of the Xijiang River of the Pearl River basin; Lihong Village 
(24°26.21'N, 106°26.72'E; c. 870 m a.s.l.), Yuhong Town, Lingyun County, Baise 
City, Guangxi, China (Fig. 1); collected using fish trap by J.H. Lan, May 2020.

Paratypes. SOU1801010-8 (CL3084-8), female, 66.9 mm SL; SOU1801010-1 
(CL3084-1), male, 69.8 mm SL; SOU1801010-2(CL3084-2), male, 63.2 mm stand-
ard length; SOU1801010-3 (CL3084-3), male, 76.2 mm SL. Sampling data same as 
for the holotype.

Diagnosis. Microdous amblyrhynchos sp. nov. can be distinguished from the only 
congener M. chalmersi by the following character states: snout blunt, snout length/
head length ratio 0.26–0.28, mean 0.27 (vs. pointed, snout length/head length ratio 
0.28–0.32); eye large, but not protruding outward, interorbital width larger than eye 
diameter, interorbital width/head length ratio 0.22–0.27,mean = 0.25 (vs. large and 
protruding eye, interorbital width equal to or smaller than eye diameter, interorbital 
width/head length ratio 0.11–0.12) (Fig. 4).

Description. Morphometric and meristic data for the holotype and paratypes are 
presented in Table 1. The maximum standard length (SL) was 76.2 mm.

First dorsal fin rays VII or VIII; second dorsal fin rays I/9–10; anal fin rays 
I/8–9; pectoral fin rays 15; pelvic fin rays I/5; caudal fin rays 15; longitudinal scale 
rows 40–41; transverse scale rows 13; predorsal scales 21–24; gill rakers 4+9; verte-
brae 34 (16+18).

Body stout, slightly compressed posteriorly. Head large, slightly depressed. Eye 
large, located in anterior half of head, not protruding outward. Several rows of tiny 
conical teeth on both jaws. Tiny, slender, teeth-like dermal projections in vomerine 
region (Fig. 5A). Gill opening extending to under anterior part of eye. Cephalic 
sensory canals complete (Fig. 6). Urogenital papilla distinct, rest behind the anus 
opening (Fig. 7).

Posterior tip of dorsal fin reaching origin of second dorsal fin when depressed. Sec-
ond dorsal fin ends distinctly anterior of origin of caudal fin. Caudal fin and pectoral 
fin large, elliptical. Pelvic fins well separated, rear tip not reaching anus. Interopercle 
and subopercle naked. Ctenoid scales on dorsal and lateral side of body, ventral side of 
body posterior to anus and opercle, transforming ctenii present. Small cycloid scales on 
predorsal area, cheek, nape, preopercle, base of the pectoral fin, breast and abdomen.

Coloration in life. Head black and dark brown with black dots on cheek. Body 
side yellowish, several irregular dark patches and orange dots on the side. Back dark 
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brown. Unpaired fins possessing several inconspicuous stripes of dark spots and white 
edge. Pectoral fins and pelvic fins transparent and dusky. An irregular black fleck on 
upper part of base of pectoral fin. Ventral side of abdomen pale, with dull and incon-
spicuous dark patches. Urogenital papilla dark brown (Fig. 3A).

Coloration preserved. Head dark brown with black dots on the cheek. Body side 
brown, orange dots absent. Back brown. Irregular black fleck on upper part of base of 
pectoral fin dull and inconspicuous. Ventral side of abdomen light brown. Urogenital 
papilla whitish (Fig. 3B).

Sexual dimorphism. Urogenital papilla elongate with a wide base, tapering and 
with a narrow tip in male; truncated in female (Fig. 7).

Cephalic sensory canals system. Anterior extension in front of interorbital with 
three pairs of pores A, B and C, and a single interorbital pore D. A pair of pores E 
lateral to pore D. Lateral section of oculoscapular canal with a series of seven pairs of 
pores: F to L (terminal). Preopercular canal extending to ventral side of preopercle, 
with five pairs of pores: M (dorsal) to Q (ventral) (Fig. 6).

Figure 2. Microdous amblyrhynchos sp. nov., SOU1801010-7, holotype, 74.9 mm standard length, Baise 
City, Guangxi A dorsal B lateral C ventral.
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Cephalic sensory papillae. Neuromast numerous, small and densely set in mostly 
longitudinally arranged rows (Fig. 6).

Biology. Mircodous amblyrhychos can be found in small creeks or rivers with slow 
moving, clear water and rocky bottom. Some remains of chitin exoskeleton of crusta-
ceans were found in the anus opening of the holotype, suggesting that M. amblyrhyn-
chos is carnivorous. The male’s head would turn black with several orange dots on the 
body sides during their spawning seasons.

Etymology. This species is named for its blunt snout distinguishing it from 
M. chalmersi. The species name derives from Greek ambly meaning dull or blunt and 
rhynchos meaning snout.

Phylogenetic analysis. The COI tree with three individuals of M. amblyrhynchos 
and representative species of all available Odontobutidae genera except for Terateleotris 
is shown in Fig. 8. Rhyacichthys aspro Valenciennes, 1837 was used as the outgroup fol-
lowing Li et al. (2018). All genera of Odontobutidae were monophyletic in the tree. 

Figure 3. Microdous amblyrhynchos sp. nov. A live male individual with spawning coloration from a local 
market in Yuhong Town, Lingyun County, Baise City, Guangxi, China; photo taken in summer, 2019 
B fresh non-type specimen, male, deposited at collection of Duan Yao Autonomous County Aquatic 
Technology Station, Guangxi; preserved in 10% formalin.
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Figure 4. Head lateral (A) and dorsal (B) view of Microdous amblyrhynchos sp. nov. (upper, SL 74.9 mm, 
SOU1801010-7) and M. chalmersi (lower, SL 83.0 mm, SOU070504).

Figure 5. Vomer region A Microdous amblyrhynchos sp. nov. SOU1801010-5 B M. chalmersi CL2076-1. 
Abbreviation: vt, vomerine teeth-like dermal projections.
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Figure 6. Patterns of main cephalic sensory papilla lines (rows of dots) and cephalic sensory canal sys-
tem (red spots, A–Q) of Microdous amblyrhynchos sp. nov. (SOU1801010-7, holotype) in lateral (A), 
dorsal (B) and ventral (C) view.

Figure 7. Urogenital papilla of Microdous amblyrhychos sp. nov. SOU1801010-7 (A male) and 
SOU1801010-8 (B female).
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All M. amblyrhynchos specimens formed a clade distinct from M. chalmersi. The p-
distance between M. amblyrhychos and M. chalmersi was 10.7% (Suppl. material 1), 
suggesting that M. amblyrhynchos is a distinct species of the genus Microdous.

Discussion

Microdous differs from other genera of the Odontobutidae by the following characters: 
lateral line absent (present in Terateleotris); barbel-like projection on sensory papilla 
absent (present in Neodontobutis); prevomerine teeth absent (present in Perccottus); 
cephalic sensory canals complete (moderate in Micropercops, absent or reduced in Od-
ontobutis); maximum head width/maximum head depth ratio slightly greater or equal 
to 1 (vs. maximum head depth/maximum head width far less than 1 in Sineleotris); and 
dark band under eye (vs. present in Sineleotris).

Our analyses using both morphological and molecular data clearly suggest that the 
specimens collected from Yuhong Town, Lingyun County, Baise City, Guangxi, south-
ern China should be recognized as a new species belonging to the genus Microdous. 

Figure 8. Maximum-likelihood (ML) tree of Microdous amblyrhynchos sp. nov., and other species of the 
Odontobutidae, based on sequences (~ 1500 bp) covering the whole barcoding region of cytochrome c 
oxidase subunit I (COI) gene. Numbers at nodes indicate the bootstrap support (BS). BS < 95 are not 
shown. SOU1801010-1, SOU1801010-2, and SOU1801010-3 are the voucher numbers of the para-
types. CL2076-3 and CL2076-5 are the collection numbers of M. chalmersi.
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This new species can be morphologically distinguished from its only congener by its 
wider interorbital width, blunt snout, and non-extending eyes. A single specimen (as 
Perccottus chalmersi) from Xiajia village, Lingyun town was described by Zheng (1981) 
that had a blunt snout and dark fins with several inconspicuous stripes formed of dark 
spots. This specimen might in fact be a record of M. amblyrhynchos; however, it was 
inaccessible for comparison due to its unknown whereabouts.

The genus Microdous was established by Li et al. (2018) for P. chalmersi and the 
etymology of the generic name is “small + teeth” in Greek, referring to “a curved band 
of fine teeth on the vomer” (Nichols and Pope 1927) or “slender and tiny teeth on the 
vomer region of the fish” (Li et al. 2018), which were also mentioned as “vomerine 
teeth” in other studies (Zheng 1981; Wu et al. 2008). This character state is present in 
both M. amblyrhynchos and M. chalmersi (Fig. 5). However, our stereomicroscopic ob-
servation of the vomerine region showed that these projections growing directly from 
skin are different from the prevomerine teeth in other species such as Perccottus glenii 
Dybowski, 1877. Similar “skin teeth” were also found in Neodontobutis hainanensis 
Chen, 2002 and Sineleotris saccharae Herre, 1940 (Chen and Zheng 1985; Pan 1991). 
These vomerine teeth-like dermal projections are weak and tiny compared to the size 
of the fish, leaving their function as unclear.

Our phylogenetic analysis (Fig. 8) showed that Microdous is monophyletic, and the 
specimens of M. amblyrhynchos formed a clade distinct from M. chalmersi. Microdous 
was dated to the Miocene (17.9 Ma) and its origin was estimated as from southern 
China (Li et al. 2018). Biogeographical (Li 1981; Zhu 2016), palaeobotanical (Yao 
et al. 2009) and geological (Liang 2018) studies indicated that the Hainan Island was 
adjacent to the mainland several times due to plate movement, volcanic activity or sea 
level change since the Eocene epoch (30 Ma) (Liang 2018). Thus, the repeated con-
nections and separations between Hainan Island and mainland could account for the 
divergence between M. chalmersi and M. amblyrhynchos.

The present-day distribution of genus Microdous includes southern China and 
northern Vietnam (Kottelat 2001 as Perccottus chalmersi). However, the Laotian species 
Sineleotris namxamensis (Chen & Kottelat, 2004) shares closest morphological similari-
ties with the genus Microdous rather than the genus Sineleotris, such as the absence of 
a dark band under the eye and the arrangement of the cephalic sensory canal system. 
Thus, S. namxamensis would be better placed in the genus Microdous; the taxonomy of 
this species requires further research and molecular evidence.

Due to the rarity of the species, we know nothing about the reproduction, life cy-
cle, and behavior of M. amblyrhynchos. Currently, the new species is only known from 
its type locality despite frequent surveys in Guangxi, suggesting that it is probably a 
species with a restricted distribution range. Habitat degradation at the type locality due 
to invasive species and illegal electric fishing may threaten the survival of this species. 
Therefore, we recommend that M. amblyrhynchos should be listed as a Vulnerable (VU) 
species [IUCN Red List criteria A1cde+B1b(iii)+D2].

According to Li et al. (2018), southern China maybe the region where the fam-
ily Odontobutidae originated. This region has high Odontobutidae species diversity, 
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including eight species of five genera. A new member of the genus Neodontobutis, N. 
lani (Zhou et al. 2022) was described recently from Longzhou Town, Guangxi, Zuoji-
ang River basin, suggesting that more new species from these places may be uncovered.

Comparative material

All M. chalmersi specimens examined for morphological comparison were deposited in 
the Fish Collection of the Shanghai Ocean University, China with the registration tags 
76V8791, 76V8792, 76V9228, from Qiongzhong, Hainan, May 1976; HN832384 
from Changjiang, Hainan, May 1983, and 070504 from Wuzhishan, Hainan, May 
1983; CL2076-1 from Wuzhishan, Hainan, August 2018.

Ethical approval

All animal procedures performed in this research were done so in accordance with the 
“Ethical Standards of the Shanghai Ocean University (2020)”.
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Abstract
A new species of small tree frog is described from northwestern Vietnam based on morphological dif-
ferences and molecular divergence. Gracixalus truongi sp. nov. is distinguishable from its congeners and 
other small rhacophorid species on the basis of a combination of the following characters: size relatively 
small, SVL 32.2–33.1 mm in males, 37.6–39.3 mm in females; head slightly wider than long; vomerine 
teeth absent; snout round and long RL/SVL 0.17–0.19 in males, 0.16–0.17 in females; spines on up-
per eyelid absent; supratympanic fold distinct; tympanum distinct; dorsal skin smooth; throat smooth 
and venter granular; tibiotarsal projection absent; webbing of fingers rudimentary, toes with moderately 
developed webbing; dorsum moss-green, with an inverse Y-shaped dark green marking extended from 
interorbital region to posterior region of dorsum; external vocal sac absent in males; males with a nuptial 
pad on finger I. In the molecular analyses, the new species has no clear sister taxon and is at least 4.5% 
divergent from other congeners based on a fragment of the mitochondrial 16S rRNA gene.
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Introduction

The genus Gracixalus Delorme, Dubois, Grosjean & Ohler, 2005 is known from south-
ern China through mainland Indochina, i.e., Cambodia, Laos, Vietnam, and southwards 
to Thailand. This genus consists of 18 recognized species, ten of which have been de-
scribed in the last ten years (Frost 2022). In Vietnam, five species were recently discov-
ered, namely G. lumarius Rowley, Le, Dau, Hoang & Cao, 2014; G. sapaensis Matsui, 
Ohler, Eto & Nguyen, 2017; G. trieng Rowley, Le, Hoang, Cao & Dau, 2020; G. ziegleri 
Le, Do, Tran, Nguyen, Orlov, Ninh & Nguyen, 2021; and G. yunnanensis Yu, Li, Wang, 
Rao, Wu & Yang, 2019. Recent phylogenetic analyses showed that there are still several 
unnamed distinct lineages in the G. jinxiuensis species group, indicating that species rich-
ness of Gracixalus remains underestimated (e.g., Matsui et al. 2017; Chen et al. 2018).

During our recent field work in northwestern Vietnam, specimens of a small 
treefrog species were collected in the karst forest of Dien Bien and Son La provinces. 
This treefrog taxon appears to be a member of the genus Gracixalus due to its small size 
(SVL < 40 mm), the presence of intercalary cartilage between terminal and penulti-
mate phalanges of digits, tips of digits expanded into large discs bearing circum-mar-
ginal grooves, the vomerine teeth being absent, horizontal pupil, tibia ~ 4–5× longer 
than wide, translucent skin, inner (first and second) and outer (third and fourth) fin-
gers not opposable, and dorsum with an inversed Y-shaped dark brown marking on 
dorsum (Fei et al. 2009; Rowley et al. 2011, 2020; Chen et al. 2018; Yu et al. 2019; Le 
et al. 2021). Closer examination showed that this taxon could be clearly distinguished 
from other known members of the genus by a combination of several morphological 
features in adults. In the phylogenetic analyses, this taxon forms a lineage independent 
from its congeners and clusters within the Gracixalus jinxiuensis species group with a 
high support level. Owing to these distinctions, we describe it herein as a new species.

Materials and methods

Sampling

Field surveys were conducted in September 2016 in Thuan Chau District, Son La 
Province; in November 2020 and December 2021 in Tuan Giao District, Dien Bien 
Province, northwestern Vietnam. Amphibian specimens were collected between 19:00 
and 23:00 h. After having photographed the living specimens, they were anaesthe-
tized and euthanized in a closed vessel with a piece of cotton wool containing ethyl 
acetate (Simmons 2002), fixed in 80% ethanol for five hours, and later transferred to 
70% ethanol for permanent storage. Tissue samples were preserved separately in 70% 
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ethanol prior to fixation. Voucher specimens referred to in this paper were deposited 
in the collections of the Institute of Ecology and Biological Resources (IEBR) and the 
University of Science (HUS), Vietnam National University (VNU), Hanoi, Vietnam.

Molecular data and phylogenetic analyses

Three new samples from Dien Bien Province were included in the study. An ad-
ditional 33 sequences of other species of Gracixalus were obtained from GenBank. 
Outgroup polarity was provided by three taxa, Kurixalus eiffingeri, K. odontotarsus, 
and Philautus aurifasciatus (Nguyen et al. 2013; Rowley et al. 2020). We used the 
protocols of Le et al. (2006) for DNA extraction, amplification, and sequencing. A 
fragment of the mitochondrial gene 16S was amplified using the primer pair 16Sar 
(5’-CGCCTGTTTATCAAAAACAT-3’) + 16Sbr (5’-CCGGTCTGAACTCAGAT-
CACGT-3’) (Palumbi et al. 2002). To confirm genetic distinction of the new popula-
tions from other species with available samples, we also sequenced eight other species, 
G. ananjevae, G. gracilipes, G. nonggangensis, G. quangi, G. sapaensis, G. supercornutus, 
G. trieng, and G. ziegleri, using a fragment of the nuclear gene Rag1. A primer pair, 
Amp-RAG1 F (5’-AGCTGCAGYCARTAC CAYAARATGTA-3’) and Amp-RAG1 
R1 (5’-AACTCAGCTGCATTKCCAATRTCACA-3’) (San Mauro et al. 2004), was 
employed to amplify DNA of targeted species. We included two species, Philautus au-
rantium and P. ingeri, whose sequences were obtained from GenBank, in the analyses 
as outgroups. After sequences were aligned by Clustal X v. 2 (Thompson et al. 1997), 
data were analyzed using maximum parsimony (MP) and Bayesian inference (BI), as 
implemented in PAUP*4.0b10 (Swofford 2001), maximum likelihood (ML), as im-
plemented in IQ-TREE v. 1.6.7.1 (Nguyen et al. 2015), and Bayesian inference (BI), 
as implemented in MrBayes v. 3.2.7 (Ronquist et al. 2012) for 16S sequences. We 
performed BI and ML for Rag1 sequences. In addition, relationships amongst Gracix-
alus species were also inferred using the NeighborNet algorithm (Bryant and Moulton 
2004) using SplitsTree v. 4.14.2 (Huson and Bryant 2006).

For MP analysis, heuristic analysis was conducted with 100 random taxon addi-
tion replicates using tree-bisection and reconnection (TBR) branch-swapping algo-
rithm, with no upper limit set for the maximum number of trees saved. Bootstrap 
support was calculated using 1000 pseudo-replicates and 100 random taxon addition 
replicates. All characters were equally weighted and unordered. For ML analysis, we 
employed a single model for molecular evolution and 10,000 ultrafast bootstrap repli-
cations. The optimal model for nucleotide evolution was determined using jModeltest 
v. 2.1.4 (Darriba et al. 2012). For Bayesian analyses, we used the optimal model se-
lected by jModeltest with parameters estimated by MrBayes 3.2.7. Two independent 
analyses with four Markov chains (one cold and three heated) were run simultaneously 
for 10 million generations with a random starting tree and sampled every 1000 genera-
tions. Log-likelihood scores of sample points were plotted against generation time to 
determine stationarity of Markov chains. Trees generated before log-likelihood scores 
reached stationarity were discarded from the final analyses using the burn-in function. 
The posterior probability values for all clades in the final majority rule consensus tree 
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were provided. The optimal models of nucleotide evolution were set to GTR+I+G and 
TPM1uf+G for ML and single-modelled Bayesian analyses as selected by Modeltest v. 
2.1.4 for 16S and Rag1 matrices, respectively. The cutoff points for the burn-in func-
tion was set to 73 and 32 in the Bayesian analysis, as –lnL scores reached stationarity 
after 73,000 and 32,000 generations in both runs for 16S and Rag1 datasets, respec-
tively. Nodal support was also evaluated using bootstrap replication (BP) as estimated 
in PAUP, ultrafast bootstrap (UFB) in IQ-TREE, and posterior probabilities (PP) in 
MrBayes v. 3.2.7. BP ≥ 70 and PP and UFB ≥ 95% were regarded as strong support for 
a clade (Hillis and Bull 1993; Ronquist et al. 2012; Nguyen et al. 2015). Uncorrected 
pairwise divergences were calculated in PAUP*4.0b10.

Rag1 data of nine species were first analyzed by DnaSP v. 6.12.03 (Rozas et al. 
2017) to determine sequence variation. The network analysis was then performed in 
SplitsTree with the following settings: edge fitting as ordinary least squares, equal angle 
as chosen splits transformation, least squares to modify weights and four maximum 
dimensions as the filtering option. The generated split graph showed a visual represen-
tation of conflicting signals in the data by presenting them as a series of parallel edges. 
The program computed the least squares fit (LSfit) between the pairwise distances from 
the graph and the distances from the matrix to produce a distance-based unrooted 
tree diagram by means of the neighbor-joining algorithm (Saitou and Nei 1987). The 
method was selected because it has been shown to outperform statistical parsimony as 
implemented in the software TCS (Clement et al. 2000) when the evolutionary history 
had many missing intermediate descents (Cassens et al. 2005).

Morphological characters

Measurements were taken with a digital caliper to the nearest 0.1 mm. The following 
abbreviations were used (after Nguyen et al. 2013):

SVL snout-vent length;
HL head length (measured as a parallel line with the vertebral column from 

posterior margin of mandible to tip of snout);
HW maximum head width (at rictus);
RL rostral length (from anterior corner of orbit to tip of snout);
NS distance from nostril to the tip of snout;
EN distance from anterior corner of the eye to the nostril;
IN internarial distance;
IOD interorbital distance;
ED eye diameter;
UEW maximum width of upper eyelid;
DAE distance between anterior corner of eyes;
DPE distance between posterior corner of eyes;
MFE distance between angle of jaws and anterior corner of the eye;
MBE distance between angle of jaws and posterior corner of the eye;
MN distance from the back of mandible to the nostril;
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TYD tympanum diameter;
TYE distance from anterior margin of tympanum to posterior corner of the eye;
UAL forelimb length (from axilla to elbow);
FAL hand length (from elbow to the tip of third finger);
NPL nuptial pad length;
fd3 width of discs of fingers III;
fw3 width of fingers III;
TFL third finger length;
FeL femur length (from vent to knee);
TbL tibia length (from knee to tarsus);
TbW tibia width;
FoL foot length (from tarsus to the tip of fourth toe);
FTL fourth toe length;
IMT inner metatarsal tubercle length;
td4 width of discs of toes IV;
tw4 width of toes IV.

For the webbing formula, we followed Glaw and Vences (2007). Sex was deter-
mined by gonadal inspection.

Results

Phylogenetic analyses

The combined matrix contained 558 aligned characters with 175 parsimony-inform-
ative sites. MP analysis of the dataset recovered the 263 most parsimonious trees with 
525 steps (Consistency index = 0.51; Retention index = 0.72). Similar to Yu et al. 
(2019) and Le et al. (2021), our study supported the division of the genus into three 
distinct lineages, Clades I, II, and III, with strong nodal support from the Bayesian 
analysis. While Clade II was also well corroborated by ML and MP analyses, BP and 
UFB values for Clade I and UFB value for Clade III were insignificant. Two new popu-
lations from Dien Bien and Son La provinces were placed in Clade III along with other 
species from southern China and Vietnam (Fig. 1). This species is significantly diver-
gent from others within the clade III in terms of genetic distance with the minimum 
pairwise divergence of approximately 4.5% based on a fragment of the mitochondrial 
16S rRNA gene (Table 1 and Suppl. material 2).

The matrix of Rag1 sequences consisted of 899 aligned characters. The number 
of polymorphic sites was 71, parsimony-informative sites 27, and nucleotide diversity 
was 0.028 as determined by DnaSP. Both BI and ML analyses recovered an iden-
tical topology, although support values were generally higher in BI. The new taxon 
was also corroborated as a separate taxonomic unit among existing species. Howev-
er, the relationships between Gracixalus species supported by Rag1 data differ from 
those in the analyses using 16S sequences. Specifically, the new taxon clustered with 



Tung Thanh Tran et al.  /  ZooKeys 1153: 15–35 (2023)20

Figure 1. Phylogram based on the Bayesian analysis of 16S sequences. Number above and below branches 
are ML ultrafast bootstrap/MP bootstrap values and Bayesian posterior probabilities, respectively. Asterisk 
and dash represent 100% and < 50% values, respectively.

Table 1. Uncorrected (“p”) distance matrix showing average percentage pairwise genetic divergences (%) 
for the 16SrRNA gene between members of the genus Gracixalus. The highest distance within clades is 
italicized and shown in parenthesis. The new species described in this paper is in bold.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
1 Gracixalus ananjevae (0.0)
2 Gracixalus jinggangensis 7.4 (0.0)
3 Gracixalus jinxiuensis 7.1 7.0 (0.0)
4 Gracixalus gracilipes 10.6 10.8 10.7 (1.5)
5 Gracixalus guangdongensis 4.8 5.3 5.7 10.1 (0.7)
6 Gracixalus lumarius 14.7 14.9 16.3 15.0 14.7 (0.0)
7 Gracixalus nonggangensis 8.2 7.5 7.8 12.3 6.7 16.5 (2.5)
8 Gracixalus quangi 9.5 7.8 9.7 4.7 8.3 14.5 11.0 (0.0)
9 Gracixalus quyeti 11.1 10.8 10.0 7.2 10.1 13.9 11.6 5.6 (0.6)
10 Gracixalus sapaensis 5.4 6.3 6.9 10.1 4.6 15.7 7.0 8.9 10.2 (0.4)
11 Gracixalus seesom 10.6 9.6 9.4 6.1 8.4 16.0 10.0 5.7 7.4 8.6 (0.0)
12 Gracixalus sp. 1 2.3 7.7 7.4 11.4 5.7 14.6 9.1 9.9 10.7 6.1 9.8 (0.0)
13 Gracixalus sp. 2 14.0 14.9 15.9 14.3 14.7 0.0 15.7 13.9 13.8 15.3 16.1 14.6 (0.0)
14 Gracixalus supercornutus 10.7 9.2 10.8 6.2 9.5 15.4 11.9 2.5 5.9 10.4 66 10.8 14.9 (1.6)
15 Gracixalus tianlinensis 6.3 6.5 5.9 10.5 4.5 15.2 6.8 9.6 9.6 2.7 7.6 6.7 15.3 10.6 (0.0)
16 Gracixalus trieng 5.3 5.0 5.3 10.2 3.8 14.2 6.7 8.0 8.4 4.5 7.6 5.1 14.3 9.1 4.0 (0.0)
17 Gracixalus truongi sp. nov. 6.4 6.5 7.6 11.4 5.2 15.9 8.5 9.0 10.3 6.0 10.0 6.8 15.9 10.0 5.9 4.5 (0.0)

18 Gracixalus yunnanensis 3.9 5.0 5.8 10.1 2.2 14.3 6.6 8.0 9.7 4.3 8.7 5.1 139 8.9 4.4 4.0 4.7 (0.0)
19 Gracixalus ziegleri 5.4 5.7 6.1 10.5 4.5 14.9 7.1 9.5 10.3 2.3 8.2 6.1 14.9 10.5 2.5 3.7 5.5 4.1 (0.0)
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G. nonggangensis, G. sapaensis, and G. ziegleri with strong support from BI. In addi-
tion, G. ananjevae, and G. trieng formed a well-supported clade separated from the 
remaining congeners. The results derived from the network analysis also confirm the 
phylogenetic estimations (Fig. 2A, B; Suppl. materials 1, 3).

Figure 2. A phylogram based on the Bayesian analysis of Rag1 sequences. Number above and below 
branches are BI posterior probabilities and ML ultrafast bootstrap, respectively B split tree network based 
on Rag1 data. Numbers at major nodes are bootstrap values (1000 replicates).
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Taxonomic account

Gracixalus truongi sp. nov.
https://zoobank.org/2D02EBFB-DAC0-4297-A2EC-90CF183E68FF
Figs 3, 4

Material. Holotype: IEBR A.5004 (Field number TN 2020.09), adult male, collected 
by N.H. Nguyen, H.N. Tran, H.Q. Nguyen on 11 November 2020 in the karst forest 
in Ta Ma Commune (21°40'36.0"N, 103°31'96.7"E, at an elevation of 1,164 m asl.), 
Tuan Giao District, Dien Bien Province, Vietnam. Paratypes: IEBR A.5005 (Field 
number TN 2020.08), adult female, collected on 11 November 2020 (the same data 
as the holotype); IEBR A.5006 (Field number ĐB 2021.7), adult male, collected by 
H. Q. Nguyen & T. Q. Phan, on 30 December 2021, in Tuan Giao District, Dien 
Bien Province, Vietnam; ZVNU 09 (Field numbers Co9.16.24) and ZVNU 10 (Field 

Figure 3. Gracixalus truongi sp. nov., holotype (IEBR A.5004), male, in life A dorsolateral view B ven-
tral view.

Figure 4. Gracixalus truongi sp. nov., dorsolateral view of paratypes in life A female (IEBR A.5005) from 
Dien Bien Province B female (ZVNU 09) from Son La Province.
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Co9.16.36), two females, collected by A. V. Pham, N. B. Sung, L. M. Ha, T. Q. L. 
Hoang, and Q. T. Bui on 3 September 2016, in Long He Village (21°24'14.5"N, 
103°28'41.5"E, at an elevation of 1,110 m asl.), Long He Commune, Thuan Chau 
District, Son La Province, Vietnam.

Diagnosis. The new species is assigned to the genus Gracixalus based on molecular 
phylogenetic analyses and the following morphological characters: the presence of in-
tercalary cartilage between terminal and penultimate phalanges of digits, tips of digits 
expanded into large discs bearing circum-marginal grooves, the vomerine teeth being 
absent, horizontal pupil, tibia ~ 4–5× longer than wide, translucent skin, inner (first 
and second) and outer (third and fourth) fingers not opposable, and dorsum with an 
inversed Y-shaped dark brown marking (Fei et al. 2009; Rowley et al. 2011, 2020; 
Chen et al. 2018; Yu et al. 2019; Le et al. 2021).

Gracixalus truongi sp. nov. is distinguishable from its congeners by a combination 
of the following morphological characters: (1) size relatively small, SVL 32.2–33.1 mm 
in males, 37.6–39.3 mm in females; (2) head slightly wider than long; (3) vomerine 
teeth absent; (4) snout round and long RL/SVL 0.17–0.19 in males, 0.16–0.17 in 
females; (5) spines on upper eyelid absent; (6) supratympanic fold distinct; (7) tympa-
num distinct; (8) dorsal skin smooth; (9) throat skin smooth and venter skin granular; 
(10) tibiotarsal projection absent; (11) webbing of fingers rudimentary, toes with mod-
erately developed webbing; (12) dorsum moss-green, with an inverse Y-shaped dark 
green marking extended from interorbital region to posterior region of dorsum; (13) 
external vocal sac absent in males; (14) males with a nuptial pad on finger I.

