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Abstract

Consistent species identification is foundational to biological research and requires 
coordination among a diversity of researchers and institutions. However, such consis-

tency may be hindered for rare organisms where specimens, identification resources, 
and taxonomic experts are few. This is often the case for deep-sea taxonomic groups. 
For example, the deep-sea gastropod genus Provanna Dall, 1918 is common at che-

mosynthetic sites throughout the world’s oceans, yet no formal guide to these species 
has yet been produced. Recent exploration has recovered new specimens of Provanna 

from hydrocarbon seeps off the Pacific Costa Rica Margin. The current work assesses 
the species identity of these specimens using shell morphology, radular morphology, 
and genetic barcoding (mitochondrial CO1 and nuclear H3). Records of occurrence for 
P. laevis Warén & Ponder, 1991, P. ios Warén & Bouchet, 1986, and P. pacifica Warén & 

Bouchet, 1986 are herein presented from the Costa Rica Margin. A critical taxonom-

ic review of the 29 extant species within this genus was conducted and their genetic, 
morphological, and biogeographical distinction assessed. In this review, genetic and 
morphological support was found for nearly all current species delineations except for 
P. glabra Okutani et al., 1992, syn. nov. and P. laevis, syn. nov., which are herein syn-

onymized to P. laevis, and for P. ios, syn. nov. and P. goniata Warén & Bouchet, 1986, 
syn. nov., which are synonymized to P. ios. Finally, the first species identification key 
for the extant species in this genus is presented. This work clarifies the taxonomy and 
systematics of this deep-sea gastropod genus and contributes a novel polytomous key 
for use in future research.
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Introduction

Consistent species identification is foundational to biological research. Studies 
of populations, communities, and ecosystems all rely on authors from a wide 
range of backgrounds and locations coordinating species definitions. This is 
particularly salient for the global endeavor of deep-sea research, where many 
species are recent discoveries. As many regions of the ocean remain unex-

plored, taxonomic characterization of marine invertebrates are hindered by a 
lack of collections, occurrence records, identification resources, and taxonom-

ic experts (Sigwart et al. 2019; Engel et al. 2021).
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Throughout the world’s oceans, ecosystems reliant on chemosynthetic ac-

tivity, such as hydrothermal vents and hydrocarbon seeps, are hotspots for pro-

ductivity on the ocean floor, hosting an anomalously high biomass community 
consisting of numerous endemic species (Sibuet and Olu 1998). These eco-

systems often host abundant gastropod populations which act as the primary 
grazers at these sites, feeding on the biofilms and bacterial mats that coat 
the hard surfaces of these environments (Sasaki et al. 2010). To identify such 
gastropods to the species level, researchers commonly rely on data sources 
such as shell morphology, genetic barcoding (e.g., mitochondrial cytochrome 
oxidase I gene (CO1)), and radular imaging (e.g., Nekhaev 2023). However, 
not all known species have been genetically barcoded, precluding the utility 
of these data in every case. With few taxonomic resources available for these 
ecosystems, researchers must rely on formal descriptions to identify species 
which assume a thorough, prior knowledge of taxon-specific language. Further-
more, comparisons across dozens of species may be necessary to come to a 
confident identification which can be arduous and time-consuming, particularly 
when species identification is just one part of a broader study. A solution to 
this problem is a key, which synthesizes a set of informative criteria and guides 
researchers to a workable species hypothesis. Keys are typically more easily 
implemented by researchers across expertise levels than formal descriptions, 
thus presenting an effective method with which to streamline and standardize 
species identifications.

The current work centers on aa genus of Abyssochrysoid snails Provanna 

(Dall, 1918), presenting new records, a taxonomic review, and a new identifica-

tion key for its species. Provanna occur worldwide and are endemic to chemo-

synthetic environments (Johnson et al. 2010; Amano and Little 2012; Linse et 
al. 2019). In total, 29 extant species of Provanna are currently recognized on 
the World Register of Marine Species (WoRMs), six of which have recently been 
designated as Endangered or Critically Endangered on the IUCN Red List (Mol-
loy et al. 2020a, b, c; Thomas and Sigwart 2020; Molloy and Thomas 2021a, b; 
IUCN 2022). Despite their cosmopolitan distribution and their threatened sta-

tus, however, identification resources for this group are lacking, increasing the 
likelihood that some of the recognized species are synonymous and that other 
species are cryptic and have gone unrecognized within this genus. An under-
standing of the conservation status of species must begin with a confident 
identification of the species.

Species of Provanna, like other deep-sea gastropods, may be distinguished 
by their shell and radular morphology, making a morphology-based identifica-

tion key useful. All Provanna share certain characteristics that distinguish the 
genus. Specimens have small, turbinate, dextral shells, a thin periostracum, no 
umbilicus, and usually no more than 2–3 shell whorls intact, regardless of size. 
They are never wider than they are tall and their apertures have a distinct shape; 
They are rarely circular or ovate. Rather, the columellar lip typically curves in-

wards near the bottom of the shell, such that it forms a near-right angle with 
the lower lip (see Fig. 2A for an example). They are also small, with one of the 
largest specimens recorded just 2 cm in length (Chen et al. 2018). They may be 
distinguished from their sister genus Desbruyeresia in that Desbruyeresia typi-
cally have tall, intact spires of > 3–4 whorls and more slender, turriform shells 
(Warén and Bouchet 1993). They also have distinct radular characteristics, with 
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Desbruyeresia having multiple denticles on the cusps of their central teeth while 
Provanna have none (Warén and Bouchet 1993). Protoconchs (larval shells) 
are also useful in distinguishing these genera; However, protoconchs are al-
most unanimously missing in Provanna specimens (Warén and Ponder 1991; 
Warén and Bouchet 1993). Finally, genetic characterization of this group is still 
ongoing, with gene sequences currently unavailable for P. abyssalis (Okutani 
& Fujikura, 2002), P. admetoides (Warén & Ponder, 1991), P. chevalieri (Warén 
& Bouchet, 2009), P. goniata (Warén & Bouchet, 1986), P. muricata (Warén & 
Bouchet, 1986), P. nassariaeformis (Okutani, 1990), nor P. reticulata (Warén & 
Bouchet, 2009). This lack of sequence data makes an identification key based 
on morphology particularly relevant, especially one that is created using an in-

tegrative taxonomy approach that includes genetic data.
In the present study, we present formal records of Provanna from hydrocar-

bon seeps at the Costa Rica Margin that were sampled from 700 to 2000 me-

ters depth. These sites were sampled during three cruises from 2017–2019, 
representing one of the most intensive sampling efforts in this region to date. 
The hydrocarbon seepage in this region is driven by the subduction of the Co-

cos Plate beneath the Caribbean plate (Suess 2014) and fuels chemosynthetic 
primary productivity at these sites (Cavanaugh et al. 1981; Suess 2014). This 
investigation aims to identify these Costa Rican hydrocarbon seep Provanna 

down to the species level using both morphological and genetic data. While 
the ecology and depth partitioning of these Provanna specimens have been 
recently investigated (Betters et al. 2023), the present study details the rigorous 
taxonomic identification of these specimens. We incorporate these data into a 
holistic review of the genus with the aim of assessing the morphological and 
genetic distinction among its extant species. Finally, we synthesize these re-

sults into the first polytomous species identification key for all currently known, 
extant Provanna species.

Materials and methods

Specimen collection

Specimens of Provanna were obtained from one of six sites at the Pacific Costa 
Rica Margin (CRM) during research expeditions conducted from 2017 to 2019 
(Fig. 1, Table 1). Provanna were sampled by the human-operated vehicle (HOV) 
‘Alvin’ and the remotely operated vehicle (ROV) ‘Subastian’ using various sam-

pling tools attached to the HOV or ROV such as the manipulator arm or suc-

tion hose. The locations of sampling events were recorded for all specimens 
collected. Upon arrival to the surface, specimens were kept cold before being 
promptly preserved in > 95% ethanol. Specimens were then stored long term in 
ethanol at room temperature (20–25 °C).

Morphological analysis

All morphological characters and measurements are defined in Fig. 2 and 
Table 2. To begin identifying our specimens and constructing the key, original 
taxonomic descriptions of all extant Provanna species were obtained. The fol-
lowing shell characters were annotated for each species: The number of axial 
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Figure 1. Map of the Costa Rica Margin A overview of the Costa Rica continental shelf with hydrocarbon seep sites 
labelled B close-up view of the sites Mound 12 and Mound 11, which appear overlapping in the larger map. Bottom ba-

thymetry is demarcated by black lines every 250 m.

Table 1. Summary of hydrocarbon seep sites sampled at the Costa Rica Margin and their associated species yield. Ab-

breviations in cruise identities are defined as follows: FK = R/V ‘Falkor’ cruise number, AT = R/V ‘Atlantis’ cruise number. 
Abbreviations: SD = ROV ‘Subastian’ dive number, AD = HOV ‘Alvin’ dive number. *Previously identified as P. goniata.

Seep site Number of specimens Species composition GPS coordinates Depth (m) Cruise ID Dive ID

Jaco Summit 6 P. laevis (100%) 9.174°N, 84.800°W 740–760 FK19-0106 
AT37-10 
AT37-13

SD213 
AD4874 
AD4912 
AD4913 
AD4914

Jaco Scar 180 P. ios (100%)* 9.115°N, 84.836°W 1800–2000 AT42-03 AD4971 
AD4973 
AD4977 
AD4989

FK19-0106 SD214

Quepos Seep 6 P. pacifica (100%) 8.922°N, 84.305°W 1000–1100 AT37-13 AD4924

The Thumb 815 P. laevis (100%) 9.049°N, 84.354°W 1071–1075 FK19-0106 SD217

Mound 12 803 P. laevis (100%) 8.930°N, 84.313°W 900–1050 AT37-13 AD4907 
AD4910 
AD4917

AT42-03 AD4974 
AD4978 
AD4984 
AD4985 
AD4987

Mound 11 5 P. lomana (40%), 
P. pacifica (60%)

9.031°N, 84.619°W 1300–1500 AT42-03 AD4988
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and spiral ribs on the body whorl, the relative strength of the body whorl sculp-

tures, sculptural elements formed, how far down the body whorl the axial ribs 
extend, the presence of basal ribs, the average roundness (width / length) of 
the original holotype and paratype shells, the depth of the shell suture, and 
the descriptive shape of the aperture (Table 3). The following radular charac-

ters were also annotated: The relative width of the central teeth, the descriptive 
shape of the central teeth cusps, the roundedness of the central teeth’s anterior 
ridges, the number of denticles on the first lateral teeth, which denticle on the 
first lateral teeth is the most longest (“major” denticle), the descriptive shape of 
the first lateral major denticles, the angle of the first lateral posterior buttress, 
and the number of marginal tooth denticles (Table 3).

Figure 2. Visual definitions of morphological characters and measurements used in the study A shell morphological 
characters B informative measurements assessed for our own specimens C radular terminology and morphological 
characters. Abbreviations: SW: Shell Width, SL: Truncated Shell Length, GL: Maximum Granule Length, AL: Aperture 
Length, AW: Aperture Width.
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Table 2. Definitions for selected terminology used to describe morphological characters.

Aperture The opening of the shell from which the gastropod body would protrude

Axis of coiling The imaginary line that runs from the top of a shell’s spire to the tip of its base around 
which the shell is coiled

Axial sculpture The sculpturing of the shell running parallel to the axis of coiling

Growth lines Fine transverse lines marking shell growth. They are distinguished from axial sculpturing 
in that they are not raised or grooved.

Sculpture Three-dimensional, linear ornamentation on the outer surface of the shell. These rise 
away from the shell surface

Sculptural element Knob-, bead-, or spike-like protrusions that occur at intersections of the axial and spiral 
sculptures and that are raised higher than either sculpture. Note: If a Provanna shell has 

structural elements, it will typically have both an axial and spiral sculpture.

Body whorl margin The length between the posterior end of the aperture and the previous suture line

Spiral sculpture The sculpturing of the shell running perpendicular to the axis of coiling

Suture Where the whorls of the shell are fused, including where the aperture is fused with the 
body whorl

Whorl One complete revolution of shell growth

To begin identifying the specimens from the CRM, they were first sorted into 
distinct morphotypes. Representatives from the full geographic, temporal, and 
size range of each morphotype were then selected for detailed morphological 
assessment. The following characters were measured for each specimen: Shell 
width (mm), truncated shell length (measured from the right, posterior tip of the 
penultimate whorl to the lowest point of the aperture (mm)), aperture length 
(mm), aperture width (mm), number of basal ribs (counted), relative shell tex-

ture (maximum granule length on the body whorl / truncated shell length), aper-
ture roundness (width / length), and shell roundness (width / length). Truncated 
shell length was used as most Provanna lack any whorl past the penultimate 
whorl. Measurements of characters were taken from photographs captured by a 
mounted AmScope microscope adapter camera attached to a standard dissec-

tion microscope (Leica S6D, Leica Microsystems GmbH). A standardized 1-mm 
marker was present in every photo to allow for standardized measurements. 
Specimens were kept submerged in > 95% ethanol while images were taken. 
The line measurement tool within AmScope was used to measure morphologi-
cal characters. To identify any potential collinearity among shell morphological 
characters, Pearson correlation coefficients (PCC) were calculated using the 
package Ggally (Schloerke et al. 2021) in R (v. 4.2.3; R Core Team 2022). One-
way ANOVAs were then conducted in base R to identify significant differences 
in shell morphology among the morphotypes sampled from Costa Rica.

To characterize the radulae of each morphotype, we performed the follow-

ing protocol. First, the body whorl of the shell was punctured using a sharp 
probe. The whole animal was then incubated in a 1.5 mL microcentrifuge tube 
containing a 10% solution of proteinase-k for 5–15 min at 56 °C. Incubation 
was monitored and terminated once tissue was visibly loose and degraded, 
but not fully digested. The microcentrifuge tube was removed from the heat 
source, pulse-vortexed three times, and then its contents were rinsed into a 
clean glass petri dish using deionized (DI) water. Under a dissection scope, the 
radular ribbon was identified, extricated from any remaining soft tissue, and 
moved to another clean glass petri dish containing DI water to further dilute 
the proteinase-k solution and prevent further breakdown of the radular ribbon. 
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Table 3. Summary of morphological characteristics for the type specimens of each Provanna species.

Species
Axial ribs on 
body whorl

Spiral ribs on 
body whorl

Relative strength of 
ribs on body whorl

Sculptural elements
Axial body sculpture 

extends to…

P. abyssalis Okutani & Fujikura, 2002 0 0 NA Absent NA

P. admetoides Warén & Ponder, 1991 35–45 2–3 Variable Minor spines/Absent Posterior end of 
aperture

P. annae Nekhaev, 2023 0 0 NA Absent NA

P. beebi Linse et al., 2019 >20 0–6 Spiral > Axial Beaded/ Absent Anterior end of shell

P. buccinoides Warén & Bouchet, 1993 10–20 3–4 Spiral < Axial Nodules Posterior end of 
aperture

P. chevalieri Warén & Bouchet, 2009 10–20 0–3 Spiral < Axial Absent Mid-body whorl

P. cingulata Chen et al., 2018 0 4–6 Spiral > Axial Absent NA

P. clathrata Sasaki et al., 2016 10–20 3–5 Variable Nodules/ Minor Spines Posterior end of 
aperture

P. cooki Linse et al., 2019 0 0–5 Spiral > Axial Absent NA

P. exquisita Chen & Watanabe, 2022 14–18 2–3 Spiral > Axial Major Spines/Keel Posterior end of 
aperture

P. fenestrata Chen et al., 2019 16–20 1–2 Variable Nodules/ Absent Posterior end of 
aperture

P. glabra Okutani et al., 1992 0 0 NA Absent NA

P. goniata Warén & Bouchet, 1986 15–20 2–3 Spiral > Axial Major Spines Posterior end of 
aperture

P. ios Warén & Bouchet, 1986 15 2 Spiral > Axial Minor Spines Posterior end of 
aperture

P. kuroshimensis Sasaki et al., 2016 0 0 NA Absent NA

P. laevis Warén & Ponder, 1991 0 0 NA Absent NA

P. lomana Warén & Bouchet, 1986 10–20 0 Spiral < Axial Absent Posterior end of 
aperture

P. lucida Sasaki et al., 2016 0 0–3 Spiral > Axial Absent NA

P. macleani Warén & Bouchet, 1989 10–20 4–5 Spiral > Axial Absent Posterior end of 
aperture

P. muricata Warén & Bouchet, 1986 14–16 1–2 Spiral < Axial Nodules/ Minor Spines Posterior end of 
aperture

P. nassariaeformis Okutani, 1990 20–25 3–5 Spiral = Axial Beaded Anterior end of shell

P. pacifica Warén & Bouchet, 1986 12–16 2–3 Spiral > Axial Nodules/ Minor Spines Posterior end of 
aperture

P. reticulata Warén & Bouchet, 2009 0–15 2–4 Spiral = Axial Minor Spines Posterior end of 
aperture

P. sculpta Warén & Ponder, 1991 15 3 Spiral < Axial Beaded Posterior end of 
aperture

P. segonzaci Warén & Ponder, 1991 10–20 2–3 Spiral < Axial Nodules/ Minor Spines Posterior end of 
aperture

P. shinkaiae Okutani & Fujikura, 2002 10–20 2–3 Spiral > Axial Major Spines Posterior end of 
aperture

P. stephanos Chen et al., 2019 10–20 2–3 Spiral > Axial Major Spines/Keel Posterior end of 
aperture

P. subglabra Sasaki et al., 2016 0 0 NA Absent NA

P. variabilis Warén & Bouchet, 1986 0–20 1–3 Spiral > Axial Nodules/ Absent Posterior end of 
aperture

Species Basal spiral ribs
Width / 
Length

Depth of suture
Aperture 

shape 
description

Central 
tooth width

Central tooth cusp

P. abyssalis Okutani & Fujikura, 2002 Absent 0.5 Constricted Globose Typical Long, triangular

P. admetoides Warén & Ponder, 1991 Present 0.61 Moderate Fusiform Very narrow Very truncated

P. annae Nekhaev, 2023 Absent 0.6 Constricted Globose Typical Long, triangular
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Species Basal spiral ribs
Width / 
Length

Depth of suture
Aperture 

shape 
description

Central 
tooth width

Central tooth cusp

P. beebi Linse et al., 2019 Present 0.59 Moderate Fusiform/ 
Semicircle

Broad Blunt, truncated

P. buccinoides Warén & Bouchet, 1993 Present 0.63 Moderate Globose Broad Blunt, truncated

P. chevalieri Warén & Bouchet, 2009 Present 0.55 Constricted Globose Broad Very short, triangular

P. cingulata Chen et al., 2018 Absent 0.61 Constricted Globose Broad Short, triangular

P. clathrata Sasaki et al., 2016 Present 0.61 Constricted Fusiform Typical Long, triangular

P. cooki Linse et al., 2019 Absent 0.57 Constricted Fusiform Broad Triangular

P. exquisita Chen & Watanabe, 2022 Present 0.55 Constricted Semicircular Typical Triangular

P. fenestrata Chen et al., 2019 Present 0.59 Moderate Variable Typical Triangular

P. glabra Okutani et al., 1992 Absent 0.6 Flat Globose Typical Triangular, blunt

P. goniata Warén & Bouchet, 1986 Present 0.59 Moderate Globose/ 
Fusiform

Typical Long, triangular

P. ios Warén & Bouchet, 1986 Variable 0.54 Constricted Fusiform/ 
Semicircle

NA Long, triangular

P. kuroshimensis Sasaki et al., 2016 Absent 0.58 Flat Fusiform Typical Long, triangular

P. laevis Warén & Ponder, 1991 Absent 0.56 Flat Variable Typical Short, triangular

P. lomana Warén & Bouchet, 1986 Present 0.55 Moderate Globose Typical Long, triangular

P. lucida Sasaki et al., 2016 Absent 0.59 Constricted Globose Typical Short, triangular

P. macleani Warén & Bouchet, 1989 Present 0.61 Moderate Fusiform Very narrow Very truncated

P. muricata Warén & Bouchet, 1986 Present 0.56 Constricted Globose Typical Triangular

P. nassariaeformis Okutani, 1990 Present 0.7 Flat Fusiform Broad Triangular, blunt, 
truncated

P. pacifica Warén & Bouchet, 1986 Present 0.61 Moderate Fusiform Very narrow Very truncated

P. reticulata Warén & Bouchet, 2009 Present 0.57 Moderate Fusiform Broad Blunt, truncated

P. sculpta Warén & Ponder, 1991 Present 0.55 Moderate Fusiform Typical Long, triangular

P. segonzaci Warén & Ponder, 1991 Present 0.59 Constricted Fusiform Typical Triangular

P. shinkaiae Okutani & Fujikura, 2002 Present 0.51 Moderate Semicircle Typical Long, triangular

P. stephanos Chen et al., 2019 Present 0.61 Flat Globose Typical Short, triangular

P. subglabra Sasaki et al., 2016 Absent 0.61 Flat Fusiform Typical Long, triangular

P. variabilis Warén & Bouchet, 1986 Variable 0.55 Moderate Globose Typical Long, triangular

Species
Central tooth 
anterior ridge

First lateral 
tooth cusps

First lateral major 
cusp

First lateral 
major cusp 

shape

First lateral 
buttress 

angle
Marginal tooth cusps

P. abyssalis Okutani & Fujikura, 2002 Concave 6–7 2nd Triangular, 
fused with 

first

Right 9–10

P. admetoides Warén & Ponder, 1991 Rounded 3–4 2nd Spatulate Obtuse Alternating 7 or 14+

P. annae Nekhaev, 2023 Concave 3–4 2nd Long, lobate Right 7–9

P. beebi Linse et al., 2019 Flat 4–5 2nd Truncated, 
lobate

Absent 13–17

P. buccinoides Warén & Bouchet, 1993 Rounded/Flat 7 Fourth Very 
truncated, 

lobate

Absent ~30

P. chevalieri Warén & Bouchet, 2009 Variable 4–5 2nd Very 
truncated, 

lobate

Sloping/ 
Absent

13–18

P. cingulata Chen et al., 2018 Round/Flat 4–5 3rd or 4th Rhomboid Absent 15–18

P. clathrata Sasaki et al., 2016 Concave 4–5 2nd Long, 
triangular

Right/ Acute 9–10

P. cooki Linse et al., 2019 Concave 5–6 2nd Long, lobate Obtuse 11–14
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Species
Central tooth 
anterior ridge

First lateral 
tooth cusps

First lateral major 
cusp

First lateral 
major cusp 

shape

First lateral 
buttress 

angle
Marginal tooth cusps

P. exquisita Chen & Watanabe, 2022 Concave 4–5 2nd Truncated, 
lobate

Right/ 
Obtuse

20–24

P. fenestrata Chen et al., 2019 Concave 4–5 2nd Long, 
triangular

Right 9–10

P. glabra Okutani et al., 1992 Concave 4–5 2nd Long, lobate Right/ Acute 8–12

P. goniata Warén & Bouchet, 1986 Concave 5–6 2nd Long, 
triangular

Right/ Acute 15–25

P. ios Waren & Bouchet, 1986 Concave 4–5 2nd Long, 
triangular

Right/ Acute 15–25

P. kuroshimensis Sasaki et al., 2016 Concave 4–5 2nd Long, lobate Right 10–13

P. laevis Warén & Ponder, 1991 Concave 4–5 2nd Truncated, 
lobate

Acute 15–20

P. lomana Waren & Bouchet, 1986 Concave 4–5 2nd Long, 
triangular

Acute Alternating 7 or 14+

P. lucida Sasaki et al., 2016 Concave 4–5 2nd Long, 
triangular

Right/ Acute 13–15

P. macleani Warén & Bouchet, 1989 Rounded 3–4 2nd Spatulate Sloping/ 
Absent

15–20

P. muricata Warén & Bouchet, 1986 Concave 4–5 2nd Lobate Sloping/ 
Obtuse

15–20

P. nassariaeformis Okutani, 1990 Concave/Flat 4–5 2nd Truncated, 
lobate

Absent 15–20

P. pacifica Warén & Bouchet, 1986 Rounded 3 2nd Lobate/
Spatulate

Sloping/ 
Obtuse

5–7

P. reticulata Warén & Bouchet, 2009 Concave 2–3 2nd Truncated, 
lobate

Absent 15–20

P. sculpta Warén & Ponder, 1991 Concave 3–5 2nd Long, 
triangular

Acute 15–20

P. segonzaci Warén & Ponder, 1991 Concave 5–7 2nd Multilobate Right/ 
Obtuse

15–20

P. shinkaiae Okutani & Fujikura, 2002 Concave 2–5 2nd Long, lobate Acute 10–14

P. stephanos Chen et al., 2019 Concave 4–5 2nd or 3rd Long, 
triangular, 

blunt

Obtuse 12–14

P. subglabra Sasaki et al., 2016 Concave 4–5 2nd Long, 
triangular

Right/ 
Obtuse

15–20

P. variabilis Warén & Bouchet, 1986 Concave 4–5 2nd Long, 
triangular

Acute Alternating 7 or 14+

Silicon wafer chips cut into ~ 1 cm3 squares were used as mounting substrate 
for scanning electron microscopy. To mount the radula, a very small droplet of 
DI water was placed onto a chip. The radula was then placed into this water 
droplet and manipulated under a light microscope into a flat, teeth-up posi-
tion using forceps or a sharp probe. Manipulation was most successful when 
the radula was wet but not submerged. The radula’s position was monitored 
and adjusted under a light microscope while the water was allowed to evap-

orate. Once dry, radulae naturally adhered to the chip’s surface and were then 
stored dry until imaging. Scanning electron microscopy was undertaken using 
a QuantaTM 450 FEG scanning electron microscope (FEI 2012) in its low-vacu-

um setting at Temple University College of Engineering’s Nano Instrumentation 
Center. High-quality images were obtained without sputter coating. Tentative 
morphological identities were then ascribed to our specimens.
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Genetic analysis

To confirm the morphological identifications, the cytochrome oxidase 1 (CO1) 
mitochondrial gene and the histone 3 (H3) nuclear gene were sequenced. 
Tissue was obtained by pulling aside the operculum and pinching off a small 
sample of tissue from the foot (approximately 1 mm3). This tissue was then di-
gested and its DNA extracted using a Qiagen Blood and Tissue DNA Extraction 
kit (QIAGEN, Valencia, CA). Extracted DNA was quantitated using a Nanodrop 
2000 spectrophotometer. DNA was kept frozen at -20 °C following extraction. A 
710 base pair (bp) section of the CO1 gene was targeted for sequencing using 
the primers LCO1490/HCO2198 and polymerase chain reaction protocol put 
forth by Folmer et al. (1994). A 274 bp section of the H3 gene was targeted for 
sequencing using the H3F/H3R primers put forth by Colgan et al. (2000) and 
the following PCR protocol: 94 °C for 1 min, 40 cycles of 95 °C for 30 seconds, 
55 °C for 30 seconds, and 72 °C for 30 seconds, followed by a final extension 
period of 72 °C for 7 min. Forward and reverse reads were obtained through 
GeneWiz (Azenta Life Sciences, South Plainfield, NJ). Each sequence was qual-
ity-assured, trimmed, and reverse reads were reverse-complemented using the 
BioEdit desktop software (v. 7.2.5; Hall 1999). Forward and reverse reads were 
then used to create one consensus sequence per individual.