Description of holotype (male). Size small (SVL 33.1 mm), body robust, dors-
oventrally compressed. Head slightly wider than long (HL 10.6 mm, HW 11.8 mm); 
snout round anteriorly in dorsal view, projecting beyond margin of the lower jaw; 
nostril round, without a lateral flap of skin, closer to tip of snout than to eye (NS 
3.0 mm, EN 3.2 mm); canthus rostralis distinct and round; loreal region oblique and 
concave; rostral length greater than eye diameter (RL 4.8 mm, ED 4.5 mm); canthus 
rostralis round, loreal region oblique, concave; interorbital region flat, interorbital dis-
tance wider than internarial distance and upper eyelid width (IOD 3.9 mm, IND 3.7 
mm, UEW 2.8 mm); distance between anterior corner of eyes (DAE 6.1 mm) ~ 57% 
distance between posterior corner of eyes (DPE 10.7 mm); pupil oval, horizontal; 
tympanum distinct (TYD 2.2 mm), round, half of the eye diameter but greater than 
tympanum-eye distance (TYE 1.5 mm); vomerine teeth absent; choanae small, oval; 
tongue cordate, deeply notched posteriorly; external vocal sacs absent.

Forelimbs robust; forearm and hand relative long (UAL/SVL 0.16), hand longer 
than forearm (FAL/SVL 0.45); relative finger lengths: I<II<IV<III; fingers webbing 
rudimentary; dermal ridge on sides of fingers absent; tips of all fingers with well-de-
veloped discs with distinct circum-marginal grooves, discs relatively wide compared 
to width of finger (fd3/fw3 1.9/1.2 mm), disc of finger III smaller than tympanum 
diameter; subarticular tubercles markedly elevated and prominent, round, one each on 
fingers I and II, two on fingers III and IV; nuptial pads prominent, oval; outer palmar 
tubercle divided into two.
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Hindlimbs long (TbL/SVL 0.47, FoL/SVL 0.63); heels overlapping when held at 
right angles to the body; tibia length ~ 4× greater than tibia width (TbL/TbW 4.31), 
longer than thigh (FeL 15.1 mm) but shorter than foot length (FoL 20.8 mm); relative 
length of toes: I<II<III<V<IV; tips of all toes with well-developed discs with distinct 
circum-marginal grooves, discs slightly smaller than those of fingers; webbing formula 
I1–11/2II3/4–2III1–21/4IV2–1V; subarticular tubercles distinct, blunt, round: one 
on toes I and II, two on toes III and V, and three on toe IV; inner metatarsal tubercle 
small (IMT 1.3 mm); dermal ridge along outer side of tibia and tarsal fold absent; 
outer metatarsal and supernumerary tubercles absent; pointed projection at tibiotarsal 
articulation absent; tibio-tarsal articulation reaching between eye and nostril.

Skin texture: dorsal surface of head and body smooth; posterior part of tympa-
num, flank and lateral sides of limbs with small, flattened granules; spinules on up-
per eyelid absent; supratympanic fold distinct, extending from eye to angle of jaw; 
dorsolateral folds absent; throat and chest smooth, belly and ventral surface of thigh 
granular; dermal appendage at vent absent.

Coloration in life: background of dorsal surface of head, body and limbs moss-
green with grey marking; with an inverse Y-shaped dark green marking, starting at the 
interorbital region, bifurcating into two branches on the shoulder, extending posteriorly; 
lateral side of body, dorsal surface of arms and limbs moss-green with dark green trans-
verse bars; throat and chest white with dark brown marbling; belly immaculate white.

Coloration in preservative: Snout and dorsum grey with a dark brown pattern 
forming an inverse Y marking, notably a triangular pattern between eyes bifurcating 
into two bands continuing posteriorly; a dark pattern running from above cloaca for-
ward to the middle of the back; lateral side of head and flank grey with dark spots; tym-
panum light brown; forelimb, dorsal surface of thigh, tibia and foot grey with some 
darker bands, posterior part of thigh below the vent yellowish brown with small white 
spots; throat and chest with dark brown marbling; belly immaculate cream to white; 
ventral part of forelimbs white; ventral surface of thighs white to grey; webbing grey.

Variation. Measurements and morphological characters of the type series are provided 
in Table 2 and photographs of the paratypes in life are presented in Fig. 4. Males are small-
er than females (SVL 32.2–33.1 mm in males vs. 37.6–39.3 mm in females). The male 
specimens have a nuptial pad on finger I. The females contained yellowish cream eggs.

Etymology. We name this new species in honor of our colleague, Prof. Dr. Truong 
Quang Nguyen from the Institute of Ecology and Biological Resources, Vietnam Acad-
emy of Science and Technology, in recognition of his great contributions to the her-
petofaunal exploration of the Indochina region. We recommend “Truong’s Treefrog” as 
the common English name of the new species and the common name in Vietnamese 
“Nhái cây trường”.

Ecological notes. The specimens were collected between 19:00 and 23:00 on a 
limestone cliff and on leaves, ~ 0.5–1.2 m above the ground. The surrounding habitat 
was secondary karst forest of medium and small hardwoods mixed with shrubs and vines. 
Air temperature was 13–18 °C and relative humidity was 65–80%. Other amphibian 
species found at the site were Leptobrachella sp., Kurixalus bisacculus (Taylor, 1962), Poly-
pedates megacephalus Hallowell, 1861, and Rhacophorus orlovi (Ziegler & Köhler, 2001).
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Distribution. Gracixalus truongi sp. nov. is currently known only from Dien Bien 
and Son La provinces, northwestern Vietnam (Fig. 5).

Comparisons. We compared the new species with other members of the genus 
Gracixalus and data obtained from the literature (Boulenger 1893; Bourret 1937; Hu 
et al. 1978; Ye and Hu 1984; Matsui and Orlov 2004; Nguyen et al. 2008; Rowley et 
al. 2011, 2014, 2020; Mo et al. 2013; Nguyen et al. 2013; Matsui et al. 2015; Matsui 
et al. 2017; Zeng et al. 2017; Chen et al. 2018; Wang et al. 2018; Yu et al. 2019; Le 
et al. 2021) (Table 3).

Table 2. Measurements (in mm) of the type series of Gracixalus truongi sp. nov.

Males Females

Holotype Paratype Paratype Paratype Paratype

IEBR A.5004 IEBR A.5006 Min – Max IEBR A.5005 ZVNU 09 ZVNU 10 Min – Max

SVL 33.1 32.2 32.2–33.1 37.8 37.6 39.3 37.6–39.3
HW 11.8 13.0 11.8–13.0 14.6 14.6 14.8 14.6–14.8
HL 10.6 12.8 10.6–12.8 13.9 14.2 14.5 13.9–14.5
MN 9.5 10.8 9.5–10.8 11.9 12.1 12.9 11.9–12.9
MFE 7.4 8.2 7.4–8.2 9.3 9.2 9.9 9.2–9.9
MBE 4.1 5.0 4.1–5.0 4.9 5.1 5.5 4.9–5.5
RL 6.2 5.6 5.6–6.2 6.5 6.0 6.2 6.0–6.5
ED 4.5 5.1 4.5–5.1 5.1 5.1 5.3 5.1–5.3
UEW 2.8 3.2 2.8–3.2 3.7 3.5 3.9 3.5–3.9
IND 3.7 3.8 3.7–3.8 4.5 4.0 4.5 4.0–4.5
IOD 3.2 4.0 3.2–4.0 4.1 5.1 5.2 4.1–5.2
DAE 6.1 6.2 6.1–6.2 6.7 6.8 7.4 6.7–7.4
DPE 10.7 10.8 10.7–10.8 12.1 11.8 12.4 11.8–12.4
NS 3.0 2.6 2.6–3.0 3.0 2.8 2.9 2.8–3.0
EN 3.2 3.0 3.0–3.2 3.5 3.2 3.3 3.2–3.5
TYD 2.2 2.3 2.2–2.3 2.7 2.5 2.7 2.5–2.7
TYE 1.5 1.5 1.5–1.5 1.7 1.7 1.9 1.7–1.9
UAL 5.4 6.1 5.4–6.1 6.3 6.2 6.3 6.2–6.3
FAL 14.9 16.0 14.9–16.0 17.8 18.0 20.3 17.8–20.3
NPL 2.2 1.9 1.9–2.2
TFL 8.3 8.9 8.3–8.9 8.9 8.9 10.2 8.9–10.2
fd3 1.9 1.7 1.7–1.9 2.0 1.8 1.9 1.8–2.0
fw3 1.2 1.0 1.0–1.2 1.3 1.2 1.3 1.2–1.3
FeL 15.1 15.2 15.1–15.2 17.7 17.1 20.2 17.1–20.2
TbL 15.5 18.0 15.5–18.0 18.1 19.2 21.9 18.1–21.9
TbW 3.6 4.0 3.6–4.0 4.2 4.0 4.8 4.0–4.8
FoL 20.8 23.2 20.8–23.2 24.2 25.1 28.3 24.2–28.3
FTL 12.6 13.0 12.6–13.0 14.8 15.4 16.7 14.8–16.7
td4 1.8 1.6 1.6–1.8 1.9 1.7 1.8 1.7–1.9
tw4 1.2 1.2 1.2–1.2 1.2 1.2 1.2 1.2–1.2
IMT 1.6 2.0 1.6–2.0 2.0 1.9 2.1 1.9–2.1
RL/SVL 0.19 0.17 0.17–0.19 0.17 0.16 0.16 0.16–0.17
ED/RL 0.73 0.91 0.73–0.91 0.78 0.85 0.85 0.78–0.85
TYE/TYD 0.68 0.65 0.65–0.68 0.63 0.68 0.70 0.63–0.70
UAL/SVL 0.16 0.19 0.16–0.19 0.17 0.16 0.16 0.16–0.17
FAL/SVL 0.45 0.50 0.45–0.50 0.47 0.48 0.52 0.47–0.52
TbL/TbW 4.31 4.50 4.31–4.50 4.31 4.80 4.56 4.31–4.80
TbL/SVL 0.47 0.56 0.47–0.56 0.48 0.51 0.56 0.48–0.56
FoL/SVL 0.63 0.72 0.63–0.72 0.64 0.67 0.72 0.64–0.72
fd3/TYD 0.86 0.74 0.74–0.86 0.74 0.72 0.70 0.70–0.74
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Gracixalus truongi sp. nov. differs from G. ananjevae (Matsui & Orlov, 2004) by 
having skin of body sides smooth (vs. coarsely granular), snout round (vs. triangular 
pointed); tibio-tarsal articulation reaching between eye and nostril (vs. reaching eye). 
Gracixalus truongi sp. nov. differs from G. carinensis (Boulenger, 1893) by different 
dorsal color pattern (moss green with grey vs. purplish, reddish, or greyish brown), 
skin of throat smooth (vs. granular), tibio-tarsal articulation reaching between eye and 
nostril (vs. reaching eye). Gracixalus truongi sp. nov. differs from G. gracilipes (Bourret, 
1937) by having a larger size (SVL 32.1–33.1 in males, 37.6–39.3 mm in females vs. 
20.0–24.0 mm in males, 26.4–28.8 mm in females), different dorsal color pattern 
(moss green with grey vs. greenish with white stripe), round snout (vs. triangular 
pointed), tibio-tarsal articulation reaching between eye and nostril (vs. reaching eye), 
and iris moss green with brown marking (vs. brown). The new species differs from 
G. guangdongensis Wang, Zeng, Liu & Wang, 2018 by having a different dorsal color 
pattern (moss green with grey vs. brown with black blotches), skin of body sides 
smooth (vs. rough), skin of throat smooth (vs. granular), snout round (vs. triangular 
pointed), linea masculina absent (vs. present), white patch on temporal region absent 
(vs. present), tibiotarsal projection absent (vs. present), different venter color pattern 
(immaculate white vs. throat and chest creamy white, belly light brown, semi-transpar-
ent), and iris moss green with brown marking (vs. brown). Gracixalus truongi sp. nov. 
differs from G. jinggangensis Zeng, Zhao, Chen, Chen, Zhang & Wang, 2017 by dif-
ferent dorsal color pattern (moss green with grey vs. brown to beige), skin of body sides 
smooth (vs. rough with tubercles), skin of throat smooth (vs. granular), tibiotarsal ar-
ticulation reaching between eye and nostril (vs. reaching eye), snout round (vs. trian-
gular pointed), different venter color pattern (immaculate white vs. throat and chest 
dirty white with dark specks, belly white anteriorly with dark marking and posteriorly 
yellowish, semi-transparent), and iris moss green with brown marking (vs. golden). 
Gracixalus truongi sp. nov. differs from G. jinxiuensis (Hu, 1978) by having a larger size 
(SVL 32.1–33.1 in males, 37.6–39.3 mm in females vs. 23.5–26.3 mm in males, 
29.0–30.0 mm in females), different dorsal color pattern (moss green with grey vs. 
brown), skin of body sides smooth (vs. rough with tubercles), skin of throat smooth 
(vs. granular), tibiotarsal articulation reaching between eye and nostril (vs. reaching 
eye), and different venter color pattern (immaculate white vs. gray-brown with dark 
marbling). Gracixalus truongi sp. nov. differs from G. lumarius Rowley, Le, Dau, Hoang 
& Cao, 2014 by having a smaller size in males (SVL 32.1–33.1 mm vs. 38.9–41.6 mm), 
different dorsal color pattern (moss green with grey vs. yellow), external vocal sac ab-
sent in males (vs. present), conical tubercles on dorsum absent (vs. present), skin of 
throat smooth (vs. granular), supratympanic fold distinct (vs. indistinct), different 
venter color pattern (immaculate white vs. opaque pink), and iris moss green with 
brown marking (vs. dark gold). Gracixalus truongi sp. nov. differs from G. medogensis 
(Ye & Hu, 1984) by having a larger size in males (SVL 32.1–33.1 mm vs. 26.5 mm), 
different dorsal color pattern (moss green with grey vs. grass green), skin of throat 
smooth (vs. granular), linea masculina absent (vs. present), tibio-tarsal articulation 
reaching between eye and nostril (vs. reaching eye), and different venter color pattern 
(immaculate white vs. pale green). Gracixalus truongi sp. nov. differs from 
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G. nonggangensis Mo, Zhang, Luo, Zhou & Chen, 2013 by different dorsal color pat-
tern (moss green with grey vs. yellowish-olive with dark-green mark), skin of body 
sides smooth (vs. rough with tubercles), different venter color pattern (immaculate 
white vs. white with dark marbling, semi-transparent), tibio-tarsal articulation reach-
ing between eye and nostril (vs. reaching tip of snout), and iris moss green with brown 
marking (vs. olive). Gracixalus truongi sp. nov. differs from G. quangi Rowley, Dau, 
Nguyen, Cao & Nguyen, 2011 by having a larger size (SVL 32.1–33.1 in males, 
37.6–39.3 mm in females vs. 21.0–24.0 mm in males, 26.8–27.3 mm in females), 
different dorsal color pattern (moss green with grey vs. brown with black blotches), 
external vocal sac absent in males (vs. present), white patch on temporal region absent 
(vs. present), tibiotarsal projection absent (vs. present), different venter color pattern 
(immaculate white vs. opaque white with translucent pale green margins), and iris 
moss green with brown marking (vs. bronze). Gracixalus truongi sp. nov. differs from 
G. quyeti (Nguyen, Hendrix, Böhme, Vu & Ziegler, 2008) by having a larger size (SVL 
32.1–33.1 in males, 37.6–39.3 mm in females vs. 21.0–24.0 mm in males, 34.0 mm 
in the female), conical tubercles on dorsum absent (vs. present), skin of body sides 
smooth (vs. rough with sharp tubercles), tibio-tarsal articulation reaching between eye 
and nostril (vs. reaching tip of snout), and supratympanic fold distinct (vs. indistinct). 
The new species differs from G. sapaensis Matsui, Ohler, Eto & Nguyen, 2017 from by 
having a larger size in males (SVL 32.1–33.1 mm vs. 20.8–29.6 mm), different dorsal 
color pattern (moss green with grey vs. golden ochre), skin of body sides smooth (vs. 
coarsely scattered with large tubercles), different venter color pattern (immaculate 
white vs. light yellow with dark marking), tibio-tarsal articulation reaching between 
eye and nostril (vs. reaching eye), and iris moss green with brown marking (vs. golden). 
Gracixalus truongi sp. nov. differs from G. seesom Matsui, Khonsue, Panha & Eto, 2015 
by having a larger size (SVL 32.1–33.1 in males, 37.6–39.3 mm in females vs. 21.6–
23.0 mm in males, 23.2–25.4 mm in females), different dorsal color pattern (moss 
green with grey vs. tan), external vocal sacs absent in males (vs. present), round snout 
(vs. triangular pointed), and iris moss green with brown marking (vs. golden). Gracix-
alus truongi sp. nov. differs from G. supercornutus (Orlov, Ho & Nguyen, 2004) by 
having a larger size in males (SVL 32.1–33.1 mm vs. 22.0–24.1 mm), conical tuber-
cles on dorsum absent (vs. present), different dorsal color pattern (moss green with 
grey vs. green with brown spots), skin of throat smooth (vs. granular), round snout (vs. 
pointed), and tibiotarsal projection absent (vs. present). Gracixalus truongi sp. nov. dif-
fers from G. tianlinensis Chen, Bei, Liao, Zhou & Mo, 2018 by having different dorsal 
color pattern (moss green with grey vs. brown to beige), external vocal sacs absent in 
males (vs. present), skin of throat smooth (vs. granular), males with a nuptial pad on 
finger I (vs. males with a nuptial pad on finger I and II), tibio-tarsal articulation reach-
ing between eye and nostril (vs. reaching eye), and iris moss green with brown (vs. 
bronze). Gracixalus truongi sp. nov. differs from G. trieng Rowley, Le, Hoang, Cao & 
Dau, 2020 by having a smaller size in males (SVL 32.1–33.1 mm vs. 37.2–41.4 mm), 
conical tubercles on dorsum absent (vs. present), different dorsal color pattern (moss 
green with grey vs. yellow or yellowish), external vocal sacs absent in males (vs. pre-
sent), skin of throat smooth (vs. granular), different venter color pattern (immaculate 
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white vs. throat and chest mostly yellowish brown with dark mottling, belly pinkish 
brown), and iris moss green with brown (vs. pale gold). Gracixalus truongi sp. nov. dif-
fers from G. yunnanensis Yu, Li, Wang, Rao, Wu & Yang, 2019 by conical tubercles on 

Figure 5. Map showing the type locality of Gracixalus truongi sp. nov. in Dien Bien Province (1) and the 
locality in Son La Province (2), Vietnam, where some of the paratypes were found.
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dorsum absent (vs. present), different dorsal color pattern (moss green with grey vs. 
yellow brown or red brown), skin of throat smooth (vs. granular), and iris moss green 
with brown marking (vs. bronze). Gracixalus truongi sp. nov. differs from G. ziegleri Le, 
Do, Tran, Nguyen, Orlov, Ninh & Nguyen, 2021 by having a larger size in males 
(SVL 32.1–33.1 mm vs. 28.1–30.0 mm), conical tubercles on dorsum absent (vs. 
present), different dorsal color pattern (moss green with grey vs. yellowish brown with 
black blotches), skin of body sides smooth (vs. rough), skin of throat smooth (vs. 
granular), different ventral color pattern (immaculate white vs. throat and chest dirty 
white with moderate dark specks, belly white cream with large dark blotches), and iris 
moss green with brown (vs. golden).

In terms of dorsal color pattern Gracixalus truongi sp. nov. is similar to Theloderma 
annae Nguyen, Pham, Nguyen, Ngo & Ziegler, 2016 from Hoa Binh anh Ninh Binh 
provinces. In addition, Gracixalus truongi sp. nov. and Theloderma annae also have 
similar life histories, both inhabiting limestone karst forest far from water sources. 
However, Gracixalus truongi differs from Theloderma annae by a larger size (SVL 32.1–
33.1 in males, 37.6–39.3 mm in females vs. 27.1–28.5 mm in males, 30.3–32.6 mm 
in females), the presence of a dark inverse Y-marking on dorsum (vs. absent), and a 
higher ratio of TYD/TYD (0.67 in males and 0.67 in females vs. 0.39 in males and 
0.32 in females) (Nguyen et al. 2016).

Discussion

The discovery of Gracixalus truongi sp. nov. brings the number of species in the genus 
to a total of 19 with 13 occurring in Vietnam. It is clear that the diversity of Gracixalus 
peaks in Vietnam, including seven taxa present in the northern region, five in the cen-
tral, and one in both regions of the country. The new species is most closely related to 
G. trieng in terms of genetic distance, but they are separated by 4.5% divergence based 
on a fragment of the mitochondrial 16S rRNA gene. Geographically, the two taxa are 
found in distant and distinct geographic regions. While G. truongi occurs in Dien 
Bien and Son La provinces, northwestern region, G. trieng is distributed in Kon Tum 
Province, the Central Highlands, Vietnam. In addition, the new species is recorded 
in the karstic landscape at elevations between 1,000 and 1,200 m, whereas G. trieng 
inhabits soil montane habitat at altitudes from 1,700 to 2,100 m. Morphologically, the 
former resembles G. nonggangensis, which occupies the same type of limestone habitat. 
The latter taxon is recorded between 500 and 700 m in northeastern Vietnam and 
200–250 m in southern China. G. truongi differs from G. nonggangensis by 8.5% in 
genetic divergence based on a fragment of the mitochondrial 16S rRNA gene.
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Abstract
The genus Climaciella Enderlein, 1910 is a remarkable group of mantidflies (Neuroptera: Mantispidae: 
Mantispinae) distributed from Canada to Argentina, including parts of the Caribbean. This genus com-
prises nine valid extant species plus an extinct species from the late Oligocene of France. Species exhibit 
Batesian mimicry with vespid wasps (Vespidae). Herein, six species of Climaciella from French Guiana 
are documented. Before this study only C. semihyalina (Le Peletier de Saint Fargeau & Audinet-Serville 
in Latreille et al. 1825) was known from this territory. Two new species, C. elektroptera Ardila-Camacho, 
Winterton & Contreras-Ramos, sp. nov. and C. nigriflava Ardila-Camacho, Winterton & Contreras-Ra-
mos, sp. nov., are described as well as the first records of C. amapaensis Penny, 1982, and C. tincta (Navás, 
1914) provided from French Guiana. An unknown species recorded from a single female specimen is also 
presented. Based on the examination of material of C. amapaensis recorded here, a specimen previously 
recorded from Colombia as belonging to this species is herein proposed as a new species, C. risaraldensis 
Ardila-Camacho, sp. nov. A taxonomic key and high-resolution images of the species from French Guiana 
are provided.
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Introduction

Mantispidae (mantidflies) are a family of predatory insects included within the su-
perfamily Mantispoidea (Winterton et al. 2018). This group is distinguished by the 
anteriorly curved ocular plane, a well-developed laminatentorium, a tubular pronotum 
set with maculae, and with forelegs inserted on an expanded anterior apex, presence of 
precoxal bridge and narrow-shaped postfurcasterna (Ardila-Camacho et al. 2021). On 
the forefemur, two primary processes on distal half of posteroventral row of processes, 
and a major, basal process on the anteroventral row of processes are present (Ardila-
Camacho et al. 2021). The traditional classification scheme of Mantispidae proposed 
by Lambkin (1986a, b) considered four subfamilies, namely Symphrasinae, Drepan-
icinae, Calomantispinae, and Mantispinae, of which the former was always interpreted 
as sister of the remainder. Nonetheless, recent molecular and morphological studies 
recovered Symphrasinae as a subfamily of Rhachiberothidae, making Mantispidae 
non-monophyletic (Winterton et al. 2018; Ardila-Camacho et al. 2021). Even though 
thorough morphological data (Ardila-Camacho et al. 2021) and genomic scale data 
(Winterton et al. 2018) support the new position of Symphrasinae, several authors 
who recently described extinct species of Mantispoidea (Nakamine et al. 2021; Jouault 
2022; Jouault et al. 2022; Baranov et al. 2022; Li et al. 2022) still follow the classifica-
tion of Lambkin (1986a, b). In addition, previous phylogenetic studies based on dif-
ferent data systems (Lambkin 1986a; Liu et al. 2015; Shi et al. 2019; Lu et al. 2020) 
recovered Drepanicinae as sister to Calomantispinae + Mantispinae; however, the same 
aforementioned studies support Mantispinae as sister to Drepanicinae + Caloman-
tispinae, with the latter two probably representing a single subfamily (Winterton et al. 
2018; Ardila-Camacho et al. 2021).

Among the raptorial Mantispoidea, Mantispinae is the most diverse and widely 
distributed subfamily (Ohl 2004). This is a highly derived group, whose monophyly 
is supported by characters of the foreleg such as a ring-shaped groove on the coxa, a 
semi-triangular femur with anteroventral row of processes reduced to the major pro-
cess, the anterior surface of the tibia is covered with clavate setae nearly over the entire 
extension, and the pretarsus is reduced to a single, simple claw (Ardila-Camacho et al. 
2021). Currently, the subfamily includes around 319 species and 35 genera distributed 
in all biogeographical realms (Oswald and Machado 2018). Nine genera are recognized 
in the New World (Hoffman 1992, 2002) of which Climaciella Enderlein, 1910 con-
tains nine species distributed from Southern Canada to northern Argentina including 
Cuba, Puerto Rico, and Dominican Republic (Hoffman 2002; Hoffman et al. 2017; 
Ardila-Camacho et al. 2018), plus an extinct species from France, badly preserved as a 
compression fossil from the late Oligocene (Nel 1988). The generic assignation of the 
fossil species was questioned by Hoffman (1992) based on venational characters, who 
proposed that it should be included into its own genus. The morphological characters 
supporting Climaciella as a monophylum include antennal flagellomeres along mid-
dle portion of flagellum ≥ 3× as wide as long in anterior view, lateral parapsidal suture 
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(mesoscutal furrow sensu Hoffman (1992)) obsolete, and the female gonocoxites and 
gonapophyses VIII (both referred as sternite VIII by Hoffman (1992)) separated by 
thin membranous strip. Nevertheless, according to Hoffman (1992), these characters 
are also present in genera from other biogeographic regions such as Euclimacia Ender-
lein, 1910, Pseudoclimaciella Handschin, 1960, Asperala Lambkin, 1986, Mantispilla 
Enderlein, 1910, and Spaminta Lambkin, 1986, and the monophyly of this genus 
would be probably supported by characters of the first instar larva.

The biology of Climaciella is known mostly from studies performed with C. brunnea 
(Say, 1824), a widely distributed species composed of a complex of morphs (or sub-
species), which mimic polistine wasps and occur through North America, Mexico, 
and Central America (Opler 1981; Batra 1972; Redborg and Macleod 1983; LaSalle 
1986). According to Opler (1981), the Batesian mimicry of this species probably 
evolved because mimics and polistine models have similar habitats and habits. Adults 
of this species are diurnal and are often found on flowers or foliage, ambushing in-
sect prey. Hoffman (1936) described some attributes of the behavior and morphol-
ogy of the females, egg, and first instar larva, while Hoffman and Brushwein (1992) 
described the morphology of the first instar larva. Batra (1972) described the court-
ship, mating, and ovipositing behavior as well as the behavior of the first instar larvae. 
Additionally, this species was reported feeding on plant exudates, and Polistes fuscatus 
utahensis (Hayward, 1933) was determined as the model for the population studied 
by the author. In Costa Rica, the proportion of five different morphs of C. brunnea 
mimicking different species of Polistinae: Polistes instabilis Saussure, 1853, P. canadensis 
(Linnaeus), 1758, P. carnifex (Fabricius), 1775, P. erytrocephalus (Latreille), 1813, and 
Synoeca septentrionalis (Richards), 1978, varied among three different localities and 
could be related to differential abundance and aggressiveness of the models at each site 
(Opler 1981). Defensive behavior and displaying of the wasp-like warning colors, plus 
its capacity as occasional pollinators, was described by Boyden (1983).

After hatching, the first instar larva of C. brunnea adopts a vertical posture with the 
aid of the suctorial eversible process at the end of the abdomen while it maintains its legs 
extended (Batra 1972; Redborg and MacLeod 1983). Such questing behavior allows the 
larvae to board potential hosts that pass close by (Redborg and MacLeod 1983). This 
means that this species exhibits a phoretic behavior, in which the larvae first feed on 
spider hemolymph near the membranous areas of the carapace of the spider, and once 
the spider produces an egg-sac, they must reach the eggs before they are entirely encased 
with silk (Redborg and MacLeod 1983). This sequence is necessary for the larvae to be 
able to start feeding on the eggs, so it is classified as an obligate spider border, unable to 
penetrate egg-sacs like other genera of Mantispinae (Redborg and MacLeod 1983). As 
the main objective of the larvae is to enter an egg-sac during its construction, larvae of 
this species are able to move from male to female spiders during copulation (Scheffer 
1992). Climaciella brunnea has been found in the nature associated with species of the 
family Lycosidae, although laboratory experiments have shown that the larvae can board 
other spider families (e.g., Agelenidae and Salticidae), and complete their development 
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(Redborg and MacLeod 1983; LaSalle 1986; Redborg and Redborg 2020; Snyman et 
al. 2020). Nonetheless, two morphs of Climaciella were found attacking egg sacs of Cte-
nidae and Araneidae in Panama (Miranda 2007), one of them probably by Climaciella 
porosa Hoffman, 2002 (Ardila-Camacho and García 2015).

The taxonomy of the genus Climaciella was addressed in the classical studies of 
Mantispidae by Handschin (1960), and the works by Penny (1982) and Penny and 
da Costa (1983) which focused on the Amazonian fauna. Recent studies by Hoffman 
(2002) and Hoffman et al. (2017) treated this genus in Costa Rica and the West In-
dies, respectively, while Ardila-Camacho and García (2015) and Ardila-Camacho et al. 
(2018) dealt with taxonomy of the group in Colombia. In French Guiana, Thouvenot 
(2010) published a key to genera of Mantispidae, and thus far, only C. semihyalina has 
been reported in this territory (Ohl 2004). Herein, we update the knowledge on the 
diversity of Climaciella in French Guiana, describing two new species, providing new 
records and present a key to species. Furthermore, a new species from the Colombian 
Andes previously recorded as Climaciella amapaensis Penny, 1982 by Ardila-Camacho 
and García (2015) is herein proposed partly based on comparison with a specimen of 
this species from French Guiana.