For all phylogenetic analyses, sequences were input and aligned using 
ClustalW embedded within the MEGA-X environment (v. 10.0.1; Kumar et al. 
2018). The Model Finder embedded within MEGA-X was used to find the best-
fit substitution model based on the lowest Bayesian Information Criterion. All 
base positions with less than 95% site coverage were excluded from analyses. 
Bootstrap confidences of branch points were assessed using 10,000 bootstrap 
replicates within MEGA-X. Bayesian topologies and Bayesian posterior proba-

bilities (BPP) of branch points were computed using the joint programs BEAUti 
(v. 1.10.4) and BEAST (v. 1.10.4) (Suchard et al. 2018). The maximum clade 
credibility tree was then selected from the BEAST output using TreeAnnota-

tor (v. 1.10.4). The resulting figures were cleaned and finalized using FigTree 
(v. 1.4.4) (Rambaut 2018) and Adobe Illustrator (v. 27.3.1). All published gene 
sequences were downloaded from the National Center for Biotechnology In-

formation (NCBI) nucleotide database. All alignments are freely available on 
Github (Repository: melissajbetters/CRM_Provanna).

To verify inclusion within the genus Provanna, we assessed our novel se-

quences in relation to other Abyssochrysoids including species in the genera 
Abyssochrysos (Tomlin, 1927), Cordesia (Warén & Bouchet, 2009), Rubyspira 

(Johnson et al., 2010), Desbruyeresia (Warén & Bouchet, 1993), Alviniconcha 

(Okutani & Ohta, 1988), and Ifremeria (Bouchet & Warén, 1991). The Vetigas-

tropods Caymanabyssia solis (Kano et al., 2016) and Notocrater pustulosus 

(Thiele, 1925) were used as the outgroup for investigations of CO1. The Veti-
gastropods Lepetodrilus pustulosus (McLean, 1988) and Pyropelta sp. (McLean 
& Haszprunar, 1987) were used as outgroup for investigations of H3. To verify 
the specific identity of our specimens, we assessed our novel CO1 sequences 
in relation to all other Provanna species available on NCBI. While CO1 sequenc-

es exist for P. annae (Nekhaev, 2023), these were amplified using a primer set 
that targeted a different region of the CO1 gene from our novel sequences, 
thus precluding comparison. To account for intraspecific variation, a maximum 
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of three sequences per species (chosen at random) were included in the tree. 
Additionally, gene sequences with tentative or unknown identities were also in-

cluded in case our novel sequences matched these. Desbruyeresia melanioides 

(Warén & Bouchet, 1993) was used as the outgroup.
To assess the robustness of current species delimitations within the genus, 

we calculated the average pairwise sequence divergence (APD) across CO1 
sequences for Provanna. All sequences with verified species identities were 
included; Sequences with tentative or unknown species identities were exclud-

ed. Our novel sequences were assigned to their hypothesized species iden-

tities. All sequences were aligned using ClustalW embedded within MEGA-X 
and assessed using a Tamura 3-parameter substitution model (Tamura 1992), 
the pairwise deletion option (threshold = 95%), and 5,000 bootstrap replicates 
within MEGA-X. We then tested the number of species partitions supported 
within this dataset using the hierarchical clustering program ASAP (Assemble 
Species by Automatic Partitioning) (Puillandre et al. 2021).

Key construction

Using the conclusions drawn from the preceding sections, a taxonomic key 
for all genetically supported, extant species of Provanna was constructed. 

Figure 3. Examples of Provanna shell morphological variety A P. kuroshimensis, no sculp-

turing, growth lines present, flattened suture B–F constricted suture: B P. cooki, spiral 

sculpture only, no sculptural elements C P. chevalieri, axial sculpture only, no sculptural 
elements D–F both axial and spiral sculpturing: D P. fenestrata, sculptures about equal 
in strength, no sculptural elements E P. clathrata, axial sculpture stronger than spiral, 
blunt, sloping nodules F P. reticulata, spiral sculpture stronger than axial, minor spines.



12ZooKeys 1189: 1–32 (2023), DOI: 10.3897/zookeys.1189.109734

Melissa J. Betters & Erik E. Cordes: New records and key for Provanna

A polytomous key was chosen as the format to capture the natural variation 
found in Provanna shells (Fig. 3). Of the morphological characters annotated, 
we prioritized sorting shells based on aspects of shell sculpturing, as these 
characters are easily recognized and do not require additional processing to 
observe. Radular characteristics were only utilized within the key when no other 
shell character could discern between species. Several morphological charac-

ters were excluded from the key either because we determined that they would 
introduce too much subjectivity in responses (precluding consistent utility), 
overlapped among species, overlapped with other characters, or varied too 
much within species. Incorporating our own morphological results, the pres-

ence and number of basal ribs and penultimate whorl morphological charac-

ters were excluded. It is noted in the key where there is uncertainty in a species 
hypothesis which is then addressed in the Discussion.

Results

New occurrence records

Superfamily Abyssochrysoidea

Family Provannidae

Genus Provanna (Dall, 1918)

Provanna laevis Warén & Ponder, 1991

New records. Costa Rica • 25 specimens; Costa Rica Margin, Mound 12; 
8.930°N, 84.313°W; 999 m; 22 May 2017; Lisa Levin, Charlotte Seid leg.; ALVIN 
Dive 4907, from wood; Scripps Benthic Invertebrate Collection (SBIC) M16112. 
11 specimens; Costa Rica Margin, Mound 12; 8.930°N, 84.313°W; 1004 m; 
25 May 2017; Greg Rouse, Todd Litke leg.; ALVIN Dive 4910, from rock; SBIC 
M16104 and M16106. 16 specimens; Costa Rica Margin, Mound 12; 8.929°N, 
84.315°W; 964 m; 1 June 2017; Greg Rouse, Ben Moran leg.; ALVIN Dive 4917, 
from mussel shells; SBIC M16176. 89 specimens; Costa Rica Margin, Mound 
12; 8.930°N, 84.313°W; 1003 m; 20 October 2018; Lisa Levin, Kyle Metcalfe 
leg.; ALVIN Dive 4974, from mussel shells; SBIC M16765. 78 specimens; Cos-

ta Rica Margin, Mound 12; 8.931°N, 84.313°W; 1004 m; 24 October 2018; Erik 
Cordes, Melissa Betters leg.; ALVIN Dive 4978, from mussel shells. 104 spec-

imens; Costa Rica Margin, Mound 12; 8.931°N, 84.313°W; 1002–1004 m; 30 
October 2018; Erik Cordes, Melissa Betters leg.; ALVIN Dive 4984, from mus-

sel shells. 5 specimens; Costa Rica Margin, Mound 12; 8.930°N, 84.313°W; 
1001 m; 31 October 2018; Erik Cordes, Melissa Betters leg.; ALVIN Dive 4985, 
from mussel shells. 475 specimens; Costa Rica Margin, Mound 12; 8.930°N, 
84.312–84.313°W; 1002–1007 m; 2 November 2018; Erik Cordes, Melissa Bet-
ters leg.; ALVIN Dive 4987, from tubeworms. 6 specimens; Costa Rica Margin, 
Jaco Summit; 9.174°N, 84.800°W; 742 m; 6 January 2019; Greg Rouse, Allison 
Miller leg.; SUBASTIAN Dive 213, from wood; SBIC M17030. 793 specimens; 
Costa Rica Margin, The Thumb; 9.049°N, 84.354–84.394°W; 1071–1075 m; 10 
January 2019; Erik Cordes, Melissa Betters leg.; SUBASTIAN Dive 217, from 
mussel shells. 22 specimens; Costa Rica Margin, The Thumb; 9.049°N, 84.354–
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84.394°W; 1071–1075 m; 10 January 2019; Erik Cordes, Melissa Betters leg.; 
SUBASTIAN Dive 217, from tubeworms.

Remarks. The range of P. laevis is here expanded to three hydrocarbon seep 
locations at the CRM: Mound 12, Jaco Summit, and The Thumb. Their known 
distribution in the Eastern Pacific Ocean ranges from the Juan de Fuca Ridge 
to the Costa Rica Margin. Their known depth distribution in the Eastern Pacific 
Ocean is between 700–2000 m (Table 4).

Provanna ios Warén & Bouchet, 1986

New records. Costa Rica • 42 specimens; Costa Rica Margin, Jaco Scar; 
9.118°N, 84.839°W; 1757 m; 20 March 2017; Elena Perez, Geoff Cook leg.; 
ALVIN Dive 4874, from tubeworms; SBIC M12301. 3 specimens; Costa Rica 
Margin, Jaco Scar; 9.115°N, 84.836°W; 1834 m; 27 March 2017; Victoria Or-
phan, Kat Dawson leg.; ALVIN Dive 4912, from mussels; SBIC M16110 and 
M16127. 1 specimen; Costa Rica Margin, Jaco Scar; 9.116°N, 84.840°W; 
1898 m; 28 March 2017; Greg Rouse, Jorge Cortes leg.; ALVIN Dive 4913, 
from tubeworms; SBIC M16144. 10 specimens; Costa Rica Margin, Jaco Scar; 
9.117°N, 84.840°W; 1802 m; 29 March 2017; Chris Roman, Alanna Durkin leg.; 
ALVIN Dive 4914, from tubeworms; SBIC M16153, M16164, and M16166. 7 
specimens; Costa Rica Margin, Jaco Scar; 9.117°N, 84.840°W; 1806 m; 17 
October 2018; Erik Cordes, Rebecca Rutstein leg.; ALVIN Dive 4971, from 
rocks; SBIC M16730 and M16754. 1 specimen; Costa Rica Margin, Jaco Scar; 
9.118°N, 84.840°W; 1803 m; 19 October 2018; Victoria Orphan, Natalya Gallo 
leg.; ALVIN Dive 4973, from mussels; SBIC M16724. 1 specimen; Costa Rica 
Margin, Jaco Scar; 9.118°N, 84.840°W; 1803 m; 19 October 2018; Victoria Or-
phan, Natalya Gallo leg.; ALVIN Dive 4973, from rock; SBIC M16741. 38 speci-
mens; Costa Rica Margin, Jaco Scar; 9.118°N, 84.840°W; 1803 m; 23 October 
2018; Erik Cordes, Joanna Klein leg.; ALVIN Dive 4977, from mussels; SBIC 
M16807. 37 specimens; Costa Rica Margin, Jaco Scar; 9.118°N, 84.841°W; 
1780 m; 4 November 2018; Erik Cordes, Melissa Betters leg.; ALVIN Dive 4989, 
from tubeworms. 40 specimens; Costa Rica Margin, Jaco Scar; 9.117°N, 
84.840°W; 1802–1812 m; 7 January 2019; Erik Cordes, Melissa Betters leg.; 
SUBASTIAN Dive 214, from mussels.

Remarks. Detailed in full below, the specimens of P. ios presented here were 
previously referred to as P. goniata (Betters et al. 2023). The range of P. ios (in-

clusive of P. goniata), is here expanded to one seep locality at the CRM (Jaco 
Scar). Their range now includes the sites 17S, 13N, and 21N at the East Pacific 
Rise, the Guaymas Basin, the Galapagos Rift Zone, and the Costa Rica Margin 
between 2000–2616 m depth (Table 4).

Provanna pacifica Warén & Bouchet, 1986

New records. Costa Rica • 3 specimens; Costa Rica Margin, Quepos Seep; 
9.031°N, 84.619°W; 1413 m; 7 June 2017; Lisa Levin, Kris Krasnosky leg.; ALVIN 
Dive 4924, from mussels; SBIC M16204. 6 specimens; Costa Rica Margin, 
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Table 4. Summary of biogeographic information for each known species of Provanna. S = Seep, V = Vent, F = Organic Fall. 
Note that P. glabra is herein synonymized with P. laevis and P. goniata is herein synonymized with P. ios.

Species Region(s) Localities Depth (m) Habitat Citations

P. abyssalis Okutani & 
Fujikura, 2002

W Pacific Japan Trench 5379 S Okutani and Fujikura 2002

P. admetoides Warén & 

Ponder, 1991
Gulf of 
Mexico

Off St. Petersburg, Gulf of Mexico 624–631 S Waren and Ponder 1991

P. annae Nekhaev, 2023 N Pacific Piip Volcano, Bering Sea 387–472 Nekhaev 2023; Rybakova et al. 2023

P. beebi Linse et al., 2019 Caribbean 
Sea

Beebe Vent Field, Mid-Cayman Spreading 
Center

4956–4972 V Linse et al. 2019

P. buccinoides Warén & 

Bouchet, 1993
W Pacific Hine Hina, Lau Basin; North Fiji Basin 1900–2765 V Waren and Bouchet 1993

P. chevalieri Warén & 

Bouchet, 2009
E Atlantic Regab, off West Africa 3150 S Waren and Bouchet 2009

P. cingulata Chen et al., 2018 W Pacific Shinkai Seep Field, Mariana Forearc 5687 S Chen et al. 2018

P. clathrata Sasaki et al., 2016 W Pacific Irabu Knoll, Hatoma Knoll, Yaeyama Knoll, 
Okinawa Trough; Haima seep, South 

China Sea; Manus Basin

1385–2190 V,S Sasaki et al. 2016; Miyazaki et al. 
2017; Poitrimol et al. 2022; He et al. 

2023

P. cooki Linse et al., 2019 Southern East Scotia Ridge, Southern Ocean 2396–2639 V Linse et al. 2019

P. exquisita Chen & 
Watanabe, 2022

W Pacific Eifuku Volcano, Mariana Arc 1606 V Chen and Watanabe 2022

P. fenestrata Chen et al., 2019 W Pacific Crane, Tarama Hill, Okinawa Trough; Sakai 
vent field; Haima seep, South China Sea

1385–1973 V,S Chen et al. 2019; He et al. 2023

P. ios Warén & Bouchet, 1986 
(Synonymous with: P. goniata 

Warén & Bouchet, 1986)

E Pacific 17 S, 13 N, 21 N, EPR; Guaymas Basin, 
Gulf of California; Galapagos Rift Zone; 

Costa Rica Margin

2000–2616 V,S Waren and Bouchet 1986; Waren and 
Ponder 1991; Waren and Bouchet 

2001; This study

P. kuroshimensis Sasaki et 
al., 2016

W Pacific Kuroshima Knoll, off Okinawa 644 S Sasaki et al. 2016

P. laevis Warén & Ponder, 
1991 (Synonymous with: 
P. glabra Okutani et al., 1992)

W & E Pacific Guaymas Basin, Gulf of California; Juan 
de Fuca; Oregon Margin; Off Hatsushima, 

Sagami Bay; Minami-Ensei Knoll, Iheya 
Ridge, Okinawa Trough; Costa Rica Margin

500–2004 V,S Okutani et al. 1992; Waren and 
Ponder 1991; Okutani and Fujiwara 

2000; Waren and Bouchet 2001; 
Fujikura et al. 2002; This study

P. lomana Warén & Bouchet, 
1986

E Pacific Off San Diego, off Point Dume, California; 
Oregon Margin; Off San Nicolas

450–1200 V,F Waren and Bouchet 1986; Waren and 
Bouchet 2001; Smith and Baco 2003

P. lucida Sasaki et al., 2016 W Pacific Minami-Ensei Knoll, Okinawa Trough 701 V Sasaki et al. 2016

P. macleani Warén & 

Bouchet, 1989
E Pacific Oregon Margin 2750 F Waren and Ponder 2001

P. muricata Warén & Bouchet, 
1986

E Pacific 21 N, East Pacific Rise; Galapagos Rift 2450–2615 V Waren and Bouchet 1986; Waren and 
Ponder 1991

P. nassariaeformis Okutani, 
1990

W Pacific Snail Pit, Mariana Back-Arc Basin; Manus 
Basin

1912–3680 V Okutani 1990; Wang et al. 2018

P. pacifica Warén & Bouchet, 
1986

E Pacific Gulf of Panama; Oregon Margin; Costa 
Rica Margin

1017–2750 F Waren and Bouchet 1986; Waren and 
Bouchet 2001; This study

P. reticulata Warén & 

Bouchet, 2009
E Atlantic Regab, off West Africa 3150 S Waren and Bouchet 2009

P. sculpta Warén & Ponder, 
1991

Gulf of 
Mexico

Off Louisiana, Gulf of Mexico 576 S Waren and Ponder 1991; Waren and 
Bouchet 2001

P. segonzaci Warén & 

Ponder, 1991
W Pacific Fiji Back-Arc; Hine Hina, Lau Basin 1750–1900 V Waren and Ponder 1991; Waren and 

Bouchet 1993

P. shinkaiae Okutani & 
Fujikura, 2002

W Pacific Japan Trench 5343 S Okutani and Fujikura 2002

P. stephanos Chen et al., 
2019

W Pacific Off Hatsushima, Sagami Bay 860–908 S Chen et al. 2019; 
Chen and Nomaki 2021

P. subglabra Sasaki et al., 
2016

W Pacific Hatoma Knoll, Izena Hole, Irabu Knoll, 
Minami-Ensei Knoll, Yaeyama Knoll, 
Okinawa Trough; Haima Seep, South 

China Sea

710–2190 V,S Sasaki et al. 2016; Miyazaki et al. 
2017; Xu et al. 2016; He et al. 2023

P. variabilis Warén & 

Bouchet, 1986
E Pacific Endeavor Segment, Axial Seamount, 

Explorers Ridge, Juan de Fuca Ridge; 
Oregon Margin

1500–2927 V Waren and Bouchet 1986; 
Waren and Bouchet 1993; 
Waren and Bouchet 2001
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Mound 11; 8.922°N, 84.305°W; 1017 m; 3 November 2018; Victoria Orphan, 
Hang Yu leg.; ALVIN Dive 4988, on wood; SBIC 16955.

Remarks. The range of P. pacifica is here expanded to one hydrocarbon seep 
(Quepos Seep) and one organic fall at the CRM (Mound 11). Their occurrence 
here on Bathymodiolin mussels represents the first time they have been ob-

served as, potentially, permanent denizens of a hydrocarbon seep environment. 
Their distribution now includes the Oregon Margin, the Costa Rica Margin, and 
the Gulf of Panama between 1017–2750 m depth (Table 4).

Morphological analysis

In total, 1,817 Provanna specimens were sampled from six sites at the CRM 
(see Table 1 for details). All specimens were sorted into one of four distinct 
morphotypes and subsequently assigned the following species identities: 
Provanna laevis (n = 1624) sampled from Jaco Summit, The Thumb, and 
Mound 12, Provanna ios (n = 180) sampled from Jaco Scar, Provanna pacifica 

(n = 9) sampled from Quepos Seep and Mound 11, and Provanna cf. loma-

na (n = 2) sampled from Mound 11 (Fig. 4). Provanna laevis was identified 
as it is the only smooth-shelled species from the Eastern Pacific. Our spec-

imens of P. ios fit most closely the morphological description of P. goniata 

and were originally designated as such (Warén and Bouchet 1986; Betters et 
al. 2023) However, given our genetic results (detailed in the Results section 
Genetic Analysis), we amend this original identification to P. ios and address 

the validity of P. goniata as a distinct species in the Discussion. Specimens 
of P. pacifica were identified based on their sculpturing, their relatively small 
size, and the fact that this species was originally described from a soft-bot-
tom, low-productivity seep in the Gulf of Panama very similar to its habitat at 
Costa Rica (Warén and Bouchet 1986). Provanna cf. lomana was tentatively 
identified by its unique feature of having only axial sculpturing on its body 
whorl. Of these specimens, a total of 158 representative Provanna covering 
the full geographic, temporal, and size range of each morphotype were mea-

sured (P. laevis, n = 96; P. ios, n = 52; P. pacifica, n = 8; and P. cf. lomana, n = 2). 
Representative radulae were successfully extracted and imaged for all spe-

cies except P. cf. lomana (Fig. 5).
Across all Costa Rican specimens, measurements of shell length, shell width, 

aperture length, and aperture width showed significant collinearity (PCC > +0.95, 
all pairs). Because the whorls past the body whorl showed variable levels of 
degradation, shell size was represented in analyses by aperture length alone, 
as we had more confidence in this measurement. All species sampled were 
comparable in size, with Provanna ios being the largest and P. pacifica being the 
smallest (Fig. 6B). The number of basal ribs, despite being commonly used to 
describe Provanna species, showed variation across all morphotypes (Fig. 6C). 
The difference in relative texture between P. ios and P. pacifica was significant 
(p < 0.001), supporting the utility of their sculptural elements in delineating spe-

cies (Fig. 6D). In general, shells with granules longer than 3% of the shell length 
(major spines) were reliably P. ios. Provanna ios had the most oblique shell 
shape overall (Fig. 6E) and P. laevis had the most oblique aperture shape overall 
(Fig. 6F).
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Figure 4. Provanna morphotypes sampled from the CRM A, B P. laevis from mussel shells, Mound 12, AD4917, 965 m 
C, D P. ios from unknown substrate, Jaco Scar, SD214, 1803 m E Specimens of P. pacifica from sunken wood, Mound 11, 
AD4988, 1017 m F Specimen of P. cf. lomana from mussel shells, Quepos Seep, AD4924, 1413 m. Both the dorsal and 
ventral view of each shell is shown. Scale bars: 1 mm.
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Genetic analysis

CO1 sequences were obtained from our specimens of P. laevis (n = 4), P. ios 

(n = 2), and P. pacifica (n = 2). All efforts to amplify CO1 for specimens of P. cf. lo-

mana were unsuccessful. CO1 sequences generated were uploaded to GenBank 
and assigned accession numbers (OM914402–OM914408 & OP577954). H3 

Figure 5. Representative radulae of Costa Rican Provanna species A P. laevis from mussel shells B P. laevis from un-

known substrate C P. ios from mussel shells D P. ios from unknown substrate E, F P. pacifica from wood. Scale bars: 
20 µm (F); 30 µm (E); 40 µm (C); 50 µm (A, B, D).
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sequences were obtained from our specimens of P. laevis (n = 1), P. ios (n = 2), 
P. pacifica (n = 2), and P. cf. lomana (n = 1). H3 sequences generated were up-

loaded to GenBank and assigned accession numbers (OR687645–OR687650).
Phylogenetic analyses support the inclusion of our specimens in the genus 

Provanna with high confidence for CO1 (Bayesian Posterior Probability (BPP) 
= 100, ML = 90) (Fig. 7A) and H3 (BPP = 100, ML = 93) (Fig. 7B). Species-lev-

el investigations showed that sequences from the same Provanna species 

nested together and away from others on the tree (Fig. 8). Our specimens of 
P. laevis nested among P. laevis and P. glabra with high confidence and little 
to no distinction (BPP = 100, Bootstrap = 92). Despite our samples matching 
the physical description of P. goniata, these grouped together with sequenc-

es of P. ios and P. aff. ios with moderate confidence (BPP = 85). These were, 
however, all delineated as the sister group to P. variabilis (BPP = 100, Boot-
strap = 80). Our specimens of P. pacifica grouped together and away from all 

Figure 6. A the four morphotypes sampled B–F comparison of morphological traits among each morphotype. The num-

ber of individuals represented on the graph and included in one-way ANOVAs are denoted by “n =” above or below each 
bar. Resultant p-values from one-way ANOVAs are denoted above each graph (p-value: 0 < *** < 0.001 < ** < 0.01 < 
* 0.05). Provanna cf. lomana was excluded from all ANOVAs due to the small number of individuals, but is included here 
for graphical comparison. Note that the graphs of Shell Roundness E and Aperture Roundness F have y-axes that do not 
start at zero. Scale bars: 1 mm.
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Figure 7. Bayesian topology of Abyssochrysoid gastropod mollusks A topology based on a 449 bp region of the mito-

chondrial CO1 gene. Topology was inferred using the HKY+G+I substitution model B topology based on a 266 bp region 
of the nuclear H3 gene. Novel sequences are bolded and highlighted in yellow. Numbers above branch nodes represent 
Bayesian posterior probabilities. Numbers below branch nodes represent the proportion of replicate trees in which the 
associated taxa clustered together in the bootstrap test (10,000 replicates). Only values above 50% are shown. The tree 
is drawn to scale, with branch lengths representing the number of base substitutions accumulated over time.
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other species on the tree (BPP = 100, Bootstrap = 99), though they were most 
closely related to P. aff. pacifica. However, given that P. pacifica has never 
been barcoded before, and that our specimens closely match the physical 

Figure 8. Bayesian phylogenetic tree of Provanna based on a 452 bp region of the mitochondrial CO1 gene. Novel sequences 
are bolded and highlighted in yellow. Topology was inferred using the HKY+G+I substitution model. Numbers above branch 
nodes represent Bayesian posterior probabilities. Numbers below branch nodes represent the proportion of replicate trees 
in which the associated taxa clustered together in the bootstrap test (10,000 replicates). Only values above 50 are shown. 
The tree is drawn to scale, with branch lengths representing the number of base substitutions accumulated over time.
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description and geographic distribution of the species proper, we assert that 
our specimens are indeed P. pacifica.