Materials and methods

Specimens studied herein were collected in different localities of French Guiana between 
2014 and 2016 using light traps, and then deposited in California State Collection 
of Arthropods, Sacramento CA (CSCA), Muséum national d’Histoire naturelle, Paris 
(MNHN), and Colección Nacional de Insectos, Instituto de Biología UNAM, Mexico 
City (CNIN). An additional specimen from Colombia is deposited in the private collec-
tion Colección Efraín Henao (CEH-085), Villamaría, Colombia. Other collections re-
ferred in this contribution are: Coleção Entomológica Pe. Jesus Santiago Moure, Curitiba, 
Paraná (DZUP), Museum of Comparative Zoology, Harvard University, Cambridge 
(MCZ), Naturhistorisches Museum, Bern (NMBS), and Museum für Naturkunde der 
Humboldt-Universität, Berlin (ZMB). Genitalia preparations were made by clearing 
the last abdominal segments in a hot solution of 10% potassium hydroxide (KOH). 
Residual alkaline solution was washed with distilled water and 80% ethyl alcohol. Then, 
the genitalia were stored in microvials filled with glycerin and mounted beneath the 
specimen. Wing venation was studied by spreading the wings of all specimens. Given the 
morphological peculiarities on the wing venation of Climaciella, the tracheation on the 
major traces of the specimens was compared to that of C. brunnea (Fig. 1), as this latter 
species is often used as example of the genus. External morphology and cleared genitalia 
were examined using a stereomicroscope. High-resolution images were produced us-
ing an AxioCam MRc5 digital camera attached to a Zeiss AxioZoom V16 stereomicro-
scope. Series of photographs were stacked and processed with the software ZENpro201. 
Morphological terminology and homology followed Ardila-Camacho et al. (2021).
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Taxonomy

Family Mantispidae Leach, 1815
Subfamily Mantispinae Leach, 1815

Genus Climaciella Enderlein, 1910

Diagnosis. Climaciella is distinguished from other mantispines of the New World 
by the antennal flagellomeres ≥ 3 times as wide as long in frontal view, the lateral 
parapsidal furrow not developed, and the female gonocoxites and gonapophyses VIII 
separated by a membranous strip. Additionally, the membrane of the anterior half 
of the wings is amber colored, and all the species exhibit Batesian mimicry with 
polistine wasps.

Figure 1. Wing venation in the genus Climaciella. Climaciella brunnea (Say, 1824) (specimen from 
Jalisco, Mexico) as an example for the genus. Scale bar: 2 mm.
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Included species. Climaciella amapaensis Penny, 1982, C. brunnea (Say, 1824), 
C. cubana Enderlein, 1910, C. elektroptera sp. nov., C. henrotayi Nel, 1989, C. nigri-
flava sp. nov., C. obtusa Hoffman, 2002, C. personata (Stitz, 1913), C. porosa Hoff-
man, 2002, C. rafaeli Calle et al. in Ardila et al. 2018, C. risaraldensis sp. nov., C. semi-
hyalina (Le Peletier de Saint Fargeau & Audinet-Serville in Latreille et al. 1825), and 
C. tincta (Navás, 1914).

Key to the species of Climaciella Enderlein, 1910 from French Guiana

1 Prothorax straight or at least only slightly bent medially in lateral view .......2
– Prothorax bent medially in lateral view .......................................................3
2 Body entirely black ...............................................................Climaciella sp.
– Body yellow with black stripes .......... Climaciella amapaensis Penny, 1982
3 Head and prothorax black; anterior half of the wings smoky or dark amber ......4
– Head and prothorax mostly yellow or entirely dark brown; wings with ante-

rior half pale amber .....................................................................................5
4 Wings with anterior half smoky, the posterodistal margin of the pigmented 

area darker; abdomen orange ................... Climaciella tincta (Navás, 1914)
– Wings with anterior half dark amber and hyaline posterodistal, triangular 

area; abdomen black .................................................................. Climaciella 
semihyalina (Le Peletier de Saint-Fargeau & Audinet-Serville, 1825)

5 Body mostly yellow with dark brown stripes and marks ................................
 ....................................................................Climaciella nigriflava sp. nov.

– Body entirely dark brown .........................Climaciella elektroptera sp. nov.

Climaciella sp.
Fig. 2A

Specimens examined. French Guiana: Roura, Montagne des Chevaux, Carrière 
du Galion, Créte avec foret sur quartzite érodée, 04°44'31.54"N, 52°25'53.02"W, 
16.V.2015, automatic light trap (blue) (1♀ CNIN).

Remarks. Despite this species exhibits a similar coloration pattern as C. semihya-
lina, the straighter prothorax and the wing pattern easily differentiate the unknown 
species. Compared to C. semihyalina, the anterior half of both wings of the specimen 
examined have paler areas inside the cells and wing apexes (Fig. 2A). In C. semihya-
lina, these same areas are noticeably darker and uniformly colored. Furthermore, the 
infuscation on the posterior half of both wings differ in their overall extension, shape 
and intensity between both species. The cited specimen examined herein probably 
represents a new species; however, as a single female only was available for this study, 
we opted to not describe this species until male specimens are available to confirm 
this hypothesis.

Distribution. French Guiana.
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Figure 2. Wings of Climaciella species from French Guiana A Climaciella sp. B Climaciella amapaensis 
Penny, 1982.
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Climaciella amapaensis Penny, 1982
Fig. 2B

Climaciella amapaensis Penny, 1982: 450. Holotype: male, Brazil (DZUP).

Specimens examined. French Guiana: Maripasoula, Mitaraka, Contreforts du Mi-
taraka, crique Alama, Foret vallonnée au pied d’inselbergs, 20.VIII.2015, automatic 
light trap (GemLight) (1 sex? CNIN).

Diagnosis. Records of Climaciella amapaensis are scarce, but this species can be 
easily recognized by its coloration pattern that consists of a yellow body with black 
stripes and marks. Even though a similar color pattern is expressed by C. nigriflava sp. 
nov., C. cubana, C. risaraldensis sp. nov., and some morphs of C. brunnea, this species 
is distinguished because on the head there are two transversal bands at the level of the 
antennal insertion and on the upper portion of the region of the vertex, the compound 
eyes are enlarged and the region of the gena is narrow. In addition, the prothorax is 
straight in lateral view with longitudinal, lateral dark brown bands. This species is also 
unique within the genus due to the presence of narrow forefemur with thin processes. 
On the male genitalia, the apex of the gonocoxites X is not forked and blade-shaped, 
and the hypomeres are present as a single granule-shaped sclerite on the gonostyli X 
membrane laterally on each side.

Remarks. This species is herein reported from French Guiana for the first time. In 
the original description, this species was reported from Brazil (Amapá) (Penny 1982), 
and then Hoffman (1992) provided a further record from Peru (Cusco). Recently, 
Ardila-Camacho and García (2015) provided a redescription and the first record from 
Colombia (Risaralda); however, this species actually represents a new species despite its 
noticeably similitude in coloration and morphology.

Distribution. Brazil, French Guiana, Peru.

Climaciella elektroptera Ardila-Camacho, Winterton & Contreras-Ramos, sp. nov.
https://zoobank.org/8B20AC08-D64E-40FA-B4DD-1F1A4B48A5EC
Figs 3–5

Type material. Holotype ♂, French Guiana: Maripasoula/Camopi, Mont Itupé, 
Massif tabulaire, Pente oust (600 m), 28.XI.2014, light trap (MNHN). Paratypes. 
Same data as holotype (1♀ CNIN, 2♀ CSCA).

Diagnosis. This species is easily differentiated from its congeners based on its 
uniformly dark brown body coloration. The prothorax is bent medially like in C. sem-
ihyalina and C. obtusa and lacks a prominent hump as in C. porosa. The wing col-
oration pattern is similar to that of C. porosa, with the anterior half of both wings 
pale amber. On the male genitalia, the gonocoxites X are bifid at the apex, and the 
gonostyli X membrane is set with a granule-shaped hypomere laterally at each side. 
Additionally, the gonostyli X are ribbon-shaped and the female spermatheca is rela-
tively short and simple.



The genus Climaciella in French Guiana (Neuroptera: Mantispidae) 45

Figure 3. Climaciella elektroptera sp. nov. A female habitus, dorsal B fore- and hindwing.

Description. Measurements. Head width: 2.9‒3.2 mm; Head length: 2.7‒3.4 mm; 
Prothorax length: 3.4‒3.9 mm; Forefemur length: 4.1‒6.4 mm; Forefemur maximum 
width: 1.7‒2.1 mm; Forewing length: 15.4‒16.5‒18.8 mm; Forewing maximum 
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width: 3.5‒4.1 mm; Hindwing length: 13.3‒15.8 mm; Hindwing maximum width: 
3.2‒3.9 mm.

Coloration (Figs 3, 4A–D). Head. Head capsule completely dark brown; an-
tenna brown; flagellomeres with dark brown setae. Mouthparts dark brown. Thorax. 
Prothorax uniformly dark brown. Foreleg. Dark brown. Mid- and hind leg. Uniformly 
dark brown. Wings. Forewing membrane with anterior half and wing base pale brown, 
posterior half pale amber; venation brown, with paler and darker areas. Hind wing 
with costal, subcostal and radial fields, and 1r-m and area adjacent to RP branches pale 
brown; remaining membrane pale amber; venation brown, with paler and darker areas. 
Abdomen. Dark brown, except pleural region of abdominal base cream.

Morphology (Figs 3, 4). Head. Vertex region convex above compound eyes; com-
pound eyes as wide as 0.75 of interocular distance at antennal insertion level. Antennal 
scape 2× as long as wide; pedicel as long as wide; basal flagellomere 1.5× as long as 
wide, the rest discoidal, with 31‒33 flagellomeres, all covered with fine, short setae. 
Frons quadrangular, frontoclypeal ridge barely perceptible; clypeus trapezoidal, labrum 
ovoid; mandible elongate; region of the gena as long as clypeus; maxillary palpus with 
basal palpomere slightly longer than wide; second palpomere 2.5× as long as wide; third 
and fourth palpomere 3× as long as wide; fifth palpomere as long as third. Submentum 
rectangular; labial palpus with first palpomere 3× as long as wide, second palpomere 
5× as long as wide, third palpomere slightly longer than second; palpimacula groove-
shaped. Thorax. Pronotum tubular, 4× as long as wide at maculae, slightly bent at mid-
length in lateral view; medial region coarsely wrinkled; dorsal surface densely covered 
with fine, short setae; postfurcasternum narrowly ovoid. Mesonotum as long as wide, 
anterolaterally produced; lateral parapsidal suture obsolete; entire surface covered with 
fine, short setae; metanotum rectangular, scutum glabrous, scutellum with fine, short 
setae. Pteropleuron with fine, short setae. Foreleg. Coxa cylindrical, elongate, with 
proximal ring-shaped sulcus; anterior and posterior surface with abundant fine, short 
setae distal to proximal sulcus; trochanter ovoid; femur semi-triangular, robust, with 
abundant fine, short setae; posteroventral row of processes present on distal 2/3 of 
femur length; medial region of the row with two primary processes, the rest of the row 
with alternate secondary, tertiary, and quaternary processes, and numerous Stitz organs 
arising from reduced processes. Anteroventral row of processes reduced to a prominent 
major process. Tibia short and arched, reaching the major process of femur; anterior 
surface covered with abundant, clavate setae; distal margin acutely produced; closing 
surface with abundant trichoid setae. Basitarsus subconical, as long as eutarsus, with 
abundant trichoid setae on closing surface; pretarsus reduced to a single, simple claw. 
Mid- and hind leg. Coxae and trochanter subconical; femora tubular, that of hind leg 
slightly longer than on mid leg; tibiae elongate, thin, that of hind leg longer than on 
mid leg; tibial spurs well-developed. Tarsi with basitarsus slightly longer than eutar-
sus; pretarsal claws with six apical denticles. Wings. Forewing elongate and narrow; 
costal space narrow with seven or eight subcostal veinlets; Sc vein running close to C 
on area adjacent to pterostigma, and not approaching or touching RA at pterostigma 
level; pterostigma wedge-shaped; subcostal space with five or six crossveins on medial 
region, five or six crossveins on substigmal area. Radial space with two crossveins; one 
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Figure 4. Climaciella elektroptera sp. nov. A prothorax and head, dorsolateral view B foreleg, posterior 
surface C same, anterior surface D head, frontal view E male pregenital abdominal apparatus.
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or two RP branches arising from rarp1, three or four from rarp2, 1‒3 from rarp3; six 
or seven gradate crossveins present. Media vein proximally fused to R, but inflexed 
forming a radial triangle; M diverging from R close R fork; M fork opposite to R fork; 
MA proximally fused to first RP stem for a short distance or connected to it through 
a short crossvein, forming a trapezoidal rm2. Cubitus forked near the level of radial 
triangle. Anal veins simple. Hind wing similar to forewing but shorter; costal space 
narrow, with nine subcostal veinlets; C and Sc not fused, running subparallel until 
pterostigma; pterostigma wedge-shaped; subcostal space with five crossveins on distal 
region. Radial space with three crossveins; two RP branches arising from rarp1, two or 
three from rarp2, one or two from rarp3; 5‒7 gradate crossveins present. Media vein 
basally fused to R, forked slightly before level of R fork. Cubitus forked slightly beyond 
the level of 1m-cu, CuA terminating on posterior wing margin at level of 1r-m, CuP 
distally fused to anterior branch of A1. Abdomen. Male tergites IV and V with two 
parallel rows of pores anterolaterally on each side which converge on inner end, with 
28‒33 pores on each couple of rows (Fig. 4E); intertergal membrane between segments 
IV‒VI expanded, apparently forming an eversible sac. In both sexes tergite III with 
two anteromedial glabrous marks; tergite IV with four glabrous marks, two medial and 
two lateral, all located at mid-length; tergites V and VI with a single glabrous mark, 
laterally on each side.

Male terminalia (Fig. 5A–F). Tergite IX half-ring shaped, medially narrower than 
laterally; sternite IX setose, approximately pentagonal, posteromedial region slightly 
protuberant. Gonocoxite IX elongated, curved, blunt on both apexes, anterior apex 
somewhat expanded, posterior apex curved outwards. Ectoproct ovoid, ventromedial 
lobe with around 42 stout setae. Gonocoxites X forming an elongate, gently curved 
sclerite, which is slightly expanded towards anterior apex, posterior apex bifid; gono-
styli X membrane ventrally with triangular slightly sclerotized area, covered with mi-
crospinulae and with lateral granule-shaped hypomere; gonostyli X elongated, ribbon-
shaped; entire surface with microspinulae. Gonocoxites XI arch-shaped, median lobe, 
short, hook-shaped.

Female terminalia (Fig. 5G–I). Sternite VII (or gonocoxites VII) enlarged, pen-
tagonal. Tergite VIII half-ring shaped, approximately as wide medially as laterally, en-
closing the spiracle of the segment; gonocoxites VIII narrow, bar-shaped, subparallel-
sided, slightly narrower at middle; gonapophyses VIII forming a bilobed, setose sclerite, 
connected to posteromedial region of gonocoxites VIII. Tergite IX half-ring shaped, 
posterolaterally connected to gonocoxites IX; gonocoxite IX a small and ovoid sclerite; 
gonapophyses IX probably represented by small, sclerotized areas on the anteroventral 
area of gonocoxites IX. Ectoprocts paired, ovoid. Bursa copulatrix short; spermatheca 
simple, entangled, with the same thickness on the different sections; fertilization canal 
duct and fertilization canal short.

Etymology. The specific name of this species is from the Greek ἤλεκτρον (ḗlektron) 
meaning amber, and πτερόν (pteron), meaning wing, in allusion to the coloration of the 
wings of this species.

Remarks. This new species is similar to C. porosa based on its general coloration; 
however, the bent prothorax and the lack of a hump on the medial region of the 
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Figure 5. Climaciella elektroptera sp. nov. A male terminalia, lateral B same, ventral C same, dorsal 
D  male genitalia, lateral E same, dorsal F same, ventral G female terminalia, lateral H spermatheca 
I female terminalia, ventral.
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pronotum quickly differentiate it. Another species similar to C. elektroptera sp. nov. is 
C. personata from Bolivia, although the latter has a more patterned body coloration, 
and the posterior limit of the amber anterior area of the wings is darker and noticeably 
marked. Based on the bent prothorax, C. elektroptera sp. nov. is probably closely related 
to C. obtusa, C. semihyalina, C. personata, C. rafaeli, and C. nigriflava sp. nov.

Based on the coloration pattern, size, and distribution of C. elektroptera sp. nov., 
the possible wasp models for this species could be Agelaia angulata (Fabricius, 1804) or 
Polistes deceptor Schulz, 1905 (R. Lopes, pers. comm. 2022)

Distribution. French Guiana.

Climaciella nigriflava Ardila-Camacho, Winterton & Contreras-Ramos, sp. nov.
https://zoobank.org/01623019-404A-4378-BFE1-7363E84A18CE
Figs 6–8

Type material. Holotype ♂, French Guiana: Roura, Montagne des Chevaux, Car-
rière du Galion, Crete avec foret sur quartzite érodée, 04°44'31.54"N, 52°25'53.02"W, 
22.II.2016, automatic light trap (blue) (MNHN). Paratypes. French Guiana: Mari-
pasoula, Mitaraka, Contreforts du Mitaraka, crique Alama, Foret vallonnée au pied 
d’inselbergs, 18.III.2015, light trap (1♀ CNIN); same data but 20.VIII.2015, auto-
matic light trap (blue) (1♂ CSCA). Roura, Montagne des Chevaux, Carrière du Gal-
ion, Crête avec forêt sur quartzite érodée, 4°44'31,54"N, 52°25'53,02"W, 25.IV.2015, 
automatic light trap (blue) (1♂ CSCA).

Diagnosis. This new species has a similar body coloration pattern as C. amapaen-
sis, C. cubana, and certain morphs of C. brunnea. However, the bent prothorax at 
midlength in lateral view distinguishes the new species from the aforementioned ones. 
Furthermore, the head in C. nigriflava sp. nov. is basically entirely yellow, while the 
remaining species with similar coloration exhibit dark stripes or marks. The coloration 
of the femur is also similar to that of C. amapaensis, yet the more robust femur with 
thickened processes distinguishes C. nigriflava sp. nov. from the former. Moreover, 
the wing coloration of this species is similar to that of C. porosa and C. elektroptera 
sp. nov. In the male genitalia, the gonocoxites X have the posterior apex truncate, the 
hypomeres are absent, and the gonostyli X are elongated, ribbon-shaped with the apex 
forming an obtuse angle.

Description. Measurements. Head width: 3.0‒3.1 mm; Head length: 2.6‒3.0 
mm; Prothorax length: 3.6‒3.8 mm; Forefemur length: 5.2 mm; Forefemur maximum 
width: 1.9 mm; Forewing length: 15.9‒16.5 mm; Forewing maximum width: 3.5‒3.7 
mm; Hindwing length: 13.5‒14.1 mm; Hindwing maximum width: 3.2‒3.5 mm.

Coloration (Figs 6, 7A–D). Head. Head capsule completely yellow; antenna yel-
low, sometimes pale brown towards the flagellar apex; flagellomeres with dark brown 
setae. Clypeus and labrum yellow; mandible pale brown; maxilla and labium pale 
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Figure 6. Climaciella nigriflava sp. nov. A female habitus, dorsal B fore- and hindwing.



Adrian Ardila-Camacho et al.  /  ZooKeys 1153: 37–64 (2023)52

brown. Thorax. Pronotum yellow, with pale brown, lateral areas on the prozona ex-
tended from macula to anterior pronotal margin; postfurcasternum yellow. Mesos-
cutum yellow with brown anterior margin and lateral spots; mesoscutellum yellow 
with brown, medial area. Metascutum yellow with lateral brown marks; mesoscutel-
lum with anterior half brown, posterior half yellow. Pteropleuron yellow with brown 
on area adjacent to anapleural cleft and paracoxal suture. Foreleg. Coxa and trochanter 
yellow; femur yellow with small brown mark on medial region of posterior surface, and 
larger brown area on anterior surface; closing surface with processes yellow but chang-
ing to amber towards the apex; tibia mostly yellow with pale brown areas, except ante-
rior surface with darker area. Tarsus pale brown. Mid- and hind leg. Coxa of both legs 
yellow to pale brown; trochanter, femur, tibia, and tarsus pale brown. Wings. Forewing 
membrane with anterior half and wing base pale brown, posterior half pale amber; ve-
nation brown, with paler and darker areas. Hind wing with costal, subcostal and radial 
fields, and 1r-m and area adjacent to RP branches pale brown; remaining membrane 
pale amber; venation brown, with paler and darker areas. Abdomen. Abdominal seg-
ments I and II yellow with pale brown areas; male tergites III‒V with striped pattern, 
exhibiting yellow anterior band and dark brown band on each segment; female tergites 
III yellow with broad, transversal dark brown band, tergite IV mostly dark brown; 
remaining tergites on both sexes completely dark brown. Male sternite III yellow, ster-
nites IV and V brown, the remainder dark brown; female sternite III yellow, sternite IV 
with anterior yellow band and posterior brown band, remaining sternites dark brown.

Morphology (Figs 6, 7). Head. Vertex region convex above compound eyes; com-
pound eyes as wide as 0.75 of interocular distance at antennal insertion level. Anten-
nal scape 1.5× as long as wide; pedicel as long as wide; basal flagellomere as long as 
wide, the rest discoidal, with 32 or 33 flagellomeres, all covered with fine, short setae. 
Frons subquadrate, frontoclypeal ridge barely perceptible; clypeus trapezoidal, labrum 
ovoid; mandible elongate; region of the gena as long as clypeus; maxillary palpus with 
basal palpomere slightly wider than long; second palpomere 2× as long as wide; third 
and fourth palpomere subequal, both 2.5× as long as wide; fifth palpomere 1.2× as 
long as fourth. Submentum rectangular; labial palpus with first palpomere 4× as long 
as wide, second palpomere 5× as long as wide, third palpomere slightly longer than 
second; palpimacula groove-shaped. Thorax. Pronotum tubular, 3.5× as long as wide 
at maculae, slightly bent at mid-length in lateral view; medial region coarsely wrin-
kled; dorsal surface densely covered with fine, short setae; postfurcasternum narrowly 
ovoid. Mesonotum as long as wide, anterolaterally produced; lateral parapsidal suture 
obsolete; entire surface covered with fine, short setae; metanotum rectangular, scutum 
glabrous, scutellum with fine, short setae. Pteropleuron with fine, short setae. Foreleg. 
Coxa cylindrical, elongate, with proximal ring-shaped sulcus; anterior and posterior 
surface with abundant fine setae distal to proximal sulcus; trochanter ovoid; femur 
semi-triangular, robust, with abundant fine, short setae; posteroventral row of pro-
cesses present on distal 2/3 of femur length; medial region of the row with two primary 
processes, the remainder of the row with alternate secondary, tertiary, and quaternary 
processes, and numerous Stitz organs arising from reduced processes. Anteroventral 
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Figure 7. Climaciella nigriflava sp. nov. A prothorax and head, lateral view B foreleg, posterior surface 
C same, anterior surface D head, frontal view E male pregenital abdominal apparatus.



Adrian Ardila-Camacho et al.  /  ZooKeys 1153: 37–64 (2023)54

row of processes reduced to a prominent major process. Tibia short and arched, reach-
ing the major process of femur; anterior surface covered with abundant, clavate setae; 
distal margin acutely produced; closing surface with abundant trichoid setae. Basitar-
sus subconical, as long as eutarsus, with abundant trichoid setae on closing surface; 
pretarsus reduced to a single, simple claw. Mid- and hind leg. Coxae and trochanter 
subconical; femora tubular, that of hind leg slightly longer than on mid leg; tibiae elon-
gate, thin, that of hind leg longer than on mid leg; tibial spurs well-developed. Tarsi 
with basitarsus slightly shorter than eutarsus; pretarsal claws with five or six apical den-
ticles. Wings. Forewing elongate and narrow; costal space narrow with 6‒8 subcostal 
veinlets; Sc vein running close to C on area adjacent to pterostigma, and not approach-
ing or touching RA at pterostigmal level; pterostigma wedge-shaped; subcostal space 
with four or five crossveins on medial region, six crossveins on substigmal area. Radial 
space with three crossveins; one or two RP branches arising from rarp1, two or three 
from rarp2, and two or three from rarp3; 6‒8 gradate crossveins present. Media vein 
proximally fused to R, but inflexed forming a radial triangle; diverging from R close 
R fork; M fork opposite to R fork; MA proximally fused to first RP stem for a short 
distance, forming a trapezoidal rm2. Cubitus forked near the level of radial triangle. 
Anal veins simple. Hind wing similar to forewing but shorter; subcostal space narrow, 
with eight or nine subcostal veinlets; C and Sc not fused, running subparallel until 
pterostigma; pterostigma wedge-shaped; subcostal space with four or five crossveins 
on distal region. Radial space with three crossveins; two or three RP branches arising 
from rarp1, two or three from rarp2, 1‒3 from rarp3; 6‒8 gradate crossveins present. 
Media vein basally fused to R, forked slightly before level of R fork. Cubitus forked 
slightly beyond the level of 1m-cu, CuA terminating on posterior wing margin at level 
of 1r-m, CuP distally fused to anterior branch of A1. Abdomen. Male tergites IV and 
V with two parallel rows of pores anterolaterally on each side which converge on the 
inner end, with 22‒30 pores on each couple of rows (Fig. 7E); intertergal membrane 
between segments IV‒VI expanded, apparently forming an eversible sac. In both sexes 
tergite III with two anteromedial glabrous marks; tergite IV with four glabrous marks, 
two medial and two lateral, all located at mid-length; tergites V and VI with a single 
glabrous mark, laterally on each side.

Male terminalia (Fig. 8A–F). Tergite IX half-ring shaped, medially narrower than 
laterally; Sternite IX setose, approximately pentagonal, posteromedial region slightly 
protuberant. Gonocoxite IX elongated, sigmoid, blunt on both apexes, anterior apex 
somewhat expanded. Ectoproct ovoid, ventromedial lobe with around 36 stout setae. 
Gonocoxites X forming an elongate and arched sclerite, which is slightly expanded to-
wards anterior apex, posterior apex truncate; gonostyli X membrane ventrally slightly 
sclerotized covered with microspinulae; gonostyli X elongated, ribbon-shaped, slightly 
shorter than gonocoxites X, apex forming an obtuse angle; entire surface with micro-
spinulae. Gonocoxites XI arch-shaped, median lobe, short, hook-shaped.

Female terminalia (Fig. 8G–I). Sternite VII (or gonocoxites VII) enlarged, U-
shaped. Tergite VIII half-ring shaped, approximately as wide medially as laterally, en-
closing the spiracle of the segment; gonocoxites VIII narrow, bar-shaped, subparallel-
sided, slightly narrower at middle; gonapophyses VIII forming a rectangular, setose 
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Figure 8. Climaciella nigriflava sp. nov. A male terminalia, lateral B same, ventral C same, dorsal D male 
genitalia, lateral E same, dorsal F same, ventral G female terminalia, lateral H spermatheca I female ter-
minalia, ventral.
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sclerite, connected to posteromedial region of gonocoxites VIII. Tergite IX half-ring 
shaped, posterolaterally connected to gonocoxites IX; gonocoxite IX a small and ovoid 
sclerite; gonapophyses IX probably represented by small, sclerotized areas on the an-
teroventral area of gonocoxites IX. Ectoprocts paired, ovoid. Bursa copulatrix short; 
spermatheca simple, spiral-shaped, progressively narrowed towards the apex; fertiliza-
tion canal duct and fertilization canal short.

Etymology. The specific epithet of this species is a combination of the Latin words 
niger which means black, and flavus meaning yellow, in allusion to the coloration pat-
tern of the body of this species.

Remarks. Based on the prothorax morphology, this new species appears to be close-
ly related to C. obtusa, C. semihyalina, C. personata, C. rafaeli, and C. elektroptera sp. nov. 
The body coloration pattern of the new species with head and thorax predominantly 
yellow, and a large dark area on the abdomen indicates this species could be a mimic of 
the vespid wasps Agelaia pallipes (Olivier, 1792) or Mischocyttarus cerberus Ducke, 1918 
in the case of smaller specimens, or Polistes testaceicolor Bequard, 1937 or Agelaia testacea 
(Fabricius, 1804) in the case of larger specimens (R. Lopes, pers. comm. 2022).

Climaciella semihyalina (Le Peletier de Saint-Fargeau & Audinet-Serville in 
Latreille et al. 1825)
Fig. 9A

Mantispa semihyalina Le Peletier de Saint-Fargeau & Audinet-Serville in Latreille et al. 
1825: 270, sex not indicated. Holotype (or syntypes): sex unknown, Brazil (MNHN).

Mantispa chalybea Erichson, 1839: 160, sex not indicated. Syntypes: sex unknown, 
Brazil, Suriname (ZMB, MCZ). Synonymized by Enderlein 1910: 367.

Mantispa grandis; Burmeister, 1839: 967. Not available with Burmeister as author. 
Synonymized by Westwood 1852: 253.

Nobrega tinctus Navás, 1914: 233, sex not indicated (see C. tinctus below). Holotype: 
sex unknown, Brazil (NHMUK). Synonymized by Penny 1982: 453. (non).

Specimens examined. French Guiana: Maripasoula, Mitaraka, Contreforts du Mi-
taraka, crique Alama, Foret vallonnée au pied d’inselbergs, 12.III.2015, light trap (1♂ 
CNIN); same data but automatic light trap (blue) (1♂ CSCA).

Diagnosis. The overall black coloration of the body of this species is shared with 
C. obtusa, C. rafaeli, and the synoeca morph of C. brunnea. However, the wing pattern 
of C. semihyalina easily separates it from the former two, whereas the bent prothorax 
distinguishes this species from the latter. This species is rapidly recognized by the dark 
amber anterior half of the wings, while in the posterior half, the basal region is pale 
amber, while a preapical triangular area is hyaline. On the male genitalia, the apex of 
the gonocoxites X is bifid, and the gonostyli X are spine-shaped.
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Figure 9. Wings of Climaciella species from French Guiana A Climaciella semihyalina (Le Peletier de 
Saint-Fargeau & Audinet-Serville in Latreille et al. 1825) B Climaciella tincta (Navás, 1914).
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Remarks. Climaciella semihyalina, is the most commonly encountered species of 
the genus in South America, being widely distributed in the Amazon. The bent protho-
rax together the robust forefemora of this species resemble the shape of the head of its 
potential models, i.e., the vespids Polybia simillima Smith, 1862, P. ignobilis (Haliday, 
1836) (Ardila-Camacho and García 2015), Synoeca surinama (Linnaeus, 1767), or 
Polistes goeldii Ducke, 1904 (R. Lopes, pers. comm. 2022). The basal orange-reddish 
region of the forefemur apparently resembles the mandibles of the wasp model. This 
species was already known in French Guiana, with the first record from this territory 
published by Navás (1926). The wide distribution of this species from the Amazon 
to Argentina, calls into attention about the possibility that the different populations 
could represent actually different species.