Sequences of unknown identity (Provanna sp. 1 (GQ290577) and Provanna 

sp. 2 (GQ290578)) did not group together with any known species on the tree. 
Sequences from the Manus Basin that were previously identified as P. clath-

rata (Poitrimol et al. 2022) nested with high confidence among sequences of 
P. clathrata from the Okinawa Trough (Sasaki et al. 2016) (BPP = 100, Bootstrap 
= 99), confirming this identification and the range expansion for this species 
(see Table 4). As previously found, sequences from the Woodlark and Lau Ba-

sins group apart from all other known species on tree, as well as each other 
(Poitrimol et al. 2022) (BPP = 100, Bootstrap = 99). However, more detailed 
morphological investigations are needed to address whether these represent 
P. buccinoides, P. segonzaci, or one or more new species.

Average pairwise sequence divergences (APD) were computed across 
CO1 sequences (n = 236) (Table 5). APD calculations confirmed Provanna 

species as being more closely related to each other than to the outgroup (in-

group < 0.2 < outgroup). Almost all APD calculations fell between 0.05–0.13, 
confirming robust species distinctions overall within this genus (Hebert et 
al. 2003; Johnson et al. 2008). One exception to this was P. glabra and P. lae-

vis, which showed very low sequence divergence (APD = 0.01, SE = 0.00). 

Table 5. Genetic distance estimates among and within known Provanna species. Distances were calculated using the 
Tamura 3-parameter model and 5,000 bootstrap replicates. Numbers below central margin represent the number of base 
substitutions per site, averaging over all sequence pairs. Numbers above central margin represents standard errors. 
The central margin represents within-group genetic distances. Calculations were conducted using 236 total nucleotide 
sequences. Outgroup = Desbruyeresia melanioides.

Provanna 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

1. beebi 0.00 0.01 0.02 0.01 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.01 0.02 0.02 0.01 0.02 0.02 0.03

2. cingulata 0.06 NA 0.02 0.01 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.03

3. clathrata 0.11 0.12 0.01 0.02 0.02 0.01 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.01 0.01 0.02 0.03

4. cooki 0.06 0.06 0.11 NA 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.03

5. exquisita 0.09 0.11 0.08 0.09 NA 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.03 0.02 0.02 0.03 0.02 0.02 0.02 0.05

6. fenestrata 0.11 0.11 0.08 0.10 0.08 NA 0.02 0.02 0.01 0.02 0.01 0.02 0.02 0.02 0.02 0.02 0.01 0.02 0.02 0.03

7. glabra 0.09 0.12 0.11 0.10 0.08 0.09 0.01 0.01 0.02 0.00 0.01 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.01 0.04

8. ios 0.10 0.11 0.10 0.11 0.08 0.10 0.08 0.02 0.01 0.01 0.01 0.02 0.02 0.02 0.01 0.01 0.02 0.02 0.01 0.04

9. kuroshimensis 0.10 0.11 0.11 0.09 0.10 0.08 0.08 0.08 0.01 0.02 0.01 0.02 0.02 0.01 0.02 0.02 0.02 0.02 0.01 0.03

10. laevis 0.09 0.11 0.10 0.10 0.08 0.09 0.01 0.07 0.08 0.01 0.01 0.02 0.02 0.02 0.01 0.02 0.02 0.02 0.01 0.04

11. lomana 0.10 0.10 0.10 0.08 0.07 0.08 0.06 0.08 0.07 0.07 NA 0.02 0.02 0.02 0.01 0.02 0.02 0.02 0.01 0.03

12. lucida 0.13 0.12 0.11 0.11 0.12 0.12 0.14 0.13 0.11 0.14 0.12 0.00 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.03

13. macleani 0.09 0.10 0.11 0.09 0.10 0.10 0.09 0.11 0.09 0.09 0.11 0.12 0.00 0.02 0.02 0.02 0.02 0.02 0.02 0.03

14. pacifica 0.08 0.09 0.08 0.09 0.08 0.08 0.09 0.09 0.08 0.09 0.08 0.10 0.09 0.00 0.01 0.02 0.01 0.02 0.02 0.03

15. sculpta 0.09 0.10 0.08 0.09 0.06 0.08 0.08 0.08 0.08 0.08 0.06 0.13 0.11 0.08 NA 0.02 0.01 0.02 0.01 0.03

16. shinkaiae 0.09 0.11 0.10 0.11 0.10 0.11 0.09 0.06 0.09 0.09 0.09 0.11 0.11 0.10 0.09 NA 0.02 0.02 0.01 0.04

17. stephanos 0.09 0.10 0.04 0.10 0.05 0.07 0.10 0.08 0.09 0.09 0.08 0.10 0.10 0.07 0.07 0.10 NA 0.01 0.01 0.03

18. subglabra 0.10 0.10 0.07 0.11 0.08 0.09 0.10 0.10 0.12 0.10 0.09 0.14 0.11 0.12 0.09 0.11 0.08 0.01 0.02 0.03

19. variabilis 0.11 0.11 0.11 0.11 0.08 0.10 0.08 0.04 0.08 0.08 0.08 0.13 0.11 0.10 0.08 0.07 0.09 0.11 0.03 0.03

20. Outgroup 0.23 0.24 0.22 0.25 0.24 0.24 0.26 0.27 0.24 0.26 0.25 0.24 0.22 0.25 0.25 0.28 0.24 0.24 0.26 0.01
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Provanna variabilis also appeared closely related to P. ios (APD = 0.04, 
SE = 0.01), supporting the topology from Fig. 8 designating them as sister 
clades. Comparisons within species were limited to those with more than 
one representative CO1 sequence, thus excluding P. cingulata, P. cooki, P. ex-

quisita, P. fenestrata, P. lomana, P. sculpta, P. shinkaiae, and P. stephanos. Of 
the remaining species, average within-species APD’s fell below 0.03, con-

firming that intraspecific divergence was lower than interspecific divergence 
across Provanna species.

Hierarchical clustering performed by ASAP yielded 14 discreet subsets from 
an input of 19 hypothesized species (n = 236 sequences, p < 0.0001): (1) P. gla-

bra-P. laevis, (2) P. variabilis-P. ios, (3) P. pacifica, (4) P. fenestrata, (5) P. cooki, (6), 
P. beebi, (7), P. cingulata, (8) P. exquisita-P. stephanos-P. clathrata, (9) P. sculpta, 

(10) P. lomana, (11) P. macleani, (12) P. subglabra, (13) P. kuroshimensis, (14) 
P. lucida. The threshold distance (Dt) used to partition the samples into species 
was 0.0496 (p < 0.0001) and the most common genetic distance between se-

quence pairs fell between 0.09–0.1.

Polytomous key for species identification

1 Only axial sculpturing ....................................................................................2

– Only spiral sculpturing...................................................................................3

– Both axial and spiral sculpturing ..................................................................4

– No sculpturing present ..................................................................................5
2 Axial sculpture extends to the posterior end of the aperture, but not into 

the basal area ..................................................................................P. lomana

– Axial sculpture does not extend to the posterior end of the aperture, in-

stead stopping midway down the body whorl ........................... P. chevalieri

3 Shell is thin and translucent; One can easily see through the shell ...........6
– Shell is not noticeably translucent; One cannot easily see through the 

shell ................................................................................................................7
4 Sculptural elements absent ..........................................................................9
– Sculptural elements present .......................................................................10

5 Sculptural elements present .............................................................. P. beebi

– Sculptural elements absent ........................................................................26

6 1–3 spiral ribs on the body whorl above the posterior end of the aperture ....

 ..................................................................................................................P. lucida

– 4 or more spiral ribs on the body whorl above the posterior end of the ap-

erture .............................................................................................P. cingulata

7 Central radular teeth highly diminished, being very narrow with a very trun-

cated, cusp (see Fig. 2C for definitions) ..................................... P. macleani

– Central radular teeth broad with a truncated cusp and a flat or rounded 
anterior ridge ...................................................................................... P. beebi

– Central radular teeth broad with a very short cusp and concave anterior 
ridge ............................................................................................. P. reticulata

– Central teeth are typical of genus with a triangular cusp ...........................8

8 First lateral teeth have long, lobate major denticles and an obtuse buttress 
angle (see Fig. 2C for definitions) ........................P. cooki (see Discussion)

– First lateral teeth have long, triangular major denticles and an acute but-
tress angle .......................................................P. variabilis (see Discussion)
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9 Axial and spiral sculptures are strong, raised, and equally spaced, creating 
a regular lattice-like sculpture (see Fig. 3D for example ..........................11

– Regular, lattice-like sculpture is not formed ..............................................12

10 Sculptural elements are major spines (see Fig. 2A for definitions) .........13

– Sculptural elements are minor spines .......................................................14

– Sculptural elements are punctuated, rounded beads ...............................15

– Sculptural elements are blunt and sloping nodules ..................................16

11 There are more than 30 axial ribs on the body whorl and 2–3 spiral ribs ...

 ...................................................................................................P. admetoides

– There are 15–20 spiral ribs on the body whorl and 1–2 spiral ribs .............

 ..................................................................................................... P. fenestrata

12 Central radular teeth highly diminished and narrow with a very truncated, 
cusp (see Fig. 2C for definitions) ................................................ P. macleani

– Central radular teeth broad with a short cusp and a flattened anterior 
ridge ............................................................................................. P. chevalieri

13 Major spines on the second or third spiral rib on the body whorl connect at 
times to form a flattened shelf or keel .......................................................17

– Major spines do not obviously connect nor do they form a flattened keel ...18

14 There are more than 30 axial ribs on the body whorl, forming a regular, 
lattice-like sculpture .................................................................P. admetoides

– There are fewer than 30 axial ribs on the body whorl ...............................19

15 Shell globose; Shell roundness (Shell Width / Truncated Length) (see 
Fig. 2B) > 0.65 ................................................................... P. nassariaeformis

– Shell not globose; Shell roundness < 0.65 .................................................22

16 Axial and spiral sculptures are strong, evenly raised, and equally spaced, cre-

ating a regular lattice-like sculpture (see Fig. 3D for example) ....P. fenestrata

– Axial and spiral sculptures vary in strength across the body whorl; Regular, 
lattice-like sculpture is not formed .............................................................23

17 Axial ribs form clear cords that are present along the entire body whorl, 
rectangular lattice-like sculpturing formed (see Fig. 3D for example) ........
 ....................................................................................................... P. exquisita

– Axial ribs vary in strength along the body whorl, sometimes disappearing 
entirely, no clear lattice-like sculpturing formed .......................P. stephanos

18 Shell is very slender; Shell roundness (Shell Width / Truncated Length) 
(see Fig. 2B) < 0.55 .........................................P. shinkaiae (see Discussion)

– Shell roundness > 0.55 ........P. ios (previously P. goniata) (see Discussion)

19 Central radular teeth highly diminished and narrow with a very truncated, 
cusp (see Fig. 2C for definitions) .................................................. P. pacifica

– Central radular teeth broad with a very short, blunt cusp ......... P. reticulata

– Central radular teeth are typical of genus with a triangular cusp ............20

20 Anterior end of aperture has a round, globose shape ................ P. muricata

– Anterior end of aperture has elongated, tapering shape ..........................21

21 First lateral teeth have major denticles that are notched on the internal 
edge and rounded (see Fig. 2C for definitions) ........................ P. segonzaci

– First lateral teeth have major denticles that are not notched ...................22

22 Shell is globose; Shell roundness (Shell Width / Truncated Length) (see 
Fig. 2B) ≥ 0.6 .................................................... P. clathrata (see Discussion)

– Shell is slender; Shell roundness ≤ 0.55 .........................................................

 ................................................. P. ios (previously goniata) (see Discussion)
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23 Sculptural elements appear as small pockmarks and extend to the anteri-
or end of the shell ............................................................................... P. beebi

– Sculptural elements appear as flat lines of beads arranged longitudinally, 
stopping abruptly at the first basal rib ...........................................P. sculpta

24 Axial sculpture varies in strength across the body whorl, sometimes disap-

pearing entirely or extending only part of the way down the body whorl .....
 .........................................................................................................P. variabilis

– Axial sculpture is strong and even along the body whorl .........................25

25 Central radular teeth are highly diminished and narrow with a very truncat-
ed, cusp (see Fig. 2C for definitions) ............................................ P. pacifica

– Central radular teeth are broad with blunt cusps and rounded or flat ante-

rior ridges ................................................................................. P. buccinoides

– Central radular teeth are typical of genus with triangular cusps..............26

26 First lateral teeth have major denticles that are notched interiorly and lo-

bate (see Fig. 2C for definitions) ............................................... P. segonzaci

– Marginal teeth alternate in form between having 15–20 denticles .............

 ....................................................................................................... P. muricata

– Marginal teeth all have between 9–10 denticles ....................... P. clathrata

27 Shell is thin and translucent, one can easily see the body through the 
shell ..............................................................................................................28

– Shell is not noticeably translucent .............................................................29

28 Central radular teeth have a long, triangular cusp; first lateral teeth have 
major denticles that are long and lobate (see Fig. 2C for definitions) .........
 ...............................................................................P. annae (see Discussion)

– Central radular teeth have a short, triangular cusp; first lateral teeth have 
major denticles that are long and triangular.......P. lucida (see Discussion)

29 Shell suture is highly constricted, giving the whorls an inflated, rounded 
appearance ..................................................................................................30

– Shell suture is not highly constricted .........................................................31

30 Shell roundness (Shell Width / Truncated Length) (see Fig. 2B) ~ 0.5 ........

 .......................................................................................................P. abyssalis

– Shell roundness ~ 0.6 ........................................................................ P. cooki

31 First lateral teeth have very truncated, short denticles ................... P. laevis

– First lateral teeth have long major denticles .............................................32

32 Central teeth have short, blunt cusps; lateral teeth have major denticles that 
are long, lobate (see Fig. 2C for definitions) ..... P. laevis (previously P. glabra)

– Central teeth have long, sharp, triangular cusps; lateral teeth have major 
denticles that are long, lobate .............. P. kuroshimensis (see Discussion)

– Central teeth have long, sharp, triangular cusps; lateral teeth have major 
denticles that are long, sharp ....................... P. subglabra (see Discussion)

Discussion

This study presents new records and gene sequences for P. laevis, P. ios, P. pa-

cifica, and P. cf. lomana from the Costa Rica Margin. Integrating these novel 
morphological and genetic data, we review the distinction among species and 
present the first polytomous identification key for the genus Provanna. In both 
our morphological and genetic investigations, similarities among species were 
revealed and are discussed below.
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Cryptic species

Several Provanna species show little to no morphological distinction. For ex-

ample, certain shell morphotypes of P. clathrata and P. ios have no discernable 
differences from one another besides the number of denticles on their outer 
marginal teeth (P. clathrata have about ten while P. ios have about 20) (Table 3). 
Certain shell morphotypes of P. ios and P. shinkaiae may also resemble one 
another. Yet, the lobate major denticles of P. shinkaiae’s first lateral teeth dis-

tinguish it from P. ios. Depending on morphotype, P. cooki and P. variabilis may 
also display criticism. Both may have no axial ribs, three spiral ribs on the body 
whorl, and no sculptural elements. However, they may be distinguished by the 
shape of the major denticles of their first lateral teeth (Table 3). Finally, P. an-

nae and P. lucida both have unsculptured, translucent shells with constricted 
sutures. Their distinguishing feature is the shape of the major denticles of their 
first lateral teeth (P. annae are lobate, P. lucida are triangular). Regardless of the 
reliability of these radular characteristics, each of these species pairs may also 
be readily distinguished through CO1 barcoding (Table 5) (Nekhaev 2023).

The smooth-shelled species P. laevis, P. glabra, P. kuroshimensis, and P. subgla-

bra are also morphologically indistinguishable based on shell characters (Table 3). 
All species have no sculpturing, slender shells, and a flattened suture. Provanna 
subglabra may be distinguished from the other three by having long, sharp major 
denticles on its first lateral teeth. Similarly, P. laevis should be distinguishable by 
having truncated, lobate denticles on its first lateral teeth and its location in the 
Eastern Pacific. Contrary to expectations, the radulae of our specimens from the 
CRM closely resembled that of P. glabra or P. kuroshimensis with long, lobate ma-

jor denticles (Fig. 5A, B). Genetic characterization could not distinguish P. laevis 

from P. glabra, but could readily distinguish P. kuroshimensis (Fig. 8, Table 5).
Specimens collected from the Costa Rica Margin revealed that not all shell 

characters are useful in delineating species. Despite its widespread use in tax-

onomic descriptions, the number of basal ribs showed notable variation within 
species. Furthermore, as basal ribs are often very weak and difficult to count 
consistently, these were not used as a taxonomically informative characters in 
the key, nor do we recommend their use in distinguishing species in the future.

Species delimitation

Our genetic investigations supported most current taxonomic delimitations, 
finding robust genetic distances among the 19 species from which CO1 se-

quences exist. Nonetheless, automatic partitioning based on CO1 supported 
the consolidation of several species. Provanna variabilis and P. ios, for example, 
were not partitioned. However, as these species are distinguished in both our 
phylogenetic analyses as well as by their morphological characteristics, more 
data are needed to verify this genetic similarity before taxonomic revision is un-

dertaken. Similarly, the species P. exquisita, P. stephanos, and P. clathrata were 
also not partitioned. However, as these are also distinguished in our phyloge-

netic analyses and by their shell and radular characteristics, we believe more 
data are needed to warrant collapse.

Provanna laevis from the Eastern Pacific and P. glabra from the Western Pa-

cific exhibited significant genetic overlap in our species-level phylogeny (Fig. 8), 
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our distance matrix (Table 5) and were not distinguished during automatic par-
titioning. This similarity has been noted by previous studies (Sasaki et al. 2016; 
Linse et al. 2019). Given that CO1 seems informative for the rest of this genus, 
this similarity is noteworthy. Both P. laevis and P. glabra inhabit similar depth 
ranges, a variety of chemosynthesis-based environments, and are morphologi-
cally indistinct in all but radular morphology (Warén and Bouchet 1986; Okutani 
et al. 1992), which may not be sufficient to indicate complete lineage sorting. 
They have typically been distinguished by their distributions. Nevertheless, there 
may be numerous, undiscovered chemosynthetic sites, including large biomass 
falls (e.g., whale falls) that could provide the stepping stones necessary for 
connectivity across the Pacific. Furthermore, Pacific northern equatorial and 
subsurface counter currents may transport upper and lower layers of water, 
respectively, from west to east along the 7°N latitude (Kessler 2006), coinciding 
neatly with the region of study in Costa Rica (~ 8–9°N). Conversely, water up-

welled at the Costa Rica Dome may flow east across the Pacific via the North-

ern Equatorial Current (Kessler 2006) and into the North Pacific Gyre, where it 
may realistically encounter the Eastern shores of Japan and even the Western 
shores of North America. Recent work supports the highly adaptable nature 
of P. laevis, which may explain a very broad distribution (Betters et al. 2023). 
Given these morphological, genetic, and biogeographic data, collected over 
several independent studies (Sasaki et al. 2016; Linse et al. 2019; Betters et al. 
2023) and supported once again here, it is thus recommended that P. glabra and 

P. laevis be considered one species. As P. glabra is the younger name, we here 
synonymize it with P. laevis, as per the International Code of Zoological Nomen-

clature Article 23.1. These species are thus treated as synonymous hereafter.
Specimens of P. ios from the CRM were originally identified as P. goniata, 

given that their shells are decorated with major spines rather than minor spines 
(Fig. 4C, D) and that they are found at hydrocarbon seeps, rather than that at hy-

drothermal vents (Betters et al. 2023). We first reconsidered this identification 
when genetic barcoding of both CO1 and H3 could not reliably distinguish these 
specimens from P. ios (Figs 7, 8, Table 5). Furthermore, recent work has found 
that when specimens at the CRM were sampled from higher concentrations 
of hydrocarbons and sulfides, they tended to have more slender, thinner, and 
larger shells (Betters et al. 2023). This means that as they inhabit more vent-
like conditions, they resemble more closely the vent species P. ios (Table 3). 
Thus, it is highly likely that these two species are actually ecotypes of a single 
molecular taxonomic unit, where P. ios is the vent ecotype and P. goniata is 

the seep ecotype. Additionally, both species are found at similar depths in the 
Eastern Tropical Pacific. Given that this study presents one of the most exten-

sive collections of the morphospecies P. goniata known to date and is the first 
to genetically characterize them, we suggest that P. goniata and P. ios are one 

species. As P. goniata is the younger name, we here synonymize it with P. ios, 

as per the International Code of Zoological Nomenclature Article 23.1. These 
species are thus treated as synonymous hereafter.

Biogeography

Provanna are currently found in nearly every oceanic basin (Table 4). While 
many original descriptions distinguish species based on oceanic basin, the 
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effect of geographic distance on population divergence of these gastropods 
from chemosynthetic habitats remains unclear (Distel et al. 2000; Vrijenhoek 
2010; Breusing et al. 2023). For instance, while P. laevis (inclusive of P. glabra) 
spans the entire perimeter of the Northern Pacific Gyre with little genetic dis-

tinction, P. laevis, P. kuroshimensis, P. lucida, and P. subglabra all have overlap-

ping biogeographic ranges at the Okinawa Trough yet display marked genetic 
divergence. Provanna are also notably adaptable across habitats, with six spe-

cies currently known from more than one chemosynthesis-based ecosystem. 
These results indicate that more work is still needed to understand the drivers 
of genetic variation and isolation within this genus across a variety of contexts.

Finally, this study amends the biogeographic distribution of P. muricata. This 
species is listed as present in the North Fiji and Lau Basins in several second-

ary sources (Sasaki et al. 2016; Linse et al. 2019) based on Desbruyeres et al. 
(2006). This resource, however, does not present new records of occurrence, 
and instead summarizes known occurrence records. However, no primary lit-
erature nor museum specimens exist that place this species there. Therefore, 
until specimens are collected from the Western Pacific Basins and positively 
identified as P. muricata, this study proposes an amendment to their published 
biogeographic range, limiting it to the Eastern Pacific vents from which they 
were first found and described (Table 4).

Conclusions

This study expands the ranges of P. laevis, P. ios, and P. pacifica to hydrocarbon 
seeps at the Pacific Costa Rica Margin. We also present a thorough review of 
the genus Provanna, consolidating the geographic distributions, genetics, and 
morphology for each extant species. We find that shell and radular morpholog-

ical characters may be used to identify Provanna species and present the first 
identification key for this group. We also find that current species delineations 
within the genus Provanna are, for the most part, well-supported by genetic 
data. For those that are not, we herein synonymize P. glabra with P. laevis and 

P. goniata with P. ios. Future work will no doubt reveal new morphological vari-
eties, species, and occurrences of Provanna snails. This key is designed to be a 
starting point from which researchers may begin this vital work.
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Abstract

The Torrent frogs of the genus Amolops are widely distributed in Nepal and northern 
India eastwards to southern China and southwards to Malaysia. The genus currently 
contains 84 species. Previous studies indicated underestimated species diversity in the 
genus. In the context, a new species occurring from the mountains in the northwestern 
Guizhou Province, China is found and described based on morphological comparisons 
and molecular phylogenetic analyses, Amolops dafangensis sp. nov. Phylogenetic anal-
yses based on DNA sequences of the mitochondrial 16S rRNA and COI genes supported 
the new species as an independent lineage. The uncorrected genetic distances between 
the 16S rRNA and COI genes in the new species and its closest congener were 0.7% 
and 2.6%, respectively, which are higher than or at the same level as those among many 
pairs of congeners. Morphologically, the new species can be distinguished from its con-

geners by a combination of the following characters: body size moderate (SVL 43.2–
46.8 mm in males); head length larger than head width slightly; tympanum distinct, oval; 
vocal sacs absent; vomerine teeth present; dorsolateral folds weak formed by series 
of glands; nuptial pads present on the base of finger I; heels overlapping when thighs 
are positioned at right angles to the body; tibiotarsal articulation reaching the level far 
beyond the tip of the snout when leg stretched forward.

Key words: Mitochondrial gene, taxonomy

Introduction

The Torrent frogs of the genus Amolops Cope, 1865 are widespread in Asia, from 
the southern and eastern Himalayas eastward to the southeastern mainland Chi-
na and southwards to the Peninsular Malaysia (Wu et al. 2020; Zeng et al. 2020; 
Frost 2023). The frogs live in the fast-flowing water and occupy specialized fea-

tures that help them cling to rocks and navigate the turbulent currents (Fei et 
al. 2009; Fei et al. 2012). The genus currently contains 84 species, of which 51 
species have been recorded in China (Fei et al. 2012; Amphibia China 2023; Frost 
2023). Recently, according to the phylogenetic framework of the genus, the 84 
Amolops species were divided into ten species groups, namely the A. monticola 
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group, A. chayuensis group, A. hainanensis group, A. ricketti group, A. spinapecto-

ralis group, A. marmoratus group, A. larutensis group, A. daiyunensis group, A. viri-

dimaculatus group, and the A. mantzorum group (Lyu et al. 2019b; Wu et al. 2020; 
Zeng et al. 2020, 2021; Jiang et al. 2021; Patel et al. 2021; Mahony et al. 2022; 
Saikia et al. 2022a, 2022b, 2023; Wang et al. 2022; Pham et al. 2023; Qian et al. 
2023; Tang et al. 2023; Sheridan et al. 2023). Among them, the A. mantzorum 

group, to which Amolops dafangensis sp. nov. belongs, was proposed by Fei et 
al. (1999) and is mainly distributed along the eastern margin of the Qinghai-Tibet 
Plateau (Fei et al. 2009; Lu et al. 2014; Zeng et al. 2020) and currently comprises 
eleven species (Jiang et al. 2021; Qian et al. 2023; Tang et al. 2023): Amolops ai-

lao Tang, Sun, Liu, Luo, Yu & Du, 2023, A. mantzorum (David, 1872), A. granulosus 

(Liu & Hu, 1961), A. loloensis (Liu, 1950), A. lifanensis (Liu, 1945), A. jinjiangensis 

Su, Yang & Li, 1986, A. tuberodepressus Liu & Yang, 2000, A. sangzhiensis Qian, 

Xiang, Jiang, Yang & Gui, 2023, A. shuichengnicus Lyu & Wang, 2019, A. ottorum 

Pham, Sung, Pham, Le, Zieger & Nguyen, 2019, and A. minutus Orlov & Ho, 2007. 
In this species group, A. ottorum and A. minutus are only known from northwest-
ern Vietnam, and the other species are known from southwestern China (Frost 
2023). However, within the group, the phylogenetic relationships between spe-

cies remain controversial (Lu et al. 2014; Lyu et al. 2019b; Zeng et al. 2020; Wu 
et al. 2020), and the species diversity of it is also expected to be underestimated 
(Jiang et al. 2021; Qian et al. 2023; Tang et al. 2023).

Guizhou Province is one of the richest areas for amphibians in China and three 
Amolops species (A. chaochin, A. chunganensis, and A. sinensis) were have been 
recorded (Amphibia China 2023). During fieldwork in Dafang County, Guizhou 
Province, some Amolops specimens were collected. By our comparisons, these 
specimens were different from A. chaochin, A. chunganensis, and A. sinensis 

by the dorsolateral folds being weak, formed by series of glands, and the 
presence of a circum-marginal groove on the disc of the first finger. Molecular 
phylogenetic analyses based on mitochondrial DNA and comprehensive 
morphological comparisons all indicated that the specimens from Dafang 
County were an undescribed species, herein described as a new species, 
Amolops dafangensis sp. nov.

Materials and methods

Sampling

Five specimens of Amolops dafangensis sp. nov. including three adult males 
and two juveniles, were collected from Dafang County, Guizhou Province, China 
(Fig. 1). All specimens were fixed in 10% buffered formalin for one day, and then 
transferred to 70% ethanol. Tissue samples were preserved separately in 95% 
prior to fixation. Specimens collected in this work were all deposited in Maotai 
Institute (MT), Renhuai City, Guizhou Province, China.

Collection of molecular data

DNA was extracted from tissue using a standard phenol-chloroform extraction 
protocol (Sambrook et al. 1989). Two mitochondrial genes, partial 16S ribo-

somal RNA gene (16S) and cytochrome oxidase subunit I (COI), were amplified. 
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The primers used for 16S were P7 (5’- CGCCTGTTTACCAAAAACAT -3’) and 
P8 (5’-CCGGTCTGAACTCAGATCACGT’) following Simon et al. (1994), and that 
for COI were Chmf4 (5’-TYTCWACWAAYCAYAAAGAYATCGG-3’) and Chmr4 
(5’-ACYTCRGGRTGRCCRAARAATCA-3’) following Che et al. (2012). PCR ampli-
fication reactions were performed in a 30 µl reaction with the following cycling 
conditions: an initial denaturing step at 95 °C for 4 min; 35 cycles of denaturing 
at 95 °C for 40 s, annealing at 48 °C/46 °C (16S/COI) for 40 s and extending at 
72 °C for 70 s, and a final extending step of 72 °C for 10 min. PCR products were 
purified with spin columns and then were sequenced with both forward and 
reverse primers same as PCR. Sequencing was conducted using an ABI Prism 
3730 automated DNA sequencer in Chengdu TSING KE Biological Technolo-

gy Co. Ltd. (Chengdu, China). All sequences were deposited in GenBank (for 
GenBank Accession numbers refer to Table 1). For phylogenetic analyses, we 
downloaded corresponding sequences for all related species from GenBank 
according to previous studies (Qian et al. 2023; Tang et al. 2023; for GenBank 
accession numbers see Table 1).

Phylogenetic analyses and genetic distance

Sequences were assembled and aligned using the Clustalw module in BioEdit 
7.0.9.0 (Hall 1999) with default settings. The datasets were checked by eye and 
revised manually if necessary. Based on the 16S + COI concatenated dataset, 
phylogenetic analyses were conducted using maximum likelihood (ML) and 

Figure 1. Geographical location of the type locality of Amolops dafangensis sp. nov. in Dafang County, Guizhou Province, 
China.
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Table 1. Information for samples used in molecular phylogenetic analyses in this study.

ID Species Locality Voucher number
GenBank accession number

16S COI

1 Amolops dafangensis sp. nov. Dafang, Guizhou, China MT DF20230601002 OR936315 OR924345

2 Amolops dafangensis sp. nov. Dafang, Guizhou, China MT DF20230601001 OR936314 OR924344

3 Amolops dafangensis sp. nov. Dafang, Guizhou, China MT DF20230601003 OR936316 OR924346

4 Amolops dafangensis sp. nov. Dafang, Guizhou, China MT DF20230601004 OR936317 OR924347

5 Amolops dafangensis sp. nov. Dafang, Guizhou, China MT DF20230601005 OR936318 OR924348

6 A. mantzorum Wolong, Sichuan, China SCUM 045817HX MN953706 MN961408

7 A. mantzorum Fengtongzhai, Sichuan, China SYS a005365 MK573808 MK568323

8 A. mantzorum Dayi, Sichuan, China SCUM 045825HX MN953707 MN961409

9 A. mantzorum Mt. Wawu, Sichuan, China SYS a005337 MK604853 MK605611

10 A. mantzorum Kangding, Sichuan, China KIZ 041127 MN953764 MN961465

11 A. mantzorum Kangding, Sichuan, China KIZ 041129 MN953765 MN961466

12 A. mantzorum Fengtongzhai, Sichuan, China SYS a005366 MK604862 MK605620

13 A. mantzorum Kangding, Sichuan, China SYS a005356 MK604858 MK605616

14 A. mantzorum Kangding, Sichuan, China SYS a005357 MK604859 MK605617

15 A. mantzorum Mt. Wawu, Sichuan, China SYS a005336 MK573804 MK568319

16 A. ailao Mt. Ailao, Xinping, Yunnan, China GXNU YU000001 MN650752 MN650738

17 A. ailao Mt. Ailao, Xinping, Yunnan, China GXNU YU000002 MN650753 MN650739

18 A. tuberodepressus Jingdong, Yunnan, China SCUM 050433CHX MN953729 MN961432

19 A. tuberodepressus Mt. Wuliang, Yunnan, China SYS a003931 MK573799 MG991933

20 A. tuberodepressus Jingdong, Yunnan, China SCUM 050430CHX MN953730 MN961433

21 A. tuberodepressus Mt. Wuliang, Yunnan, China SYS a003932 MK573800 MG991934

22 A. tuberodepressus Mt. Ailao, Yunnan, China SYS a003900 MK573797 MK568314

23 A. tuberodepressus Mt. Ailao, Yunnan, China SYS a003901 MK573798 MK568315

24 A. granulosus Mt. Guangwu, Sichuan, China SYS a005399 MK573811 MK568326

25 A. granulosus Mt. Guangwu, Sichuan, China SYS a005400 MK573812 MK568327

26 A. granulosus Mt. Wawu, Sichuan, China SYS a005315 MK604850 MK605608

27 A. granulosus Mt. Wawu, Sichuan, China SYS a005316 MK604851 MK605609

28 A. granulosus China: Dayi, Sichuan SCUM 045823HX MN953680 JN700804

29 A. granulosus China: Anxian, Sichuan SCUM 060911HX MN953681 MN961381

30 A. shuichengicus Shuicheng, Guizhou, China SYS a004956 MK604845 MK605603

31 A. shuichengicus Shuicheng, Guizhou, China SYS a004957 MK604846 MK605604

32 A. jinjiangensis Mt. Gaoligong, Yunnan, China SYS a004571 MK573801 MK568316

33 A. jinjiangensis Deqing, Yunnan, China SCUM 050434CHX MN953700 MN961402

34 A. jinjiangensis Deqing, Yunnan, China SCUM 050435CHX EF453741 MN961403

35 A. jinjiangensis Chuxiong, Yunnan, China KIZ 047905 MN953701 MN961404

36 A. loloensis Zhaojue, Sichuan, China SYS a005346 MK604854 MK605612

37 A. loloensis Zhaojue, Sichuan, China SYS a005347 MK604855 MK605613

38 A. loloensis Xichang, Sichuan, China SCUM 045806HX MN953704 MN961407

39 A. loloensis Xichang, Sichuan, China SCUM 045807HX EF453743 MN961456

40 A. sangzhiensis Mt. Doupeng, Sangzhi, Hunan, China CSUFT 901 OQ079538 OQ078903

41 A. sangzhiensis Mt. Doupeng, Sangzhi, Hunan, China CSUFT 907 OQ079540 OQ078905

42 A. sangzhiensis Mt. Doupeng, Sangzhi, Hunan, China CSUFT 912 OQ079541 OQ078906
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Bayesian Inference (BI) methods, implemented in PhyML 3.0 (Guindon et al. 
2010) and MrBayes 3.12 (Ronquist and Huelsenbeck 2003), respectively. The 
best-fit model was obtained by the Bayesian inference criteria (BIC) computed 
with PartitionFinder 2 (Lanfear et al. 2012). In this analysis, 16S gene and each 
codon position of COI gene were defined, and Bayesian Inference Criteria was 
used. As a result, the analysis suggested that the best partition scheme is16S 
gene/each codon position of COI gene, and selected GTR + G + I model as the 
best model for each partition. For ML analysis, the bootstrap consensus tree 
inferred from 1000 replicates was used to estimate nodal supports of inferred 
relationships on phylogenetic trees. For Bayesian analyses, four Markov chains 
were run for 50 million generations with sampling every 1000 generations. The 
first 25% of the trees were discarded, representing the burn-in phase of the 
analyses, and the remaining trees were used to calculate the Bayesian posteri-
or probabilities. Genetic distance between species of A. mantzorum group were 
estimated on 16S and COI genes, respectively, based on uncorrected p-distance 

model using MEGA 6.06 (Tamura et al. 2013).

Morphological comparisons

Morphological measurements were made with dial calipers to nearest 0.1 mm 
by S-ZL following Fei et al. (2009). In total, twenty morphological characteris-

tics were measured for the adult specimens:

ED eye diameter (distance from the anterior corner to the posterior corner of 
the eye);

FL foot length (distance from tarsus to the tip of fourth toe);
HDL head length (distance from the tip of the snout to the articulation of jaw);
HDW maximum head width (greatest width between the left and right articula-

tions of jaw);
HLL hindlimb length (maximum length from the vent to the distal tip of the 

Toe IV);
IND internasal distance (minimum distance between the inner margins of the 

external nares);
IOD interorbital distance (minimum distance between the inner edges of the 

upper eyelids);

ID Species Locality Voucher number
GenBank accession number

16S COI

43 A. sangzhiensis Mt. Doupeng, Sangzhi, Hunan, China CSUFT 916 OQ079542 OQ078907

44 A. sangzhiensis Mt. Doupeng, Sangzhi, Hunan, China CSUFT 927 OQ079543 OQ078908

45 A. sangzhiensis Mt. Doupeng, Sangzhi, Hunan, China CSUFT 930 OQ079544 OQ078909

46 A. sangzhiensis Mt. Doupeng, Sangzhi, Hunan, China CSUFT 933 OQ079545 OQ078910

47 A. lifanensis Lixian, Sichuan, China SYS a005374 MK573809 MK568324

48 A. lifanensis Lixian, Sichuan, China SYS a005375 MK573810 MK568325

49 A. lifanensis Maoxian, Sichuan, China SCUM 045801HX MN953702 MN961405

50 A. lifanensis Maoxian, Sichuan, China SCUM 045803HX MN953703 MN961406

51 A. chunganensis Mt. Jinggang, Jiangxi, China SYS a004212 MK263263 MG991914

52 A. ricketti Mt. Wuyi, Fujian, China SYS a004141 MK263259 MG991927
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LAL length of lower arm and hand (distance from the elbow to the distal end 
of the Finger IV);

ML manus length (distance from tip of third digit to proximal edge of inner 
palmar tubercle);

NED nasal to eye distance (distance between the nasal and the anterior cor-
ner of the eye);

NSD nasal to snout distance (distance between the nasal the posterior edge 
of the vent);

LW lower arm width (maximum width of the lower arm);
SVL snout-vent length (distance from the tip of the snout to the posterior 

edge of the vent);
SL snout length (distance from the tip of the snout to the anterior corner of 

the eye);
TFL length of foot and tarsus (distance from the tibiotarsal articulation to the 

distal end of the Toe IV);
THL thigh length (distance from vent to knee);
TL tibia length (distance from knee to tarsus);
TW maximal tibia width;
TYD maximal tympanum diameter;
UEW upper eyelid width (greatest width of the upper eyelid margins measured 

perpendicular to the anterior-posterior axis).

We also compared the morphological characters of the new taxon with other 
species of Amolops. Comparative data were obtained from the literature for all 
species of Amolops (Table 2).

Results

Phylogenetic analyses

The ML and BI phylogenetic trees were constructed based on concatenated 
DNA sequences of the mitochondrial 16S (425 bp) and COI (606 bp) genes. 
ML and BI analyses resulted in essentially identical topologies though some 
basal relationships between clades were not resolved (Fig. 2). The new 
taxon was indicated as an independent clade. Furthermore, the smallest 
uncorrected p-distance between Amolops dafangensis sp. nov. and its 
most closely-related congeners is 0.7% (vs A. sangzhiensis) on 16S gene 
(Suppl. material 1), and 2.6% (vs A. loloensis) on COI gene (Suppl. material 
2), which was higher or at the same level with those among many pairs of 
congeners, for example, 0.3% between A. sangzhiensis and A. jinjiangensis 

on the 16S gene, and 3.2% between A. jinjiangensis and A. loloensis on the 
COI gene.

Morphological comparisons

Morphological measurements are given in Table 3. The new taxon could 
be identified from its congeners by a series of differences in morphologi-
cal characters.
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Table 2. References for morphological characters for congeners of the genus Amolops.

Species Literature

A. adicola Patel, Garg, Das, Stuart & Biju, 2021 Patel et al. 2021

A. afghanus (Günther, 1858) Günther 1858

A. ailao Tang, Sun, Liu, Luo, Yu & Du, 2023 Tang et al. 2023

A. akhaorum Stuart, Bain, Phimmachak & Spence, 2010 Stuart et al. 2010

A. albispinus Sung, Wang & Wang, 2016 Sung et al. 2016

A. aniqiaoensis Dong, Rao & Lü, 2005 Zhao et al. 2005

A. archotaphus (Inger & Chan-ard, 1997) Inger and Chan-ard 1997

A. attiguus Sheridan, Phimmachak, Sivongxay & Stuart, 2023 Sheridan et al. 2023

A. assamensis Sengupta, Hussain, Choudhury, Gogoi, Ahmed & Choudhury, 2008 Sengupta et al. 2008

A. australis Chan, Abraham, Grismer & Grismer, 2018 Chan et al. 2018

A. beibengensis Jiang, Li, Zou, Yan & Che, 2020 Che et al. 2020

A. bellulus Liu, Yang, Ferraris & Matsui, 2000 Liu et al. 2000

A. binchachaensis Rao, Hui, Ma & Zhu, 2022“2020” Zhu and Rao 2022

A. chakrataensis Ray, 1992 Ray 1992

A. chanakya Saikia, Laskar, Dinesh, Shabnam & Sinha, 2022 Saikia et al. 2022a

A. chaochin Jiang, Ren, Lyu & Li, 2021 Jiang et al. 2021

A. chayuensis Sun, Luo, Sun & Zhang, 2013 Sun et al. 2013

A. chunganensis (Pope, 1929) Pope 1929

A. compotrix (Bain, Stuart & Orlov, 2006) Bain et al. 2006

A. cremnobatus Inger and Kottelat, 1998 Inger and Kottelat 1998

A. cucae (Bain, Stuart & Orlov, 2006) Bain et al. 2006

A. daiyunensis (Liu & Hu, 1975) Liu and Hu 1975

A. daorum (Bain, Lathrop, Murphy, Orlov & Ho, 2003) Bain et al. 2003

A. deng Jiang, Wang & Che, 2020 Che et al. 2020

A. formosus (Günther, 1876) Günther 1876 “1875”

A. gerbillus (Annandale, 1912) Annandale 1912

A. gerutu Chan, Abraham, Grismer & Grismer, 2018 Chan et al. 2018

A. granulosus (Liu & Hu, 1961) Liu and Hu 1961

A. hainanensis (Boulenger, 1900) Boulenger 1900 “1899”

A. himalayanus (Boulenger, 1888) Boulenger 1888

A. hongkongensis (Pope & Romer, 1951) Pope and Romer 1951

A. indoburmanensis Dever, Fuiten, Konu & Wilkinson, 2012 Dever et al. 2012

A. iriodes (Bain & Nguyen, 2004) Bain and Nguyen 2004

A. jaunsari Ray, 1992 Ray 1992

A. jinjiangensis Su, Yang & Li, 1986 Su et al. 1986

A. kaulbacki (Smith, 1940) Smith 1940

A. kohimaensis Biju, Mahony & Kamei, 2010 Biju et al. 2010

A. kottelati Sheridan, Phimmachak, Sivongxay & Stuart, 2023 Sheridan et al. 2023

A. larutensis (Boulenger, 1899) Boulenger 1899a

A. latopalmatus (Boulenger, 1882) Boulenger 1882

A. lifanensis (Liu, 1945) Liu 1945

A. loloensis (Liu, 1950) Liu 1950

A. longimanus (Andersson, 1939) Andersson 1939 “1938”

A. mahabharatensis Khatiwada, Shu, Wang, Zhao, Xie & Jiang, 2020 Khatiwada et al. 2020

A. mantzorum (David, 1872) David 1872 “1871”

A. marmoratus (Blyth, 1855) Blyth 1855

A. medogensis Li & Rao, 2005 Zhao et al. 2005
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Taxonomic account

Amolops dafangensis sp. nov.

https://zoobank.org/22D19386-8779-4FBC-8BF9-71FB7070403B
Figs 3–5

Material examined. Holotype. MT DF20230601002, adult male, collected by Shize 
Li on 1 June 2023 in Dafang County (27.40078312°N, 105.92804027°E; elevation 
1300 m a.s.l.), Guizhou Province, China. Paratypes. One male MT DF20230601003 
collected by Jing Liu on 1 June 2023, one male MT DF20230601001 and two ju-

veniles MT DF20230601004 and MT DF20230601005 were collected by Xiaoc-

ong Ke on 1 June 2023 from the same place as holotype.

Species Literature

A. mengdingensis Yu, Wu & Yang, 2019 Yu et al. 2019

A. mengyangensis Wu & Tian, 1995 Wu and Tian 1995

A. minutus Orlov & Ho, 2007 Orlov and Ho 2007

A. monticola (Anderson, 1871) Anderson 1871

A. nepalicus Yang, 1991 Yang 1991

A. nidorbellus Biju, Mahony & Kamei, 2010 Biju et al. 2010

A. nyingchiensis Jiang, Wang, Xie, Jiang & Che, 2016 Jiang et al. 2016

A. ottorum Pham, Sung, Pham, Le, Ziegler & Nguyen, 2019 Pham et al. 2019

A. pallasitatus Qi, Zhou, Lyu, Lu & Li, 2019 Qi et al. 2019

A. panhai Matsui & Nabhitabhata, 2006 Matsui and Nabhitabhata 2006

A. putaoensis Gan, Qin, Lwin, Li, Quan, Liu & Yu, 2020 Gan et al. 2020b

A. ricketti (Boulenger, 1899) Boulenger 1899b

A. sangzhiensis Qian, Xiang, Jiang, Yang & Gui, 2023 Qian et al. 2023

A. senchalensis Chanda, 1987 Chanda 1987

A. sengae Sheridan, Phimmachak, Sivongxay & Stuart, 2023 Sheridan et al. 2023

A. shihaitaoi Wang, Li, Du, Hou & Yu, 2022 Wang et al. 2022

A. shuichengicus Lyu & Wang, 2019 Lyu et al. 2019a

A. siju Saikia, Sinha, Shabnam & Dinesh, 2023 Saikia et al. 2023

A. sinensis Lyu, Wang & Wang, 2019 Lyu et al. 2019b

A. spinapectoralis Inger, Orlov & Darevsky, 1999 Inger et al. 1999

A. tanfuilianae Sheridan, Phimmachak, Sivongxay & Stuart, 2023 Sheridan et al. 2023

A. tawang Saikia, Laskar, Dinesh, Shabnam & Sinha, 2022 Saikia et al. 2022a

A. teochew Zeng, Wang, Lyu & Wang, 2021 Zeng et al. 2021

A. terraorchis Saikia, Sinha, Laskar, Shabnam & Dinesh, 2022 Saikia et al. 2022b

A. tonkinensis (Ahl, 1927 “1926”) Ahl 1927 “1926”

A. torrentis (Smith, 1923) Smith 1923

A. truongi Pham, Pham, Ngo, Sung, Ziegler & Le, 2023 Pham et al. 2023

A. tuanjieensis Gan, Yu & Wu, 2020 Gan et al. 2020a

A. tuberodepressus Liu & Yang, 2000 Liu and Yang 2000

A. viridimaculatus (Jiang, 1983) Jiang 1983

A. vitreus (Bain, Stuart & Orlov, 2006) Bain et al. 2006

A. wangyali Mahony, Nidup, Streicher, Teeling & Kamei, 2022 Mahony et al. 2022

A. wangyufani Jiang, 2020 Che et al. 2020

A. wenshanensis Yuan, Jin, Li, Stuart & Wu, 2018 Yuan et al. 2018

A. wuyiensis (Liu & Hu, 1975) Liu and Hu 1975

A. yatseni Lyu, Wang & Wang, 2019 Lyu et al. 2019

A. yunkaiensis Lyu, Wang, Liu, Zeng & Wang, 2018 Lyu et al. 2018
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Diagnosis. Amolops dafangensis sp. nov. resembles members of the A. man-

tzorum group in the absence of true dorsolateral folds and the presence of a 
circum-marginal groove on the disc of the first finger. The tarsal fold and tar-
sal glands are absent, and a nuptial pad is present on the first finger in males 
(Jiang et al. 2021).

Amolops dafangensis sp. nov. can be distinguished from other congeners 
by the following characters: (1) body size moderate (SVL 43.2 – 46.8 mm in 
males); (2) head length larger than head width slightly; (3) tympanum distinct, 
oval; (4) vocal sacs absent; (5) vomerine teeth present; (6) dorsolateral folds 
weak formed by series of glands; (7) nuptial pads present on base of finger I; 
(8) heels overlapping when thighs are positioned at right angles to the body; 
tibiotarsal articulation reaching the level far beyond the tip of the snout when 
leg stretched forward.

Description of holotype. Adult male (Figs 3, 4), body size moderate, SVL 
44.7 mm. head length larger than head width slightly (HDL: HDW = 1.02); snout 
short, rounded in dorsal view, projecting beyond lower jaw; eye large and convex, 
eye diameter 0.74× of snout length; nostril rounded, between to tip of snout and 
eyes; internasal distance larger than interorbital distance; tympanum circular, 

Figure 2. Maximum likelihood (ML) tree of Amolops mantzorum group based on the 16S and CO1 genes. ML bootstrap 
supports (BS) /Bayesian posterior probability (BPP) were denoted beside each node, and “-” denotes BS < 50% or BPP < 
0.60. Samples 1–52 refer to Table 1.
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distinct, 0.56× of eye diameter; loreal region slightly concave; nares oval; pineal 
ocellus visible; supratympanic fold extends from back of eye to above shoulder; 
vomerine teeth present; tongue deeply notched posteriorly; vocal sac absent.

Forelimbs robust (LW/SVL=0.08); lower arm and hand beyond one-second 
of body length (LAL/SVL=0.51); fingers slender, relative finger lengths I < II < IV 
< III; finger tips on II–IV dilated to wide cordiform disks with circum-marginal 
grooves, tip of first finger with small disk but without circum-marginal groove; 
all fingers without webbing and lateral fringes; subarticular tubercle prominent; 
supernumerary tubercle indistinct; inner metacarpal tubercle oval, elongate; 
outer metacarpal tubercles small round; velvety nuptial pad on finger I.

Hindlimbs long, nearly 2× SVL (HLL/SVL = 1.87); tibiotarsal articulation 
reaching the level far beyond the tip of the snout when leg stretched forward; 
tibias longer than thigh length, heels overlapped; toes slender, relative lengths 
I < II < III < V < IV; toes entirely webbed; tips of toes expanded into disc with 
circum-marginal grooves; outer metatarsal tubercle absent; inner metatarsal 
tubercle small but well developed.

Skin on dorsum and dorsal surfaces of limbs smooth; dorsolateral folds 
weak, formed by series of glands been an incomplete line, extending from 
above shoulder to vent; weak dorsolateral glandular lines; ventral surface of 
bell and limbs smooth except a few small tubercles on posterior surface of 
thigh and around vent.