Distribution. Argentina, Bolivia, Brazil, Colombia, Ecuador, French Guiana, 
Paraguay, Peru, Suriname, Uruguay.

Climaciella tincta (Navás, 1914)
Figs 9B, 10

Nobrega tinctus Navás, 1914: 233. Holotype: sex unknown, Brazil (NHMUK).
Climaciella duckei Navás, 1915: 196. Holotype: sex unknown, Peru (NMBS). Syn-

onymized by Alvim, 2021: 31.
Climaciella tincta (Navás, 1914); Alvim 2021: 31.

Specimens examined. French Guiana: Maripassoula/Camopi, Mont Itoupé, Massif 
tabulaire, Pente oust (600 m), 23.XI.2014, light trap (1♂, 1♀ CNIN); same data but 
24.XI.2014, light trap (1♀ CSCA); same data but 29.XI.2014, light trap (2♀ CSCA). 
Roura, Montagne des Chevaux, Carrière du Galion, Crête avec forêt sur quartzite érodée, 
4°44'31,54"N, 52°25'53,02"W, 10.X.2015, automatic light trap (blue) (1♀ CSCA).

Diagnosis. This species has a distinctive coloration of the body with black head 
and thorax and orange abdomen. The prothorax is bent like in C. semihyalina, C. obtu-
sa, C. personata, C. rafaeli, and the new species described herein. The wings have smoky 
anterior half, with the posterodistal margin of this pigmented area more marked. On 
the male genitalia, the apex of the gonocoxites X is bifid, the hypomeres are present as a 
lateral granule-shaped sclerite at each side, and the gonostyli X is elongated and narrow.

Remarks. Based on the prothorax morphology, C. tincta is apparently closely relat-
ed with C. semihyalina, C. obtusa, C. personata, C. rafaeli, C. elektroptera sp. nov., and 
C. nigriflava sp. nov. This species was originally described by Navás (1914) as Nobrega 
tinctus Navás, 1914; however, Penny (1982) proposed this species as a synonym of 
C. semihyalina based on the coloration of the head and the thorax. It is noteworthy that 
the type of Nobrega tinctus lacks an abdomen, so the coloration and genitalic morphol-
ogy were unknown by Penny (1982). Furthermore, he considered the wing coloration 
of the type of N. tinctus as intraspecific variation. Hoffman (1992) revalidated this 
species and transferred it to the genus Climaciella after the examination of the type. 
Additionally, he synonymized Climaciella duckei Navás,1915 under C. tincta. These 
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results were corroborated by Alvim (2021), who redescribed this species and provided 
illustrations of the male and female genitalia for the first time. Herein, we provide the 
first record of C. tincta from French Guiana.

Based on the distribution and coloration pattern exhibited by C. tincta (Fig. 10), the 
possible models for this species could be Polybia rejecta (Fabricius, 1798) in the case of 
small specimens, while Polybia dimidiata, Polistes occipitalis Ducke, 1904, and Polistes bi-
color Fox, 1898 could be the models for larger specimens (R. Lopes, pers. comm. 2022).

Distribution. Brazil, French Guiana.

Climaciella risaraldensis Ardila-Camacho, sp. nov.
https://zoobank.org/07366DDF-2CDC-416F-9D77-6DD21026F018

Type material. Holotype ♂, colombia: Risaralda, Tatamá, Centro de visitantes 
planes de San Rafael, 5°4'20,87"N, 75°57'44,45"W, 2400 m, 10.VI.2010, F. Gaviria, 
entomological net (CEH-085).

Diagnosis. This new species may be distinguished from the majority of the spe-
cies in the genus by the general coloration pattern that is yellow with black stripes and 
marks. Furthermore, C. risaraldensis sp. nov. is easily separated from C. nigriflava sp. 
nov. by the black vertex region and the straight prothorax. On the other hand, this new 
species can be separated from C. amapaensis by having smaller compound eyes and 

Figure 10. Habitus of female Climaciella tincta in dorsal view.
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broadened region of the gena, pronotum dark brown with small diffuse yellow areas, 
anterior half of the wing pale amber, the forked apex of the male gonocoxites X, and 
hypomeres present as two granules on each side of the gonostyli X membrane.

Description. See Ardila-Camacho and García (2015).
Etymology. This species is named after the department of Risaralda, a region of 

the central Andes of Colombia where the type locality of this species is located.
Remarks. Based on the descriptions of Penny (1982) and Hoffman (1992), this 

species was initially identified as C. amapaensis by Ardila-Camacho and García (2015) 
as both have a quite similar coloration and patterning, and because the former authors 
did not provide enough details of the male pregenital, abdominal apparatus and geni-
talia. Climaciella risaraldensis sp. nov. is noticeably morphologically differentiated from 
its Amazonian congeners exhibiting a yellow and black coloration pattern. Further-
more, this species is found at high elevation (2400 m) in the mountains of the Western 
Cordillera of Colombia, an area remarkably isolated from the Amazon.

Based on the morphology of the prothorax, this species is probably closely related to 
C. amapaensis, C. brunnea, C. cubana, and C. porosa. Among these, the new species is sim-
ilar to certain morphs of C. brunnea; however the wing coloration, the male pregenital ap-
paratus, and the genitalic morphology are markedly differentiated between both species.

Distribution. Colombia.

Discussion

In the present study, the number of species of Climaciella in French Guiana is increased 
from one to six, based on considerable collecting efforts performed in this small portion 
of the Amazon. The diversity of species in this territory is quite remarkable compared 
to other, larger Neotropical countries. In Colombia and Brazil for example, five species 
of this genus have been reported to date (Ardila-Camacho and García 2015; Ardila-
Camacho et al. 2018; Alvim 2021). By contrast, in a smaller and well-sampled country 
such as Costa Rica, three species have been reported (Hoffman 2002). It is likely that 
the number of species recorded in the Neotropics is influenced by the collecting efforts, 
and a considerable diversity of this genus is expected to be found, primarily in coun-
tries of Northern South America, where this genus appears to have its higher diversity.

The two Guianese new species described herein are apparently closely related 
based on genitalic morphology. Both species appear to form a group of species to-
gether with C. semihyalina, C. obtusa, C. rafaeli, C. personata, and C. tincta based 
on the bent prothorax, a hypothesis supported in the cladistic analysis performed by 
Hoffman (1992). By contrast, C. amapaensis, C. brunnea, C. cubana, C. porosa, and 
C. risaraldensis sp. nov. form a group of species distinguished by a straight prothorax, 
although this still needs to be tested in a phylogenetic framework. In the phylogenetic 
analysis performed by Hoffman (1992), C. cubana was recovered as sister of the other 
species, while C. brunnea and C. porosa were recovered as sister based on the presence 
of five or more transverse rows of pores anterolaterally on tergite IV at each side, and 
the forked apex of the male gonocoxite IX.
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Climaciella was recovered as sister of the remainder of mantispine genera of the New 
World by Hoffman (1992) based on morphological characters. This genus exhibits a 
series character states such as the MA of the FW fused or nearly fused (i.e., separated by 
short crossvein) to the RP stem and the overall morphology of the fusion between the 
CuP and the anterior branch of the A1 of the HW, which are shared with genera from 
other realms such as Austroclimaciella Handschin,1961, Euclimacia, Pseudoclimaciella, 
Nampista Navás, 1914, Tuberonotha Handschin, 1961, and Mimetispa Handschin, 1961 
(Hoffman 1992; Snyman et al. 2012; Snyman et al. 2018). Interestingly, all these genera 
also express Batesian mimicry, begging the question if this attribute arose a single time in 
all these taxa or if it arose multiple times independently. Moreover, in the New World, the 
mimicry with vespid wasps is also expressed by Entanoneura and likely by Paramantispa 
Williner & Kormilev, 1958, of which the latter appears to be closely related to Climaciella 
based on venational characters, especially the close association between the MA and the 
RP stem of the FW. Furthermore, species of Paramantispa and Climaciella have relatively 
small compound eyes and broadened genal region, with the exception of C. amapaensis 
that has enlarged compound eyes and narrow genal region. Based on the work of Hoff-
man (1992), Entanoneura and Paramantispa are sister groups and are more related to oth-
er mantispine genera of the New World lacking Batesian mimicry. This would suggest, 
that at least, in the New World this condition arose independently in different genera.
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French Guiana Amazonian Park, organized by the MNHN and Pro-Natura Interna-
tional. The expedition was funded by the EuropeanFund for Regional Development 
(ERDF), the Conseil régionalde Guyane, the Conseil général de Guyane, the Direc-
tion de l’Environnement, de l’Aménagement et du Logement and by the ministère de 
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l’Éducation nationale, de l’Enseignement supérieur et de la Recherche. It was realized 
in collaboration with the Parc amazonien de Guyane and the Société entomologique 
Antilles-Guyane (SEAG).
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Abstract
A new species of the genus Orthozona Hampson, 1895, O. parallelilineata sp. nov., is described from 
China. The new species is illustrated with images of adults and genitalia, and it is compared to similar spe-
cies, O. quadrilineata and Paracolax curvilineata. A distribution map of this new species is also presented.
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Introduction

The genus Orthozona was erected by Hampson (1895) with Madopa quadrilineata 
Moore, 1882 as the type species from Darjiling, India. The genus has included as many 
as five species, namely Orthozona bilineata Wileman, 1915; O. curvilineata Wileman, 
1915; O. quadrilineata (Moore, 1882); O. karapina Strand, 1920, and O. rufilineata 
(Hampson, 1895) (Poole 1989; Beccaloni et al. 2003). However, O. bilineata and 
O. curvilineata were transferred to Paracolax Hübner, [1825] by Owada (1992a) and 
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Owada et al. (2021). To date, two species are known to occur in China: O. karapina 
and O. quadrilineata (Owada 1992b; Chen 1999; Wu et al. 2013). Smetacek and 
Kitching (2012) recorded a male specimen of O. quadrilineata from northwestern In-
dia and illustrated a female syntype of O. quadrilineata from Darjeeling, but they did 
not show the male and female genitalia. In the present study, a new species is described 
from Xizang Autonomous Region, China. Further study is needed to the understand 
the relatedness of Orthozona with Paracolax.

Materials and methods

Specimens were collected in Xizang Autonomous Region, China, using a 220 V/450 
W mercury lamp and a DC black light. Standard methods for dissection of the geni-
talia and preparation of the slide mounts were used (Kononenko and Han 2007). 
Photographs of the adults were taken with a Nikon D700 camera; genitalia slides were 
photographed with an Olympus photo-microscope, composited with Helicon Focus, 
and further processed with Adobe Photoshop CS6. The types of the two new species 
are deposited in the collection of Northeast Forestry University, Harbin, China.

Abbreviations for institutional collections are as follows:

NEFU Northeast Forestry University (Harbin, China);
NSMT National Museum of Nature and Science (Tsukuba, Japan).

Taxonomic account

Genus Orthozona Hampson, 1895

Orthozona Hampson, 1895, 94. Type species: Madopa quadrilineata Moore, 1882.

Diagnosis. In morphology, both Orthozona and Paracolax Hübner, [1825] share some 
charactersas follows: the color of the forewings is ochre to dark ochre, the antemedial 
and postmedial line are distinct; the distal part of valva are tongue-like, the saccular 
process are developed; and the ductus bursae have a pair of sclerotized stripes. How-
ever, these genera can be distinguished by the following features: the antemedial and 
postmedial lines in Orthozona are inwardly oblique or slightly curved but always paral-
leled with each other, whereas the two lines in Paracola are oblique or wavy and seldom 
parallel; the reniform spots in Orthozona are not obvious, while these spots in Paracola 
are obvious; the saccular process of Orthozona is finger-shaped, slightly separated from 
the valva, and slightly sclerotized, whereas the saccular process in Paracola is variously 
shaped, e.g. digitiform, conical, truncate, etc.; and the corpus bursae of Orthozona is 
sac-like, with a single signum, while the corpus bursae of Paracola is very long, more 
than twice as long as the ductus bursae, and with or without signum (Owada 1992a; 
Chen 1999; Smetacek and Kitching 2012; Wu 2014).
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Description. The proboscis is developed; the labial palpus in males is sickle-shaped, 
mostly covered with scale tufts ventrally; labial palpus in females with the 2nd segments 
straight and the 3rd segments upturned; the antenna is filiform. Thorax: quite stout; the 
forewing is broad, with the outer margin broad and slightly excurved; in many species 
of this genus, the medial line of the hindwing is indistinct and the subterminal line is 
slightly arched. Abdomen: slender, slightly lighter than the thorax; the uncus is slender, 
with a hooked apex; the tegumen is narrow and triangular; the saccus is U-shaped; 
the valva is simple and weakly sclerotized, with saccular process; the vesica is covered 
minutely granular and bears a basal cornutus; in females, the analis papili is short, the 
apophyses posteriores and anteriores are moderate in length, the ductus bursae is short, 
the corpus bursae have more extensive microspines, and a signum is present.

Orthozona parallelilineata Zhao, Zhang & Han, sp. nov.
https://zoobank.org/5DE18C80-120E-445A-A501-54900F5F7D91
Figs 1, 2, 7, 9, 12–14

Material examined. Holotype: ♀, China; Xizang Autonomous Region, Linzhi City, 
Lulang Town; 19.VIII.2014; H.L. Han leg.; genitalia No. zxy-0132-2; coll. NEFU. 
Paratypes: 1 ♀, China; Xizang Autonomous Region, Linzhi City, Pailong Coun-
tryside; 22–23.IX.2011; H.L. Han leg.; genitalia No. ztt-5280-2; 1 ♀ • Xizang Au-
tonomous Region, Linzhi City, Nadengzuo Village; 14–15.VIII.2014; H.L. Han leg.; 
genitalia No. ztt-5286-2; 3 ♂♂, 2 ♀♀ • Xizang Autonomous Region, Linzhi City, Na-
dengzuo Village; 17.VIII.2014; H.L. Han leg.; genitalia No. zxy-0099-2, zxy-0103-1, 
ztt-5278-2, ztt-5281-1, ztt-5284-1; 3 ♀♀, 1 ♂ • Xizang Autonomous Region, Linzhi 
City, Mount Sejila; 20.VIII.2014; H.L. Han leg.; genitalia No. hhl-5279-1, hhl-5282-
2, hhl-5283-2, hhl-5291-2; 1 ♀ • Xizang Autonomous Region, Linzhi City, Mount 
Sejila; 22.IX.2016; Z.H. Pan leg.; genitalia No. hhl-5289-2; 3 ♂♂ • Xizang Autono-
mous Region, Linzhi City, 13.VIII.2017; H.L. Han leg.; genitalia No. hhl-5285-1, 
hhl-5288-1, hhl-5293-1; coll. NEFU.

Diagnosis. O. parallelilineata sp. nov. (Figs 1, 2) is superficially similar to O. quad-
rilineata (Figs 3, 4) and P. curvilineata (Figs 5, 6) but can be separated from these 
species by the following characters. In the male genitalia (Fig. 7), the valva is narrower 
(in P. curvilineata, the cucullus is roundish and broader); the sacculus process is ap-
proximately 3/4 the length of valva, narrow, and the distal part is thin, finger-shaped 
(in P. curvilineata, the length of sacculus processes is obviously less than 1/2 of the 
valva, and the sclerotized is apically pointed); the saccus is narrower (in P. curvilineata, 
the saccus is broader); the phalli are slightly longer (in P. curvilineata, the phalli are 
shorter and stouter).

The characters of female genitalia (Fig. 9) are very similar to those of O. quadri-
lineata (Fig. 10) and P. curvilineata (Fig. 11); the corpus bursae is covered with sparse 
spinules (in O. quadrilineata and P. curvilineata, the spinules are more dense); the 
ductus bursae has two long, sclerotized longitudinal bands, which is similar to that 
of P. curvilineata (in O. quadrilineata, the ductus bursae has a small sclerotized band).
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Description. Adult (Figs 1, 2). Wingspan 37–39 mm in both sexes. Head: dark 
brown; labial palpus sickle-shaped in male, extended forward in female; antenna fili-
form. Thorax: patagium and tegula dark brown; mesothorax and metathorax light 
ochre-grey. Forewing light ochre-brown, diffused with brown scales; antemedial line 
dark brown, excurved, with a deep, excurved dent in Cu2–1A+2A area; medial line 
inwardly oblique, dark blackish brown, broadly band-shaped, slightly curved inwards; 
postmedial line narrow, brown, waved on the vein, with a large, excurved dent at the 
costal margin region, and a large, incurved dent in Cu2–1A+2A area; subterminal line 
inwardly oblique, dark blackish brown, broadly band-shaped, slightly curved inwards, 
parallel to the medial line, and running from the apex to inner margin close to the 
tornus; terminal line grey, narrow; orbicular spot small, brown, distinct, encircled with 

Figures 1–6. Orthozona and Paracolax spp., adults 1 O. parallelilineata sp. nov., female, holotype, Xizang 
2 O. parallelilineata sp. nov., male, paratype, Xizang 3 O. quadrilineata (Moore, 1882), female, Sikkim 
(from Dr Mamoru Owada) 4 O. quadrilineata (after Smetacek and Kitching 2012) 5 P. curvilineata (Wile-
man, 1915), male, Taiwan (from Dr Shipher Wu) 6 P. curvilineata, female, Taiwan (from Dr Shipher Wu).



Two new Orthozona species from China 69

a halo; reniform spot oval; a flap with a fringe of scales underlapping the forewing costa 
below over ca 2/3 of its length in male. Hindwing slightly lighter than forewing; me-
dia line brown, more prominent in inner margin region; postmedial line very narrow, 

Figures 7–11. Genitalia of Orthozona and Paracolax spp. 7 O. parallelilineata sp. nov., para-
type, genit. prep. zxy-0103-1 8 P. curvilineata (Wileman, 1915), Taiwan (from Dr Mamoru Owada, 
genit. prep. NSMT4187, in NSMT) 9 O. parallelilineata sp. nov., holotype, genit. prep. zxy-0132-2 
10 O. quadrilineata (Moore, 1882), Sikkim (from Dr Mamoru Owada, genit. prep. NSMT4373, in 
NSMT) 11 P. curvilineata (from Dr Mamoru Owada).
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almost not visible; subterminal line broad, blackish brown to brown, gradually notice-
able from costal to inner margin; discal spot obscure. Both forewing and hindwing 
with a discal spot on the ventral side, respectively. Abdomen: light ochre-grey, rather 
slender, terminus with yellow tufts.

Male genitalia (Fig. 7). Tegumen broad, slightly longer than vinculum. Vincu-
lum narrow, U-shaped. Saccus with a rounded and rough central plate. Valva narrow, 

Figures 12–14. Distribution and collecting sites of Orthozona spp. 12 distribution map: a = Mount 
Sejila; b = Nadengzuo Village; c = Lulang Town; d = Layue Village; e = Pailong Countryside 13 collection 
site at Nadengzuo Village, Linzhi City, Xizang Autonomous Region 14 collection site in Luluang coun-
tryside, Linzhi City, Xizang Autonomous Region.
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insole-shaped, gradually widening from base to cucullus; sacculus moderately scle-
rotized, narrow, band-shaped, ca 3/4 length of valva; sacculus process sclerotized, nar-
row, finger-shaped, weakly split from the valva; costa flattened, tapering from basal 
to terminal part, ca 2/3 length of valva; cucullus smoothly arched. Uncus long and 
slender, tapering from basal part to top, curved at 1/3 from base, apically sharp. Juxta 
inverted V-shaped, slightly concavea on both sides, papillate and sclerotized apically. 
Phallus straight; coecum narrow, ca 1/3 length of aedeagus; carina with a short and 
narrow spine, and with a sclerotized and short band ventrally. Vesica has four membra-
nous diverticula, densely covered with small grains; basal part of vesica with a reversed, 
curved, saw-toothed cornutus; subbasal diverticulum is the largest.

Female genitalia (Fig. 9). Ostium bursae broad and straight. Dorsal side of 8th 
segment with a pair of subcircular, slightly sclerotized areas, connected to base of apo-
physis anterior. Ductus bursae flattened, shorter than 1/2 length of corpus bursae, with 
two long, sclerotized longitudinal bands ca 2/3 length of ductus bursae. Corpus bursae 
membranous; anterior part densely covered with small granulations, with an oval sig-
num covered with small, stout spines; posterior half smooth, covered with longitudinal 
wrinkles. Apophysis anterior thicker and longer than apophysis posterior. Papilla analis 
thick and short.

Distribution. China (Xizang: Linzhi) (Fig. 12). This species occurs in grasslands 
around coniferous and broad-leaved mixed forests in the Xizang Autonomous Re-
gion (Figs 13, 14). It flies in the dry season. Specimens were captured with UV light 
in August.

Etymology. The species is named for the parallel medial and subterminal lines.
Remarks. Orthozona quadrilineata and Paracolax curvilineata are very similar in 

external appearance and genitalia in both sexes. However, they are not discussed fur-
ther here due to the poor condition of their materials; the relationship between these 
three species deserves in-depth study when the materials become available. In this 
paper, one female of O. quadrilineata was collected by Dr M. Owada on 25 September 
1983 in Sikkim, India (genitalia slide no. NSMT4373).
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Abstract
Three new cave-adapted chthoniid pseudoscorpions from four karst caves of Yunnan Province (China) 
are described, including detailed diagnosis and illustrations: Tyrannochthonius calvatus sp. nov. from an 
unnamed cave and Dongtianfu Cave (Fuyuan County), T. capito sp. nov. from Xianren Cave (Xichou 
County), and Lagynochthonius daidaiensis sp. nov. from Daidai Cave (Qiubei County). All three species 
are endemic to Yunnan. Tyrannochthonius calvatus sp. nov., lacking the carapaceal antero-median setae 
and having intercalary teeth on the movable chelal finger only, is a peculiar chthoniid species.

Keywords
Cavernicolous, karst caves, Lagynochthonius, taxonomy, Tyrannochthonius

Introduction

The genus Tyrannochthonius Chamberlin, 1929 contains 149 species and two subspe-
cies, with at least 58 species occurring in caves, and is distributed in all continents ex-
cept Antarctica (Li 2022; WPC 2022). This genus can be diagnosed as follows: tricho-
bothrium sb situated midway between st and b, or closer to st; trichobothria ib and isb 
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situated close together in a median or sub-basal position on the dorsum of the chelal 
hand; chelal hand not distally constricted and the movable finger without a complex 
or strongly sclerotized apodeme at the base; fixed finger usually with one large, me-
dial acuminate spine-like seta at its base, but can be reduced or absent in some cave-
dwelling species; coxal spines generally long and present on coxae II only; epistome 
pointed, triangular or rounded, inconspicuous and usually with two closely-flanking 
setae at its base (Chamberlin 1962; Muchmore 1984, 1991; Muchmore and Cham-
berlin 1995; Edward and Harvey 2008). So far, 15 species and one subspecies of this 
genus have been described from China, of which 12 are exclusively known from karst 
caves (Mahnert 2009; Gao et al. 2018, 2020; Hou et al. 2022a; Li 2022; WPC 2022).

The genus Lagynochthonius Beier, 1951 was erected by Beier (1951) as a subgenus 
of Tyrannochthonius but was later elevated to generic status by Chamberlin (1962). The 
genus is diagnosed by trichobothrium sb situated midway between st and b, or closer 
to st; trichobothria ib and isb situated close together in a median or sub-basal position 
on the dorsum of the chelal hand; coxal spines generally long and present on coxae II 
only; chelal hand distally constricted (or flask-shaped) and movable finger with com-
plex or strongly sclerotized apodeme at its base and the modified tooth (td) of the fixed 
chelal finger displaced onto the dorso-antiaxial face (Chamberlin 1962; Harvey 1989; 
Muchmore 1991; Judson 2007; Edward and Harvey 2008). At present, this genus 
contains 67 species (19 species living in caves) distributed in Asia, Australia, Africa, and 
America. Twenty species of this genus have been described from China, 13 of which are 
exclusively known from karst caves (Li et al. 2019; Hou et al. 2022a, b; WPC 2022).

Yunnan, located in southwest China, was once an ancient shallow sea during the 
Sinian (= Ediacaran) to Triassic periods and the area is characterized by massive karst 
landforms today (11.09 × 104 km2) (Wang 2001). The influence of subtropical and 
tropical monsoon climates as well as the presence of rivers and precipitation regimes 
have probably fostered the development of karst caves. According to a survey, more than 
1000 karst caves have been found in Yunnan Province (Ming 1997). To date, more than 
750 cave-dwelling animals have been identified in China (nearly 15% of them are from 
Yunnan), including 54 cave-dwelling pseudoscorpion species (25 of them are from Yun-
nan) (Schawaller 1995; Mahnert 2003, 2009; Mahnert and Li 2016; Gao et al. 2017, 
2018, 2020; Li et al. 2017, 2019; Feng et al. 2019, 2020; Latella 2019; Zhang et al. 
2020; Li and Wang 2021; Hou et al. 2022a, b; Li 2022; WPC 2022; Xu et al. 2022).

Three new cavernicolous species of Chthoniidae have been recently found from the 
karst caves survey in Yunnan in 2021 and are here described.

Materials and methods

The specimens examined for this study were cleared with a fine, soft-bristle brush and 
preserved in 75% alcohol and deposited in the Museum of Hebei University (MHBU) 
(Baoding, China) and the Museum of Southwest University (MSWU) (Chongqing, 
China). Photographs, drawings, and measurements were taken using a Leica M205A 
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stereo-microscope equipped with a Leica DFC550 camera and the Inkscape software 
(v. 1.0.2.0). Detailed examination was carried out with an Olympus BX53 general op-
tical microscope. All images were edited and formatted using Adobe Photoshop 2022.

Terminology and measurements follow Chamberlin (1931) with some minor 
modifications to the terminology of trichobothria (Harvey 1992; Judson 2007) and 
chelicera (Judson 2007). The chela and legs are measured in lateral view and others 
are taken in dorsal view. All measurements are given in mm unless noted otherwise. 
Proportions and measurements of chelicerae, carapace and pedipalps correspond to 
length/breadth, and those of legs, chela, and hand to length/depth.

The following abbreviations are used in the text: b basal trichobothrium; sb sub-
basal trichobothrium; st sub-terminal trichobothrium; t terminal trichobothrium 
trichobothrium; ib interior basal trichobothrium; isb interior sub-basal trichoboth-
rium; ist interior sub-terminal trichobothrium; it interior terminal trichobothrium; 
eb exterior basal trichobothrium; esb exterior sub-basal trichobothrium; est exterior 
sub-terminal trichobothrium; et exterior terminal trichobothrium; dx duplex tricho-
bothria; sc microsetae (chemosensory setae); td modified tooth.

Taxonomy

Family Chthoniidae Daday, 1889
Subfamily Chthoniinae Daday, 1889
Tribe Tyrannochthoniini Chamberlin, 1962

Genus Tyrannochthonius Chamberlin, 1929

Type species. Chthonius terribilis With, 1906, by original designation.

Tyrannochthonius calvatus sp. nov.
https://zoobank.org/789C8A08-776E-47A8-BCC3-B73E4940FB3D
Figs 2–5
Chinese name: 秃头暴伪蝎

Type material. Holotype: China • ♂; Yunnan Province, Fuyuan County, Mo-
hong Town, Puchong Village, unnamed cave; 25°22.301'N, 104°6.380'E; 2060 m 
a.s.l.; 07 Oct. 2021; Zegang Feng, Yanmeng Hou, Lu Zhang and Liu Fu leg.; un-
der a stone in the dark zone; Ps.-MHBU-HBUARA#2021-429-01 (Figs 1C, 2A). 
Paratypes: • 4 ♂; the same data as the holotype; Ps.-MHBU-HBUARA#2021-429-
02-HBUARA#2021-429-05 • 1 ♂, 2 ♀; the same collection date and collectors as the 
holotype; Puchong Village, Dongtianfu Cave; 25°22.105'N, 104°6.447'E; 2035 m 
a.s.l.; under stones and clods in the dark zone; Ps.-MSWU-HBUARA#2021-428-01-
HBUARA#2021-428-03 (Figs 1D, 2B).
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Figure 1. Study area, general cave locations, and type locality for each species, Yunnan Province, China. 
Each color represents an administrative region (green: Yunnan Province; red: Fuyuan County) A Daidai 
Cave (Lagynochthonius daidaiensis sp. nov.) B Xianren Cave (Tyrannochthonius capito sp. nov.) C, D un-
named cave and Dongtianfu Cave (T. calvatus sp. nov.).

Figure 2. Unnamed cave (type locality) and Dongtianfu Cave, habitats of Tyrannochthonius calvatus sp. 
nov. A unnamed cave B Dongtianfu Cave C live female of T. calvatus sp. nov. in its natural environment 
from Dongtianfu Cave.
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Diagnosis (♂♀). Moderately sized troglomorphic species with elongated append-
ages; carapace without eyes or eyespots; anterior margin of carapace thin, finely dentic-
ulated, with four setae (including preocular setae) only, without epistome and flanking 
basal setae; posterior margin of carapace with two setae; tergites I–III each with two 
setae. Pedipalps slender, femur 8.06–8.44 (♂), 7.94–8.38 (♀) × longer than broad; 
chela 8.05–8.33 (♂), 8.05–8.71 (♀) × longer than deep only movable chelal finger 
with intercalary teeth; movable chelal finger teeth markedly smaller than fixed chelal 
finger teeth and strongly retrorse and contiguous.

Etymology. The specific name is derived from the Latin adjective calvatus (bald) 
and refers to the absence of two antero-median setae on the carapace.

Description. Adult males (Figs 3A, 4A–F, 5). Color: generally pale yellow, cheli-
cerae, pedipalps and tergites slightly darker, soft parts pale. Cephalothorax (Figs 4C, 
5A): carapace 0.98× longer than broad, gently narrowed posteriorly; surface smooth, 
without furrows; no traces of eyes; anterior margin slightly serrate; epistome absent, 
without two setae flanking base; with 14–15 setae arranged s2s:4:4:0–1:2 (with 14–
17 setae arranged s2s:4:4:0–3:2 in females), most setae heavy, long and gently curved, 
anterolateral setae much shorter than others; with three pairs of lyrifissures, the first 
two pairs situated middle and lateral to the setae of ocular row respectively, the third 
situated exterior to the sole pair of setae of posterior row. Chaetotaxy of coxae: P 3, 
I 3, II 3–4, III 5, IV 5; manducatory process with two acuminate distal setae, an-
terior seta more than 1/2 length of medial seta; apex of coxa I with small, rounded 
anteromedial process; coxae II with 12 or 13 terminally indented coxal spines on 
each side, set as an oblique and arc row, longer spines present in the middle of the 
row, becoming shorter distally and proximally and incised for ca. half their length 
(Fig. 5C); intercoxal tubercle absent; without sub-oral seta. Chelicera (Figs 4D, 5B, 
D): large, ca. as long as carapace, 2.43–2.48× longer than broad; five setae and two 
lyrifissures (exterior condylar lyrifissure and exterior lyrifissure) present on hand, all 
setae acuminate, ventrobasal seta shorter than others; movable finger with one medial 
seta. Cheliceral palm with moderate hispid granulation on both ventral and dorsal 
sides. Both fingers well provided with teeth, fixed finger with 14–16 teeth, distal 
one largest; movable finger with 13–15 retrorse contiguous small teeth; galea ab-
sent (Fig. 5B). Serrula exterior with 25–28 blades and serrula interior with 17 or 18 
blades. Rallum with eight blades, the distal one longest and recumbent basally, with 
fine barbules and slightly set apart from the other blades, latter tightly grouped and 
with long pinnae, some of which are subdivided (Fig. 5D). Pedipalp (Figs 4A, B, E, 
5E–G): long and slender, trochanter 1.74–1.88, femur 8.06–8.44, patella 2.37–2.61, 
chela 8.05–8.33, hand 3.00–3.10× longer than deep femur 2.87× longer than pa-
tella; movable chelal finger 1.64–1.66× longer than hand and 0.61–0.62× longer 
than chela. Setae generally long and acuminate; one distal lyrifissure present on pa-
tella (Figs 4E, 5E). Chelal palm not constricted towards fingers, apodeme complex of 
movable chelal finger only slightly sclerotized, with weak granulation dorsally at base 
of fixed chelal finger. Fixed chelal finger and hand with eight trichobothria, movable 
chelal finger with four trichobothria, ib and isb situated close together, submedially 
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on dorsum of chelal hand; eb, esb, and ist forming a nearly straight oblique row at 
base of fixed chelal finger; it slightly distal to est, situated subdistally; et slightly near 
to tip of fixed chelal finger, very close to chelal teeth; dx situated distal to et; sb situ-
ated midway between b and st; b and t situated subdistally, t situated distal to b and 
proximal to est (Fig. 5F). A tiny antiaxial lyrifissure present at base of fixed chelal 
finger (situated distal to ist). Both chelal fingers with a row of teeth, heterodentate, 
spaced regularly along the margin, larger and well-spaced teeth present in the middle 
of the row, becoming smaller and closer distally and proximally: fixed chelal finger 
with 32–36 macrodenticles, long and pointed, without intercalary teeth; movable 
chelal finger with 37–41 macrodenticles (smaller than teeth on fixed chelal finger), 
retrorse and contiguous, plus 10–12 intercalary microdenticles (roughly extending 
to b), 47–53 in total (Fig. 5F). Chelal fingers straight in dorsal view; microsetae (sc) 
present on dorsum of chelal hand (Figs 4B, 5G). Opisthosoma: generally typical, 
pleural membrane finely granulated. Tergites and sternites undivided; setae uniseriate 
and acuminate. Tergal chaetotaxy I–XII: 2:2:2:2:4:4:4:4:4–5:4:T2–3T:0; tergite IX 
with an unpaired median seta. Sternal chaetotaxy III–XII: 12–14:11–12:8:9:9:9–
10:9:7–9:0: 2. Anterior genital operculum with ten setae, genital opening slit-like, 
with 10–12 marginal setae on each side, 31–33 in total (Fig. 4F). Legs (Fig. 5H, 5I): 
generally typical, long and slender. Fine granulation present on anterodorsal faces of 
femur IV and patella IV. Femur of leg I 1.88× longer than patella and with one lyri-
fissure at the base of femur; tarsus 2.45× longer than tibia. Femoropatella of leg IV 
4.83–5.04× longer than deep; tibia 7.60× longer than deep; with basal tactile setae 
on both tarsal segments: basitarsus 4.00–4.25× longer than deep (TS = 0.24–0.28), 

Figure 3. Tyrannochthonius calvatus sp. nov. A holotype male, habitus (dorsal view) B paratype female, 
habitus (dorsal view). Scale bars: 0.50 mm.
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Figure 4. Tyrannochthonius calvatus sp. nov., holotype male (A–F), paratype female (G) A left chela (lat-
eral view) B left chela (dorsal view) C carapace (dorsal view) D left chelicera (dorsal view) E left pedipalp 
(minus chela, dorsal view) F male genital area (ventral view) G female genital area (ventral view). Scale 
bars: 0.25 mm (E); 0.20 mm (A, B); 0.10 mm (C, D, F, G).
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Figure 5. Tyrannochthonius calvatus sp. nov., holotype male A carapace (dorsal view) B left chelicera (dor-
sal view) with details of dentation C coxal spines on coxae II (ventral view) D rallum E left pedipalp (minus 
chela, dorsal view) F left chela (lateral view) with details of dentation and trichobothrial pattern G left chela 
(dorsal view) H leg I (lateral view) I leg IV (lateral view). Scale bars: 0.20 mm (A, B, E–I); 0.10 mm (C, D).
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telotarsus 15.33–15.50× longer than deep and 2.71–2.91× longer than basitarsus 
(TS = 0.27–0.28). Arolium slightly shorter than the claws, not divided; claws simple.

Adult females (Figs 2C, 3B, 4G). Mostly same as males, but a little larger; chaeto-
taxy of coxae: P 3, I 3, II 4, III 5, IV 5; tergal chaetotaxy I–XII: 2:2:2:2–3:4:4:3–4:4:4–
5:4:T2T:0; sternal chaetotaxy IV–XII: 10–12:9–10:7–10:9:9:9:6–8:0:2; anterior geni-
tal operculum with 10–13 setae, posterior margin with 10–14 marginal setae, 22–24 
in total; leg IV with a long tactile seta on both tarsal segments: basitarsus 3.56–5.00× 
longer than deep (TS = 0.23–0.25), telotarsus 14.00–16.17× longer than deep and 
2.77–2.88× longer than basitarsus (TS = 0.27–0.29).

Dimensions (length/breadth or, in the case of the legs, also for chela and hand, 
length/depth in mm). Males (females in parentheses): body length 2.16–2.21 
(2.13–2.26). Pedipalps: trochanter 0.32–0.33/0.17–0.19 (0.32–0.34/0.18–0.20), 
femur 1.29–1.35/0.16 (1.34–1.37/0.16–0.17), patella 0.45–0.47/0.18–0.19 
(0.49–0.52/0.18–0.20), chela 1.75–1.77/0.21–0.22 (1.77–1.84/0.21–0.22), hand 
0.65–0.66/0.21–0.22 (0.65–0.68/0.21–0.22), movable chelal finger length 1.08 
(1.11–1.16). Chelicera 0.72–0.73/0.29–0.30 (0.73–0.76/0.29–0.32), movable fin-
ger length 0.40 (0.40–0.41). Carapace 0.59/0.59–0.60 (0.59–0.65/0.62–0.66). Leg 
I: trochanter 0.21/0.13–0.14 (0.20–0.22/0.12–0.16), femur 0.75–0.77/0.09 (0.77–
0.82/0.08–0.10), patella 0.40–0.41/0.08 (0.41–0.44/0.07–0.09), tibia 0.33/0.07 
(0.34–0.37/0.06–0.07), tarsus 0.81/0.06 (0.79–0.82/0.06–0.07). Leg IV: trochant-
er 0.29–0.32/0.18 (0.28–0.30/0.15–0.18), femoropatella 1.11–1.16/0.23 (1.11–
1.15/0.20–0.24), tibia 0.76/0.10 (0.77–0.81/0.10), basitarsus 0.32–0.34/0.08 (0.32–
0.35/0.07–0.09), telotarsus 0.92–0.93/0.06 (0.92–0.98/0.06–0.07).

Remarks. Tyrannochthonius calvatus sp. nov. can be easily distinguished from other 
Chinese cave-dwelling Tyrannochthonius species by lacking two carapaceal antero-me-
dian setae and the presence of intercalary teeth on the movable chelal finger only.

Distribution. Known only from the unnamed cave (type locality) and Dong-
tianfu Cave.

Tyrannochthonius capito sp. nov.
https://zoobank.org/9D5EEEEF-13A3-4C9C-895D-897EC8C8DF0E
Figs 6–9
Chinese name: 大头暴伪蝎

Type material. Holotype: China • ♂; Yunnan Province, Xichou County, Jijie Town-
ship, Xianrendong Village, Xianren Cave; 23°30.124'N, 104°52.082'E; 1345 m a.s.l.; 
16 Oct. 2021; Zegang Feng, Yanmeng Hou, Lu Zhang and Liu Fu leg.; under a 
stone in the dark zone; Ps.-MHBU-HBUARA#2021-443-01 (Figs 1B, 6). Paratypes: 
• 1 ♂, 2 ♀; the same data as the holotype; Ps.-MSWU-HBUARA#2021-443-02-
HBUARA#2021-443-04.

Diagnosis (♂♀). Small-sized cavernicolous species with slightly elongated append-
ages; carapace with two anterior corneate eyes only; anterior margin of carapace thin, 
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Figure 6. Xianren Cave (type locality), habitat of Tyrannochthonius capito sp. nov. A entrance B inside 
the cave entrance C area where T. capito sp. nov. specimens were collected D live male of T. capito sp. nov. 
in its natural environment E live female of T. capito sp. nov. in its natural environment.

finely denticulated, epistome small, pointed, triangular; posterior margin of carapace 
with two setae; tergites I–III each with four setae. Pedipalps slender, femur 4.30–4.67 
(♂), 4.27–4.60 (♀) × longer than broad; chela 4.77–5.23 (♂), 4.53–4.73 (♀) × longer 
than deep; both chelal fingers with intercalary teeth.

Etymology. The specific name is derived from the Latin noun capito (big head) 
and refers to the presence of a large cephalothorax.

Description. Adult males (Figs 6D, 7A, 8A–F, 9). Color: generally pale yel-
low, chelicerae, pedipalps and tergites slightly darker, soft parts pale. Cephalothorax 
(Figs 8C, 9A): carapace 0.88–0.95× longer than broad, gently narrowed posteriorly; 
surface smooth, without furrows; with two anterior eyes only; anterior margin slightly 
serrate; epistome small, pointed, triangular; with 18 setae arranged s4s:4:4:2:2, most 
setae heavy, long and gently curved, anterolateral setae much shorter than others; with 
three pairs of lyrifissures, the first two pairs situated middle and lateral to the setae of 
ocular row respectively, the third situated exterior to the sole pair of setae of posterior 
row. Chaetotaxy of coxae: P 3, I 3–5, II 4, III 5, IV 5; manducatory process with two 
acuminate distal setae, anterior seta more than 1/2 length of medial seta; apex of coxa 
I with small, rounded anteromedial process; coxa II with seven or eight terminally 
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Figure 7. Tyrannochthonius capito sp. nov. A holotype male, habitus (dorsal view) B paratype female, 
habitus (dorsal view). Scale bars: 0.50 mm.

indented coxal spines on each side, set as an oblique and arc row, longer spines present 
in the middle of the row, becoming shorter distally and proximally and incised for ca. 
half their length (Fig. 9C); intercoxal tubercle absent; without sub-oral seta. Chelicera 
(Figs 8D, 9B, D): large, ca. as long as carapace, 2.00× longer than broad; five setae and 
two lyrifissures (exterior condylar lyrifissure and exterior lyrifissure) present on hand, 
all setae acuminate, ventrobasal seta shorter than others; movable finger with one me-
dial seta. Cheliceral palm with moderate hispid granulation on both ventral and dorsal 
sides. Both fingers well provided with teeth, fixed finger with seven or nine acute teeth, 
distal one largest; movable finger with seven or eight rounded and contiguous small 
teeth; galea represented by a very slight bump on movable finger (Fig. 9B). Serrula 
exterior with 19 or 20 blades and serrula interior with 16 blades. Rallum with eight 
blades, the distal one longest and recumbent basally, with fine barbules and slightly 
set apart from the other blades, latter tightly grouped and with long pinnae, some of 
which are subdivided (Fig. 9D). Pedipalp (Figs 8A, B, E, 9E–G): long and slender, 
trochanter 1.64–1.70, femur 4.30–4.67, patella 1.67–2.00, chela 4.77–5.23, hand 
1.62–1.77× longer than broad; femur 2.10–2.15× longer than patella; movable chelal 
finger 2.00–2.04× longer than hand and 0.68–0.69× longer than chela. Setae gener-
ally long and acuminate; one distal lyrifissure present on patella (Figs 8E, 9E). Chelal 
palm not constricted towards fingers, apodeme complex of movable chelal finger only 
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Figure 8. Tyrannochthonius capito sp. nov., holotype male (A–F), paratype female (G) A left chela (lat-
eral view) B left chela (dorsal view) C carapace (dorsal view) D left chelicera (dorsal view) E left pedipalp 
(minus chela, dorsal view) F male genital area (ventral view) G female genital area (ventral view). Scale 
bars: 0.25 mm (B, E); 0.10 mm (A, C, D, F, G).
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Figure 9. Tyrannochthonius capito sp. nov., holotype male A carapace (dorsal view) B left chelicera 
(dorsal view) with details of dentation C coxal spines on coxae II (ventral view) D rallum E left pedipalp 
(minus chela, dorsal view) F left chela (lateral view) with details of dentation and trichobothrial pattern 
G left chela (dorsal view) H leg I (lateral view) I leg IV (lateral view). Scale bars: 0.10 mm.
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slightly sclerotized, with weak granulation dorsally at base of fixed chelal finger. Fixed 
chelal finger and hand with eight trichobothria, movable chelal finger with four tricho-
bothria, ib and isb situated close together, submedially on dorsum of chelal hand; eb, 
esb, and ist forming a straight oblique row at base of fixed chelal finger; it slightly distal 
to est, situated subdistally; et slightly near to tip of fixed chelal finger, very close to 
chelal teeth; dx situated distal to et; sb situated closer to st than to b; b and t situated 
subdistally, t situated distal to b and at same level as est (Fig. 9F). A tiny antiaxial lyrifis-
sure present at base of fixed chelal finger (situated distal to ist). Both chelal fingers with 
a row of teeth, heterodentate, spaced regularly along the margin, larger and well-spaced 
teeth present in the middle of the row, becoming smaller and closer distally and proxi-
mally: fixed chelal finger with 22 or 23 macrodenticles, pointed and slightly retrorse, 
plus 19 or 20 intercalary microdenticles, 42 in total; movable chelal finger with nine 
or ten macrodenticles (slightly smaller than teeth on fixed chelal finger), pointed and 
slightly retrorse, plus nine intercalary microdenticles and 17 or 18 vestigial, rounded 
and contiguous basal teeth, 36 in total (Fig. 9F). Chelal fingers straight in dorsal view; 
microsetae (sc) present on dorsum of chelal hand (Figs 8B, 9G). Opisthosoma: gener-
ally typical, pleural membrane finely granulated. Tergites and sternites undivided; setae 
uniseriate and acuminate. Tergal chaetotaxy I–XII: 4:4:4:6:6:6:6:6:6:7:T2T:0. Sternal 
chaetotaxy III–XII: 13:12–14:10:9:9–10:10–12:11–12:10:0:2. Anterior genital oper-
culum with 8 setae, genital opening slit-like, with 11 or 12 marginal setae on each 
side, 31 in total (Fig. 8F). Legs (Fig. 9H, I): generally typical, long and slender. Fine 
granulation present on anterodorsal faces of femur IV and patella IV. Femur of leg I 
1.83–1.92× longer than patella and with one lyrifissure at the base of femur; tarsus 
2.00–2.25× longer than tibia. Femoropatella of leg IV 1.89–2.20× longer than deep; 
tibia 3.25–3.71× longer than deep; with basal tactile setae on both tarsal segments: ba-
sitarsus 2.00–2.20× longer than deep (TS = 0.33–0.36), telotarsus 6.25–7.00× longer 
than deep and 2.27–2.33× longer than basitarsus (TS = 0.28–0.29). Arolium slightly 
shorter than the claws, not divided; claws simple.

Adult females (Figs 6E, 7B, 8G). Mostly same as males, but a little larger; chaeto-
taxy of coxae: P 3, I 3, II 4, III 5, IV 5; tergal chaetotaxy I–XII: 4:4:4:6:6–7:6:6–7:6:6–
7:7:T2T:0; sternal chaetotaxy IV–XII: 12–13:9–11:9:9–11:12–13:13:11–13:0:2; an-
terior genital operculum with 10 or 11 setae, posterior margin with 14 marginal setae, 
24 or 25 in total; leg IV with a long tactile seta on both tarsal segments: basitarsus 
2.00–2.17× longer than deep (TS = 0.31–0.33), telotarsus 7.00–9.00× longer than 
deep and 2.08–2.33× longer than basitarsus (TS = 0.25–0.26).

Dimensions (length/breadth or, in the case of the legs, also for chela and hand, 
length/depth in mm). Males (females in parentheses): body length 1.08–1.25 (1.31–
1.37). Pedipalps: trochanter 0.17–0.18/0.10–0.11 (0.19–0.20/0.10), femur 0.42–
0.43/0.09–0.10 (0.46–0.47/0.10–0.11), patella 0.20/0.10–0.12 (0.23–0.24/0.11–
0.12), chela 0.62–0.68/0.13 (0.68–0.71/0.15), hand 0.21–0.23/0.13 (0.24/0.15), 
movable chelal finger length 0.42–0.47 (0.46–0.49). Chelicera 0.34–0.38/0.17–
0.19 (0.40–0.41/0.20), movable finger length 0.19–0.21 (0.22–0.23). Carapace 
0.37/0.39–0.42 (0.38–0.39/0.45–0.46). Leg I: trochanter 0.10–0.11/0.08–0.09 
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(0.11–0.12/0.08–0.09), femur 0.22–0.23/0.06 (0.25–0.26/0.07), patella 0.12/0.05 
(0.13–0.14/0.06), tibia 0.12–0.15/0.04 (0.13–0.15/0.04), tarsus 0.27–0.30/0.03–
0.04 (0.27–0.28/0.04). Leg IV: trochanter 0.14/0.10–0.11 (0.14–0.16/0.10–0.11), 
femoropatella 0.33–0.34/0.15–0.18 (0.36–0.38/0.14–0.16), tibia 0.26/0.07–0.08 
(0.27/0.07–0.08), basitarsus 0.11–0.12/0.05–0.06 (0.12–0.13/0.06), telotarsus 0.25–
0.28/0.04 (0.27–0.28/0.03–0.04).

Remarks. Tyrannochthonius capito sp. nov. is similar to an epigean species T. ro-
bustus Beier, 1951 (from Vietnam and China) in having intercalary teeth on both 
chelal fingers and similar body size (e.g., body length 1.08–1.25 mm vs. 1.20 mm (♂), 
1.31–1.37 mm vs. 1.20 mm (♀)), but differs by the number of eyes (2 vs. 4), the pres-
ence of a hypopigmented body cuticle and the ratio of movable chelal finger and chelal 
hand (2.00–2.04× vs. 1.52× (♂), 1.92–2.04× vs. 1.80× (♀)) (Beier 1951; Song 1996).

Tyrannochthonius capito sp. nov. can be easily distinguished from other Chinese cave-
dwelling Tyrannochthonius species by the presence of a pair of anterior corneate eyes.

Distribution. Known only from the type locality.

Genus Lagynochthonius Beier, 1951

Type species. Chthonius johni Redikorzev, 1922, by original designation.

Lagynochthonius daidaiensis sp. nov.
https://zoobank.org/D23220D7-2AF6-47AE-B848-941BED5096E1
Figs 10–13
Chinese name: 呆呆拉伪蝎

Type material. Holotype: China • ♀; Yunnan Province, Qiubei County, Sh-
uanglongying Town, Pingtan Village, Daidai Cave; 24°19.772'N, 104°14.355'E; 
1228 m a.s.l.; 20 Jul. 2021; Zegang Feng, Hongru Xu, Liu Fu and Nana Zhan leg.; 
under a stone in the dark zone; Ps.-MHBU-HBUARA#2021-176-01 (Figs 1A, 10). 
Paratypes: • 2 ♀; the same data as the holotype; Ps.-MSWU-HBUARA#2021-176-
02-HBUARA#2021-176-03.

Diagnosis (♀). Moderately sized troglomorphic species with elongated append-
ages; carapace without eyes or eyespots; anterior margin of carapace thin, finely dentic-
ulated, epistome pointed and small, triangular; posterior margin of carapace with two 
setae; tergites I–IV each with two setae. Pedipalps slender, femur 7.79–8.07× longer 
than broad; chela 7.67–8.39× longer than deep; both chelal fingers without intercalary 
teeth but fixed chelal finger with a modified accessory tooth (td) on dorso-antiaxial face.

Etymology. Named after the type locality, Daidai Cave.
Description. Adult females (male unknown) (Figs 10C, 11–13). Color: gen-

erally pale yellow, chelicerae, pedipalps and tergites slightly darker, soft parts pale. 
Cephalothorax (Figs 12C, 13A, C): carapace 0.97× longer than broad, gently 



Yanmeng Hou et al.  /  ZooKeys 1153: 73–95 (2023)88

Figure 10. Daidai Cave (type locality), habitat of Lagynochthonius daidaiensis sp. nov. A entrance B in-
side the cave entrance C live female of L. daidaiensis sp. nov. in its natural environment.

Figure 11. Lagynochthonius daidaiensis sp. nov., holotype female, habitus (dorsal view). Scale bar: 0.50 mm.
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narrowed posteriorly; surface smooth, without furrows; no traces of eyes; anterior 
margin slightly serrate; epistome pointed and small, triangular; with 18 setae ar-
ranged s4s:4:4:2:2, most setae heavy, long and gently curved, anterolateral setae 
much shorter than others; with three pairs of lyrifissures, the first two pairs situated 
middle and lateral to the setae of ocular row respectively, the third situated exterior 
to the sole pair of setae of posterior row. Chaetotaxy of coxae: P 3, I 3, II 3–4, III 
5, IV 5; manducatory process with two acuminate distal setae, anterior seta less 
than 1/2 length of medial seta; apex of coxa I with small, rounded anteromedial 
process; coxae II with 11 or 12 terminally indented coxal spines on each side, set as 
an oblique and arc row, longer spines present in the middle of the row, becoming 
shorter distally and proximally and incised for ca. half their length (Fig. 13C); inter-
coxal tubercle absent; without sub-oral seta. Chelicera (Figs 12D, 13B, D): large, ca. 
as long as carapace, 2.41× longer than broad; five setae and two lyrifissures (exterior 
condylar lyrifissure and exterior lyrifissure) present on hand, all setae acuminate, 
ventrobasal seta shorter than others; movable finger with one medial seta. Cheliceral 
palm with moderate hispid granulation on both ventral and dorsal sides. Both fin-
gers well provided with teeth, fixed finger with 15–17 teeth, distal one largest; mov-
able finger with 12 retrorse contiguous small teeth; galea absent (Fig. 13B). Serrula 
exterior with 21 blades and serrula interior with 13 or 14 blades. Rallum with seven 
blades, the distal one longest and recumbent basally, with fine barbules and slightly 
set apart from the other blades, latter tightly grouped and with long pinnae, some of 
which are subdivided (Fig. 13D). Pedipalp (Figs 12A, B, F, 13E–G): long and slen-
der, trochanter 1.25–1.41, femur 7.79–8.07, patella 2.35–2.53, chela 7.67–8.39, 
hand 3.29–3.61× longer than broad; femur 2.83–2.87× longer than patella; mov-
able chelal finger 1.32–1.35× longer than hand and 0.57–0.58× longer than chela. 
Setae generally long and acuminate; one distal lyrifissure present on patella (Figs 
12F, 13E). Chelal palm gradually constricted towards fingers, apodeme complex of 
movable chelal finger strongly sclerotized, with weak granulation dorsally at base of 
fixed chelal finger. Fixed chelal finger and hand with eight trichobothria, movable 
chelal finger with four trichobothria, ib and isb situated close together, submedi-
ally on dorsum of chelal hand; eb, esb, and ist forming an oblique row at base of 
fixed chelal finger; it slightly distal to est, situated subdistally; et slightly near to tip 
of fixed chelal finger, very close to chelal teeth; dx situated distal to et; sb situated 
midway between b and st; b and t situated subdistally, t situated distal to b; est and 
it situated between b and t (Fig. 13F). A tiny antiaxial lyrifissure present at base of 
fixed chelal finger (situated distal to ist). Both chelal fingers with a row of teeth, 
homodentate, spaced regularly along the margin, larger teeth present in the middle 
of the row, becoming smaller and closer distally and proximally: fixed chelal finger 
with 35 or 36 macrodenticles, slightly retrorse and pointed, plus a modified acces-
sory tooth on dorso-antiaxial face (td, close to dx), 36 or 37 in total; movable chelal 
finger with 20–22 macrodenticles (slightly smaller than teeth on fixed chelal finger), 
slightly retrorse and pointed, plus nine or ten vestigial, rounded and contiguous 
basal teeth, 30 or 31 in total (Fig. 13F). Chelal fingers slightly curved in dorsal view; 
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Figure 12. Lagynochthonius daidaiensis sp. nov., holotype female A left chela (lateral view) B left chela 
(dorsal view) C carapace (dorsal view) D left chelicera (dorsal view) E female genital area (ventral view) 
F left pedipalp (minus chela, dorsal view). Scale bars: 0.20 mm (A, B, F); 0.10 mm (C–E).

microsetae (sc) present on dorsum of chelal hand (Figs 12B, 13G). Opisthosoma: 
generally typical, pleural membrane finely granulated. Tergites and sternites undi-
vided; setae uniseriate and acuminate. Tergal chaetotaxy I–XII: 2:2:2:2:4:4–5:4–
5:5:5:4:T2T:0, tergites VIII and IX each with an unpaired median seta. Sternal chae-
totaxy IV–XII: 11–12:7–8:7:7–8:7–8:7:7–8:0:2. Anterior genital operculum with 
10 setae, posterior margin with 13–14 marginal setae, 23–24 in total (Fig. 12E). 
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Figure 13. Lagynochthonius daidaiensis sp. nov., holotype female A carapace (dorsal view) B left chelicera 
(dorsal view) with details of dentation C coxal spines on coxae II (ventral view) D rallum E left pedipalp (mi-
nus chela, dorsal view) F left chela (lateral view) with details of dentation and trichobothrial pattern G left chela 
(dorsal view) H leg I (lateral view) I leg IV (lateral view). Scale bars: 0.20 mm (A, B, E–I); 0.10 mm (C, D).
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Legs (Fig. 13H, I): generally typical, long and slender. Fine granulation present on 
anterodorsal faces of femur IV and patella IV. Femur of leg I 1.88–1.97× longer 
than patella and with one lyrifissure at the base of femur; tarsus 2.72–2.73× longer 
than tibia. Femoropatella of leg IV 4.00× longer than deep; tibia 6.20–6.33× longer 
than deep; with basal tactile setae on both tarsal segments: basitarsus 3.50–3.71× 
longer than deep (TS = 0.29–0.35), telotarsus 14.60–15.20× longer than deep and 
2.71–2.81× longer than basitarsus (TS = 0.36). Arolium slightly shorter than the 
claws, not divided; claws simple. Dimensions of adult females (length/breadth or, 
in the case of the legs, also for chela and hand, length/depth in mm): body length 
1.85–2.04. Pedipalps: trochanter 0.20–0.24/0.16–0.17, femur 1.09–1.13/0.14, pa-
tella 0.38–0.40/0.15–0.17, chela 1.51–1.61/0.18–0.21, hand 0.65–0.69/0.18–0.21, 
movable chelal finger length 0.86–0.93. Chelicera 0.65–0.70/0.27–0.29, movable 
finger length 0.34–0.36. Carapace 0.56–0.58/0.58–0.60. Leg I: trochanter 0.16–
0.18/0.15, femur 0.60–0.65/0.08, patella 0.32–0.33/0.07, tibia 0.25–0.26/0.05–
0.06, tarsus 0.68–0.71/0.05. Leg IV: trochanter 0.25–0.26/0.15, femoropatella 
0.84–0.92/0.21–0.23, tibia 0.57–0.62/0.09–0.10, basitarsus 0.26–0.28/0.07–0.08, 
telotarsus 0.73–0.76/0.05.

Remarks. Lagynochthonius daidaiensis sp. nov. is similar to L. laoxueyanensis Hou, 
Gao & Zhang, 2022 (from Yunnan, China), but differs by the number of setae on ter-
gites III–IV (2 vs. 4), a shorter chela (chela 7.67–8.39 vs. 6.88–7.22 (♀) × longer than 
deep, length 1.51–1.61 vs. 1.65–1.66 mm) and the number of coxal spines blades (11 
or 12 vs. 9) (Hou et al. 2022a).

Lagynochthonius daidaiensis sp. nov. can be easily distinguished from L. fengi Hou, 
Gao & Zhang, 2022, L. retrorsus Hou, Gao & Zhang, 2022, L. serratus Hou, Gao 
& Zhang, 2022, L. spinulentus Hou, Gao & Zhang, 2022, L. xiaolinensis Hou, Gao 
& Zhang, 2022 and L. yaowangguensis Hou, Gao & Zhang, 2022 by the absence of 
intercalary teeth on both chelal fingers; from L. crassus Hou, Gao & Zhang, 2022 by 
lacking a pair of anterior eyespots; from L. magnidentatus Hou, Gao & Zhang, 2022 
and L. xinjiaoensis Hou, Gao & Zhang, 2022 by the presence of two carapaceal antero-
median setae; from L. bailongtanensis Li, Liu & Shi, 2019, L. minimus Hou, Gao & 
Zhang, 2022 and L. xibaiensis Hou, Gao & Zhang, 2022 by the number of setae on 
tergites I–II (2 vs. 3–4) (Li et al. 2019; Hou et al. 2022b).

Distribution. Known only from the type locality.
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Abstract
A new species, Tricosa uniseriata sp. nov., is described here. A list of Tricosa species found in Thailand with 
distributions and an updated key to Tricosa are also provided.
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Ambrosia beetles, key, new species, Thailand, Tricosa, Xyleborini

Introduction

The xyleborine ambrosia beetle genus Tricosa Cognato, Smith & Beaver, 2020 (Curculio-
nidae, Scolytinae) contains six species (Cognato et al. 2020; Smith et al. 2022). Two species 
were originally described as Xyleborus Eichhoff, 1864 and Cyclorhipidion Hagedorn, 1912, 
and four species were subsequently described (Cognato et al. 2020; Smith et al. 2022). 
Tricosa shares diagnostic characters with three xyleborine genera, Cyclorhipidion Hagedorn, 
1912, Cryptoxyleborus Schedl, 1937, and Fraudatrix Cognato, Smith & Beaver, 2020, 
including either a setose and/or an attenuate appearance. Tricosa is distinguished from 
Cyclorhipidion by the slightly tapering elytra, from Cryptoxyleborus by the obliquely trian-
gular protibial and attenuate elytra, and from Fraudatrix by the four-segmented antennal 
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Table 1. Synoptic list of the Tricosa fauna of Thailand.