Table 3. Measurements of the adult specimens of Amolops dafangensis sp. nov. Units are given in mm. See abbrevia-

tions for the morphological characters in Materials and methods section.

Voucher MT DF20230601001 MT DF20230601002 MT DF20230601003
Range Mean ± SD

Sex male male male

SVL 43.2 44.7 46.8 43.2–46.8 44.9 ± 1.8

HDL 14.5 15.0 15.6 14.5–15.6 14.9 ± 0.6

HDW 14.3 14.7 15.1 14.3–15.1 14.8 ± 0.4

SL 6.1 6.1 6.6 6.1–6.6 6.3 ± 0.3

ED 3.9 4.5 4.3 3.9–4.5 4.3 ± 0.3

UEW 3.5 3.9 3.8 3.5–3.9 3.7 ± 0.2

IOD 4.4 4.1 4.7 4.1–4.7 4.4 ± 0.3

IND 5.2 5.4 5.7 5.2–5.7 5.4 ± 0.3

NED 2.7 2.4 3.0 2.4–3.0 2.7 ± 0.3

NSD 3.2 2.4 3.0 2.4–3.2 2.9 ± 0.4

TYD 1.9 2.4 1.7 1.7–2.4 2.0 ± 0.4

LAL 22.5 24.0 23.5 22.5–24.0 23.3 ± 0.8

LW 3.2 3.8 3.8 3.2–3.8 3.6 ± 0.3

ML 13.8 14.4 14.6 13.8–14.6 14.3 ± 0.4

HLL 80.4 83.4 87.3 80.4–87.3 83.7 ± 3.4

THL 22.3 24.0 24.9 22.3–24.9 23.7 ± 1.3

TL 25.8 26.2 27.9 25.8–27.9 26.6 ± 1.1

TW 5.0 5.4 5.8 5.0–5.8 5.4 ± 0.4

TFL 36.3 38.1 39.5 36.3–39.5 38.0 ± 1.6

FL 22.3 22.8 24.6 22.3–24.6 23.2 ± 1.2
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Coloration in life. In life, iris pale brown with dark wash; top of head and 
dorsum golden brown with large rounded black brown and green spots; 
sides of head with a pale green stripe extending from loreal region to region 
behind and below eye along upper lip; a black brown band from the tip of the 
snout through the nostril to an anterior border of the eye, continuing behind 
the eye to the shoulder; temporal region black brown with green blotches; the 
flank green with some back brown spots; limbs dorsally golden brown with 
black brown bands; chest and venter white, throat white with pale brown; 
ventral surface of anterior forelimbs brown with green spots; finger I and II 
fresh-colored, finger III and IV brown; ventral surface of hindlimbs fresh-col-
ored (Fig. 3).

Color in preservative. Dorsal surface fade to pale brown with beige brown 
and black spots on head, flank and on limbs; ventral surface fade to creamy 
white, marbled with brown on throat and chest (Fig. 4).

Variation. Measurements of all specimens are listed in Table 3. All speci-
mens were very similar in morphology, but in MT DF20230601001 the dorsum 
was golden brown with few green spots (Fig. 5A); in MT DF20230601003 the 
dorsum and dorsal surfaces of limbs were green with brown spots (Fig. 5B); 
in the juvenile specimen MT DF20230601004 the flank was mainly green with 
black spots and the ventral surface of the throat and chest were white with pale 
brown spots (Fig. 5C, D).

Figure 3. Photographs of the holotype MT DF20230601002 of Amolops dafangensis sp. nov. in life A dorsal view B ventral 
view C dorsal view of hand D ventral view of hand E ventral view of foot.
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Secondary sexual characteristics. Adult males lack vocal sacs. In breeding, 
pale yellow glandular nuptial pads are present on finger I in males.

Morphological comparisons. The molecular phylogenetic results placed the 
new species as an independent clade into A. marmoratus group. Within the 
A. mantzorum group, the new species can be distinguished from A. ailao by 
having a larger body size (adult males SVL 43.2–46.8 mm vs 33.0–35.1 mm); 
by vomerine teeth present (vs absent), and by tibiotarsal articulation reach-

ing the level far beyond the tip of the snout when leg stretched forward (vs 
reaching beyond anterior corner of eye); differs from A. granulosus by having 
a smooth dorsum skin (vs rough with spinules in males) and the absence of 
vocal sacs in males (vs present); differs from A. lifanensis by having a smaller 
body size (adult males SVL 43.2–46.8 mm vs 52.0–56.0) and having distinct 
tympanum (vs indistinct); differs from A. mantzorum by having a smaller body 
size (adult males SVL 43.2 – 46.8 mm vs 49.0–57.0 mm), head length about 
equal to or larger than head width (vs head length smaller than head width); dif-
fers from A. minutus by having a larger body size (adult males SVL 43.2–46.8 
mm vs 29.70–36.42 mm), and the absence of vocal sacs and gular pouches 
in males (vs well developed); differs from A. ottorum by the presence of vom-

erine teeth (vs absent); differs from A. shuichengicus by having a larger body 
size in males (adult males SVL 43.2–46.8 mm vs 34.6–39.6 mm), and having 

Figure 4. The holotype specimen MT DF20230601002 of Amolops dafangensis sp. nov. A dorsal view B ventral view 
C lateral view D dorsal view of hand E ventral view of hand F ventral view of foot.
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weak dorsolateral glandular lines (vs strong dorsolateral folds); differs from 
A. tuberodepressus by having a smaller body size (adult males SVL 43.2–46.8 
mm vs 48–56mm), and by having weak dorsolateral glandular lines (vs absent); 
differs from A. jinjiangensis by having distinct tympanum (vs indistinct).

Amolops dafangensis sp. nov. is phylogenetically most closed to A. loloensis 

and A. sangzhiensis, and the new species could be distinguished from A. loloensis 

by having a smaller body size in males (adult males SVL 43.2–46.8 mm vs 55–
62 mm), having distinct tympanum (vs indistinct), tibiotarsal articulation reach-

ing the level far beyond the tip of the snout when leg stretched forward (vs just 
reaching eye or nostrils), spots on head and dorsum irregular (vs spots on head 
and dorsum round or oval); differs from A. sangzhiensis by having a larger body 
size in males (adult males SVL 43.2–46.8 mm vs 40.3–40.9 mm), having distinct 
tympanum (vs indistinct),tibiotarsal articulation reaching the level far beyond the 
tip of the snout when leg stretched forward (vs just reaching nostrils), mouth 
corner smooth (vs with dense spiny tubercles around the mouth corner).

Amolops dafangensis sp. nov. differs from the species of the A. monticola 

group namely A. adicola, A. akhaorum, A. aniqiaoensis, A. archotaphus, A. bellulus, 

A. binchachaensis, chakrataensis, A. chaochin, A. chunganensis, A. compotrix, 

A. cucae, A. daorum, A. deng, A. iri, A. kohimaensis, A. mengdingensis, A. mengyan-

gensis, A. monticola, A. nyingchiensis, A. putaoensis, A. truongi, A. tuanjieensis, 

A. vitreus, and A. wenshanensis by dorsolateral folds weak formed by series of 
glands (vs truth dorsolateral folds present), further distinguished from A. adicola, 

Figure 5. Color variation in Amolops dafangensis sp. nov. A dorsolateral view of the male specimen MT DF20230601001 
B dorsolateral view of the male specimen MT DF20230601003 C dorsolateral view of the juvenile specimen MT 
DF20230601004 D ventral view of the male specimen juvenile specimen MT DF20230601004
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A. akhaorum, A. aniqiaoensis, A. archotaphus, A. chaochin, A. chunganensis, A. 

compotrix, A. cucae, A. daorum, A. iriodes, A. kohimaensis, A. mengdingensis, A. 

mengyangensis, A. monticola, A. putaoensis, A. truongi, A. tuanjieensis, A. vitreus, 

and A. wenshanensis by vocal sac absent (vs present).
Amolops dafangensis sp. nov. differs from A. chayuensis, the sole member of 

the A. chayuensis group, by dorsolateral folds weak formed by series of glands 
(vs truth dorsolateral folds present), and vocal sacs absent (vs present).

Amolops dafangensis sp. nov. differs from the A. viridimaculatus group con-

tains 14 species, namely A. beibengensis, A. chanakya, A. formosus, A. hima-

layanus, A. kaulbacki, A. longimanus, A. medogensis, A. nidorbellus, A. pallasita-

tus, A. senchalensis, A. tawang, A. wangyali, A. wangyufani, and A. viridimaculatus 

by dorsolateral folds weak formed by series of glands (vs dorsolateral folds 
absent) and smaller body size (vs male SVL 75.8 mm in A. beibengensis, male 

SVL 76.4 mm in A. chanakya, males SVL 61.3–63.1 mm in A. formosus, male 

SVL 80 mm in A. himalayanus, males SVL 70–72 mm in A. kaulbacki, male SVL 
95 mm in A. medogensis, males SVL 76.4–82.3 mm in A. nidorbellus, male SVL 
46.2 mm in A. senchalensis, male SVL 82.5 mm in A. tawang, males SVL 71.4–
76.7 mm in A. wangyali, males SVL 68.3–69.0 mm in A. wangyufani, and males 

SVL 72.7–82.3 mm in A. viridimaculatus).
Amolops dafangensis sp. nov. differs from the A. marmoratus group of 13 

species (A. afghanus, A. assamensis, A. gerbillus, A. indoburmanensis, A. jaunsa-

ri, A. latopalmatus, A. mahabharatensis, A. marmoratus, A. nepalicus, A. panhai, 

A. siju, and A. terraorchis) by circum-marginal groove on disc of finger I absent 
(vs present), and vocal sac absent (vs present with the exception of A. siju).

Amolops dafangensis sp. nov. differs from A. spinapectoralis, the sole mem-

ber of the A. spinapectoralis group, by circum-marginal groove on disc of finger 
I absent (vs present), and vocal sac absent (vs present).

Amolops dafangensis sp. nov. differs from the A. larutensis group with eight 
species, namely A. attiguus, A. australis, A. cremnobatus, A. gerutu, A. kottelati, 

A. larutensis, A. sengae, and A. tanfuilianae by circum-marginal groove on disc 
of finger I absent (vs present), and vocal sac absent (vs present).

Amolops dafangensis sp. nov. differs from the A. ricketti group that contains 
eight species (A. shihaitaoi, A. sinensis, A. ricketti, A. wuyiensis, A. yunkaiensis, 

A. albispinus, A. yatseni, and A. tonkinensis) by circum-marginal groove on disc 
of finger I absent (vs present), dorsolateral glandular folds present (vs absent), 
and nuptial pad without conical or papillate nuptial spines (vs present).

Amolops dafangensis sp. nov. differs from the A. daiyunensis group of 
three species, namely A. daiyunensis, A. teochewiensis and A. teochew, by cir-
cum-marginal groove on disc of finger I absent (vs present), vomerine teeth 
present (vs absent) and and vocal sac absent (vs present).

Amolops dafangensis sp. nov. differs from the A. hainanensis group 
(A. hainanensis and A. torrentis) by vomerine teeth present (vs absent) and 
further differs from A. hainanensis by having a smaller body size (adult males 
SVL 43.2–46.8 mm vs 71–93 mm) and circum-marginal groove on disc of 
finger I absent (vs present); further differs from A. torrentis by having a larger 
body size (adult males SVL 43.2–46.8 mm vs 28–33 mm) and vocal sac ab-

sent (vs present).
Distribution and ecology. At present, Amolops dafangensis sp. nov. was only 

found on vegetation in a mountain stream in Dafang County, Guizhou Province, 
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China at approximately 1600 m elevation. The rocks of this stream are covered 
with moss, and low vegetation grows out of the cracks (Fig. 6). We did not find 
eggs, nor Amolops dafangensis sp. nov. tadpoles or females, and advertise-

ment calls were not recorded, but we observed distinct nuptial pad in the males. 
Based on our surveys, we speculate that the breeding season is probably in ear-
ly June. Boulenophrys jiangi (Liu, Li, Wei, Xu, Cheng, Wang & Wu, 2020), Bouleno-

phrys qianbeiensis (Su, Shi, Wu, Li, Yao, Wang & Li, 2020), and Leptobrachella jin-

shaensis Cheng, Shi, Li, Liu, Li & Wang, 2021were also found in the type locality.
Etymology. The specific epithet dafangensis refers to the distribution of this 

species, Dafang County, Guizhou Province, China. We propose the common En-

glish name “Dafang cascade frogs” for this species and Chinese name as “Da 
Fang Tuan Wa (大方湍蛙)”.

Figure 6. Habitat of Amolops dafangensis sp. nov. in the type locality, Dafang County, 
Guizhou Province, China.

Discussion

In this study, we describe a new species based on morphological comparisons 
and molecular phylogenetic analyses; although the genetic distance between 
the new species and its most closely-related congeners is 0.7% for the 16S 
gene, the morphological characters differ from those of other species of the 
genus Amolops. This small genetic difference is likely due to the limited phylo-

genetic information content in this particular gene fragment (Chan et al. 2022). 
Speciation usually begins with spatial isolation or adaptation to unique environ-

ments without strict isolation (Schilthuizen 2000). Significant spatial isolation 
and subsequent formation of unique lineages may be due to isolation or long-
range dispersal across barriers such as mountains, rivers, or other intervening 
unsuitable habitats (Mayr 1963; Avise 2000; Rundle and Nosil 2005; Schluter 
2009). The geographical distances between Amolops dafangensis sp. nov. and 
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its closely-related congeners A. sangzhiensis and A. loloensis are more than 
800 km and 370 km, respectively, and the type locality of the three species 
are in different mountains: the new species is distributed in Dalou Mountains, 
A. sangzhiensis in easternmost Wuling Mountains, and A. loloensis in the Da-

liangshan Mountains, with significantly different biota. Therefore, we specu-

late that isolation is likely to have promoted speciation between the lineages 
and led to the evolution of different morphologies between the new species, 
A. sangzhiensis, and A. loloensis.

In the last five years, 25 new frog species have been described in Guizhou 
Province, China (Frost 2023). Dafang County is in the northwest of Guizhou 
Province, China, and there have been few surveys of amphibians in the area 
over the years. From 2020 to 2023 we conducted five surveys in this region. 
Only in June 2023 was the new species discovered, and only three adult males 
and two juveniles were found in a range of ~ 100 meters below the source of 
the stream. Therefore, we infer that the population of the new species is small. 
We recommend the new species be assigned as vulnerable (VU) according to 
the evaluation criteria of the IUCN Red List of threatened Species (IUCN 2012). 
Future research should focus on determining the distribution and elevational 
range of the species.
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Research Article

Abstract

The Chinese species of Lilioceris are revised, and three new species are described from 
Tibet, China: Lilioceris zhentangensis Xu & Liang, sp. nov., Lilioceris medogensis Xu & 
Liang, sp. nov. and Lilioceris zayuensis Xu & Liang, sp. nov. Five species of Lilioceris are 

reported for China as new records: L. dromedarius (Baly, 1861), L. pulchella (Baly, 1859), 
L. semicostata (Jacoby, 1908), L. unicolor (Hope, 1831) and L. nepalensis Takizawa, 
1989. Lilioceris seminigra (Jacoby, 1889) is proposed as a junior synonym of L. unicolor 

Hope, 1831. Redescriptions, habitus photographs, geographic distributions, host plants 
(if available) and habitats are provided for these species.

Key words: Habitat, host plant, map, new synonym, Shining leaf beetle, taxonomy, Tibet

Introduction

Lilioceris Reitter, 1913 is the second largest genus of Criocerinae, containing 
approximately 160 species in the world and 60 species in China. Most of the 
species of Lilioceris are distributed in the Oriental region (Clavareau 1913; Mon-

rós 1960) and the Chinese species are mainly distributed in the southern part 
of China (Bezděk and Schmitt 2017).

Tibet is the second largest autonomous region in China, with various climatic 
zones from the tropics to frigid mountains. However, Lilioceris in Tibet has been 
poorly investigated in the past: only four species have been recorded (Yang 
2004). Lilioceris subpolita (Motschulsky) was obviously misidentified from Ti-
bet and is excluded from its fauna (Bezděk and Schmitt 2017; Xu et al. 2021). 
In recent years seven expeditions were made in Tibet and Yunnan. These expe-

ditions resulted in more than two thousand specimens of Criocerinae. Among 
Lilioceris collected in Dinggyê, Mêdog and Zayü were species new to science. 
We also identified five species, collected in Tibet and Yunnan that were original-
ly recorded in India, Nepal or Cambodia.

The purpose of this paper is three-fold: to describe three new species from 
Tibet, to report five new distribution records from Tibet, Yunnan and Hainan, 
and to synonymize a species of Lilioceris.
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Material and methods

Specimens from several museums and collections were examined. The collec-

tions cited in this article are indicated by the following abbreviations: IZCAS = 
National Zoological Museum, Institute of Zoology, Chinese Academy of Scienc-

es, Beijing, China; MNHN = Museum national d’Histoire naturelle, Paris, France; 
NHML = Natural History Museum, London, UK; SEHU = Systematic Entomology, 
Graduate School of Agriculture, Hokkaido University, Japan.

Dry specimens were soaked in hot water for 1–2 hours. Then the abdomen 
was opened at its latero-apical margin and genitalia removed using forceps, 
soaked in warm 10% KOH for 1 h, and dyed in Chlorazol Black E. The basal ori-
fice of the aedeagus was injected with 100% ethanol with a micro-injector until 
the internal sac was fully everted. The aedeagus with its everted internal sac 
was photographed using a large depth-of-field 3D digital microscope (Keyence 
VHX–1000C) and edited in Adobe Photoshop (CC). For storage, a microvial with 
genitalia was pinned to the specimen from which the genitalia were removed.

Body length (BL) was measured from the anterior margin of the labrum to the 
apex of the elytra; body width (BW) was measured along the greatest elytral width.

Other methods of specimen observation and preparation follow previous pub-

lications (Tishechkin et al. 2011; Li et al. 2013). Morphological terminology fol-
lows Chou et al. (1993) and Matsumura et al. (2013). Redescriptions are provid-

ed for newly recorded species because of their insufficient original information.

Taxonomic account

Lilioceris zhentangensis Xu & Liang, sp. nov.

https://zoobank.org/1AAF4F83-3597-4A54-BE59-5BA316F1D980
Figs 1, 2, 19A–D, 22A–D, 28A–C, 36, 42–45

Material examined. Total 47 specimens. Holotype: 1♂, Tibet, Dinggyê, Zhên-

tang, Nadang village / 2021.6.25 / 27.85317°N, 87.44903°E, 2491 m / Hongbin 
Liang, Yuan Xu and Neng Zhang coll. (IZCAS); Paratypes: 7♀9♂, Tibet, Ding-

gyê, Zhêntang, Nadang village / 2021.6.25 / 27.85317°N, 87.44903°E, 2491 m 
/ Hongbin Liang, Yuan Xu and Neng Zhang coll. (IZCAS); 3♀1♂, Tibet, Dinggyê, 
Zhêntang, Jiuyan Hot Spring / 2021.6.24 / 27.9068°N, 87.3777°E, 2704 m / 
Hongbin Liang, Yuan Xu and Neng Zhang coll. (IZCAS); 1♀2♂, Tibet, Dinggyê, 
Zhêntang, Qizi Tang / 2021.6.23 / 27.91232°N, 87.38273°E, 2619 m / Hong-

bin Liang, Yuan Xu and Neng Zhang coll. (IZCAS); 3♀6♂, Tibet, Nyingchi, Lu-

nang road, Dongjiu village / 2022.7.23 / 29.913910°N, 94.798072°E, 2643 m 
/ Hongbin Liang, Yuan Xu and Neng Zhang coll. (IZCAS); 3♀5♂, Tibet, Nying-

chi, Lunang, Baimu village / 2022.7.24 / 29.988540°N, 94.746077°E, 2622 m / 
Hongbin Liang, Yuan Xu and Neng Zhang coll. (IZCAS); 2♀2♂, Tibet, Nyingchi, 
Lunang, Baga village / 2022.7.24 / 29.998361°N, 94.695714°E, 2771 m / Hong-

bin Liang, Yuan Xu and Neng Zhang coll. (IZCAS); 2♀, Tibet, Bomi, Yi’ong, Bayu 
village / 2022.7.25 / 30.334625°N, 94.804114°E, 2296 m / Hongbin Liang, Yuan 
Xu and Neng Zhang coll. (IZCAS).

Diagnosis. Antennae nearly half as long as body length, antennomeres V–X 
quadrate. Pronotum with distinct anterior and posterior transverse impres-

sions, pronotal disc with two rows of fine and irregular punctures in middle. 
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Elytral punctures sparse on basal 2/3 and absent on apical 1/3. Lateroposterior 
corner of metasternum densely pubescent.

Description. BL = 7.0–9.0 mm, BW = 3.3–4.2 mm. Head, legs, scutellum, me-

sosternum, lateral metasternum, and metepisternum black; pronotum, elytra, 
middle metasternum, and abdomen brownish red.

Head (Fig. 1). Vertex with shallow groove in middle, punctate and pubescent, 
almost smooth; frontoclypeal area triangular, lateral side of disc with sparse 
punctures and pubescence; labrum transverse, with sparse long pubescence; 
antennae nearly half as long as body, antennomeres I–IV nearly globular, anten-

nomeres V–X 1.2 times as long as wide, III–XI densely pubescent and punctate.
Pronotum (Figs 1, 19A). Anterior angle protruding, posterior angle not pro-

truding; sides distinctly constricted in middle; anterior and posterior trans-

verse impression distinct; middle of disc with two rows of fine and irregu-

lar punctures; basal transverse groove indistinct. Scutellum triangular and 
densely pubescent.

Elytra (Fig. 1). Humeri protruding, humeral groove shallow, basal impression 
distinct; striae with large punctures at base, punctures diminished posteriorly 
and absent on apical 1/3, intervals without punctures; epipleura raised, with 
row of fine punctures.

Mesosternum pubescent; apical portion of mesosternal process narrow and 
flat, obliquely pointed, not horizontally connected with metasternum. Metaster-
nal disc very sparsely pubescent, lateroposterior corner with short strip of pu-

bescence. Metepisternum densely pubescent (Fig. 19B).
Abdominal sternites (Fig. 19C). Lateral transverse impressions distinct on 

sternites I–IV, area of transverse impressions and middle of sternites I–IV 
smooth, other areas with dense pubescence and punctures.

Legs (Fig. 2). Femora with dense pubescence on dorsal surface, with sparse 
pubescence on ventral surface, middle area widened.

Male genitalia (Fig. 22A–D). Apical foramen occupying 1/5 length of medi-
an lobe (Fig. 22A); apex hooked (Fig. 22B); tegmen Y-shaped, basal piece of 
tegmen oval and broad, lateral lobes slightly sclerotized and combined with 
second connecting membrane; internal sac with distinct dorsal and ventral 
sclerites, posterior part of dorsal sclerite in dorsal view parallel, ventral sclerite 
extended and tubular, median sclerite very small (Fig. 22C, D).

Female reproductive organs (Fig. 28A–C). Tergites VIII and IX, and sternites 
VIII and IX of female sclerotized, posterior areas of tergite VIII and sternite VIII 
with pubescence and apodemes, spiculum gastrale Y-shaped and long; ovipos-

itor with dense pubescence, distal part of ovipositor cylindrical, short, with pro-

tuberance; spermatheca simple and curved.
Distribution (Fig. 36). China (Tibet).
Etymology. The specific name zhentangensis refers to its type locality Zhên-

tang, Dinggyê County, Tibet.
Host plant and habitat (Figs 42–45). The host plant is Smilax menisper-

moidea A. DC., (Smilacaceae) according to our observations in Zhêntang town. 
Zhêntang is located in a deep valley at the southern part of the Himalayas. 
Warm and humid air currents from the Indian Ocean enter the valley frequently. 
Abundant rainfall and rugged topography in the valley make the biodiversity of 
Zhêntang very rich. This species occurs at the altitude of 2200 to 2800 m. The 
habitat is open, composed of tall trees, woody vines and weeds.
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Figures 1–4. Habitus of new Lilioceris species (holotypes) 1, 2 L. zhentangensis, holotype, China (Tibet) 3, 4 L. medogen-

sis, holotype, China (Tibet). Scale bars: 5.0 mm.

Remarks. This species looks similar to L. cyanicollis (Pic, 1916) (our con-

cept is based on a specimen determined by J. L. Gressitt, NHML), but is 
differentiated by its pronotum with distinct anterior and posterior transverse 
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impressions; head, antennae, and legs without blue metallic luster. In L. cy-

anicollis, the pronotum only with a weak posterior transverse impression; 
head, antennae, and legs with a blue metallic luster. It is also similar to L. la-

tissima (Pic, 1932) (based on a syntype studied, MNHN), but differs by the 
metasternum with a short strip of pubescence. In L. latissima, the metaster-
num is glabrous.