Species First record Thai distribution
Tricosa cattienensis Cognato et al. 2020 N: Chiang Mai; N-E: Chaiyaphum; W: Phetchaburi; S: Surat Thani
Tricosa indochinensis Cognato et al. 2020 N: Chiang Mai
Tricosa metacuneolus Beaver et al. 2014 S: Chumphon, Nakhon Sri Thammarat
Tricosa uniseriata sp. nov. This publication S: Narathiwat

funicle, the type 3 antennal club with one or two sutures visible on the posterior face, and 
the pronotal disc being as long as or shorter than the anterior slope (Cognato et al. 2020). 
Tricosa species are mainly distributed in southern Asia and eastern Papua New Guinea 
(Cognato et al. 2020; Smith et al. 2020, 2022). Three species have been previously re-
corded from Thailand, Tricosa cattienensis Cognato, Smith & Beaver, 2020, T. indochinensis 
Cognato, Smith & Beaver, 2020, and T. metacuneolus (Eggers, 1940) (Beaver et al. 2014; 
Cognato et al. 2020). In this present study, we describe a new species, increasing the num-
ber of Thai Tricosa species to four and adding a seventh member to the genus (Table 1).

Materials and methods

A specimen was collected from a small branch of Artocarpus integer (Moraceae) in the 
lowland tropical rain forest of the Hala-Bala Wildlife Sanctuary, Narathiwat province, 
Thailand. Photographs were taken with a Canon 5D digital camera with a Canon 
MP-E 65 mm macro lens (Canon, Tokyo, Japan) and StackShot-Macrorail (Cognisys 
Inc., MI, USA) The photos were then combined with Helicon Focus 6.8.0. (Helicon 
Soft, Ukraine), and all photos were improved with Adobe Lightroom classic (Adobe 
Systems, CA, USA). The antennal and pronotum types and characters follow those 
proposed by Hulcr et al. (2007) and subsequently elaborated upon by Smith et al. 
(2020). Length was measured from the pronotal apex to the apex of the declivity, and 
width was measured at the widest part of the specimen.

Results

Taxonomic treatment

Tricosa Cognato, Smith & Beaver, 2020

Type species. Xyleborus metacuneolus Eggers, 1940.
Diagnosis. Antennal funicle four-segmented; antennal club with one or two sutures 

visible on the posterior face; protibia distinctly or obliquely triangular with six or fewer 
denticles on outer margin and posterior face flattened and unarmed; scutellum small, flush 
with elytra surface; mycangial tufts absent; elytra attenuate; posterolateral costa absent.

Similar genera. Cryptoxyleborus, Cyclorhipidion, and Fraudatrix.
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Tricosa uniseriata Sittichaya & Cognato, sp. nov.
https://zoobank.org/B97E9080-B657-4301-A775-CA9C057A644C
Fig. 1A–F

Type material. Holotype, female, Thailand, Narathiwat Province, Hala-Bala Wild-
life Sanctuary, 5°48'02.4"N, 101°49'58.2"E, lowland tropical rainforest, 140 m a.s.l., 
12.x.2021, ex. small branch of Artocarpus integer (W. Sittichaya) (NHMW, Naturhis-
torisches Museum Wien, Wien).

Similar species. T. hipparion Smith, Beaver & Cognato, 2022.
Diagnosis. This species is distinguished by its stoutness: 2.35 mm long, 2.40× as 

long as wide. The combination of the following characters is diagnostic: lateral mar-
gin of elytra feebly broadened apically; elytral disc convex; discal striae and interstriae 
uniseriate punctate; stria weakly impressed and interstriae elevated; anterior margin of 
pronotum with six moderate serrations.

Description (female). 2.35 mm long, 2.40× as long as wide. Body dark brown, 
except appendages yellowish brown. Body more robust, less elongate. Head: epistoma 
entire, transverse, lined with a row of short, hair-like setae. Frons flat from epistoma 
to middle level of eye, then slightly convex upward to vertex; lower portion of surface 
at medial line shagreened, subshining; sides of medial line glabrous, strongly shinning; 
upper portion shagreened, subshining; frons with widely separated, small granules, 
with each granule decorated with long, fine, hair-like setae. Eyes weakly emarginate 
above level of antennal insertion; upper portion of eyes slightly smaller than lower part. 
Submentum slightly impressed below genae, widely triangular at base. Antennal club 
type 3 (Hulcr et al. 2007; Smith et al. 2020); scape regularly thick, as long as club. An-
tennal funicle four-segmented; first segment longest and other segments approximately 
equal in length. Pedicel shorter than funicle. Club flattened, approximately circular 
(type 3) (Hulcr et al. 2007; Smith et al. 2020); segment 1 corneous, transverse on an-
terior face, occupying basal ~1/3; segment 2 slightly concave, corneous and corneous 
line very narrow; segments 1 and 2 present on posterior face.

Pronotum: 1.0× as long as wide; elongate and parallel sided in dorsal view, type 
7 (Hulcr et al. 2007; Smith et al. 2020); sides parallel in basal 2/3, rounded anteri-
orly; anterior margin with a row of six serrations. In lateral view, elongate, disc longer 
than anterior slope, type 7, summit low, on apical 2/5. Surface alutaceous, anterior 
1/2 asperate; asperities robust, close together, arranged in concentric arcs from mid-
point of pronotum to anterior and anterolateral areas; disc evenly punctate, punctures 
moderate in size, round and deep, sparse and separated by glabrous, shinning areas 
3–5× the size of puncture, each puncture with short, erect, hair-like seta, some longer 
hair-like setae at margins. Lateral margins obliquely costate. Base transverse, poste-
rior angles acutely rounded. Scutellum: small, narrow, linguiform, flush with elytra, 
shiny. Elytra: 1.36× as long as wide, 1.44× as long as pronotum. Base transverse, 
margins oblique; humeral angles rounded. Sides subparallel, slightly broader from 
base to apical 3/4, then attenuate at apical 1/4, apex attenuate, broadly rounded. 
Disc convex, surface smooth, shinning, striae and interstriae uniseriate. Striae feebly 
impressed, punctate, punctures round, broad, and shallow, separated by 1/2 the width 
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of a puncture, each puncture with a short, fine, inconspicuous, hair-like seta. Inter-
striae feebly elevated, elevation more evident apically; interstriae minutely uniseriate 
punctate-granulate, widely spaced, near elytral base with fine punctures and small 

Figure 1. Tricosa uniseriata sp. nov. holotype female A dorsal view B ventro-lateral view C posterolateral 
view D front E declivity F antenna.
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granules on apical 1/2, granules slightly increasing in size apically; each puncture or 
granule with a very long, hair-like seta. Declivity occupying ~1/3 of elytra, gradual, 
face feebly convex, subshining; striae feebly impressed, punctate, punctures similar 
in size with those on the disc, each with short, fine, hair-like seta; interstriae feebly 
elevated, with small granules, granule apices curved ventrad, each granule with very 
long hair-like seta; setae on declivity twice as long as those of disc. Posterolateral 
margins rounded and granulate. Legs: procoxae contiguous, prosternal posterocoxal 
piece conical, slightly inflated. Protibiae distinctly triangular, broadest at apical 1/3, 
posterior face flat, unarmed; outer margin armed with five large denticles at apical 1/3. 
Meso- and metatibiae obliquely triangular, flattened, posterior face unarmed; outer 
margin armed with 6 and 10 moderately socketed denticles.

Male. Unknown.
Etymology. L. uniseriata: uni- = one; series = row. Refers to the arrangement of 

strial and interstrial punctures in one line. A variable adjective.
Distribution. Thailand (Narathiwat Province).
Host plants. The holotype was collected from a small branch of Artocarpus integer 

(Thunb.) Merr. (Moraceae).

Discussion

Tricosa uniseriata is the smallest and stoutest Tricosa species. The proportion of this 
species’ body is 2.40× as long as wide as compared to the other species. The elytra are 
feebly widened 3/4 from the base and slightly tapered to apex as compared to T. hip-
parion where the elytra are parallel sided 2/3 from the base and tapered to the apex 
(Cognato et al. 2020; Smith et al. 2022). Its pronotum is less posteriorly elongate, 
which is similar to T. hipparion and T. mangoensis (Schedl, 1942), and different from 
the other species, which have a more posteriorly elongated pronotum. The elytral apex 
is less tapering, broadly rounded, and similar to T. hipparion.

Key to the species of Tricosa (females only)

Modified from Cognato et al. (2020).

1 Elytral disc slightly convex without transverse impression ...........................2
– Elytral disc deeply transversely impressed with a saddle-like depression .........

 .................................................................................................T. hipparion
2 Elytral discal striae and interstriae uniseriate punctate .................................3
– Elytral discal striae and interstriae punctures confused ................................6
3 Pronotum anterior margin unarmed, protibia broad, appearing distinctly tri-

angular .......................................T. jacula Cognato, Smith & Beaver, 2020
– Pronotum anterior margin serrate, protibia narrow, appearing obliquely tri-

angular ........................................................................................................4
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4 Discal striae and interstriae flat, body more elongate 2.53–2.78× as long as 
wide, elytra more tapering, apex broadly acute ............................................5

– Discal striae feebly impressed, interstriae feebly elevate, body shorter and 
stouter 2.40× as long as wide, elytra less tapering, apex broadly round ..........
 ...................................................................................T. uniseriata sp. nov.

5 Smaller in size, 2.40–2.50 mm, and declivital interstriae moderately setose...
 ...........................................................................................T. metacuneolus

– Larger, 3.80 mm, and declivital striae and interstriae densely setose ..............
 .............................................................................................. T. mangoensis

6 Pronotum anterior margin armed by a row of six serrations. Smaller, 2.70–
3.10 mm long, and stouter, 2.50–2.70× as long as wide ......... T. cattienensis

– Pronotum anterior margin armed by a row of eight serrations. Larger, 3.20–
3.40 mm long, and more slender, 2.83–2.91× as long as wide ......................
 ...........................................................................................T. indochinensis
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Abstract
A new species of the spionid genus Lindaspio Blake & Maciolek, 1992 was collected from a cold seep 
near the Hainan Island at a depth of 1758 m. Morphologically, Lindaspio polybranchiata sp. nov. differs 
from the congeners in having a narrow, folded caruncle and more neuropodial branchiae (from chaetiger 
20). The 18S, COI, and 16S sequences of the new species have been submitted to GenBank. It is the first 
record of the genus Lindaspio from Chinese waters. A key to all species of Lindaspio is given.

Keywords
Cold seep, Lindaspio polybranchiata sp. nov., Polychaeta, taxonomy

Introduction

Spionidae Grube, 1850 is a group of polychaetes which have a worldwide marine 
distribution from the intertidal zone to the deep sea, including hydrothermal vent and 
cold seep environments (Blake and Maciolek 1992; Blake and Ramey-Balci 2020). They 
are very common and frequently dominant within polychaete communities (Meißner 
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et al. 2014). The genus Lindaspio was established by Blake and Maciolek (1992) 
for Lindaspio dibranchiata, which was collected from a hydrothermal mound in the 
Guaymas Basin (27°01'N, 111°24'W, 2008 m depth). At present, Lindaspio comprises 
three valid species: L. dibranchiate Blake & Maciolek, 1992 and L. southwardorum 
Blake & Maciolek, 1992 from a high-heat-flow area in the Middle Valley segment 
of the Juan de Fuca Ridge (48°25.8'N, 128°40.9'W, 2425 m depth), as well as L. 
sebastiena Bellan, Dauvin & Laubier, 2003 from an oil field off Congo (5°16.390'N, 
11°33.848'W, 150 m depth).

In May 2021, a biodiversity survey in the area of a cold-seep (named “Lingshui”) 
near Hainan Island was conducted by the Institute of Oceanology, Chinese Academy 
of Sciences (IOCAS) using the R/V Kexue. During the cruise, some specimens of an 
undescribed species of polychaetes were collected by the ROV Faxian at a depth of 
1758 m (Fig. 1).

Materials and methods

All the specimens were fixed and preserved in 75% ethanol solution and are deposited 
in the Marine Biological Museum of the Chinese Academy of Sciences (MBMCAS) in 
the Institute of Oceanology, Chinese Academy of Sciences (IOCAS). The specimens 
were observed, measured, and photographed with a Nikon AZ100 stereomicroscope. 
The fine morphology of anterior end, notochaetae, and neurochaetae was observed us-
ing a Hitachi S-3400N scanning electron microscope (SEM).

Total DNA was extracted with the DNeasy Blood and Tissue Kit (Qiagen, Hilden, 
Germany) and stored at −20 °C. Partial fragments of COI (~700 bp), 16S (~450 bp), 
and 18S (~1800 bp) genes were amplified by the polymerase chain reaction (PCR) using 
primers polyLCO/polyHCO (Carr et al. 2011), 16S-AnnF/AnnR (Sjölin et al. 2005), 
and 18S-A/B (Medlin et al. 1988), respectively. Amplifications were carried out in a 
reaction mixture containing 2 μl of template DNA, 12.5 μl of Premix TaqTM (Takara, 

Figure 1. Sampling site of Lindaspio polybranchiata sp. nov.
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Otsu, Shiga, Japan), 0.5 μl of each primer (10 mM), and sterile distilled H2O to a total 
volume of 25 μl with cycling conditions as follows: initial denaturation at 94 °C for 10 
min, followed by 35–45 cycles of denaturation at 94 °C for 30 sec, annealing at 45 °C 
for 40 sec, and extension at 72 °C for 90 sec. A final extension at 72 °C for 5 min was 
included. PCR products with distinct bands after electrophoresis on 1.5% agarose gels 
were sent to Qingke Laboratory (Qingdao, China) for sequencing using the same set of 
primers that were used for PCR amplifications. Fragments with overlapping sequences 
(forward and reverse) were merged into consensus sequences using CONTIG EXPRESS 
(a component of Vector NTI Suite 6.0, Life Technologies, Carlsbad, CA, USA). The as-
sembled sequences were checked by BLASTing in GenBank to ensure that the DNA was 
not contaminated. Finally, all the new sequences were submitted to GenBank.

Systematics

Taxonomy

Family Spionidae Grube, 1850

Genus Lindaspio Blake & Maciolek, 1992

Type species. Lindaspio dibranchiata Blake & Maciolek, 1992.
Generic diagnosis (according to Gérard et al. 2003). Prostomium incised, devel-

oped into two frontal lobes or weak horns; caruncle present or absent; occipital tentacle 
absent. Peristomial wings absent. Notopodia of chaetigers 2–4 with fascicles of heavy 
spines. Anterior neuropodial spines present. Dorsal branchiae starting from chaetiger 2; 
ventral branchiae starting from an anterior segment, branchiae closely associated with 
parapodial lamellae, continuing to posterior end. Chaetiger 1 reduced, with notopodia 
reduced to single lamellae lacking notochaetae. Following notopodia and neuropodia 
with capillaries and hooded hooks. Pygidium simple, conical, lacking cirri.

Lindaspio polybranchiata sp. nov.
https://zoobank.org/601C3193-EE40-4088-9029-2CB1BDDC8641
Figs 2–4

Material examined. Holotype: Complete, Lingshui cold seep cruise, Faxian Dive 252, 
1758 m, 17°37'N, 111°03'E, coll. crew of R/V Kexue, 28 May 2021, MBM 304666. 
Paratypes: 4 specimens, complete, same collection data as holotype, MBM 304662-
MBM 304665.

Non-type: 14 incomplete specimens depositing in one specimen bottle, 
MBM304661.

Description of holotype. Total length 55 mm, maximum width 4 mm, including 
chaetae. More than 350 crowded chaetigers. Color pale in alcohol.
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Figure 2. Lindaspio polybranchiata sp. nov. (Paratype, MBM 304662) A anterior end, dorsal view 
B caruncle C modified notopodial spines from anterior chaetiger D tip of modified notopodial spine.

Prostomium anteriorly bilobed, forming two broadly swollen lobes (Fig. 2A), con-
tinuing posteriorly as narrow, undulating caruncle to anterior margin of chaetiger 2 
(Fig. 2B). Palps short, thick, tapering to pointed tip, not extending beyond chaetiger 
3 (Figs 2A, 3A). Chaetiger 1 reduced, notopodia reduced to flattened lamella, lacking 
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Figure 3. Lindaspio polybranchiata sp. nov. (Paratype, MBM 304663) A anterior end in dorsal view 
B  anterior segments in ventral view, starting from segment 20 C median segments in ventral view 
D posterior end in dorsal view E posterior end in ventral view F anterior end in lateral view G parapo-
dium from segment 12 H parapodium from segment 31; I. parapodium from segment 51. Scale bars: 
1 mm (A, E); 500 μm (B–D, F); 250 μm (G–I).
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Figure 4. Lindaspio polybranchiata sp. nov. (Paratype, MBM 304662) A ventral view, middle part 
B  anterior notochaetae C notopodial hooded hooks D anterior neurochaetae E details of neurochaetae 
F neuropodial hooded hook.

notochaetae (Fig. 3A); neuropodia with well-developed pre- and postchaetal lamel-
lae (Fig. 3F) and fascicles of capillaries. Notopodia of chaetigers 2–4 shifted dorsally 
to medial position, with pre- and postchaetal lamellae forming three rows enclosing 
cluster of modified spines (Figs 2C, D, 3A, F). Notopodia of chaetigers 5–8 gradually 
shifted to lateral position (Fig. 3A, F). Notopodia from chaetiger 5 and neuropodia 
from chaetiger 2 with well-developed pre- and postchaetal lobes.

Dorsal branchiae fingerlike, appear from chaetiger 2 (Fig. 3A) and remaining short 
to chaetiger 30, thereafter branchiae becoming thinner, longer, extending to dorsal mid-
line. Ventral branchiae absent in the anterior part (Fig. 3G). From chaetiger 20 small 
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neuropodial expansion (Fig. 3B), becoming well-developed neuropodial branchiae 
(Fig. 3C) at chaetiger 40, until about chaetiger 80, becoming longer, more cylindrical, 
nearly reaching ventral midline, but never as long as dorsal branchiae (Figs 3H, I, 4A).

Notochaetae of chaetigers 2–4 modified into cluster of about 15 heavy spines 
(Figs 2C, 3A); subsequent notochaetae numerous, thin capillaries (Fig. 4B) until about 
chaetiger 60 where hooded hooks appear; capillaries become heavier and more limbate 
in far posterior segments; individual notopodial hooks strongly curved, with pointed 
tips without minute teeth (Fig. 4C).

Anterior neurochaetae include row of heavy spines and ventral bundle of thin cap-
illaries (Fig. 4D); neuropodial spines each with smooth shaft that tapers gradually, then 
continues as fine, pointed tip with fine bristles sometimes visible along edge (Fig. 4E); 
spines present until about chaetiger 40, then accompanied with thin capillaries; these 
capillaries accompanied by neuropodial hooded hooks from about chaetiger 65; each 
hook smaller, more delicate than notopodial hooks, without minute teeth (Fig. 4F). 
Pygidium simple, conical, lacking cirri (Fig. 3D, E).

GenBank Accession Number: COI OQ582086, 16S OQ592054, 18S OQ592055.
Remarks. As mentioned above, three species have been reported in the genus 

Lindaspio. The new species is easily distinguished from L. dibranchiate and L. sebast-
iena in having a narrow, undulating caruncle, while L. sebastiena has no caruncle and 
L. dibranchiate has a short, mounded caruncle. The new species resembles L. south-
wardorum in having similar caruncle, ventral branchiae and dorsal clusters of spines 
in anterior notopodia, while the latter differs in having first neuro- branchiae from 
chaetiger 55 (vs. chaetiger 20 in the new species) and having more modified spines on 
chaetigers 2–4 (20 vs. 15).

The BLAST percent identity of the 18S sequence between the new species and 
Lindaspio dibranchiata is 99% (1758/1762 bp), suggesting that they are congeneric. 
Additionally, the COI and 16S sequences of our specimen are identical to those of 
Lindaspio sp. (GenBank accession number OK032597.1), which confirms that the 
unverified species of Lindaspio in GenBank is a Lindaspio polybranchiata sp. nov.

Etymology. The species is so named because it has more neuropodial branchiae 
than the congeners.

Distribution. Currently only known from the type locality, near Hainan Island, 
China, at a depth of 1758 m (Fig. 1).

Key to Lindaspio species

1 Caruncle absent .....................L. sebastiena Bellan, Dauvin & Laubier, 2003
– Caruncle present ............................................................................................ 2
2 Caruncle oval ................................. L. dibranchiata Blake & Maciolek, 1992
– Caruncle undulating ...................................................................................... 3
3 First neuro- branchiae starting from about chaetiger 55 ...................................

 ................................................. L. southwardorum Blake & Maciolek, 1992
– First neuro- branchiae starting from about chaetiger 20 ...................................

 .............................................................................. L. polybranchiata sp. nov.
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Abstract
Physomerinus jiulongensis sp. nov. is described from a series of overwintering individuals collected in de-
composing wood at Jiulong National Wetland Park, East China. The new species is characterized and 
separated from related congeners by the unique form of the sexually dimorphic maxillary palpi, greatly 
swollen male metafemora, as well as by the shape of the genitalia of both sexes. A key to, and a distribu-
tional map of, Physomerinus species occurring in China and on the Ryukyu Islands, Japan is provided.

Keywords
Ant-loving beetle, Batrisina, Batrisini, East China, new taxon, taxonomy, Zhejiang

Introduction

The ant-loving beetle genus Physomerinus Jeannel, 1952 (Batrisitae: Batrisini) contains 
12 species distributed in the Oriental and East Palaearctic regions (Newton 2022). 
The genus was placed in Jeannel’s fifth division of the Batrisina (Jeannel 1958), or as 
a member of Nomura’s (1991) ‘Batrisocenus complex’ of genera. Species of this genus 
have the pronotum with distinct median and two lateral longitudinal sulci, and a com-
plete transverse antebasal sulcus, the sides of the pronotum lack spines, each elytron has 
two basal foveae, and the first visible tergite (IV) is longest. The males possess variously 
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modified metafemora, and often a constricted basal capsule of the aedeagus. The latter 
indicates a close relationship to the genus Batriscenaulax Jeannel, 1958 which includes 
six species from Japan and China (Nomura 1991; Yin 2022). One major taxonomic 
problem of Physomerinus is that the type species, P. septemfoveolatus (Schaufuss L. W., 
1877) from Southeast Asia, has a secretory trichome on the anterolateral margin of the 
scape, and the aedeagus bears a large basal capsule (Jeannel 1952: fig. 42; Nomura pers. 
com.), which are congruent with the defining features of a group of genera centered 
on Batrisiella Raffray, 1904. A revision of the genus is needed to clarify this problem.

Within Physomerinus several species may indeed form monophyletic subgroups by 
their shared male features. Physomerinus hasegawai Nomura, 1991 from China (Tai-
wan) and Japan (Ryukyu Islands) and P. clavipes Zhang & Yin, 2022 from China 
(Guangxi) are linked by the smoothly broadened lateral portions of maxillary pal-
pomeres 4, and greatly swollen metafemora with a large lateral cavity (Nomura 1991, 
2010, 2012, 2013; Zhang and Yin 2022).

During December 2022 to January 2023, a team of IZCAS led by Hong-Bin Li-
ang surveyed the beetle fauna of Jiulong National Wetland Park in Zhejiang Province, 
East China. A series of overwintering pselaphine beetles were collected from decom-
posing wood along a riverbank and were later sent to me for identification. The result 
revealed a new species of Physomerinus closely related to P. hasegawai and P. clavipes, 
which is diagnosed, described, and illustrated in this paper.

Material and methods

The holotype of the new species described here is deposited in the Institute of Zoology, 
Chinese Academy of Science (IZCAS), Beijing, China, and the paratypes in IZCAS 
and the Insect Collection of Shanghai Normal University (SNUC), Shanghai, China. 
The label data of the material are quoted verbatim.

Dissected parts were mounted in Euparal on plastic slides pinned with the speci-
men. The habitus image of the beetle was taken using a Canon 5D Mark III camera, 
equipped with a 7.5× Mitutoyo M Plan Apo lens, and two Godox V860III-C TTL 
Li-Ion flashes were used as the light source. Images of the morphological details were 
produced using a Canon G9 camera mounted to an Olympus CX31 microscope under 
reflected or transmitted light. Helicon Focus v. 8.2.0 Pro was used for image stacking. 
All images were modified and grouped into plates using Adobe Photoshop CC 2020.

Measurements were taken as follows: total body length was measured from the 
anterior margin of the clypeus to the apex of the abdomen; head length was meas-
ured from the anterior margin of the clypeus to the head base, excluding the occipital 
constriction; head width was measured across the eyes; the length of the pronotum 
was measured along the midline, the width of the pronotum is its maximum width; 
the length of the elytra was measured along the suture; the width of the elytra was 
measured as the maximum width across both elytra; the length of the abdomen is the 
length of the dorsally exposed part of the abdomen along its midline, the width of 
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the abdomen is its maximum width. Terminology follows Chandler (2001) and Yin 
(2022). The abdominal tergites and sternites are numbered in Arabic (starting from the 
first visible segment) and Roman (reflecting true morphological position) numerals, 
e.g., tergite 1 (IV), or sternite 1 (III). Paired appendages in the description of the new 
species are treated as singular.

Taxonomy

Physomerinus jiulongensis Yin, sp. nov.
https://zoobank.org/A558FA35-B929-44A5-B490-613DE3074175
Figs 1, 2
Chinese common name: 九龙奇腿蚁甲

Type material (25 exx.). Holotype: china: ♂, ‘China: Zhejiang, Lishui, Bihu To., 
Hongyu Vill., Jiulong Wetland Park, 28.38479°N, 119.8247°E, 60 m, 31.xii.2022, 
wood, Liang, Qin, Wang leg. [丽水九龙湿地公园, 梁红斌, 秦雨瑶, 王凯 采]’ (IZ-
CAS). Paratypes: china: 9 ♂♂, 8 ♀♀, same collecting data as for holotype; 4 ♂♂, 
3 ♀♀, same collecting data as for holotype, except ‘4.i.2023’ (4 exx. in IZCAS, 20 exx. 
in SNUC).

Diagnosis. Male. Body length approximately 1.8 mm. Head subtruncate at base; 
vertex with transverse sulcus posterior antennal tubercles, with short mediobasal carina, 
vertexal foveae small and asetose; antenna relatively long, antennomeres each elongate, 
lacking modification; maxillary palpomere 4 protuberant on lateral margin. Discal stria 
of elytron extending posteriorly to near posterior margin. Metafemur greatly swollen 
and with large cavity on lateral side. Abdomen dorsally with tergite 1 (IV) longer than 
2–4 (V–VII) combined in dorsal view, simple. Aedeagus strongly asymmetric, ventral 
stalk much shorter than dorsal lobe. Female. Body length slightly over 1.8 mm, maxil-
lary palpus and metafemur lacking modification, genital complex as in Fig. 1G.

Description. Male. Body (Fig. 1A) length 1.77–1.81 mm; color reddish-brown, 
tarsi and mouthparts lighter in color. Dorsal surface of body covered with relatively 
short pubescence.

Head (Fig. 1B) subtruncate at base, much wider than long, length 0.35–0.36 mm, 
width across eyes 0.40–0.43 mm; vertex finely punctate, smoothly convex, with small, 
asetose and broadly separated vertexal foveae (dorsal tentorial pits), with short, straight 
transverse sulcus posterior antennal tubercles, mediobasal carina extending posteriorly 
to occipital constriction and anteriorly to level of slightly posterior midlength of eyes, 
antennal tubercle moderately raised, surrounding area roughly punctate; frons broadly 
and shallowly impressed medially, confluent with clypeus; clypeus with smooth sur-
face, its anterior margin carinate and moderately raised; ocular-mandibular carina 
complete. Venter with tiny gular foveae (posterior tentorial pits) originating from 
shared transverse slit, with distinct median carina extending from foveae anteriorly to 
mouthparts. Compound eyes greatly prominent, composed of approximately 35 large 
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ommatidia. Antenna 0.97–1.01 mm long, lacking modification; antennomere 1 thick, 
subcylindrical, 2–7 each slightly elongate, successively longer, 8 shortest, slightly elon-
gate, enlarged 9–11 forming distinct club, 9 and 10 of subequal size, each moderately 
expanded on mesal margin, 11 largest, 1.7× as long as 10, fusiform, truncate at base.

Figure 1. Morphology of Physomerinus jiulongensis sp. nov. (A–F male G female) A habitus B head and 
pronotum C maxillary palpus D metafemur E, F aedeagus, lateral (E) and ventral (F) G genital complex. 
Scale bars: 0.5 mm (A); 0.3 mm (B); 0.1 mm (C, E, F, G); 0.2 mm (D).
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Pronotum (Fig. 1B) slightly longer than wide, length 0.41–0.44 mm, width 0.40–
0.42 mm, widest at middle; lateral margins rounded; disc moderately convex, finely 
punctate, with median longitudinal sulcus much shorter than semicircular lateral sulci 
in dorsal view; lacking median antebasal fovea, with complete, deep transverse ante-
basal sulcus connecting lateral antebasal foveae, with small, blunt antebasal tubercles; 
outer and inner pair of basolateral foveae small. Prosternum with anterior part as long 
as coxal part, with small lateral procoxal foveae; hypomeral ridge complete, with lateral 
antebasal hypomeral pit; margin of coxal cavity thinly carinate.

Elytra much wider than long, length 0.61–0.62 mm, width 0.69–0.72 mm; each 
elytron with two large, widely separated basal foveae, lacking subbasal fovea; humeral 
protuberance small, acute; discal stria long, extending from outer basal fovea to approx-
imately apical 4/5 of elytral length; subhumeral fovea small, carinate marginal stria ex-
tending posteriorly from fovea to apex of elytron. Metathoracic wings fully developed.

Mesoventrite short, demarcated from metaventrite by ridged anterior edges of im-
pressed areas where large, setose lateral mesocoxal foveae situated at mesal portions of 
impression, with pair of admesal carinae; setose median mesoventral foveae broadly 
separated, lateral mesoventral foveae large and setose, forked internally. Metaventrite 
moderately impressed at middle, with pair of setose lateral metaventral foveae, poste-
rior margin with small and narrow split at middle.