Lilioceris medogensis Xu & Liang, sp. nov.

https://zoobank.org/88E1CB44-7DD5-47FF-9373-D6A0679F670A
Figs 3, 4, 20A–D, 23A–D, 29A–C, 36, 38–41

Material examined. Total 51 specimens. Holotype: 1♂, Tibet, Mêdog, Ren-

qingbung temple / 2020.9.3 / 29.30564°N, 95.35326°E, 1982 m / Hongbin Li-
ang and Neng Zhang coll. (IZCAS); Paratypes: 7♀7♂, Tibet, Mêdog, Renqing-

bung temple / 2020.9.3 / 29.30564°N, 95.35326°E, 1982 m / Hongbin Liang 
and Neng Zhang coll. (IZCAS); 4♀5♂, Tibet, Mêdog, Renqingbung temple 
/ 2020.9.12 / 29.30564°N, 95.35326°E, 1982 m / Hongbin Liang and Neng 
Zhang coll. (IZCAS); 2♀4♂, Tibet, Mêdog, Renqingbung temple / 2021.6.9 
/ 29.30564°N, 95.35326°E, 1982 m / Hongbin Liang, Yuan Xu and Neng 
Zhang coll. (IZCAS); 3♀8♂, Tibet, Mêdog, Renqingbung temple / 2022.7.18 
/ 29.30564°N, 95.35326°E, 1982 m / Hongbin Liang, Yuan Xu and Neng 
Zhang coll. (IZCAS); 5♀5♂, Tibet, Mêdog, Renqingbung temple / 2023.7.13 
/ 29.30564°N, 95.35326°E, 1982 m / Neng Zhang coll. (IZCAS); 1♂, Tibet, 
Mêdog, Baibung, Dergong village / 2019.8.12, 29.19711°N, 95.14767°E, 
1529 m / Hongbin Liang and Yuan Xu coll. (IZCAS); 1♂, Tibet, Mêdog, Bai-
bung, Dergong village / 2022.7.17, 29.180592°N, 95.143494°E, 1656 m / 
Yuan Xu coll. (IZCAS); 1♂, Tibet, Mêdog, Baibung, Gelin village / 2019.8.12 
29.22012°N, 95.17479°E, 1652 m / Hongbin Liang and Yuan Xu coll. (IZ-

CAS); 4♀4♂, Tibet, Mêdog, Baibung, 11 km on Gelin road / 2021.6.11–15, 
29.23370°N, 95.17707°E, 1408 m / Hongbin Liang, Yuan Xu and Neng Zhang 
coll. (IZCAS); 1♂, Tibet, Mêdog, Baibung Tea farm / 2020.9.7, 29.26310°N, 
95.20983°E, 1047 m / Hongbin Liang coll. (IZCAS); 1♂, Tibet, Mêdog, Bai-
bung, Ani bridge / 2023.7.15 / 29.315211°N, 95.175172°E, 923 m / Neng 
Zhang coll. (IZCAS).

Diagnosis. Elytra and abdomen brownish red, rest of body black. Antennae 
nearly half as long as body length, antennomeres V–X quadrate. Pronotal disc 
with two rows of fine punctures in middle. Elytral punctures sparse and absent 
on apical 1/3.

Description. BL = 8.0–10.0 mm, BW = 3.5–4.5 mm. Body black except elytra 
and abdomen brownish red.

Head (Fig. 3). Vertex with shallow groove in middle, punctate and pubescent 
sparsely; frontoclypeal area triangular, lateral side of disc with sparse punc-

tures and pubescence; labrum transverse, with sparse long pubescence; an-

tennae nearly half as long as body, antennomeres I–IV nearly globular, anten-

nomere II shortest, antennomeres V–X 1.2 times as long as wide, V–XI densely 
pubescent and punctate.

Pronotum (Figs 3, 20B). Anterior angle protruding, posterior angle not pro-

truding; sides distinctly constricted in middle; middle of disc with two rows 
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of fine punctures; anterior and posterior transverse impression shallow, basal 
transverse groove indistinct. Scutellum triangular and densely pubescent.

Elytra (Fig. 3). Humeri protruding, humeral groove and basal impression dis-

tinct; striae with large punctures at base, punctures diminished posteriorly and 
absent on apical 1/3, intervals without punctures; epipleura raised, with row of 
fine punctures.

Mesosternum pubescent; apical portion of mesosternal process narrow and 
flat, obliquely pointed, not horizontally connected with metasternum. Metaster-
nal disc almost glabrous, posterior margin with sparse pubescence (Fig. 20B). 
Metepisternum densely pubescent.

Abdominal sternites (Fig. 20C). Lateral transverse impressions distinct on 
sternites I–IV. Lateral side of sternite I–IV and pygidium densely pubescent, 
other areas with sparse pubescence and punctures.

Legs (Fig. 4). Femora with dense pubescence on dorsal surface, sparse pu-

bescence on ventral surface, middle area widened.
Male genitalia (Fig. 23A–D). Apical foramen occupying 1/5 length of median 

lobe (Fig. 23A); apex hooked (Fig. 23B); tegmen Y-shaped, basal piece of teg-

men oval and broad, lateral lobes slightly sclerotized and combined with sec-

ond connecting membrane; internal sac with distinct dorsal and ventral scler-
ites, posterior part of dorsal sclerite in dorsal view widened, ventral sclerite 
extended and tubular, median sclerite very small (Fig. 23C, D).

Female reproductive organs (Fig. 29A–C). Tergites VIII and IX, and sterni-
tes VIII and IX sclerotized, posterior areas of tergite VIII and sternite VIII with 
pubescence and apodemes, spiculum gastrale Y-shaped and short; ovipositor 
with dense pubescence, distal part of ovipositor cylindrical, short and with pro-

tuberance; spermatheca simple and curved.
Distribution (Fig. 36). China (Tibet).
Etymology. The specific name medogensis refers to its type locality Mêdog, 

Tibet, China.
Host plant and habitat (Figs 38–41). Beetles were found to feed on Smilax 

ferox Wall. Ex Kunth (Smilacaceae) in Mêdog in the northernmost edge of the 
tropics (China, Tibet, Mêdog), with altitudes of ~ 1000 to 2000 m. The type 
locality Renqingbung temple is located on a mountain in Mêdog County, with 
high temperatures, high humidity and plentiful precipitation. Vegetation type is 
subtropical evergreen broadleaved forest.

Remarks. Lilioceris medogensis sp. nov. and L. zhentangensis sp. nov. are 
similar in their pronotia having anterior and posterior transverse depressions, 
which are easily distinguished from those of the other members of Lilioceris. 

However, L. medogensis sp. nov. is different from L. zhentangensis sp. nov. 
by the brownish red pronotum (Fig. 20A) and metasternum (Fig. 20B), only 
the lateral side of the metasternum is black; the lateroposterior corner of the 
metasternum is glabrous; and the posterior part of the dorsal sclerite of the 
male genitalia in dorsal view is widened (Fig. 23C). In L. zhentangensis, the pro-

notum and metasternum are black (Fig. 19A); the lateroposterior corner of the 
metasternum has a strip of pubescence (Fig. 19B); and the posterior part of the 
dorsal sclerite in dorsal view is parallel (Fig. 22C). In addition, their host plants 
and habitats are also different: L. medogensis lives on Smilax ferox in warmer 
and lower altitudes, while L. zhentangensis inhabits Smilax menispermoidea in 

colder, higher altitudes.
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Lilioceris zayuensis Xu & Liang, sp. nov.

https://zoobank.org/8D02C295-41CB-4A11-8A6A-88C5F4861D67
Figs 5, 6, 21A–D, 24A–D, 30A–C, 36, 46, 47

Material examined. Total 8 specimens. Holotype: 1♂, Tibet, Zayü, Zhowago-

in, Xiongjiu village / 2022.7.13 / 28.60668°N, 97.28165°E, 1901 m / Hongbin 
Liang, Yuan Xu and Neng Zhang coll. (IZCAS); Paratypes: 4♀1♂, Tibet, Zayü, 
Zhowagoin, Xiongjiu village / 2022.7.13 / 28.60668°N, 97.28165°E, 1901 m / 
Hongbin Liang, Yuan Xu and Neng Zhang coll. (IZCAS); 2♀, Tibet, Zayü, Zhow-

agoin, Xiongjiu village / 2021.7.1 / 28.60668°N, 97.28165°E, 1901 m / Hongbin 
Liang, Yuan Xu and Neng Zhang coll. (IZCAS).

Diagnosis. Antennae nearly half as long as body length, antennomeres V–IX 
quadrate. Pronotum without distinct anterior and posterior transverse impres-

sion, pronotal disc with four or five fine punctures in middle. Elytral punctures 
sparse and absent on apical 1/3. Metasternal disc almost glabrous, posterior 
margin with sparse pubescence.

Description. BL = 8.5–10.0 mm, BW = 3.8–4.5 mm. Head, most of legs, 
scutellum black, pronotum, elytra, femora of legs and underside brownish red.

Head (Fig. 5). Vertex flat and without groove in middle, lateral side with 
sparse punctures and pubescence; clypeofrontal area triangular, lateral side 
of disc with sparse punctures and pubescence; labrum transverse, with sparse 
long pubescence; antennae nearly half as long as body, antennomeres I–IV 
nearly globular, antennomeres V–X 1.5 times as long as wide, III–XI densely 
pubescent and punctate.

Pronotum (Figs 6, 21A). Anterior angle protruding, posterior angle not pro-

truding; sides distinctly constricted in middle; without anterior and posterior 
transverse impression of disc; disc almost smooth and with four or five fine 
punctures in middle; basal transverse groove indistinct. Scutellum triangular 
and densely pubescent.

Elytra (Fig. 5). Humeri protruding, humeral groove shallow, basal impression 
indistinct; striae with large punctures at base, punctures diminished posteriorly 
and absent on apical 1/3, intervals without punctures; epipleura raised, with 
row of fine punctures.

Mesosternum pubescent, apical portion of mesosternal process strong-

ly widened and convex, horizontally connected with metasternum (Fig. 21B); 
Metasternal disc almost glabrous, posterior margin with sparse pubescence. 
Metepisternum densely pubescent.

Abdominal sternites. Lateral transverse impressions distinct on sternites 
I–IV, area of transverse impressions smooth, middle of sternite I with dense 
pubescence, other areas of sternites I–IV with sparse pubescence and punc-

tures (Fig. 21C).
Legs (Fig. 6). Femora with dense pubescence on dorsal surface, sparse pu-

bescence on ventral surface, middle area widened.
Male genitalia (Fig. 24A–D). Apical foramen occupying 1/5 length of medi-

an lobe (Fig. 24A); apex rounded (Fig. 24B); tegmen Y-shaped, basal piece of 
tegmen triangle and broad, lateral lobes slightly sclerotized and combined with 
second connecting membrane; internal sac with distinct dorsal, median, and 
ventral sclerites, posterior part of dorsal sclerite in dorsal view widened and 
rounded, ventral sclerite short and flat, median sclerite small (Fig. 24C, D).
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Figures 5–8. Habitus of Lilioceris spp. 5, 6 L. zayuensis, holotype, Tibet 7 L. dromedarius, syntype, Thailand 8 L. drome-

darius, specimen from Hainan. Scale bars: 5.0 mm.

Female reproductive organs (Fig. 30A–C). Tergites VIII and IX, sternites VIII 
and IX sclerotized, posterior areas of tergite VIII and sternite VIII with pubes-

cence and apodemes, spiculum gastrale Y-shaped and long; ovipositor with 
dense pubescence, distal part of ovipositor cylindrical, long and with protuber-
ance; spermatheca greatly convoluted.

Distribution (Fig. 36). China (Tibet).
Etymology. The specific name zayuensis refers to its type locality Zayü Coun-

ty, Tibet, China.
Host plant and habitat (Figs 46, 47). Beetles were collected feeding on Smi-

lax longebracteolata J. D. Hooker (Smilacaceae) in Zayü. This species is con-
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fined to subtropical areas, at an elevation of ~ 1900 m. Xiongjiu village, Zayü 
has a mild climate and abundant rainfall. The habitat is secondary forest along 
a roadside, composed of tall trees, woody vines and many weeds.

Remarks. This new species is a member of the neptis species group, and can 
be keyed out in couplet 4 with L. cantonensis (Heinze, 1943) and L. neptis (Weise, 
1922) in the key by Xu et al. (2021: 301). It is different from L. cantonensis by its 
middle femora being completely black; elytral strial punctures dense and large at 
the base, diminished posteriorly, and absent on the apical 1/3 or 1/4; apical por-
tion of the dorsal sclerite of the male genitalia is rounded. In L. cantonensis, the 
middle femora are bicolored, black with the middle brownish red on their ventral 
surfaces, and the elytral strial punctures sparse and large in basal impression, but 
absent on the apical 1/2 or 1/3; apical portion of the dorsal sclerite of the male 
genitalia truncated. It is also different from L. neptis by the black middle femora; 
metasternum almost glabrous, with only the posterior margin with sparse pubes-

cence. In L. neptis, the middle femora are brownish red, and the metasternum has 
a long strip of setae extending from the anterior to the posterior margin.

This species is only found at the type locality. It seems that the local popula-

tion was very low. We explored this place three times, but only collected eight 
specimens. We also tried several other places in Zayü County, but no speci-
mens of this species were found.

New record for China

Lilioceris dromedarius (Baly, 1861)

Figs 7, 8, 31A–C, 37

Crioceris dromedarius Baly, 1861: 279 (Cambodia, syntype).
Lilioceris dromedarius: Monrós 1960: 175.
Crioceris rouyeri Pic, 1916: 18 (Java). Synonymized by Monrós 1960: 175.
Crioceris foveolata Pic, 1921: 33 (Cochinchina). Synonymized by Kimoto and 

Gressitt 1979: 221.

Type material examined. 1 syntype of Lilioceris dromedarius (NHML, pho-

to), Type / Baly Coll. / Crioceris dromedarius Baly, Siam (Type) / SYNTYPE / 
BMNH(E)1345164.

Other material examined. 1 specimen. Hainan: 1♀, Wuzhi Shan, Shuim-

an township, Hudiegu (butterfly valley), 18.87482°N, 109.66819°E / 664 m, 
2009.11.27, Meiying Lin coll. (IZCAS).

Diagnosis. Antennae nearly half as long as body length, antennomeres VIII–X 
widened, twice as wide as long. Pronotal disc with two rows of fine punctures in 
middle. Elytra raised near suture at base, elytral punctures sparse and coarse, 
but absent at apex.

Redescription. BL = 8.8 mm, BW = 4.5 mm. Antennomeres VIII–IX, head, 
femora and tibiae brownish, claws black, antennomeres I–VII, pronotum, ely-

tra and abdomen brownish yellow, each elytron with big brownish marking in 
middle of lateral area, abdominal sternites except pygidium with three black 
markings in lateral side and middle.

Head (Figs 7, 8). Vertex with groove in middle, punctate and pubescent 
densely; frontoclypeal area triangular, lateral side of disc with sparse punctures 
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and pubescence; labrum transverse, with sparse long pubescence; antennae 
nearly 1/2 as long as body, antennomeres I–IV nearly globular, antennomere 
II shortest, antennomere V longest, antennomeres VI and VII length as long as 
width, antennomeres VIII–X widest, wide 2 times as long as length, antennom-

eres V–XI densely pubescent and punctate.
Pronotum (Figs 7, 8). Anterior angle protruding, posterior angle not protrud-

ing; sides slight constricted in middle; middle of disc with two rows of fine 
punctures; anterior and posterior transverse impression indistinct, basal trans-

verse groove very weak. Scutellum triangular and densely pubescent.
Elytra (Figs 7, 8). Suture at base with raised hump; humeri protruding, hu-

meral groove and basal impression distinct; striae with very sparse and coarse 
punctures, puncture absent at elytral brownish black marking area, intervals 
smooth; epipleura slightly raised, with row of fine punctures.

Mesosternum pubescent; apical portion of mesosternal process narrow and 
flat, obliquely pointed, not horizontally connected with metasternum. Metaster-
nal disc and metepisternum densely pubescent.

Abdominal sternites. Lateral transverse impressions distinct on sternites I–
IV, area of transverse impressions smooth, other areas with dense pubescence 
and punctures.

Legs. Femora with dense pubescence on dorsal surface, with sparse pubes-

cence on ventral surface, middle area widened.
Male genitalia. Unknown.
Female reproductive organs (Fig. 31A–C). Tergites VIII and IX, sternites VIII 

and IX sclerotized, posterior areas of tergite VIII and sternite VIII with pubes-

cence and apodemes, spiculum gastrale Y-shaped and distinctly widen in dis-

tal part; ovipositor with dense pubescence, distal part of ovipositor cylindrical, 
long and with protuberance; spermatheca greatly convoluted.

Host plant and habitat. A host plant is unknown. A single specimen in IZ-

CAS was collected by Meiying Lin when beating vegetation. The collecting site, 
Hudiegu, is located in a tropical area in Wuzhi Shan of Hainan Province, with 
high temperatures, high humidity, and plentiful precipitation. Vegetation type is 
tropical evergreen broadleaved forest.

Distribution (Fig. 37). China (Hainan); Vietnam; Thailand; Cambodia; Indonesia.
Remarks. This species is very similar to Lilioceris gibba (Baly, 1861) (based 

on a syntype studied, NHML) but differs from the latter by antennomeres V–X 
being twice as wide as long (in L. gibba, antennomeres V–X as wide as long). 
In addition, the pronotum and elytra are yellow in L. dromedarius (dark brown 
in L. gibba).

New records

Lilioceris pulchella (Baly, 1859)

Figs 9, 10, 32A–C, 37

Crioceris pulchella Baly, 1859: 152 (India, syntype).
Lilioceris pulchella: Monrós 1960: 171.

Type material examined. 1 syntype of Lilioceris pulchella (NHML, photo), Type / 
Baly Coll. / Crioceris pulchella Baly, India (Type) / BMNH(E) 1343669.
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Other material examined. 1 specimen. Tibet: 1♀, Hanmi–Lage, 2005.08.28, 
Dakang Zhou coll. (IZCAS).

Diagnosis. Antennae ~ 1/3 as long as body, antennomeres V–X cylindrical. 
Pronotum with distinct posterior transverse impression, pronotal disc with two 
rows of fine punctures in middle, scutellum pubescent. Elytral punctures fine, 
diminishing posteriorly, but not absent. Lateral side of metasternite with long 
narrow strip of pubescence.

Redescription. BL = 11.0 mm, BW = 5.0 mm. Antennae, head, pronotum, scute-

llum, prosternum, mesosternum, legs, and half of first abdominal sternite black, 
with blue metallic luster, elytra and remainder of abdominal sternite brownish red.

Figures 9–12. Habitus of Lilioceris spp. photographed by HBL 9, 10 L. pulchella, type, India 11, 12 L. semicostata, type, 
India (Manipur). Scale bars: 5.0 mm.
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Head (Figs 9, 10). Vertex with deep groove in middle, sparsely punctate and 
pubescent in lateral area; frontoclypeal area triangular, lateral side of disc with 
sparse punctures and pubescence; labrum transverse, middle of anterior mar-
gin concave, disc with sparse punctures and pubescence; antennae nearly 3/5 
length of body, antennomeres I–IV nearly globular, antennomere II shortest, an-

tennomeres V–XI cylindrical, 3 times as long as wide.
Pronotum (Figs 9, 10). Anterior angle protruding, posterior angle not protrud-

ing; sides constricted in middle; anterior and posterior transverse impression 
distinct; disc with irregular fine punctures in middle; scutellum triangular and 
densely pubescent.

Elytra (Figs 9, 10). Humeri protruding, humeral groove distinct, basal impres-

sion indistinct; striae with fine punctures, diminishing posteriorly and absent at 
end, intervals smooth; epipleura raised, with row of fine punctures.

Mesosternum pubescent; apical portion of mesosternal process narrow and 
flat, obliquely pointed, not horizontally connected with metasternum. Lateral 
side of metasternite with a long narrow strip of pubescence extending from the 
lateroposterior corner to anterior margin. Metepisternum densely pubescent.

Abdominal sternites. Lateral transverse impressions indistinct on sterni-
tes I–IV. Lateral side of sternite I–IV with densely pubescent, other areas with 
sparse pubescence and punctures.

Legs. Femora with dense pubescence in dorsal surface, with sparse pubes-

cence on ventral surface, middle area widened. Claws distinctly asymmetrical, 
outer one is longer than inner one.

Male genitalia. Unknown.
Female reproductive organs (Fig. 32A–C). Tergites VIII and IX, sternites VIII 

and IX sclerotized, posterior areas of tergite VIII and sternite VIII with pubes-

cence and apodemes, spiculum gastrale X-shaped and short; ovipositor with 
dense pubescence, distal part of ovipositor cylindrical, short, and with protuber-
ance; spermatheca simple and folded.

Distribution (Fig. 37). China (Tibet); India.
Host plant and habitat. A host plant is unknown. This species was collected in an 

environment between Hanmi and Lage according to the collector. Hanmi and Lage 
are two small courier stations on an old trail from Doxong La pass to Baibung town 
in Mêdog County, at altitudes of 2000–3000 m. They are located in a subtropical 
area, with a primary forest composed of large trees, woody vines and many shrubs.

Remarks. A single specimen found in IZCAS was collected by Mr Dakang 
Zhou with a sweeping net in 2005. In recent years, we have surveyed Hanmi, 
Mêdog several times, but no more specimens have been found.

Lilioceris semicostata (Jacoby, 1908)

Figs 11, 12, 25A–D, 33A–C, 37

Crioceris semicostata Jacoby, 1908: 77 (India: Manipur, syntype).
Lilioceris semicostata: Monrós 1960: 179.

Type material examined. 1 syntype of Lilioceris semicostata (NHML, photo), 
Type /63836 /Doherty / India Or. Manipuria / Frey Coll., 1905.100. / Crioceris 

semicostata, Type, Jac / BMNH(E)1343000.
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Other material examined. 2 specimens. Tibet: 1♀, Mêdog, Baibung Town, 
Hanmi / 29.36739°N, 95.12728°E, 2123 m, 2011.07.24 / Ye Liu coll. (IZCAS); 1♂, 

China, Tibet, Mêdog, Baibung, Hanmi / host unknown / 29.3664°N, 95.1277°E, 
2120 m, 2011.07.26 / Xiaodong Yang coll. (IZCAS).

Diagnosis. Antennae nearly as long as body, antennomeres V–X cylindrical. 
Pronotum with distinct posterior transverse impression, pronotal disc almost 
smooth, scutellum pubescent. Elytral punctures diminishing posteriorly, but not 
absent. Metasternite with scattered and sparse pubescence.

Redescription. BL = 12.0–15.0 mm, BW = 4.0–6.0 mm. Elytra yellow, rest of 
body black and with blue metallic luster.

Head (Figs 11, 12). Vertex raised, with deep groove in middle, sparsely punc-

tate and pubescent in lateral area; frontoclypeal area triangular, lateral side of 
disc with sparse punctures and pubescence; labrum transverse, middle of an-

terior margin concave, disc with sparse punctures and long pubescence; anten-

nae nearly as long as body length, antennomeres I–III nearly globular, antenno-

mere II shortest, antennomeres IV–XI cylindrical, 3 times as long as wide.
Pronotum (Figs 11, 12). Anterior angle protruding, posterior angle not pro-

truding; sides slightly constricted in middle; posterior transverse impression 
distinct, disc almost smooth; scutellum triangular and smooth.

Elytra (Figs 11, 12). Humeri protruding, humeral groove distinct, basal im-

pression indistinct; striae with fine punctures, punctures diminishing posterior-
ly but not absent, intervals smooth; epipleura raised, with row of fine punctures.

Mesosternum pubescent; apical portion of mesosternal process narrow and 
flat, obliquely pointed, not horizontally connected with metasternum. Metastern-

ite with scattered and sparse pubescence. Metepisternum sparsely pubescent.
Abdominal sternites. Lateral transverse impressions indistinct on sternites 

I–IV. Lateral sides of sternites I–IV with denser pubescence, other areas with 
sparse or scattered pubescence.

Legs. Femora with dense pubescence on dorsal surface, with sparse pubes-

cence on ventral surface, middle area widened. Claws distinctly asymmetrical, 
outer one longer than inner one.

Male genitalia (Fig. 25A–D). Apical foramen occupying 1/5 length of median 
lobe (Fig. 25A); apex truncated (Fig. 25B); tegmen Y-shaped, basal piece of teg-

men triangular and broad, lateral lobes slightly sclerotized and combined with 
second connecting membrane; internal sac with distinct dorsal, median and 
ventral sclerites, posterior part of dorsal sclerite in dorsal view widen, ventral 
sclerite short and flat, median sclerite distinct (Fig. 25C, D).

Female reproductive organs (Fig. 33A–C). Tergites VIII and IX, sternites VIII 
and IX sclerotized, posterior areas of tergite VIII and sternite VIII with pubes-

cence and apodemes, spiculum gastrale X-shaped and long; ovipositor with 
dense pubescence, distal part of ovipositor cylindrical, short and with protuber-
ance; spermatheca simple and curved.

Distribution (Fig. 37). China (Tibet); India.
Host plant and habitat. Host plant is unknown. Specimens of this species in 

IZCAS were collected in Hanmi by Ye Liu and Xiaodong Yang when sweeping 
the vegetation canopy. Hami is located in the subtropical area of Mêdog, with 
primary forest composed of large trees, woody vines and many shrubs.

Remarks. This species is very similar to Lilioceris flavipennis (Baly, 1859) 
(based on a syntype studied, NHML), but differs from the latter by the pronotum 
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being slightly constricted in middle, anterior and posterior angles not protruding; 
elytral striae regular. In L. flavipennis, pronotum is strongly constricted in middle, 
anterior and posterior angles are strongly protruding; elytral striae are irregular.

Lilioceris unicolor (Hope, 1831)

Figs 13–16, 26A–D, 35A–C, 37

Crioceris unicolor Hope, 1831: 28 (Nepal, lectotype).
Lilioceris unicolor: Monrós 1960: 172.
Crioceris badia Lacordaire, 1845: 560 (Siam. Type not found). Synonymized by 

Clavareau 1913: 51.
Crioceris seminigra Jacoby, 1889: 153 (Birma: Tenasserim, syntype). syn. nov.
Lilioceris seminigra: Monrós 1960: 171.

Type material examined. 1♂ lectotype of Lilioceris unicolor (NHML, photo, anten-

nae, sternites middle and hind legs missing), Type / Nepal / Hardwicke, Bequest 
/ unicolor Hope / Lectotype, Lilioceris unicolor (Hope) des. A. Konstantinov & 
A. Tishechkin 2010 / Loan BMNH August 2010 # 2010-471/ BMNH(E)1343990; 
1 syntype of Lilioceris seminigra (NHML, photo), Rangoon, Brimania, Fea. VI. 
1886/ in copula / Jacoby Coll., 1909–28a. / BMNH(E), 1343036.