Legs elongate; mesotrochanter with tiny, indistinct protuberance on ventral mar-
gin; metafemur greatly swollen laterally and with large cavity (Fig. 1D), dorsal side 
with short sensory setae, with tufts of setae along mesal and posterior margin of cavity.

Abdomen much narrower than elytra, widest at basolateral margins of tergite 1 
(IV), length 0.44–0.52 mm, width 0.62–0.65 mm; lacking modification. Tergite 1 
(IV) in dorsal view longer than 2–4 (V–VII) combined; setose basal sulcus separated 
by mediobasal and one pair of basolateral foveae, with pair of thin, triangular discal 
carinae; tergites 2 and 3 (V and VI) each short, lacking fovea, 4 (VII) as long as 2 and 
3 combined along middle, with one pair of small basolateral foveae, 5 (VIII) semicir-
cular, posterior margin roundly emarginate at middle. Sternite 2 (IV) with one pair of 
mediobasal and one pair of basolateral foveae, and large basolateral sockets, with one 
pair of short and one pair of long lateral carinae; midlength of sternite 2 shorter than 
3 (V) and 4 (VI) combined, 3–5 (VII) each short, successively shorter, lacking fovea, 
6 (VIII) greatly transverse, posterior margin roundly convex at middle, sternite 7 (IX) 
membranous, indistinct.

Aedeagus (Fig. 1E, F) 0.21 mm long, strongly asymmetric; median lobe with con-
stricted basal capsule and sub-triangular foramen, with long basoventral projection, 
ventral stalk short, in lateral view curved and narrowing towards apex; dorsal lobe 
much longer than ventral stalk, broad, sides incurved, with narrowed apex; parameres 
fused to form broad, semi-sclerotized plate.

Female. Similar to male in external morphology; antenna slightly shorter; maxil-
lary palpus and metafemur lacking modification; each compound eye composed of 
approximately 30 ommatidia; humeral protuberance small and weak; metathoracic 
wings reduced. Measurements (as for male): body length 1.83–1.85 mm; length/
width of head 0.35–0.37/0.41–0.43 mm, pronotum 0.40–0.43/0.40–0.43 mm, elytra 
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0.54–0.57/0.66–0.71 mm; abdomen 0.50–0.54/0.65–0.67 mm; length of antenna 
0.92–0.96 mm; maximum width of genital complex (Fig. 1G) 0.29 mm, genital plate 
much wider than sternite 9, lateral arms broadened distally.

Comparative notes. This species shares with P. hasegawai from Taiwan and Japan 
and P. clavipes from Guangxi the sexually dimorphic fourth segments of the maxillary 
palpi and greatly swollen metafemora of the male, and together these species may form 
a monophyletic group. The male of Physomerinus jiulongensis sp. nov. can be readily 
separated by the presence of two protuberances on the lateral margins of maxillary 
palpomeres 4, and short ventral lobe of the aedeagus. In contrast, both P. hasegawai 
and P. clavipes have smoothly swollen lateral margins of maxillary palpomeres 4, and 
the ventral stalks of the aedeagi are as long as or slightly longer than the dorsal lobes.

Figure 2. Distribution and habitat of Physomerinus A map showing the distribution of Physomerinus spe-
cies occurring in China and on the Ryukyu Islands, Japan B, C collecting environment (B) and habitat 
(C) of P. jiulongensis sp. nov. in Jiulong National Wetland Park, Zhejiang, China. Yu-Yao Qin (left) and 
Kai Wang (right) were searching for pselaphines from decomposing wood.
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Distribution. East China: Zhejiang (Fig. 2A).
Bionomics. All overwintering adults were collected in decomposing wood near a 

river bank (Fig. 2B, C).
Etymology. The new species is named after its type locality, i.e., Jiulong National 

Wetland Park.

Key to males of Physomerinus species from China and the Ryukyu Islands, Japan

1 Lateral margin of maxillary palpomere 4 smoothly expanded or protuberant.........2
– Maxillary palpomere 4 fusiform; lateral margin not expanded and lacking pro-

tuberance ........................................................................................................4
2 Lateral margin of maxillary palpomere 4 smoothly expanded; aedeagus with 

ventral stalk as long as or slightly longer than dorsal lobe ................................3
– Lateral margin of maxillary palpomere 4 with two protuberances (Fig. 1C); ae-

deagus with ventral stalk much shorter than dorsal lobe (Fig. 1E, F) (Zhejiang) 
 .....................................................................................P. jiulongensis sp. nov.

3 Hind legs relatively much longer (Zhang and Yin 2022: fig. 2A); aedeagus with 
ventral stalk slightly longer than dorsal lobe, and expanded at middle in dorso-
ventral view (Zhang and Yin 2022: fig. 2F) (Guangxi) ....................................
 ................................................................................ P. clavipes Zhang & Yin

– Hind legs relatively much shorter; aedeagus with ventral stalk as long as dorsal 
lobe, and slightly broadened from base toward apical portion in dorso-ventral 
view (Nomura 1991: fig. 134G) (Taiwan; Ryukyu Islands) ...............................
 ......................................................................................P. hasegawai Nomura

4 Metafemur with large cavity and mushroom-like projection in cavity (Yin et al. 
2017: figs 1B, 3C) (Shanghai, Zhejiang) ............................P. predator (Sharp)

– Metafemur swollen, lacking cavity or projection .............................................5
5 Body size larger, length approximately 2 mm; pronotum with short median 

longitudinal sulcus not reaching anterior margin of pronotum; metafemur with 
oblique furrow on lateral side (Taiwan) ............................. P. cruralis (Raffray)

– Body size smaller, length 1.5–1.7 mm; pronotum with long median longitudinal 
sulcus almost reaching anterior margin of pronotum; metafemur with transverse 
furrow on upper side (Taiwan; Ryukyu Islands) .............P. schenklingi (Raffray)
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Introduction

The genus Parachironomus was erected by Lenz (1921) based on the characters of larvae 
and pupae with Chironomus cryptotomus Kieffer, 1915 as type species. Subsequently, 
the genus was studied by a number of authors in different life stages and geographical 
areas (Edwards 1929; Townes 1945; Cranston et al. 1989; Sæther and Spies 2013). 
Larvae of Parachironomus can be found in a variety of habitats, such as standing and 
flowing waters, soft sediments, or within aquatic macrophytes, while others are endo- 
or ectoparasites on snails (Orel 2017). Among the Harnischia generic group, members 
of Parachironomus can separated from the similar genus Demicryptochironomus Lenz by 
the extended superior volsella with several distal setae always arising from distinct pits, 
and the inferior volsella with a pointed or blunt caudal projection (Yan et al. 2015). 
To date, 85 valid species have been reported worldwide (Lehmann 1970; Ashe and 
Cranston 1990; Kikuchi and Sasa 1990; Oliver et al. 1990; Sæther et al. 2000; Wang 
2000; Sasa et al. 2001; Sasa and Tanaka 2001; Makarchenko et al. 2005; Spies 2008; 
Trivinho-Strixino et al. 2010; Yan et al. 2015; Orel 2017).

The DNA barcodes corresponding to the 658-bp fragment of the mitochondrial 
gene cytochrome c oxidase I (COI) has been identified as the core of a global bio-
identification system at the species level (Hebert et al. 2003a, b). DNA barcodes also 
proved to be useful in the delimitation of non-biting midge species and has provided 
important evidence to confirm new species (Anderson et al. 2013; Lin et al. 2015, 
2021; Giłka et al. 2018; Liu et al. 2021).

The Tibetan Plateau is located in southwest China, with a vast territory and diverse 
terrain. The Tibetan Plateau is one of the most important areas of biodiversity in the 
world because of its unique environmental and regional units, which breed unique bio-
logical communities and many unique and rare wild animals and plants. Some interest-
ing species were discovered during the investigations of insect diversity in the Tibetan 
Plateau. In this paper, one new combination and two new species are proposed and 
described. The partial COI sequences of species in Parachironomus with DNA barcode 
analysis is conducted. A key to the known Chinese adult males of the genus is presented.

Materials and methods

The examined specimens were caught using sweep net and light trap, stored in the dark 
at 4 °C, and preserved in 85% ethanol before molecular and morphological analyses. 
Genomic DNA was extracted from the thorax and leg using a Qiagen DNA Blood and 
Tissue Kit at Tianjin Normal University, Tianjin, China (TJNU), following the stand-
ard protocol except for the final elution volume of 100 μl. After DNA extraction, the 
exoskeleton of each specimen was mounted in Euparal on a microscope slide together 
with the corresponding antennae, legs, wing, and abdomen, following the procedures 
outlined by Sæther (1969). Morphological terminology follows Sæther (1980).
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The color pattern of all species is described based on the specimen preserved in 
ethanol. Digital photographs of slide-mounted specimens were taken with a 300-dpi 
resolution using Nikon Eclipse 80i with Nikon Digital Sight DS-Fil camera at TJNU.

The universal primers LCO1490 and HCO2198 (Folmer et al. 1994) were adopted 
to amplify the standard 658-bp mitochondrial COI barcode region. Polymerase chain 
reaction (PCR) amplifications followed Song et al. (2018) and were conducted in a 
25 μl volume including 12.5 μl 2× Es Taq MasterMix (CoWin Biotech Co., Beijing, 
China), 0.625 μl of each primer, 2 μl of template DNA, and 9.25 μl of deionized H2O. 
PCR products were electrophoresed in 1.0% agarose gel, purified, and sequenced in 
both directions at Beijing Genomics Institute Co. Ltd., Beijing, China.

Raw sequences were assembled and edited in Geneious Prime 2020 (Biomatters 
Ltd., Auckland, New Zealand). Alignment of the sequences was carried out using the 
MUSCLE (Edgar 2004) algorithm on amino acids in MEGA v. 7.0 (Kumar et al. 2016). 
Some published DNA barcodes of Parachironomus were downloaded from the Barcode 
of Life Data Systems (BOLD) (Ratnasingham and Hebert 2013). Before phylogenetic 
analysis, nucleotide substitution saturation analysis of gene sequences was performed 
by DAMBE version 6 (Xia 2017). The pairwise distances were calculated using the 
Kimura 2-Parameter (K2P) substitution model in MEGA. The neighbor-joining (NJ) 
tree was constructed using the K2P substitution model, 1000 bootstrap replicates, and 
the “pairwise deletion” option for missing data in MEGA. Novel sequences, trace-files, 
and metadata of the new species were uploaded to the BOLD platform.

In this study, the partial COI sequences of Parachironomus were submitted to on-
line ABGD web interface (https://bioinfo.mnhn.fr/abi/public/abgd/abgdweb.html). 
We used the K2P nucleotide substitution model. The prior intraspecific divergence 
was set at between 0.001 and 0.1. The minimum relative gap width was 1.0 and other 
parameters were defaulted.

The holotype of two new species is deposited at the College of Fisheries and Life 
Science, Shanghai Ocean University (SHOU) and College of Life Sciences, Tianjin 
Normal University, Tianjin, China (TJNU).

Results

DNA barcode analysis

In this study, five COI sequences were obtained, and 19 COI sequences of Parachironomus 
were downloaded from BOLD, totaling 24 COI sequences. All sequences could be 
translated successfully into amino acids without indels and stop codons. MEGA analy-
sis showed that the average total length of the sequence was 658 bp, and that there were 
427 conserved sites, 231 variable sites, 196 parsimony informative sites, and 35 sin-
gleton sites. The mean nucleotide base compositions were 27.1% A, 17.9% C, 16.2% 
G, and 38.8% T for COI genes (Table 1). The ratio of A + T was 65.9%, which was 
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significantly higher than that of G + C (34.1%), showing obvious AT bias, which was 
consistent with the bias of base composition of mitochondrial genes in most insects.

The neighbor joining tree based on available COI DNA barcodes of the Parachi-
ronomus revealed two species new to science (Fig. 1). Parachironomus wangi Liu & Lin, 
sp. nov. is closer to Parachironomus biannulatus Staeger, 1839; and Parachironomus 
nankaiensis Liu & Lin, sp. nov. is closer to Parachironomus cayapo Spies, Fittkau & 
Reiss, 1994. The new species separate from the other sequenced species by more than 
11% divergence in the COI barcode sequences (Table 2).

When the interspecific genetic distance is greater than the intraspecific genetic dis-
tance, barcode gaps will appear through the frequency histogram of genetic data. There 
is an obvious barcode gap in the genetic distance of all Parachironomus COI sequences, 
which fully confirms the feasibility of COI as a DNA barcode (Fig. 2).

Taxonomic descriptions

Parachironomus demissum Yan, Wang & Bu, 2012, comb. nov.
Figs 3–5

Paracladopelma demissum Yan, Wang & Bu, 2012: 291.

Material examined. Holotype. Male (TJNU: 11430), China, Sichuan Province, Yaji-
ang County, Sandaoqiao Town, 30.01532°N, 101.05134°E, 2460 m a.s.l., 9.VI.1996, 
light trap, leg: X. H. Wang. Paratypes. One male (TJNU: 11730), China, Sichuan 
Province, Ya’an City, Baoxing County, Xinglong Elementary School, Xihe River, 
30.25800°N, 102.50387°E, 1100 m a.s.l., 19.VI.1996, light trap, leg: X. H. Wang. 
One male (TJNU: 12886), China, Sichuan Province, Kangding County, Wasigou Riv-
er, 30.04191°N, 102.09454°E, 2000 m a.s.l., 15.VI.1996, light trap, leg: X. H. Wang. 
One male (TJNU: 13079), China, Sichuan Province, Shimian County, Nanyahe Riv-
er, 29.11156°N, 102.23265°E, 1040 m a.s.l., 16.VI.1996, light trap, leg: X. H. Wang.

Table 1. The contents and nucleotide substitutions of COI gene sequences of Parachironomus.

T (%) C (%) A (%) G (%) ii si sv R
1st 48.3 8.2 40.0 3.5 144 30 44 0.7
2nd 25.3 18.5 27.6 28.6 205 11 1 13.3
3rd 42.9 27.0 13.6 16.5 216 0 0 3
Avg 38.8 17.9 27.1 16.2 565 41 44 0.9

TT TC TA TG CT CC CA CG
1st 76 11 18 1 10 5 2 0
2nd 49 5 0 0 5 35 0 0
3rd 93 0 0 0 0 58 0 0
Avg 218 16 18 2 14 98 2 0

AT AC AA AG GT GC GA GG
1st 18 2 62 5 1 0 4 2
2nd 0 0 59 1 0 0 1 61
3rd 0 0 29 0 0 0 0 36
Avg 18 2 151 6 2 0 4 98
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Additional materials. Two males (SHOU: XL590, XL592), China, Xizang 
Autonomous Region, Rikaze City, Yadong County, Xiasima Town, 27.48986°N, 
88.90572°E, 3032 m a.s.l., 20.VII.2014, light trap, leg: X. L. Lin.

Diagnostic characters. The species can be distinguished from known species of 
Parachironomus by the following combination of characters: AR 0.58–0.67, 0.62; 

Figure 1. Neighbor-joining tree for 20 species of the genus Parachironomus based on K2P distance in 
DNA barcodes. Numbers on branches represent bootstrap support (> 70%) based on 1000 replicates; 
scale equals K2P genetic distance.
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Figure 2. Histogram of pairwise K2P distances of 24 COI barcodes of Parachironomus.

tergite IX with shoulder-like posterior margin; anal point triangular base, constricted 
in the middle, with a ridge mesally; anal tergite bands V-shaped and fused; superior 
volsella with a bare triangular projection apically; gonostylus slender, parallel-sided, 
curved medially, gradually tapered to the top.

Description. Adult males (n = 6, unless otherwise stated). Total length 3.08–3.60, 
3.35 mm. Wing length 1.60–1.89, 1.75 mm. Total length/wing length 1.81–2.10, 
1.93. Wing length/length of profemur 2.16–2.63, 2.32.

Coloration. Thorax yellowish brown with pale brown spots. Femora and tibiae of 
front legs yellowish green with distal parts brown, anterior 1/2 of tarsi I yellowish green, 
remainder of front legs dark brown; femora, tibiae and basal 1/2 of tarsi I of mid and hind 
legs yellowish green, remaining dark brown. Abdomen yellowish green to dark brown, 
with tergites I–V yellowish green, tergites VII, VIII, and hypopygium dark brown.

Head (Fig. 3A). Antenna with 11 flagellomeres, ultimate flagellomere 250–290, 
273 (3) μm long. AR 0.58–0.67, 0.62 (3). Frontal tubercles conical, 13–25, 18 (5) μm 
long, 8–20, 17 (5) μm wide at base. Temporal setae 17–20, 18; including 3–4, 3 inner 
verticals; 5–8, 8 outer verticals; and 6–9, 8 postorbitals. Clypeus with 12–16, 15 setae. 
Tentorium 105–132, 118 (5) μm long, 22–28, 24 (5) μm wide. Palpomere lengths (in 
μm):30–42, 37 (5); 35–45, 39 (5); 95–119, 109 (5); 130–148, 139 (5); 155–220, 190 
(5); Pm5/ Pm3 1.48–2.05, 1.76 (5).

Thorax (Fig. 3D). Antepronotals with 2–3, 2 setae, acrostichals 5–7, 6, dorsocen-
trals 7–8, 8, prealars 3. Scutellum with 12–14, 13 setae.
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Wing (Fig. 5A). VR 1.18–1.34, 1.26. R with 13–18, 16 setae, R1 with 12–18, 15 se-
tae, R4+5 with 12–22, 16 setae. Brachiolum with 2–3, 2 setae. Squama with 3–5, 4 setae.

Legs. Front tibia with 3 subapical setae, 80–84, 82; 83–97, 91 and 85–112, 101 
(5) μm long. Combs of mid tibia 37–41, 39 μm wide with 18–25, 22 μm long spur, 
and 41–55, 48 μm wide with 20–34, 27 μm long spur; combs of hind tibia 37–41, 
39 μm wide with 23–27, 25 μm long spur, 60–66, 63 μm wide with 28–34, 32 μm 
long spur. Tarsomere 1 of mid and hind legs without sensilla chaetica. Lengths (in μm) 
and proportions of legs as in Table 3.

Hypopygium (Figs 4A, D, 5B, C). Tergite IX with shoulder-like posterior margin, 
bearing 16–24, 20 setae at base of anal point. Laterosternite IX with 2 or 3, 3 setae. 
Anal point 55–67, 63 μm long, 12–25, 19 μm wide at base, 10–14, 13 μm wide api-
cally, originating from caudal margin of anal tergite, triangular base, constricted in the 
middle, with a ridge mesally, moderately widen to distal and apically swollen (Fig. 4D). 
Anal tergite bands V-shaped and fused. Phallapodeme 52–70, 61 μm long. Transverse 
sternapodeme 30–52, 42 μm long. Superior volsella 55–65, 61 μm long, curved me-
dially, expanded in the apical part, apically with a bare triangular projection, bearing 

Figure 3. Head (A–C) and thorax (D–F) of Parachironomus species A P. demissum (Yan, Wang & Bu), 
comb. nov. B P. wangi Liu & Lin, sp. nov. C P. nankaiensis Liu & Lin, sp. nov. D P. demissum (Yan, Wang 
& Bu), comb. nov. E P. wangi Liu & Lin, sp. nov. F P. nankaiensis Liu & Lin, sp. nov. Scale bars: 200 μm.
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Figure 4. Hypopygium A P. demissum (Yan, Wang & Bu), comb. nov. B P. wangi Liu & Lin, sp. nov. 
C P. nankaiensis Liu & Lin, sp. nov. Anal point D P. demissum (Yan, Wang & Bu), comb. nov. E P. wangi 
Liu & Lin, sp. nov. F P. nankaiensis Liu & Lin, sp. nov. Superior volsella G P. demissum (Yan, Wang & 
Bu), comb. Nov. H P. wangi Liu & Lin, sp. nov. I P. nankaiensis Liu & Lin, sp. nov. Scale bars: 50 μm.

two subapical setae, covered with microtrichia on inner margin. Inferior volsella with 
moderately blunt caudal projection, not reaching beyond anal tergite margin, and cov-
ered by microtrichia (Fig. 4G). Gonocoxite 90–131, 107 μm long, with three setae 
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Table 3. Lengths (in μm) and proportions of legs of Parachironomus demissum (Yan, Wang & Bu), comb. 
nov., adult male (n = 6).

fe ti ta1 ta2 ta3

P1 632–815, 755 498–640, 586 901–1049, 996 341–434, 407 276–352, 329
P2 575–810, 731 524–660, 600 317–370, 349 134–180, 169 99–133, 122
P3 730–910, 841 698–890, 802 496–549, 521 245–290, 275 187–246, 221

ta4 ta5 LR BV SV
P1 273–326, 305 152–170, 162 1.63–1.81, 1.69 1.94–1.95, 1.94 1.25–1.37, 1.34
P2 64–90, 84 66–70, 69 0.55–0.64, 0.58 3.75–3.90, 3.79 3.47–3.93, 3.81
P3 112–140, 126 80–96, 87 0.61–0.71, 0.65 3.01–3.07, 3.05 2.88–3.22, 3.15

Figure 5. Parachironomus demissum (Yan, Wang & Bu), comb. nov. holotype male A wing B hypopygi-
um, dorsal view C hypopygium, ventral view.
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on inner margin. Gonostylus 140–174, 168 μm long, slender, parallel-sided, curved 
medially, gradually tapered to the top, bearing 12–24, 20 setae along inner margin and 
one stronger seta at apex. HR 0.55–0.94, 0.68. HV 1.86–2.50, 2.09.

Distribution. China (Sichuan and Xizang).

Parachironomus wangi Liu & Lin, sp. nov.
https://zoobank.org/DE07AF99-393F-407D-826E-FCA5C9B45FE1
Figs 3, 4, 6

Material examined. Holotype. Male (SHOU: XL601), China, Xizang Autonomous 
Region, Shannan City, Gongga County, Gangdui Town, 29.27888°N, 90.82323°E, 
3586 m a.s.l., 18.VII.2014, sweep net, leg: X.L. Lin. Paratypes. One male (TJNU: 
XL602), collecting data as holotype.

Diagnostic characters. The species can be distinguished from known species of Par-
achironomus by the following combination of characters: frontal tubercles absent; tergite 
IX with triangular posterior margin; anal point slightly wider at base, parallel-sided, swol-
len apically; superior volsella wide, parallel-sided, bent inward at 1/3 distance from apex, 
apically rounded, free microtrichia; inferior volsella not reaching beyond anal tergite mar-
gin; gonostylus gradually widened distally, curved and parallel-sided, apically rounded.

Description. Adult males (n = 2, unless otherwise stated). Total length 3.63–3.91, 
3.77 mm. Wing length 1.85–1.91, 1.88 mm. Total length/wing length 1.96–2.05, 
2.01. Wing length/length of profemur 2.74–2.79, 2.77.

Coloration. Thorax yellowish brown with pale brown spots. Front legs dark brown; 
femora and basal 1/3 of tarsi I of mid and hind legs yellowish brown, remaining dark 
brown. Abdomen pale yellow to yellowish brown, with tergites I–VI pale yellow, ter-
gites VII, VIII, and hypopygium yellowish brown.

Head (Fig. 3B). Antenna with 11 flagellomeres, ultimate flagellomere 502–536, 
519 μm long. AR 1.54–1.55, 1.55. Frontal tubercles absent. Temporal setae 13–14, 
14; including 2–4, 3 inner verticals; 4–6, 5 outer verticals; and 5 or 6, 6 postorbitals. 
Clypeus with 7–9, 8 setae. Tentorium 95–128, 112 μm long, 31–34, 33 μm wide. Pal-
pomere lengths (in μm): 26–28, 27; 37–39, 38; 92–98, 95; 106–109, 108; 176–193, 
185; Pm5/ Pm3 1.91–1.97, 1.94.

Thorax (Fig. 3E). Antepronotals with 1 or 2, 2 setae, acrostichals 4, dorsocentrals 
8, prealars 3. Scutellum with 12 setae.

Wing (Fig. 6A). VR 1.10–1.16, 1.13. R with 5 or 6, 6 setae, R1 with 1 or 2, 2 setae, 
R4+5 with 2 setae. Brachiolum with two setae. Squama with 7–9, 8 setae.

Legs. Front tibia with three subapical setae, 82–91, 87; 84 (1) and 105 (1) μm long. 
Combs of mid tibia 26–33, 30 μm wide with 15–25, 20 μm long spur, and 21 μm wide 
with 28 μm long spur; combs of hind tibia 22–26, 24 μm wide with 22–34, 28 μm long 
spur, 38–42, 40 μm wide with 34–38, 36 μm long spur. Tarsomere 1 of mid and hind 
legs without sensilla chaetica. Lengths (in μm) and proportions of legs as in Table 4.



Wen-Bin Liu et al.  /  ZooKeys 1153: 121–140 (2023)132

Figure 6. Parachironomus wangi Liu & Lin, sp. nov. holotype male A wing B hypopygium, dorsal view 
C hypopygium, ventral view.

Table 4. Lengths (in μm) and proportions of legs of Parachironomus wangi Liu & Lin, sp. nov., adult 
male (n = 2).

fe ti ta1 ta2 ta3

P1 664–695, 680 469–503, 486 858–940, 899 455–489, 472 337–355, 346
P2 692–700, 696 604–638, 621 348–362, 355 171–189, 180 126–135, 131
P3 726–751, 739 783–801, 792 560–594, 577 291–302, 297 220–231, 226

ta4 ta5 LR BV SV
P1 282–290, 286 147–152, 150 1.83–1.87, 1.85 1.62–1.67, 1.65 1.27–1.32, 1.30
P2 83–84, 84 75–78, 77 0.57–0.58, 0.57 3.50–3.61, 3.56 3.70–3.72, 3.71
P3 127–130, 129 90–93, 92 0.72–0.74, 0.73 2.82–2.86, 2.84 2.61–2.69, 2.65
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Hypopygium (Figs 4B, E, H, 6B, C). Tergite IX with triangular posterior mar-
gin, bearing 4–8, 6 setae at base of anal point. Laterosternite IX with two setae. Anal 
point originating from caudal margin of anal tergite, slightly wider at base, parallel-
sided, swollen apically, 56–60, 58 μm long, 17–21, 19 μm wide at base, 10 μm wide 
at apex (Fig. 4E). Anal tergite bands V-shaped, fused in the middle. Phallapodeme 
79–81, 80 μm long. Transverse sternapodeme 39–45, 42 μm long. Superior volsella 
wide, parallel-sided, bent inward at 1/3 distance from apex, apically rounded, 50–61, 
56 μm long, 12–14, 13 μm wide at apex, bearing an apical seta and a proximal lateral 
seta, both arising from distinct setal pits, free microtrichia. Inferior volsella with dis-
tinct blunt caudal projection, not reaching beyond anal tergite margin, and covered 
by microtrichia (Fig. 4H). Gonocoxite 119–135, 127 μm long, with 4 strong medial 
setae. Gonostylus 171–174, 173 μm long, narrower at base, gradually widened distally, 
curved and parallel-sided, apically rounded, bearing 6–8, 7 setae along inner margin 
and one stronger seta at apex. HR 0.70–0.78, 0.74. HV 2.12–2.25, 2.18.

Etymology. Name after Prof. Xin-Hua Wang, for his outstanding contribution to-
wards increasing our knowledge of aquatic insect taxonomy; noun in nominative case.

Distribution. China (Xizang).

Parachironomus nankaiensis Liu & Lin, sp. nov.
https://zoobank.org/9524FD76-DA2D-4E37-90CD-EB6F4765A95D
Figs 3, 4, 7

Material examined. Holotype. Male (SHOU: XL599), China, Xizang Autonomous 
Region, Shannan City, Gongga County, Gangdui Town, 29.27888°N, 90.82323°E, 
3586 m a.s.l., 18.VII.2014, sweep net, leg: X.L. Lin.

Diagnostic characters. The species can be distinguished from known species of 
Parachironomus by the following combination of characters: frontal tubercles small; 
squama with seven setae; anal tergite bands V-shaped, separated; superior volsella nar-
rower at base, curved and expanded in the distal part, with a bare lamellar projection 
as wide as apex of volsella; inferior volsella reaching slightly beyond anal tergite margin; 
gonostylus slender, slightly curved in the middle, tapered to the apex.

Description. Adult male (n = 1). Total length 3.90 mm. Wing length 2.51 mm. 
Total length/wing length 1.56. Wing length/length of profemur 2.64.

Coloration. Thorax dark brown with dark spots. Legs brown. Abdomen yellow-
ish green to brown, tergites I–V yellowish green, tergites VI–VIII yellowish brown, 
hypopygium brown.

Head (Fig. 3C). Antenna with 11 flagellomeres, ultimate flagellomere 699 μm 
long. AR 1.60. Frontal tubercles small, 9 μm long, 8 μm wide. Temporal setae 14, 
including 4 inner verticals; 4 outer verticals; and 6 postorbitals. Clypeus with 11 setae. 
Tentorium 154 μm long, 39 μm wide. Palpomere lengths (in μm): 30; 42; 115; 146; 
235; Pm5/ Pm3 2.04.
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Figure 7. Parachironomus nankaiensis Liu & Lin, sp. nov. holotype male A wing B hypopygium, dorsal 
view C hypopygium, ventral view.

Thorax (Fig. 3F). Antepronotals with 3 setae, acrostichals 6, dorsocentrals 10, 
prealars 3. Scutellum with 10 setae.

Wing (Fig. 7A). VR 1.11. R with 16 setae, R1 with 14 setae, R4+5 with 22 setae. 
Brachiolum with two setae. Squama with seven setae.

Legs. Front tibia with three subapical setae, 80, 87 and 93 μm long. Combs of 
mid tibia 33 μm wide with 19 μm long spur, and 29 μm wide with 27 μm long spur; 
combs of hind tibia 30 μm wide with 20 μm long spur, 65 μm wide with 36 μm long 
spur. Tarsomere 1 of mid and hind legs without sensilla chaetica. Lengths (in μm) and 
proportions of legs as in Table 5.
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Hypopygium (Figs 4C, F, I, 7B, C). Tergite IX with 14 setae at base of anal point 
and shoulder-like posterior margin of anal tergite. Laterosternite IX with three setae. 
Anal point originating from caudal margin of anal tergite, almost parallel-sided, mod-
erately expanded at apex, 50 μm long, 9 μm wide at base, 10 μm wide apically. Anal 
tergite bands V-shaped, separated (Fig. 4F). Phallapodeme 80 μm long. Transverse 
sternapodeme 59 μm long. Superior volsella narrower at base, curved and expanded in 
the distal part, with a bare lamellar projection as wide as apex of volsella, 80 μm long, 
22 μm wide at apex; and bearing six long setae at apex, free microtrichia. Inferior vol-
sella with fairly blunt caudal projection, reaching slightly beyond anal tergite margin, 

Table 5. Lengths (in μm) and proportions of legs of Parachironomus nankaiensis Liu & Lin, sp. nov., 
adult male (n = 1).

fe ti ta1 ta2 ta3

P1 950 744 1135 576 431
P2 889 825 448 258 187
P3 1056 1072 675 385 292

ta4 ta5 LR BV SV
P1 315 140 1.53 1.94 1.49
P2 120 91 0.54 3.30 3.83
P3 162 89 0.63 3.02 3.15

Figure 8. Habitat for Parachironomus wangi, Liu & Lin, sp. nov.
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and covered with microtrichia (Fig. 4I). Gonocoxite 143 μm long, with four stout 
setae placed along inner margin. Gonostylus 169 μm long, slender, slightly curved in 
the middle, tapered to the apex, bearing seven setae along inner margin and one single 
seta at apex. HR 0.85. HV 2.31.