Other material examined. 5 specimens. Thailand: 1 specimen of Lilioceris 

unicolor (NHML, photo): Siam/ Baly coll./ Crioceris badia Lac. Siam “illegible”/ 
Lilioceris unicolor Hope, det. A. Konstantinov and Tishechkin 2010/ Loan BMNH 
August 2010 # 2010-471 A. Konstantinov/ BMNH (E)1344002; 1♀, locality is 
illegible / Crioceris seminigra Jac. var. (handwriting seems Jacoby’s), (IZCAS); 
Yunnan: 1♀, Longchuan / 1150 m, 1979.VII.16 / Lilioceris seminigra Jacoby, 
det. Peiyu Yu, (IZCAS); 1♀, Yunnan, Yingjiang, Nongzhang, Jiemao, Xianren-

dong, 24.52567°N, 97.79818°E / 837 m, 2020.5.27, Hongbin Liang and Yuan 
Xu coll. (IZCAS); 1♂, Longchuan, Jinghan, Longbazhai, S223 road/ 24.27601°N, 
97.85190°E, 902 m, 2020.5.26, Hongbin Liang and Yuan Xu coll. (IZCAS).

Diagnosis. Antennae ~ 1/3 as long as body, antennomeres V–XI quadrate. 
Pronotum without anterior and posterior transverse impression, pronotal disc 
with one or two rows of punctures in middle. Elytral punctures large, not dimin-

ishing posteriorly, intervals slightly convex on apical 1/4; epipleura raised, with 
row of fine punctures.

Redescription. BL = 8.0 mm, BW = 3.8 mm. Body brownish red.
Head (Figs 13–16). Vertex with shallow groove in middle, sparsely punctate 

and pubescent in lateral area; frontoclypeal area triangular, disc with sparse punc-

tures and pubescence; labrum transverse, disc with sparse long pubescence; an-

tennae nearly 1/3 length of body, antennomeres I–IV nearly globular, antenno-

mere II shortest, antennomeres V–X strongly widened, 2 times as wide as long.
Pronotum (Figs 13–16). Anterior angle protruding, posterior angle not 

protruding; sides constricted in middle; anterior and posterior transverse 
impression absent; middle of disc with one or two rows of fine punctures. 
Scutellum triangular and pubescent.

Elytra (Figs 13–16). Humeri protruding, humeral groove distinct, basal impres-

sion indistinct; striae with large punctures, punctures not diminishing posteriorly, 
intervals slightly convex on apical 1/4; epipleura raised, with row of fine punctures.
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Figures 13–18. Habitus of Lilioceris spp. 13 L. unicolor, specimen from Thailand 14 L. unicolor, specimen from China 
(Yunnan) 15 L. seminigra, syntype, Myanmar 16 L. seminigra, specimen from Yunnan 17 L. nepalensis, holotype, Nepal 
(Bagmati), photographed by Takuya Takemoto 18 L. nepalensis, specimen from China (Dinggyê) Scale bars: 5.0 mm.
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Mesosternum pubescent; apical portion of mesosternal process widened 
and flat, obliquely pointed, not horizontally connected with metasternum. 
Metasternum with long strip of pubescence along outer side, extending from 
anterior to posterior margin. Metepisternum densely pubescent.

Abdominal sternites. Lateral transverse impressions indistinct on sternites 
I–V, lateral sides of sternites I–V with dense pubescence, only with sparse pu-

bescence in middle.
Legs. Femora with dense pubescence on dorsal surface, with sparse pubes-

cence on ventral surface, middle area widened.
Male genitalia (Fig. 26A–D). Apical foramen occupying 1/5 length of me-

dian lobe (Fig. 26A); apex hooked (Fig. 26B); tegmen Y-shaped, basal piece 
of tegmen triangle and broad, lateral lobes slightly sclerotized and combined 
with second connecting membrane; internal sac with distinct dorsal, median 

Figures 19–21. Pronotum, mesosternal disc, abdominal sternites and antennae of Lilioceris spp. 19 L. zhentangensis, ♂, 

China (Tibet: Zhêntang) 20 L. medogensis, ♂, China (Tibet: Mêdog) 21 L. zayuensis, ♂, China (Tibet: Zayü) A pronotum 
B mesosternal disc C abdominal sternite D antennae.
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Figures 22–24. Male genitalia of three new Lilioceris species (holotypes) 22 L. zhentangensis, China (Tibet: Dinggyê) 
23 L. medogensis, China (Tibet: Mêdog) 24 L. zayuensis, China (Tibet: Zayü) A aedeagus, lateral view B aedeagus, dorsal 
view C dorsal sclerite, dorsal view D sclerites in internal sac, lateral view. Scale bars: 0.5 mm (A, B); 0.2 mm (C, D).
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and ventral sclerites, posterior part of dorsal sclerite in dorsal view widen and 
anterior part of dorsal sclerite distinctly extended, ventral sclerite short and flat, 
median sclerite distinct (Fig. 26C, D).

Female reproductive organs (Fig. 35A–C). Tergites VIII and IX, sternites VIII 
and IX sclerotized, posterior areas of tergite VIII and sternite VIII with pubes-

cence and apodemes, spiculum gastrale Y-shaped and long; ovipositor with 
dense pubescence, distal part of ovipositor cylindrical, short and with protuber-
ance; spermatheca convoluted.

Distribution (Fig. 37). China (Yunnan); Nepal, Myanmar.
Host plant and habitat. We collected two adults of L. unicolor on Dioscorea 

sp. (Dioscoreaceae) in the villages of Jiemao and Longbazhai of Yunnan Prov-

ince, but feeding was not observed, so their host plant needs confirmation. Jie-

mao and Longbazhai are located in a subtropical area, at elevations of 800–900 
m. These two places have a mild climate and abundant rainfall. The habitat in 
Jiemao is a large secondary forest, composed of tall trees, woody vines, shrubs 
and weeds. The habitat in Longbazhai is a very small secondary forest of sever-
al thousand square meters, surrounded by crop fields.

Remarks. We examined the lectotype and a non-type specimen of L. unicolor 

present at NHML. The specimens in IZCAS from Yunnan are not significantly 
different from the lectotype. The punctures on pronotum are variable: the lec-

totype has two rows of punctures in the middle of the pronotum, the non-type 
specimen in NHML and the specimen in IZCAS have only one row of punctures 
in the middle of the pronotum. The male genitalia of our specimen from Yunnan 
(Fig. 26C, D) are identical to those of the lectotype in NHML (Tishechkin et al. 
2011: 80, fig. 30).

We also examined a syntype of L. seminigra in NHML, and no significant 
morphological difference was found from the lectotype of L. unicolor, except 

for the bi-coloration on the elytra of L. seminigra. When Jacoby (1889: 153) 
described L. seminigra, he noticed a variant: “Var. Elytra entirely fulvous”. In 
four Chinese specimens in IZCAS, the elytrae are all brownish-red in two spec-

imens of L. unicolor; but the apical 2/3 of each elytron is black, 1/3 of base is 
brownish-red in one specimen of L. seminigra, and completely brownish-red in 
another specimen. The female reproductive organs of these two species were 
dissected and compared, and no significant differences were found. There-

fore, we conclude that L. unicolor and L. seminigra are conspecific, and elytral 
bi-coloration in L. seminigra is simply a variation. In addition, antennomeres 
V–X in this species are flat, strongly transverse, and the outer distal angle of 
antennomeres V–VII is protruding. These characteristics are unique among 
Lilioceris species.

Lilioceris nepalensis Takizawa, 1989

Figs 17, 18, 27A–D, 34A–C, 37, 48–51

Lilioceris nepalensis Takizawa, 1989: 327 (Nepal: Bagmati, holotype).

Type material examined. Holotype of Lilioceris nepalensis (SEHU, photo), Lil-

ioceris nepalensis n.sp., Holotype / Siwapuri Dara Bagmati Nepal 18, 19.IX.1987, 
H. Takizawa / 0000003122, Sys. Ent Hokkaido Univ. Japan [SEHU].
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Figures 25–27. Male genitalia of new records of Lilioceris species in China 25 L. semicostata, China (Tibet: Mêdog) 
26 L. unicolor, China (Yunnan: Longchuan) 27 L. nepalensis, China (Tibet: Dinggyê) A aedeagus, lateral view B aedeagus, 
dorsal view C dorsal sclerite, dorsal view D sclerites in internal sac, lateral view. Scale bars: 0.5 mm (A, B); 0.2 mm (C, D).
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Figures 28–30. Female reproductive organs of three new Lilioceris species (paratypes) 28 L. zhentangensis, China (Ti-
bet: Dinggyê) 29 L. medogensis, China (Tibet: Mêdog) 30 L. zayuensis, China (Tibet: Zayü) A dorsal view B ventral view 
C spermatheca. Scale bars: 0.5 mm.

Other material examined. 32 specimens. Tibet: 9♀12♂, Dinggyê, Zhên-

tang, Nadang village, 27.85317°N, 87.44903°E / 2491 m, 2021.6.25, Hongbin 
Liang, Yuan Xu and Neng Zhang coll. (IZCAS); 4♀2♂, Jilong, near to Zhaoti Bilei, 
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Figures 31–35. Female reproductive organs of five new records of Lilioceris species in China 31 L. dromedarius, China 
(Hainan: Wuzhi Shan) 32 L. pulchella, China (Tibet: Mêdog) 33 L. semicostata, China (Tibet: Mêdog) 34 L. nepalensis, 

China (Tibet: Dinggyê) 35 L. unicolor, China (Yunnan: Yingjiang) A dorsal view B ventral view C spermatheca. Scale bars: 
0.5 mm (A–C).

Figure 36. Collecting sites of three new Lilioceris species.
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Figure 37. Collecting sites of five new records of Lilioceris species in China (distributions outside China are not marked 
here because of the lack of precise locality data).

Figures 38–41. Lilioceris medogensis in Tibet (Mêdog), 2021.VI.9 38, 39 adult 40 habitat 41 host plant: Smilax ferox 38 

photographed by HBL 39–41 photographed by YX.
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Figures 46, 47. Lilioceris zayuensis in Tibet (Zayü), 2022.VII.13, photographed by YX 46 adult 47 host plant: Smilax longe-

bracteolata.

Figures 42–45. Lilioceris zhentangensis in Tibet (Dinggyê), 2021.VI.24, photographed by YX 42 adult 43 larva 44 host 
plant: Smilax menispermoidea 45 habitat.

28.49216°N, 85.22383°E / 3219 m, 2023.7.16, Yuyao Qin and Yong Wang coll. 
(IZCAS); 2♀3♂, Cona, 1 km north of Mama township, 27.89875°N, 91.80188°E 
/ 2939 m, 2023.9.2–3, Hongbin Liang coll. (IZCAS).

Diagnosis. Antennae ~ 2/3 as long as body, antennomeres V–X cylindrical. Pro-

notum with distinct posterior transverse impression, pronotal disc smooth. Elytral 
punctures sparse on basal half but absent on apical half. Metasternite smooth.

Redescription. BL = 4.8.0–6.5 mm, BW = 3.0–4.0 mm. Body almost brown-

ish red, only sternum and abdominal sternites I and II black.
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Head (Figs 17, 18). Vertex flat, with shallow groove in middle, punctate and 
pubescent in lateral area; frontoclypeal area triangular, disc with fine punctures 
and sparse pubescence; labrum transverse, with sparse pubescence; antennae 
2/3 length of body, antennomeres I–III nearly globular, antennomeres IV–XI cy-

lindrical, antennomeres V–XI 3 times as long as wide.
Pronotum (Figs 17, 18). Anterior angle protruding; posterior angle not pro-

truding; sides distinctly constricted in middle; posterior transverse impression 
distinct, disc almost smooth; scutellum triangular and smooth.

Elytra (Figs 17, 18). Humeri protruding, humeral groove distinct, basal transverse 
impression indistinct; strial punctures large at base, diminishing posteriorly and 
absent on apical 1/2, intervals smooth; epipleura raised, with row of fine punctures.

Mesosternum pubescent; apical portion of mesosternal process narrow and 
flat, obliquely pointed, not horizontally connected with metasternum. Metaster-
num and metepisternum smooth.

Abdominal sternites. Lateral transverse impressions absent on sternites I–
IV. Sternites I–IV smooth.

Legs. Femora with dense pubescence on dorsal surface, with sparse pubes-

cence on ventral surface. Claws distinctly asymmetrical, outer one longer than 
inner one.

Male genitalia (Fig. 27A–D). Apical foramen occupying 1/5 length of medi-
an lobe (Fig. 27A); apex rounded (Fig. 27B); tegmen Y-shaped, basal piece of 
tegmen triangle and broad, lateral lobes slightly sclerotized and combined with 

Figures 48–51. Lilioceris nepalensis in Tibet (Zhêntang), 2021.VI.24, photographed by YX 48 adult 49 egg 50 host plant: 
Smilax menispermoidea 51 habitat.
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second connecting membrane; internal sac with distinct dorsal, median and 
ventral sclerites, posterior part of dorsal sclerite in dorsal view slightly widen, 
ventral sclerite short and flat, median sclerite distinct (Fig. 27C, D).

Female reproductive organs (Fig. 34A–C). Tergites VIII and IV, sternites VIII 
and IV sclerotized, posterior areas of tergite VIII and sternite VIII with pubes-

cence and apodemes, spiculum gastrale X-shaped and short; ovipositor with 
dense pubescence, distal part of ovipositor cylindrical, short and with protuber-
ance; spermatheca greatly convoluted.

Distribution (Fig. 37). China (Tibet); Nepal; India.
Host plant and habitat (Figs 48–51). The host plant of this species is Smilax 

menispermoidea A. DC. (Smilacaceae) according to our observations in Ding-

gyê. Lilioceris nepalensis was found on its host plant near rivers at altitudes 
of 2400 to 3200 m, sharing the same habitat with L. zhentangensis in Nadang 
village of Zhêntang, Dinggyê.

Remarks. This species is only ~ 5.0 mm long. It shares the following char-
acteristics with L. pulchella, L. semicostata, L. flavipennis and L. adonis (Baly, 
1859) (based on a syntype studied, NHML): antennae length > 1/2 of body 
length, antennomeres IV–X cylindrical, 3 times as long as wide; claws distinctly 
asymmetrical, outer one longer than inner one.

The black spots on the elytra are actually black spots on the exoskeleton 
covering the flight muscles under the elytra. These black muscles can be seen 
clearly when this insect is alive (Fig. 48), but when it is dead, they may be visible 
as spots (Fig. 17) or not (Fig. 18).
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published. The following species are described as new: Protanilla wallacei sp. nov., Lep-
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Key words: Morphology, phylogenetics, subterranean biology, taxonomy
Academic editor: Jeffrey Sosa-Calvo 

Received: 6 June 2023 

Accepted: 6 September 2023 

Published: 16 January 2024

ZooBank: https://zoobank.org/

FF5E2B39-43DB-497E-B546-

587BD91F794B

Citation: Griebenow Z (2024) 

Systematic revision of the ant 

subfamily Leptanillinae (Hymenoptera, 

Formicidae). ZooKeys 1189: 

83–184. https://doi.org/10.3897/

zookeys.1189.107506

ZooKeys 1189: 83–184 (2024)  

DOI: 10.3897/zookeys.1189.107506



84ZooKeys 1189: 83–184 (2024), DOI: 10.3897/zookeys.1189.107506

Zachary Griebenow: Systematic revision of the Leptanillinae

Table of contents

Introduction ..........................................................................................................85
Materials and methods ........................................................................................86

Measurements .................................................................................................88

Indices ..............................................................................................................88

Nomenclature ..................................................................................................89

Species concept ..............................................................................................90
Results ..................................................................................................................91

Protanilla wallacei sp. nov.  .........................................................................91

Leptanilla belantan sp. nov.  ........................................................................95
Leptanilla acherontia sp. nov. .....................................................................99

Leptanilla bethyloides sp. nov.  .................................................................102
Leptanilla najaphalla sp. nov.  ...................................................................106

Revised diagnosis and generic classification of Leptanillinae ...................111

Leptanillinae Emery, 1910 ...........................................................................111

Opamyrmini Boudinot & Griebenow, tribe nov.  .......................................114
Opamyrma Yamane, Bui & Eguchi, 2008 ..............................................115

Leptanillini Emery, 1870 ............................................................................116
Protanilla Taylor in Bolton, 1990b .........................................................117

Protanilla rafflesi species group .......................................................121
Protanilla bicolor species group .......................................................124
Protanilla taylori species group ........................................................125
Incertae sedis....................................................................................127

Leptanilla Emery ....................................................................................128
Leptanilla thai species group ...........................................................132
Leptanilla havilandi species group ...................................................136
Leptanilla bethyloides species group ...............................................138
Leptanilla najaphalla species group .................................................140
Leptanilla revelierii species group ....................................................142
Incertae sedis....................................................................................146
Unplaced to species group...............................................................147

Worker-based keys to the Leptanillinae .......................................................148
Worker-based key to the Protanilla taylori species group ...........................150
Worker-based key to the Protanilla bicolor species group ..........................150
Worker-based key to the Protanilla rafflesi species group ..........................150
Worker-based key to the Leptanilla thai species group and Leptanilla havilandi 

species group.................................................................................................152
Worker-based key to the Leptanilla revelierii species group .......................152
Male-based key to the major subclades of the Leptanillinae .....................155
Male-based species-level key to the Protanilla rafflesi species group .......161
Male-based species-level key to the Leptanilla thai species group ............162
Male-based species-level key to the Leptanilla najaphalla species group .....167
Male-based species-level key to the Leptanilla havilandi species group .......169
Male-based species-level key to the Leptanilla bethyloides species group ....171
Male-based species-level key to the Leptanilla revelierii species group ......171

Discussion ..........................................................................................................174
Taxonomic history .........................................................................................174
Biogeography and ecology ............................................................................176



85ZooKeys 1189: 83–184 (2024), DOI: 10.3897/zookeys.1189.107506

Zachary Griebenow: Systematic revision of the Leptanillinae

Acknowledgements ...........................................................................................177
Additional information .......................................................................................177
References ..........................................................................................................178
Supplementary material 1 .................................................................................184

Introduction

The subfamily Leptanillinae (Hymenoptera: Formicidae), sometimes called le-

gionary vampire ants (Ward and Boudinot 2021), consists of cryptic, hypogae-

ic ants largely restricted to tropical and warm temperate regions of the Old 
World, although Protanilla beijingensis Man, Ran, Chen & Xu, 2017 and Leptanil-

la taiwanensis Ogata, Terayama & Masuko, 1995 have been collected in a cold 
temperate climate. Most of their diversity is concentrated in the Indo-Malayan 
region. While the affinities of the Leptanillinae to other ants have historically 
been controversial, phylogenetic inference from molecular data that corrects 
for compositional heterogeneity in nucleotides supports the monotypic Neo-

tropical genus Martialis Rabeling & Verhaagh as the sister group of the Lept-
anillinae, with this clade collectively being sister to all other extant Formicidae 
(Borowiec et al. 2019; Romiguier et al. 2022).

The internal taxonomy of the Leptanillinae has been afflicted with probable 
parallelism, since males are collected more often than workers or gynes: both 
genus- and species group names were established based solely upon male 
specimens. The sexes are only directly associated in L. japonica Baroni Urba-

ni, 1977 (Ogata et al. 1995) and Opamyrma hungvuong Yamane, Bui & Eguchi, 
2008 (Yamada et al. 2020), while Griebenow (2020) associated the sexes of 
Protanilla lini Terayama, 2009 with phylogenomic inference. The genera Scy-

phodon Brues, Noonilla Petersen, and Yavnella Kugler were all described solely 
from male material, with the worker of Yavnella being identified ex post facto 
by phylogenomic inference (Griebenow et al. 2022). Total-evidence Bayesian 
inference recovered the male-based genus Phaulomyrma Wheeler & Wheeler 
within Leptanilla s. str. (Griebenow 2021), resulting in its synonymy under Lep-

tanilla, with Griebenow (2020, 2021) delimiting Leptanilla s. l. to also include 
Noonilla and Scyphodon, with two major clades of Leptanilla s. l. known only 
from undescribed male morphospecies. The boundaries of Leptanilla relative 
to the three male-based genera must therefore be formally revised. Generic 
boundaries in the former Anomalomyrmini require revision as well, with phylo-

genetic inference consistently recovering Protanilla as paraphyletic relative to 
Anomalomyrma irrespective of dataset or statistical framework (e.g., Borowiec 
et al. 2019; pers. obs.).

Colonies of Protanilla jongi Hsu, Hsu, Hsiao & Lin, 2017 and Leptanilla belan-

tan sp. nov. were collected in decaying wood (Hsu et al. 2017; this study), and 
foraging workers of Protanilla lini Terayama, 2009 in Sea, Land and Air Malaise 
(SLAM) traps (Griebenow 2020), but leptanilline workers are otherwise exclu-

sively subterranean. Based on limited observations of live colonies, it appears 
that leptanilline ants are specialized predators of geophilomorph centipedes or 
forcepstails (Diplura: Japygidae) (Masuko 1990; Hsu et al. 2017; Ito et al. 2022), 
with P. lini feeding on other prey (e.g., lithobiomorph centipedes, cockroaches) 
in captivity (Katayama and Tsuji 2011; Yamamuro 2018). Leptanilla display as-
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pects of the “army ant syndrome” commonly associated with Dorylus, Eciton, 

and related lineages in the subfamily Dorylinae: Leptanilla japonica Baroni Ur-
bani, 1977 and Leptanilla clypeata Yamane & Ito, 2001 engage in synchronized 
brood production (Masuko 1990; Ito and Yamane 2020) and regular colony mi-
gration, with the physogastry reported in Leptanilla charonea Barandica, López, 
Martínez & Ortuño, 1994 and Leptanilla zaballosi Barandica, López, Martínez & 
Ortuño, 1994, indicating synchronized brood production in at least those spe-

cies as well (López et al. 1994). Gynes of Leptanilla are always wingless and 
blind. It is unclear whether Protanilla (the only other leptanilline genus for which 
any bionomic data are available) display legionary behavior, but the alate con-

dition of Protanilla gynes (except for Protanilla wallacei sp. nov.; see Billen et 
al. 2013; Ito et al. 2022) contradict this assumption. Intracolonial uniformity of 
larval instar in Protanilla gengma Xu, 2012 (pers. obs.) indicates synchronized 
brood production in at least that species. Gynes of L. japonica and L. clypeata, 

and the worker of L. clypeata, engage in larval hemolymph feeding (LHF) via a 
specialized “larval hemolymph tap” (Masuko 1989) that acts as an exudatori-
um (Wheeler 1918), facilitating non-traumatic LHF (Masuko 1989; Ito and Ya-

mane 2020); such an exudatorium is otherwise known in ants only in Procera-

tium itoi (Forel, 1918) (Proceratiinae) (Masuko 2019). Larvae of Leptanilla bear 
a prothoracic process (Wheeler 1918; Kugler 1987; Wheeler and Wheeler 1988; 
Barandica et al. 1994) that is used as a grip by workers during colony migration 
(Masuko 1990). The larvae of P. jongi examined in this study lack this process.

With the internal phylogeny of the tribe Leptanillini confidently resolved by a 
combination of total-evidence and phylogenomic approaches (pers. obs.), in-

cluding the identification of workers of Yavnella and Scyphodon s. l., worker and 
male morphology can be contextualized on this robust phylogeny. Therefore, 
the time is ripe for revision of the Leptanillinae at the genus level. What follows 
is a systematic revision of the subfamily to establish reciprocally monophyletic 
and consistently diagnosable genera and species groups. Protanilla wallacei 

sp. nov., Leptanilla acherontia sp. nov., and Leptanilla belantan sp. nov. are de-

scribed based upon worker specimens. To provide a formal name for the Bor-
nean morphospecies group of Leptanilla s. l. (Griebenow 2020, 2021), known 
only from bizarre males, Leptanilla najaphalla sp. nov. is described based solely 
upon male specimens. Likewise, to establish a formal name for the Indochi-
nese morphospecies group (Griebenow et al. in press), Leptanilla bethyloides 

sp. nov. is described based on male specimens. The first global worker-based 
keys to all species of the Leptanillinae are also provided, with male-based spe-

cies-level keys.

Materials and methods

Specimens were imaged using the same equipment as reported in Griebenow 
(2020, 2021) and Griebenow et al. (2022), with the addition of a VHX-970F digital 
microscope (Keyence, Osaka, Japan). Accession numbers and a subset of collec-

tion data for all specimens consulted in this study not previously included in Grie-

benow (2020, 2021) or Griebenow et al. (2022) are provided in Suppl. material 1:

BPBM Bernice P. Bishop Museum, Honolulu, USA;
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CAS California Academy of Sciences, San Francisco, USA;
CSCA California State Collection of Arthropods, Sacramento, USA;
HKUBM Biodiversity Museum, University of Hong Kong, China;
JAZM Jalal Afshar Zoological Museum, Department of Plant Protection, 

College of Agriculture and Natural Resources, University of Tehran, 
Karaj, Iran;

LACM Los Angeles County Museum of Natural History, Los Angeles, USA;
MCZC Museum of Comparative Zoology, Cambridge, USA;
MHNG Muséum d’Histoire Naturelle, Geneva, Switzerland;
MZLS Museé Zoologique, Lausanne, Switzerland;
MZLU Lund University, Lund, Sweden;
NCUE National Changhua University of Education, Changhua, Taiwan;
OIST Okinawa Institute of Science and Technology, Onna-son, Japan;
ROME Royal Ontario Museum, Toronto, Canada;
UCDC R. M. Bohart Museum of Entomology, University of California, Davis, 

USA;
ZMHB Museum für Naturkunde der Humboldt-Universität, Berlin, Germany;
TAU Tel Aviv University, Tel Aviv, Israel;
ZMUI Zoological Museum, University of Isfahan, Isfahan, Iran.