Etymology. Name after Nankai University, the institution of study and work for 
Prof. Xin-Hua Wang; noun in nominative case.

Distribution. China (Xizang).

Key to known adult males of Parachironomus from China

1 Tergite IX with shoulder-like caudal margin ...............................................2
– Tergite IX with triangle caudal margin ........................................................4
2 Superior volsella without projection; gonostylus with constriction in middle ...

...................................................................................P. frequens (Johannsen)
– Superior volsella with a projection; gonostylus gradually tapered to the top ..... 3
3 AR 0.58–0.67; anal tergite bands fused; inferior volsella not reaching beyond 

anal tergite margin ..................P. demissum (Yan, Wang & Bu), comb. nov.
– AR 1.60; anal tergite bands separated; inferior volsella reaching slightly be-

yond anal tergite margin ....................... P. nankaiensis Liu & Lin, sp. nov.
4 Superior volsella short, bearing two apical setae and with folds on inner mar-

gin; gonostylus widened basally ....................................P. gracilior (Kieffer)
– Superior volsella elongate, bearing an apical seta and a subapical seta and 

without folds; gonostylus widened distally ..................................................5
5 Mid and hind tibiae each with 1 spur; superior volsella straightly, widened at 

base ................................................................................. P. poyangensis Yan
– Mid and hind tibiae each with 2 spurs; superior volsella curved, widened in 

the distal part ..............................................................................................6
6 Superior volsella slightly curved; gonostylus slender, with distinct expansion 

in distal 1/3 .............................................. P. monochromus (van der Wulp)
– Superior volsella bent inward at1/3 distance from apex; gonostylus parallel-

sided, gradually widened distally .....................P. wangi Liu & Lin, sp. nov.

Discussion

In this study, the holotype of Paracladopelma demissum were examined, and the original 
description has been modified. The distinguishing feature of Parachironomus are that 
the superior volsella usually has a distinct preapical tooth as well as setae arising from 
distinct pits (Yan et al. 2012; pers. comm. Martin SpiesJuly. 2022). We re-checked the 
holotype, and the characters of tergite IX with shoulder-like posterior margin, supe-
rior volsella slender and with 2 distal setae arising from distinct pits, inferior volsella 
with blunt or pointed caudal projection conform to the characters of Parachironomus; 
therefore, Paracladopelma demissum should be placed in Parachironomus. Parachirono-
mus demissum comb. nov. resembles Parachironomus digitalis Edwards, 1929 in having 
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similarly shaped tergite IX, anal point and superior volsella, but the antenna ratio and 
some other measurements are different.

Parachironomus wangi Liu & Lin, sp. nov. resembles Parachironomus biannulatus 
Staeger, 1839 in having similar shapes of the superior volsella and posterior margin of 
tergite IX, but can be separated by the following combination characters: AR 1.54–
1.55, anal point parallel-sided and gonostylus expanded apically in P. wangi Liu & 
Lin, sp. nov, whereas AR 3.0–3.6, the anal point is constricted in the middle, and the 
gonostylus is tapered to the apex in P. biannulatus.

Parachironomus nankaiensis Liu & Lin, sp. nov. resembles Parachironomus cayapo 
Spies, Fittkau & Reiss, 1994 in having similar shapes of anal point, inferior volsella, 
and anal tergite bands, but can be separated from the latter by the following combina-
tion characters: squama seven setae, the superior volsella expanded in the distal part 
and with a bare lamellar projection, plus with the gonostylus tapered to the apex. In 
contrast, the squama of P. cayapo is bare, the superior volsella is not widened in the 
distal part and has no projection, and the gonostylus has a protruding hump.

The results of molecular identification and morphological taxonomy are consist-
ent, indicating that DNA barcodes and traditional morphological taxonomy are com-
plementary in this case; therefore, the DNA barcode can be used as a simple method 
to supplement traditional morphological taxonomy for Parachironomus.

Biogeographically, the three species examined in this study are all distributed in the 
Tibetan Plateau at an altitude of more than 3,000 meters (Fig. 8). With the gradual 
increase of altitude, the climate gradually deteriorates, and Parachironomus living in 
high altitude areas have strong cold tolerance. The high biodiversity in Tibetan Plateau 
is demonstrated, as well as the distribution range of this genus extended.

In conclusion, this study not only enriches the database of Chironomidae in Chi-
na, but also provides baseline data for the protection of the environment and biodiver-
sity in the Tibetan Plateau.
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Abstract
There are only two Aphaenogaster species from the subterranea group in the western Mediterranean: 
A. ichnusa Santschi, 1925, from south-western Europe, and A. subterranea (Latreille, 1798), also oc-
curring in central and eastern Europe. Historically, the two species have been widely misunderstood: 
A. ichnusa was long considered a Sardinian endemic subspecies of A. subterranea, while its continental 
populations were misidentified as A. subterranea s. str. Recently, A. ichnusa was elevated to species rank and 
its worker caste was redescribed with that of A. subterranea, allowing for their correct identification. Yet 
their distribution was documented in detail only for France and Sardinia. Furthermore, no morphological 
characters were described to distinguish the males and queens of the two species. By investigating private 
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and museum collections, 276 new records of A. ichnusa are provided here and 154 of A. subterranea 
from the western Mediterranean. Additionally, qualitative and quantitative morphological characters were 
combined to identify their males and queens. We present the new southernmost, easternmost, and west-
ernmost distribution limits for A. ichnusa. Based on our results, this species is widely distributed in Italy 
and Catalonia (Spain), also occurring on several Mediterranean islands, avoiding areas with continental 
climate and high altitudes. Sicily is the only island to host the less thermophilous A. subterranea, which 
otherwise extends westward to Galicia (Spain). Sympatric occurrence is not rare along the contact zone. 
Additional natural history observations are reported regarding foraging habits, associated myrmecophiles, 
habitat preferences, and colony structure in the two species.

Keywords
Ants, Aphaenogaster ichnusa, biogeography, Mediterranean, Myrmicinae, Stenammini

Introduction

The genus Aphaenogaster Mayr, 1853 belongs to the myrmicine tribe Stenammini Ash-
mead, 1905 (Ward et al. 2015) and currently counts 206 valid species and 16 valid 
subspecies (Bolton 2023). The true genus Aphaenogaster is almost exclusively Hol-
arctic, while the tropical species belong to the “Deromyrma” clade that awaits formal 
separation (Branstetter et al. 2022). Most Aphaenogaster ant species inhabit the West 
Palearctic, where six species groups have been identified (Schifani et al. 2022a).

The subterranea group currently includes eight species [A. epirotes (Emery, 1895), 
A. holtzi (Emery, 1898), A. ichnusa Santschi, 1925, A. kurdica Ruzsky, 1905, A. les-
bica Forel, 1913, A. maculifrons Kiran & Aktaç, 2008, A. subcostata Viehmeyer, 1922, 
A. subterranea (Latreille, 1798)], mostly residing in the eastern Mediterranean and 
Caucasus region, where several putative undescribed species also exist (Borowiec and 
Salata 2017; Schifani et al. 2022a). Ten taxa formerly included in this group that are 
distributed in the Maghreb region and around Sicily, were recently assigned to the 
distinct crocea group according to morphological and genetic evidence (Alicata and 
Schifani 2019; Schifani et al. 2022a). The only three North African records of A. sub-
terranea are based on outdated taxonomy (Forel 1890; Bernard 1967; Cagniant 1970; 
Henine-Maouche et al. 2022), and most likely represent misidentifications of species 
of the crocea group (Alicata and Schifani 2019; Schifani et al. 2022a). For instance, 
a worker labeled A. subterranea in the Forel’s collection of Geneve Natural History 
Museum (AntWeb identifier CASENT0907686) is in fact A. strioloides (see Schifani 
et al. 2021a).

Only two species belonging to the subterranea group are recognized in West Eu-
rope: A. subterranea (Latreille, 1798) (terra typica: mainland France) and A. ichnusa 
Santschi, 1925 (terra typica: Sardinia). The first was described using the spelling “sub-
teranea” (Latreille 1798), which was later corrected by Latreille himself (Latreille 1802).

Aphaenogaster subterranea has a wide distribution, from Iberia to Anatolia, and 
north to central Europe, while the range of A. ichnusa is restricted to West Europe and 
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does not occur in the Balkans (Borowiec and Salata pers. comm., 2022; MM unpub-
lished data). Until recent years A. ichnusa was considered as a Sardinian endemic and a 
subspecies of A. subterranea. Their separation as two distinct species was only recently 
demonstrated based on worker morphology and mitochondrial DNA (Galkowski et al. 
2019). The recent recognition implies that reliable data over the distribution of the two 
species is scarce in the sympatric range, where they were historically confused. Apart 
from Sardinia, Galkowski et al. (2019) reported the presence of A. ichnusa in Corsica 
and southern mainland France. More recently, only a few scattered records were pub-
lished from mainland Italy, Sicily, and mainland Spain (Schifani and Alicata 2018; 
García et al. 2020; Schär et al. 2020; Zara et al. 2021; Bazzato et al. 2022; Scupola et 
al. 2022). However, a detailed picture of the distribution of A. ichnusa and A. subter-
ranea in these regions is lacking.

The investigation of specimens from private and museum collections allowed us to 
gather reliable distribution data of A. ichnusa and A. subterranea from the west Medi-
terranean basin, and to fill the current gaps of knowledge. Among them, we investi-
gated several complete nest samples allowing us to morphologically characterize the 
sexual castes of the two species and provide tools for their identification.

Materials and methods

In this study, we focused our investigation on the West European region, where A. 
ichnusa is present and co-occurs with A. subterranea. We re-identified worker speci-
mens belonging to the subterranea species group found in the authors’ personal col-
lections and the Natural History Museum of Milan. Specimen identification was 
performed using the morphological characters illustrated by Galkowski et al. (2019): 
A. ichnusa differs from A. subterranea in the shorter and thicker propodeal spines, 
which are triangular, the feebler surface sculpturing of the pronotal sides, and paler 
pigmentation (Fig. 1).

Queens and males associated with identified workers were examined to detect fur-
ther distinctive morphological features. In total, we studied 16 queens from nine colo-
nies and 17 males from seven colonies of A. ichnusa, as well as 16 queens from eight 
colonies and 19 males from nine colonies of A. subterranea. Samples were chosen from 
across the study region and included specimens from their terrae typicae (see Suppl. ma-
terial 1). Due to the unknown, but possibly significant, dispersal capabilities, queens 
and males unassociated with workers as proof of successful colony establishment were 
not considered informative for the distribution range of the two species. Morphomet-
ric data for the descriptions was produced by taking pictures with a Carl Zeiss Stemi 
2000-C stereomicroscope equipped with a CMEX PRO-5 DC.5000p digital camera 
and measurements taken with ImageFocus 4 software. Three quantitative morphologi-
cal characters were defined for this study based on those presented by Wagner et al. 
(2017) and Seifert (2019) (Fig. 2):



Enrico Schifani et al.  /  ZooKeys 1153: 141–156 (2023)144

Figure 1. Workers of Aphaenogaster ichnusa (on the left, sample from Monte Petroso, Sicily) and of 
A. subterranea (on the right, sample from Parma, Italian peninsula). Cropped images highlight the differ-
ences in surface sculpturing of the pronotal sides and in the shape of the propodeal spines.

PrW Males only. In dorsal view, maximum width of the dorsal plate of the 
propodeum at the level of the propodeal spiracles.

SPWI Males only. In dorsal view, maximum distance between the tips of the 
propodeal spines (whether well-developed or not).

MCMssctm Queens only. In dorsal view, quantification of stickman-like or reticu-
late microsculpture units on the mesoscutum: the number of connected 
lines building units and being separated by line intersections and by 
flections angled > 30° is counted. Very short lines are also considered 
full counts. Arithmetic means of three units per specimen are taken.

In addition to means to distinguish males and queens of A. ichnusa from those of 
A. subterranea, we provide identification keys that tell them apart from the other Aphaeno-
gaster species occurring in the study area (i.e., A. cardenai, A. italica, A. ovaticeps, and species 
from the crocea, gibbosa, pallida, splendida, and sardoa groups; see Schifani et al. 2022a).
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All characters are given in μm as mean ± sd (min, max). A complete list of the in-
vestigated material and of the morphological data is provided in the Suppl. material 1.

Results

Male diagnosis (Figs 3, 4)

Compared to A. subterranea, A. ichnusa is characterized by a different propodeal shape 
with relatively well-developed dentiform spines, as opposed to slight edges. This dif-
ference can be appreciated both in lateral view (as the spines protrude backwards from 
the propodeal profile and are often preceded by a gibbous form in the distalmost part 
of the propodeal dorsum) and in dorsal view (as the spines are wider than the remain-
ing propodeum). Consequently, the SPWI/PrW ratio was found to be very different 
between the two species, with no overlap: 1.36 ± 0.14 (1.12, 1.58) in A. ichnusa, 
0.911 ± 0.06 (0.80, 0.99) in A. subterranea (Fig. 4). Furthermore, A. ichnusa males are 
normally substantially darker than those of A. subterranea.

Compared to other sympatric species of the same genus, A. ichnusa and A. subter-
ranea can be distinguished based on the following combination of characters: shiny 
integument, mesosoma lacking a pronounced contrast between the anterior gibbos-
ity of the mesosoma and the flat propodeum, the dorsal profile of the propodeum in 
lateral view relatively short and horizontal, forming approximately a 90° angle with 
the posterior profile, the rather elongated head shape, the body pigmentation pale to 
dark brownish.

The following traits are shared by the two species: the head, including mandibles, 
forms a subtriangular shape; its edges are rounded, and the head capsule is clearly 

Figure 2. Diagnostic quantitative morphological characters recorded on males (A) and queens (B) of 
Aphaenogaster ichnusa and A. subterranea.

A Males B Queens

SP
W

I MCMssctm
(n = 15)Pr

W
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longer than wide. Very large ovoidal compound eyes (~ ½ length of the head cap-
sule) that significantly protrude out of the head capsule, well-distanced from three 
large ocelli. Mandibles dentate, ~ ½ length of the head capsule, their external side 
mostly straight for more than ¾. Clypeus medially slightly emarginated. Mesosoma 
clearly wider than the head, characterized by a well-developed anterior gibbosity. Pro-
podeum much shorter than the remainder of the mesosoma. The horizontal section of 
the propodeal profile is shorter than its two vertical sections (anterior and posterior), 
which both form angles of ~ 90° with it. A ventral cuticular process protrudes from 
the metasternum. Long pedunculate petiole, globose postpetiole, the petiole and post-
petiole have a similar heigh, while the postpetiole is wider than the petiole. The legs 
are long, with hind femurs approximately the same length as the entire mesosoma. 
The antennae comprise of 11 flagellomeres, the scapi are short, measuring ca. twice 
the pedicel, and approximately extending slightly beyond the eyes if aligned perpen-
dicularly to the head length axis. Body color pale to dark brown, appendages whitish. 
Surface sculpturing mostly weak, most of the ant is smooth and shiny, with at most 
isolated stickman-like units, very feeble rugae or reticulate microsculpture near the 
sutures, and feeble reticulate microsculpture on the head. Sparse erect and suberect 
setae mostly occur dorsally over the head, mesosoma and nodes, and both dorsally and 
ventrally on the first gastral segment and on the distalmost margins of the remaining 
segments, while shorter suberect or appressed setae cover the appendages.

Figure 3. Males of Aphaenogaster ichnusa (on the left, sample from Monte Petroso, Sicily) and of A. sub-
terranea (on the right, sample from Parma, Italian peninsula). Cropped images highlight the differences 
in the shape of the propodeum.
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The following key is meant to facilitate this distinction in the examined region. 
However, the intraspecific morphological variation of several species is still little 
known, so we recommend a careful approach in its use.

1 Notably pronounced contrast between the anterior gibbosity of the meso-
soma and a long and relatively flat propodeum, as better observed in lateral 
view; head less elongated .....................A. italica Bondroit, 1918, A. sardoa 
(Mayr) (only Sardinia and Sicily), A. splendida (Roger, 1859), A. gibbosa 
(Latreille, 1798) or crocea group (only Sicily and southern Italian pen-
insula), i.e., A. fiorii Emery, 1915, A. sicula Emery, 1908, A. strioloides 
Forel, 1890, or A. trinacriae Alicata & Schifani, 2019 (see Emery 1908; 
1916; Santschi 1932; Gómez et al. 2018; Alicata and Schifani 2019)

– Propodeum much shorter and not as flat ....................................................2
2 Body color blackish; integument either most extensively matt, or mostly 

smooth and shiny and paired with a wide subrectangular head, or with re-
ticulate microsculpture on the head and visible striae on the mesosoma and 
petiole .................................... remaining A. sardoa group species (see Boer 
2013), the Iberian endemic A. ulibeli (Gómez et al., 2018), or A. epirotes 
(in the study area only near the Italian border with Slovenia, see Müller 1923)

– Body color ferruginous to dark brownish, integument largely smooth and 
shiny, without strongly developed surface sculpturing .................................3

3 Iberia only, very large size (approximate body length 6–6.8 mm) ..................
 ...........................................A. cardenai Espadaler, 1981 (see Tinaut 1986)

– Combination not as above ..........................................................................4
4 Propodeal dorsum in profile view longer and inclined at ~ 45° before reaching 

the propodeal spiracle, lacking a clearly horizontal component .....................
 ......................................................................................... A. dulcineae Em-
ery, 1924, A. finzii Müller, 1921, A. ovaticeps (Emery, 1898), or A. palli-
da (Nylander, 1849) (Emery 1898; 1916; Müller 1923; Santschi 1932)

– Propodeal dorsum shorter and more vertical, with a clear horizontal compo-
nent ............................................................................................. A. ichnusa 
or A. subterranea (discrimination possible based on propodeal shape, see 
characters illustrated in the second paragraph of this section and Figs 3, 4)

Queen diagnosis (Figs 4, 5)

Queens of A. ichnusa and A. subterranea are much more difficult to tell apart based on 
their general shape as compared to workers and males. However, a subtle but very reliable 
character was found in the surface microsculpture of the dorsal mesosoma: in A. ichnusa, 
stickman-like reticulations occur sparsely and are modestly developed, while in A. subter-
ranea they are visibly more developed and sometimes single stickman-like complexes may 
connect to each other covering very large areas. MCMssctm ranges do not overlap between 
the two species, while A. subterranea shows a high variation in the upper range: 4.33 ± 0.78 
(3.00, 5.33) in A. ichnusa, 24.68 ± 22.97 (8.67, 87.67) in A. subterranea (Fig. 4).
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Compared to other sympatric species of the same genus, A. ichnusa and A. subter-
ranea can be distinguished based on the following combination of characters: large 
mesosoma with wide smooth and shining patches, dark brown to ferruginous pig-
mentation with blackish areas, body setae relatively sparse, thick propodeal spines and 
mostly vertical propodeum lateral profile.

The following traits are shared by the two species: The head capsule forms a sub-
rectangular shape, with rounded edges, and is as approximately as long as wide or 
slightly longer than wide. Large compound eyes (their length ~ ⅓–¼ of the head 
length) slightly protruding out of the head capsule. The distance between the central 
among the three ocelli and the level of the compound eyes is ca. the length of the 
ocellus itself. Mandibles dentate, ~ ½ length of the head capsule, their external side 
mostly straight for over ¾. Clypeus medially slightly emarginated. Massive mesosoma, 
slightly wider than the head. Propodeal spines well developed and straight, in profile 
view the of the propodeum is steep, with the section above the spines slightly inclined 
and the section below entirely vertical. Long pedunculate petiole, globose postpetiole, 
the petiole and postpetiole have a similar heigh, while the postpetiole is wider than 
the petiole. The antennae comprise ten flagellomeres, the scapi are moderately long, 
surpassing the posterior margin of the head if aligned parallel to the head length axis, 

Figure 4. Quantitative morphological differences distinguishing A. ichnusa and A. subterranea males (A) 
and queens (B).
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while the antennal club consists of four flagellomeres and the flagellomeres 3–8 are 
only slightly longer than wide. Body color normally not uniform, ferruginous to very 
dark brown, with blackish patches usually occurring on the frons and paler orang-
ish areas near the sutures of the mesosoma. Appendages pale orange to ferruginous. 
Rugose sculpture on most of the head, partly on the sides of the mesosoma including 
the entire propodeum, and on the nodes. The remainder of the body is smooth and 
shiny, except for stickman-like microsculpture. Abundant erect or suberect setae cover 
the head, the dorsum of the mesosoma and nodes, the first gastral segment, and the 
distalmost margins of the remaining segments, while shorter suberect or appressed 
setae cover the appendages.

The following key is meant to facilitate this distinction in the examined region. 
However, the intraspecific morphological variation of several species is still little 
known, so we recommend a careful approach in its use.

1 Mesosoma matt and smaller, not hosting properly developed flight 
muscles, all species suspected to be incapable of normal flight disper-
sal ................................ sardoa group (see Boer 2013; Schifani et al. 2022a)

– Mesosoma with wide smooth and shining patches and larger ......................2
2 Propodeum longer, its dorsal profile inclined at ~ 45°, propodeal spines thinner, 

body color uniformly ferruginous .............. A. ovaticeps (see Salata et al. 2021)
– Character combination deviating ................................................................3
3 Body color blackish, striate sculpture on the posterior part of the mesoscutel-

lum and on the metanotum, only near the Italian border with Slovenia ........
 ........................................................................... A. epirotes (Müller, 1923)

– Color paler, mesoscutellum without striae...................................................4
4 Body color uniformly very dark brown to blackish, flagellomeres more elon-

gated, head with more parallel sides giving the impression of a more rectan-
gular shape ....................................................................................................
 ..... A. italica, A. gibbosa, A. ulibeli (see Santschi 1932; Gómez et al. 2018)

– Body color paler, head sides not as parallel and more convergent frontad ...... 5
5 Very hairy, comparatively dense setae at least on the gaster and postpeti-

ole ...................................................................................................A. palli-
da group (A. dulcineae, A. finzii, or A. pallida, see Schifani et al. 2022a)

– Setae sparser ................................................................................................6
6 Body pigmentation yellowish or uniform ferruginous with at most a dark-

ened area on the frons ................................. either crocea group (only Sicily 
and southern Italian peninsula), i.e., A. fiorii, A. sicula, and A. trinacriae, 
or A. splendida which is normally also characterized by a black transversal 
band on the first gastral tergite (Alicata and Schifani 2019; Salata et al. 2021)

– Body pigmentation overall darker and more irregular, blackish patches on the 
mesosoma and frons .................................................................... A. ichnusa 
or A. subterranea (discrimination possible based on microsculpture, see 
characters illustrated in the second paragraph of this section and Figs 4, 5)
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Note: The queens of A. cardenai and A. strioloides are currently unknown and, 
therefore, they are not included in this key. The first only occurs in Iberia and, con-
sidering that its workers are unique among West Palearctic Aphaenogaster and that 
queens usually retain a number of characters of workers, they are highly unlikely to 
be confusable with species of the subterranea group (Schifani et al. 2022a). In West 
Europe, A. strioloides only occurs on the island of Pantelleria, where neither A. ichnusa 
nor A. subterranea exist (Schifani et al. 2021a).

We recovered a total of 274 new records of A. ichnusa, and 154 of A. subterranea 
from the study area. We increased the know number of cells of 0.2 decimal degrees (ca. 
22 km) occupied by A. ichnusa by 145% (103 new compared to 71 from literature) 
and of those occupied by A. subterranea by 64% (130/202). The two species showed a 
parapatric distribution, with only 4.5% of the cells (22/484) occupied by both species 
(Fig. 6). The westernmost record of A. ichnusa occurs at 0.74 longitude (Catalonia, 
Spain), the easternmost at 18.46 longitude (Apulia, Italy), the southernmost at 36.94 

Figure 5. Queens of Aphaenogaster ichnusa (on the left, sample from Monte Petroso, Sicily) and of 
A. subterranea (on the right, sample from Parma, Italian peninsula). Cropped images highlight the differ-
ences in the microsculpture of the mesoscutellum.
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latitude (Sicily, Italy) and the northernmost at 44.48 latitude (mainland France). For 
A. subterranea, the westernmost record is at -8.46 longitude (Galicia, Spain) and the 
southernmost at 37.64 latitude (Sicily, Italy).

We report A. ichnusa for the first time for several islands and archipelagos: some 
of the Aeolian Islands (Lipari, Vulcano, Salina, Filicudi, Panarea), the Balearic Islands 
(Mallorca), the Maddalena Archipelago (Caprera), the Phlegrean Islands (Ischia, Pro-
cida), Tavolara island, the Tremiti islands (San Domino), and the Tuscan Archipelago 
(Capraia, Elba, Giglio, Montecristo).

Discussion

The morphological distinction of the subterranea group species in the region is rela-
tively easy (Schifani et al. 2022a), and male-based separation of A. ichnusa from A. sub-
terranea is normally straight-forward as demonstrated by our data. While distinction of 
queens and workers can be more difficult at first sight, queens are safely separable at ad-
equate magnification and workers are normally easy for a trained eye. Colony samples 
of A. ichnusa with longer spines and colony samples of A. subterranea with shorter ones 

Figure 6. Distribution map showing the locations of the records here newly reported (black border) and 
retrieved from literature (no border) in a cell grid of 0.2 decimal degrees. Cells are blue for A. subterranea, 
yellow for A. ichnusa, and pink if the two species co-occur.
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may occur, always requiring a certain attention to other characters such as spine shape, 
pronotal sculpture and pigmentation. The different ecological requirements of the two 
species are often helpful but the two may occur sympatrically. While Galkowski et al. 
(2019) reported a possible introgression event, we did not encounter colony samples 
with intermediate morphological characters based on subjective evaluation.

While A. ichnusa inhabits areas with a Mediterranean climate, A. subterranea in 
the same region occurs only at higher elevations or in specific microclimates. However, 
A. subterranea is frequent at the sea level in continental climatic zones where A. ichnusa 
is absent (e.g., most of mainland France, the Po Plain). We show that A. ichnusa is fre-
quent across a vast region of the western Mediterranean (Wang et al. 2023, including 
Italy’s Tyrrhenian and Ionian coasts, and part of the Adriatic one. Moreover, it is the 
sole species found on all investigated islands with the only exception of Sicily, where 
A. subterranea is found at higher elevations in the Etna and the Sicilian Apennines 
alongside other continental species (Schifani et al. 2021b, 2022b).

Notably, both A. ichnusa and A. subterranea seem to have a more limited distribu-
tion in Iberia, where they seem to be restricted to northern Spain. The reliability of few 
old records from southern Spain appears doubtful in the absence of more recent find-
ings (e.g., Santschi 1919). No historic records exist from Portugal (Arcos et al. 2022), 
yet our data suggest that targeted investigations may discover A. subterranea near the 
northern border with Spain. The wide distribution of A. ichnusa is apparently reflected 
in the fact that in some old keys, descriptions and drawings attributed to A. subterranea 
were found to depict A. ichnusa instead (e.g., Emery 1916 key to the Italian fauna with 
a drawing of an A. ichnusa male). Aphaenogaster subterranea may have been temporarily 
introduced to Madagascar (Csősz et al. 2021).

Colonies of A. ichnusa and A. subterranea are often found nesting under rocks, 
and both species may be especially abundant in shady forest habitats with sufficient 
humidity and leaf litter (Castracani et al. 2010, referring at least part of the records 
to A. ichnusa based on voucher checked; Seifert 2018, assuming Central-European 
records to represent A. subterranea; Zara et al. 2021; Bazzato et al. 2022). Albeit rarely, 
at least A. ichnusa may adapt significantly to urban environments: in summer days, 
we observed workers foraging in a shady courtyard entirely made of concrete within a 
historic palace of Florence.

However, despite their ecological success and wide distribution, still relatively little 
is known ca. the habits of these species besides anecdotal reports. They are probably 
mostly predators and scavengers, but at least A. ichnusa was also observed by the au-
thors to tend root aphids, suggesting that trophobiosis may also play an important role 
in the diet of both. In addition, we observed isopods (Platyarthrus sp.), oribatid mites, 
silverfish, leaf beetle larvae (Chrysomelidae: Clytrinae), and planthoppers nymphs 
(Cixiidae) in A. ichnusa nests, and isopods (Platyarthridae in A. subterranea nests, in 
which also Cixiidae were reported by Lörinczi (2012). In shady habitats, we observed 
minimal daytime foraging by both species. However, on other occasions, workers of 
A. ichnusa mostly started to forage outside the nest at dusk. Perhaps the foraging activ-
ity is often conducted within the leaf litter or in endogean microspaces, but none of 
these species is truly subterranean (Ortuño et al. 2014).
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Some of us also observed cooperative food transport in A. subterranea at least. Fur-
thermore, A. subterranea workers are known to use tools: they drop small debris into 
liquid food and transport food-soaked tools back into their nest (Lőrinczi et al. 2018; 
Módra et al. 2022). This behavior is deemed to be a complex strategy developed to 
compensate for the inability to ingest and carry into the body large quantities of liquid 
food (Lőrinczi et al. 2018; Módra et al. 2022). Notably, we found multiple times nu-
merous dealate queens (up to five) in some colonies of A. ichnusa and A. subterranea, 
suggesting at least occasional polygyny in both species.

An integrative approach is needed to clarify whether hybridization or introgression 
between the two species have a significant role as observed in other ants (Seifert 2018). 
Nuptial flights of A. subterranea and A. ichnusa seemingly overlap in late summer/
early autumn. However, the relatively large size of the contact zone compared to the 
distribution range of A. ichnusa, and the consistent morphological differentiation from 
A. subterranea, suggest some adaptation to counter hybridization. At the same time, 
the data we are providing could facilitate future studies focused on the ecology and 
niche partitioning of these species.
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