I also consulted the personal collections of José María Gómez-Durán, John 
T. Longino, and Philip Ward. Discrepancy in provisional morphospecies identifi-

ers with those used in previous studies is resolved by Table 1.

Table 1. Concordance of morphospecies identifiers used in this study that conflict with 
Griebenow (2020, 2021), Griebenow et al. (2022), and Griebenow et al. (in press).

Current identifier Previous identifier

Leptanilla MM01 Yavnella MM01

Leptanilla TH02 Yavnella TH02

Leptanilla TH03 Yavnella TH03

Leptanilla TH04 Yavnella TH04

Leptanilla TH06 Yavnella TH06

Leptanilla TH07 Leptanilla TH07

Leptanilla TH08 Yavnella TH08

Leptanilla zhg-bt03 Yavnella zhg-bt01

Leptanilla zhg-mm14 Yavnella indet.

Leptanilla najaphalla Leptanilla zhg-my02

Leptanilla zhg-my10 Noonilla zhg-my01

Leptanilla zhg-my11 Noonilla zhg-my02

Leptanilla zhg-my14 Noonilla zhg-my06

Leptanilla zhg-my16 Yavnella zhg-my02

Leptanilla zhg-th02 Yavnella zhg-th01

Leptanilla zhg-th04 Yavnella zhg-th03

Leptanilla zhg-th05 Yavnella zhg-th04

Protanilla gengma Protanilla VN01

Protanilla id01 Anomalomyrma indet.
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Measurements

Definitions pertain to all adult forms unless otherwise noted.

HW Head Width, maximum width of cranium in full-face view, including 
compound eyes if present;

HL Head Length, maximum length of head in full-face view from anterior 
margin of head capsule to cranial vertex;

EW Eye Width, maximum breadth of compound eye measured perpendicu-

lar to anteroposterior axis of head (male);
EL Eye Length, maximum length of compound eye measured parallel to 

anteroposterior axis of head (male);
SL Scape Length, maximum length of scape in medial view, excluding bulbus;
LF2 Third Antennomere Length, length of the basal flagellomere;
ML Mandible Length, maximum length of mandible from view orthogonal 

to lateral mandibular margin, measured from ventral mandibular articu-

lation to mandibular apex;
MaL Mandalar Length, maximum length of mandalus, measured along prox-

imodistal axis of mandible;
WL Weber’s Length, maximum diagonal distance measured from most an-

terior extent of pronotum excluding (female) or including (male) cervi-
cal shield to most posteroventral extremity of the mesosoma, including 
propodeal lobes if present;

PrW Pronotal width, maximum width of pronotum, measured in dorsal view;
MW Mesonotal width, maximum width of mesonotum in dorsal view, mea-

sured immediately anterior to mesocoxal foramina;
MSW Mesoscutal width, maximum width of mesoscutum in dorsal view 

(male);
MSL Mesoscutal length, maximum length of mesoscutum in dorsal view 

(male);
PTL Petiolar length, maximum length of petiole in dorsal view, not including 

presclerites;
PTH Petiolar height, maximum height of petiole in profile view, including 

sternal process and dorsal node, if distinct;
PTW Petiolar width, maximum width of petiole in dorsal view orthogonal an-

teroposterior axis;
PPL Postpetiolar length, maximum length of postpetiole in dorsal view, not 

including presclerites;
PPW Postpetiolar width, maximum width of postpetiole in dorsal view;
PPH Postpetiolar height, maximum height of postpetiole in profile view, in-

cluding sternal process and dorsal node, if distinct;
TW4 Width of abdominal tergite IV, maximum width of abdominal tergite IV 

measured in dorsal view.

Indices

CI (HW / HL) × 100;
SI (SL / HW) × 100;
MI (ML / HW) × 100;
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OI (EW / EL) × 100;
MSI (MSW / MSL) × 100;
PI (PTW / PTL) × 100;
PPI (PPW / PPL) × 100;
TI1 (PPW / TW4) × 100.

Nomenclature

Nomenclature for sculpture and setation combines Harris (1979), Wilson 
(1955), and Boudinot et al. (2020). Notational conventions for palp and tibial 
spur formulae follow Bolton (2003). Cephalic nomenclature follows Richter et 
al. (2021) and Boudinot et al. (2021). Mesosomal nomenclature follows Liu et 
al. (2019); metasomal, Lieberman et al. (2022). Male genital nomenclature fol-
lows Boudinot (2018). Descriptive terms for larval morphology follow Wheeler 
and Wheeler (1986, 1976). Wing venation is described using Brown and Nut-
ting (1949) and Ogata (1991), with interpretation of homologies in male wing 
venation following Boudinot (2015) in some ambiguous cases observed in 
Leptanilla. Any morphological terms unaddressed in these publications follow 
the Hymenoptera Anatomy Ontology (Yoder et al. 2010). Glossaries of exter-

Figure 1. Glossary of morphological terms used to describe the worker soma in the Leptanillinae, with Protanilla beijin-

gensis as template A profile habitus B full-face view. Abbreviations: A = abdominal segment; bas = basal mandibular mar-
gin; bul = bulla; cha = chaetae; cly = clypeus; cra = cranium; crv = cervical shield; den = denticle; dma = dorsal mandibular 
articulation; dpn = petiolar node; eps = epistomal sulcus; fen = fenestra; fla = flagellum; lab = labrum; llg = laterodorsal 
longitudinal groove; mas = masticatory mandibular margin; mcr = median clypeal ridge; mdb = mandible; mes = meso-

thorax; mmt = meso-metapleural suture; mnd = mandalus; mpl = mesopleuron; mtr = metapleural trench; occ = occipital 
carina; ocp = occiput; ped = pedicel; pes = presternite; pos = poststernite; ppn = postpetiolar node; prn = pronotum; prp = 
propodeum; psp = propodeal spiracle; S = sternite; sca = scape; spp = subpetiolar process; sub = subapical mandibular 
seta; sup = sub-post-petiolar process; T = tergite; tor = torulus.

A

B
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nal morphological terms for worker and male Leptanillinae are summarized in 
Figs 1–3. In instances where the homology of the terminal abdominal sternite 
is ambiguous, this sternite is termed a hypopygium.

Species concept

I here follow Barraclough (2019) in treating a species as an evolutionarily inde-

pendent population of organisms that is genetically and phenotypically distinct 
from other such populations (Simpson 1961). In sexually reproducing organ-

isms, such as the Leptanillinae (so far as is known), reproductive isolation suf-
ficient to maintain interspecific distinctiveness—in other words, the absence of 

Figure 2. Glossary of morphological terms used to describe male morphology in the Leptanillinae. Figure A, B is chime-

ric, but Protanilla zhg-vn01 is the template for Fig. 2C, D A profile habitus B mesosomal dorsum C genitalia, profile view 
D genitalia, ventral view. Abbreviations: A = abdominal segment; aas = antero-admedian signum; all = apicolateral gono-

coxital lamina; axi = axilla; cup = cupula; dpn = petiolar node; fla = flagellum; gcx = gonocoxites; gec = genital capsule; 
gen = gena; gps = gonopodital suture; ltp = lateropenite (=digitus); mdb = mandible; mel = mesoscutellum; met = metas-

cutellum; mnd = mandalus; msn = mesonotum; mul = mulceators; not = notauli; oce = ocelli; oms = oblique mesopleural 
sulcus; par = parapsidal signa; ped = pedicel; pen = penial sclerites; pes = presternite; pet = petiole; prn = pronotum; prp 
= propodeum; prs = parossiculus (= cuspis partim); S = sternite; sca = scape; spp = subpetiolar process; stl = gonostylus; 
T = tergite; teg = tegula; tss = transscutal line; umt = upper metapleuron; vol = volsella.

A

B

C

D
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genotypic and phenotypic intermediates—is an expected property of species. 
Mechanically incompatible genitalia are an expected corollary of reproductive 
isolation, and thus would indicate interspecific differentiation, but may only be 
asserted to be so for sibling populations that occur in sympatry and exhibit 
consistent phenotypic differentiation. The degree of differentiation between 
such species serves as a “yardstick” by which to assess whether allopatric 
populations diverge sufficiently in phenotype to be considered heterospecif-
ic (Tobias et al. 2010; Ward and Branstetter 2022). Scenarios that allow this 
calibration of phenotypic difference are fulfilled thrice among the leptanilline 
morphospecies for which UCEs have been successfully enriched: one instance 
being Leptanilla najaphalla sp. nov. and Leptanilla zhg-my05 (Sabah, Malay-

sia); another, Leptanilla charonea and Leptanilla cf. zaballosi (Madrid, Spain); 
and the last, Leptanilla zhg-bt01 and -02 (Bhutan). In all cases the two putative 
sympatric species are recovered as closely related terminals by phylogenomic 
inference (Griebenow 2020, 2021; Griebenow et al. 2022), and males of each 
species pair exhibit a phenotype uniformly distinguishable across all available 
specimens by the proportions of the genitalia. Variation among the syntopic 
specimen series assigned to these morphotypes is bimodal, with the excep-

tions to this bimodality not constituting intermediates. Thus, there is no indi-
cation that any differentiation in genital shape among these sympatric species 
can be considered intraspecific.

Results

Protanilla wallacei sp. nov.

https://zoobank.org/6AC428A6-E31D-412A-93E4-9E0BCF7B716E
Fig. 4A–C

Type material. Holotype. Malaysia – Sarawak • 1 worker; Gunung Mulu Na-

tional Park, 4th division; 4.09°N, 114.89°E (estimated from Google Earth to 
nearest minute); May–Aug. 1978, P. M. Hammond and J. E. Marshall leg.; 
CASENT0902782; BM1978–49, BMNH(E) 1015826. BMNH. Paratype. Ma-

laysia – Sabah • 1 worker; Gunung Silam, Lahad Datu; 4.96°N, 118.17°E (esti-
mated from Google Earth to nearest minute); 630m a.s.l.; 1983; R. Leakey leg; 
CASENT0842699; UCDC.

Other material examined. Malaysia – Sabah • 1 worker; 8km S Sapulut, 
4.62844°N, 116.47175°E; 325m a.s.l.; 31.vii.2014; P. S. Ward leg.; sifted litter 
(leaf mold, rotten wood), rainforest; CASENT0842640; PSW17199–01. UCDC.

Measurements (mm) and indices. Holotype: N/A Paratype: HL = 0.42; HW 
= 0.33; SL = 0.22; PW = 0.27; WL = 0.68; PTL = 0.2; PTW = 0.19; PPTL = 0.19; 
PPTW = 0.2; CI = 79; SI = 106; PI = 98; PPI = 113. Other material examined (n 

= 2): HL = 0.43–0.46; HW = 0.35–0.36; SL = 0.33–0.39; ML = 0.21–0.24; PW = 
0.26–0.29; WL = 0.64–0.72; PTL = 0.19–0.21; PTW = 0.2; PPTL = 0.19–0.21; 
PPTW = 0.2–0.23; CI = 78–80; SI = 97–102; PI = 93–101; PPI = 105–108

Description. Lateral cranial margins converging anteriorly; cranium not bulg-

ing towards vertex. Genal angle laterad antennal toruli obtuse. Outline of cly-

peus campaniform in full-face view, laterally elevated above cranium, posteri-
orly not elevated above frons; clypeal surface planar; anterior clypeal margin 
slightly emarginate, posteromedian clypeal margin emarginate; median clypeal 
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Figure 3. Glossary of leg nomenclature used for the Formicidae, with the male foreleg 
of Leptanilla zhg-my11 (CASENT0842593) as template. Abbreviations: bts = basitarsus; 
cal = calcar; cox = coxa; fem = femur; tar = tarsus; tib = tibia; tro = trochanter. Scale 
bar: 0.2 mm.

ridge present on mesal surface of clypeus, externally visible. Labrum visible in 
full-face view; anterodorsal apex of labrum armed with three or four dentiform, 
peg-like chaetae; venter with vestiture of suberect lanose setae. Mandibles 
elongate relative to head (CI = 79–80), linear, apex curved downward distally; 
vertical dorsal lamella absent; laterodorsal longitudinal groove present; dorso-

medial margin of mandible with single row of ~ 12 dentiform, peg-like chaetae; 
lateral mandibular face glabrous. Labial palp 1-merous. Anterior tentorial pits 
faint, situated anterad the toruli, not visible in full-face view. Postgenal ridge 
complete. Scape long (SL 0.34–0.39 mm), reaching slightly beyond occipital 
margin when antennae retracted. Flagellum submoniliform; apical flagellomere 
3× longer than broad. Pronotum broader than mesonotum in dorsal view, with 
lateral margins convex. Mesonotum narrow, with lateral margins parallel in dor-
sal view. Meso-metapleural suture narrow laterally, broader along dorsal sur-
face; scrobiculate, with transverse ridges larger and more widely spaced along 
dorsal surface of meso-metapleural suture; posteriorly distinct from metapleu-

ral trench. Maximum breadth of metapectal-propodeal complex greater than 
that of mesonotum in dorsal view, slightly narrowed anteriorly, posterior out-
line convex in profile view. Bulla large, extending anterior to propodeal spiracle. 
Propodeum rounded in profile view. Tarsomeres longer than broad. Meso- and 
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Figure 4. Protanilla wallacei, holotype (CASENT0902782; Ziv Lieberman), worker A pro-

file view B dorsal view C full-face view. Scale bars: 0.2 mm (A, B); 0.1 mm (C).

A

B

C
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metatibial spur formula 0,1p. Petiole sessile. Abdominal segments II and III 
without tergotergal and sternosternal fusion. Abdominal segment II slightly lon-

ger than wide in dorsal view (PI 94–99), with distinct dorsal node, in profile view 
anterior and posterior faces subequal in height; anterior face of petiolar node 
linear in profile view. Subpetiolar process present, abdominal sternite II with 
concavity posterior to subpetiolar process so that margin of abdominal sternite 
II is sinuate in profile view; fenestra present, elliptical, anteroposteriorly com-

pressed. Lengths of abdominal segments II–III subequal. Abdominal sternite II 
projecting no further than abdominal sternite III towards venter. Abdominal seg-

ment III slightly broader than long in dorsal view (PPI = 105–113), with distinct 
dorsal node; in profile view, anterior face of dorsal node abruptly vertical and 
bulging, posterior face gently sloping. Post-petiole with distinct tergosternal 
suture. Abdominal segments III–IV separated by pronounced constriction, with 
presclerites of abdominal segment IV distinct; pretergite IV planar in profile 
view, shorter than presternite IV; presternite IV slightly convex in profile view; 
cinctus of abdominal segment IV scrobiculate. Anterior margin of abdominal 
post-tergite IV shallowly emarginate in dorsal view. Outline of postpetiolar node 
trapezoidal in dorsal view, corners rounded, slightly narrowed anteriorly. Soma 
concolorous, color castaneous. Vestiture of suberect to erect setae present; 
length of setae variable.

Etymology. Named for Alfred Russel Wallace, commonly thought to be the 
progenitor of the discipline of biogeography and still well-regarded for his study 
of the biota of the Malay Archipelago, where this ant is native. The specific epi-
thet is masculine, in genitive case.

Remarks. The worker caste of P. wallacei is extremely close to that of P. lini 
but differs in overall smaller size and the shallowness of the postpetiolar node, 
with the posterior declivity of the postpetiolar node being gradual (Fig. 5B) rath-

er than abrupt (Fig. 5A). PPI tends to be greater in P. wallacei (x_ = 109) than in 
P. lini (x_ = 100) but cannot be consistently used to discriminate the two. Inter-
estingly, all known gynes of P. wallacei are ergatoid (Billen et al. 2013; Ito et al. 
2022), whereas those of P. lini are alate (Hsu et al. 2017).

Protanilla wallacei appeared as a nomen nudum in Hölldobler and Wilson 
(1990), with the name purportedly being under description by Robert W. Tay-

lor based upon material from Sabah. Such a description has not appeared. 
CASENT0842699 was identified as P. wallacei by Barry Bolton with reference 
to “type” material under description by Taylor, which, based on a paratype label 
assigned by Taylor, included CASENT0902782. Billen et al. (2013) described 
the glandular complement of specimens from peninsular Malaysia that was 
attributed to this nomen nudum by Taylor, while Ito et al. (2022) reported on the 
behavioral observations of specimens from that same series, referring to this 
species as Protanilla sp. Protanilla wallacei is here made an available name, 
described based upon worker specimens from Sabah. Judging from Billen et 
al. (2013: fig. 5E), the series referred to in that study and in Ito et al. (2022) con-

forms to the diagnosis of P. wallacei here given. The unidentified Protanilla that 
was the sole representative of the Leptanillinae in the phylogenomic analyses 
of Branstetter et al. (2017) (CASENT0634862) is here identified as P. wallacei. 

Protanilla wallacei shows intraspecific variation in labral chaeta count, which 
is also observed in putatively conspecific allopatric specimens of P. gengma 

(Aswaj et al. 2020; pers. obs.) and P. beijingensis (this study).
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Protanilla wallacei and P. lini are recovered as sister taxa in phylogenomic 
inference sampling from across the geographical range of the latter species 
(pers. obs.). Protanilla lini ranges across Taiwan and the Ryukyu Islands, while 
the P. wallacei specimens examined in this study originate in the Sundan region. 
This allows for the possibility that these putative species are populations from 
extreme ends of a contiguous swath of metapopulations extending throughout 
southeast Asia. Further sampling in mainland southeast Asia may reciprocally 
efface the morphometric distinction between these species, and with the other 
members of the Protanilla lini species complex.

Leptanilla belantan sp. nov.

https://zoobank.org/3EB67585-11A5-418D-B30D-38A9440C92B3
Figs 6A–C, 7, 8A–C

Type material. Holotype. Malaysia – Selangor • 1 worker; Genting Highlands, 
below Sri Layan; 1.iv.1981; W. L. Brown leg.; hill forest, red-rotten wood; 
MCZ:Ent:00728278. MCZC Paratypes. Malaysia – Selangor • 1 gyne; same 
data as for holotype; MCZ:Ent:00728275; MCZC • 3 worker, same data as 
for holotype; MCZ:Ent:00728276, MCZ:Ent:00728277, MCZ:Ent:00793731; 
MCZC • 2 worker, same data as for holotype; MCZ:Ent:00793729, 
MCZ:Ent:00793730; UCDC.

Measurements (mm) and indices, worker. Holotype: HW = 0.34; HL = 0.44; 
SL = 0.28; LF2 = 0.05; ML = 0.2; WL = 0.56; PrW = 0.22; MW = 0.148; PTL = 0.14; 
PTH = 0.13; PTW = 0.08; PPL = 0.11; PPW = 0.10; PPH = 0.16; TW4 = 0.29; CI 
= 77; SI = 82.38; MI = 58; PI = 59; PPI = 91; TI1 = 33. Paratypes (n = 5): HW = 
0.33–0.35; HL = 0.42–0.45; SL = 0.24–0.28; ML = 0.18–0.21; WL = 0.54–0.57; 
PrW = 0.224 –0.23; MW = 0.15–0.16; PTL = 0.14–0.16; PTH = 0.11–0.13; PTW = 
0.08–0.09; PPL = 0.10–0.11; PPW = 0.09–0.10; PPH = 0.15–0.16; TW4 = 0.29–
0.31; CI = 75–77; SI = 74–82; MI = 52–60; PI = 55–59; PPI = 89–98; TI1 = 32–35

Figure 5. Worker petiole of Protanilla lini (a) and Protanilla wallacei sp. nov. (b), profile 
view. Abbreviation: dpn = petiolar node.

A B
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Measurements (mm) and indices, gyne. HW = 0.47; HL = 0.56; SL = 0.29; LF2 
= 0.06; ML = 0.20; PrW = 0.30; MW = 0.31; PTL = 0.30; PTH = 0.21; PTW = 0.22; 
CI = 84; SI = 61; MI = 43; PI = 72

Figure 6. Leptanilla belantan, holotype (MCZ:Ent:00728278), worker A profile view B dor-

sal view C full-face view. Scale bars: 0.2 mm.

A

B

C
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Worker. Lateral margins of cranium slightly convex. Occipital carina distinct. 
Frontoclypeal process present, delimited from cranium by lateral carinae, with 
posteromedian delimitation from cranium, projecting well anterior of labrum 
in full-face view; apex robust, broad in outline, emarginate, bordered by lami-
nae. Mandible short relative to head. Four teeth present on mandible; two teeth 
proximad apical tooth acute, subequal in size, with two denticles interposed; 
most proximal tooth large, distally recurved, blunt, enlarged apically (Fig. 7). 
Large, tapering basal seta absent from mandible; subapical tapering seta pres-

ent (Fig. 7). Maxillary palp 2-merous. Scape short, not reaching cranial vertex 
at rest, somewhat expanded towards apex. Pedicel length subequal to that 
of basal flagellomere. Flagellum submoniliform; antennomere 3 subequal in 
length to distal antennomeres; apical flagellomere 2× longer than subapical 
flagellomere. In dorsal view, pronotal margins strongly convex, pronotal width 
distinctly greater than mesonotal width. Pronotal dorsum moderately convex, 
slightly elevated above dorsal mesonotal vertex. Lateral margins of mesono-

tum and metapectal-propodeal complex subparallel in dorsal view; mesonotum 
not constricted anteriorly. Meso-metapleural suture entirely absent; fusion of 
mesonotum with propodeum marked by shallow excavation. Propodeum angu-

lar in profile view; propodeal declivity slanted; posterolateral corners rounded. 
Tarsomeres longer than broad. Meso- and metatibial spur formula 2b,2(1s,1p). 
Anterior margin of petiole linear in dorsal view. Abdominal segment II longer 
than wide, with distinct dorsal node; margins parallel in dorsal view; margin of 
abdominal sternite II linear in profile view, angled ventrally anteriorly; subpetio-

lar process present, not lamellate, anterior face concave in profile view. Length 
of abdominal segment II distinctly greater than that of III. Abdominal segment 
III longer than wide in dorsal view. Breadth of abdominal segment III less than 
half the breadth of abdominal segment IV in dorsal view (TI1 = 30–33). Antero-

posterior length of abdominal tergite IV greater than that of V–VIII combined. 
Respective anteroposterior lengths of abdominal segments V–VII subequal. 
Coloration brown.

Gyne. As for genus. Mandible with distinct basal and masticatory margins, 
edentate, not demarcated by a distinct subapical incisor; masticatory margin 
longer than basal margin. In dorsal view, breadth of mesonotum less than 
that of pronotum or metanotal-propodeal complex. Petiole longer than broad 
in dorsal view (PI = 0.719), constricted anteriorly along both transverse and 
dorsoventral axes; subpetiolar process absent. Dorsal node situated towards 
posterior of petiole. Abdominal segment III axial relative to posterad abdomi-
nal segments. Postsclerites of abdominal segments III–VII subequal in length. 
Vestiture consisting of short subdecumbent to suberect setae, longer and more 
abundant on gaster than on remainder of soma.

Etymology. “Belantan” is Malay for a club-like weapon, in reference to the 
shape of the proximal tooth of the worker mandible, the apical expansion of 
which is unique in mandibular teeth observed in Leptanilla. The specific epithet 
is a noun in apposition and therefore invariant.

Remarks. The worker of Leptanilla belantan is closest to that of Leptanilla 

judaica Kugler, 1987 and Leptanilla ujjalai Saroj, Mandi & Dubey, 2022 in ap-

pearance. Like L. ujjalai, L. belantan possesses an enlarged, truncate proximal 
tooth on the mandible, which in the latter species is bent distally; L. belantan 
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Figure 7. Mandible of Leptanilla belantan (MCZ:Ent:00728277), dorsal view, work-

er. Abbreviations: sub = subapical mandibular seta; bth = most proximal tooth. Scale 
bar: 0.1 mm.

differs from L. ujjalai in not having a serrated subpetiolar process and in the 
apex of the frontoclypeal process being emarginate, rather than entire. Casta-

neous coloration and lack of a meso-metapleural furrow set L. belantan apart 

from L. judaica. The gyne habitus of L. belantan is nearest to Leptanilla escheri 

(Kutter, 1948), differing in the elongation of the masticatory margin and the 
complete absence of ommatidia.

It is quite possible that the specimens identified as L. escheri and men-

tioned by Hölldobler et al. (1989) in fact belong to this species, since these 
also originated in peninsular Malaysia, although this speculation is unprovable 
because the repository of those specimens was not reported. It is also possible 
but unconfirmable that the undescribed Leptanilla species portrayed in Bolton 
(1990b: figs 8–11) corresponds to L. belantan. As with L. escheri, the placement 
of L. belantan in the Leptanilla thai species group must be regarded with some 
caution until this hypothesis can be tested with phylogenomic inference. It is 
conceivable that L. belantan instead belongs to the Leptanilla havilandi species 

group, since the worker caste of the two clades are at times distinguishable 
only by phenetic minutiae such as sculpturation. Unlike its putative close rel-
atives within the Leptanilla thai species group, L. belantan exists in parapatry 
with the Leptanilla havilandi species group, allowing for the possibility that this 
species belongs to the latter clade.

The mandible of the gyne of L. belantan differs from the falcate facies 
observed in all other Leptanilla gynes, with the masticatory margin being lon-

ger than the basal margin. The gyne mandible in L. belantan therefore con-

verges with the synapomorphic condition of the Poneroformicines (Richter 
et al. 2022).
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Leptanilla acherontia sp. nov.

https://zoobank.org/497DDEFF-A7AA-4AFE-9C29-E7F29D2F43F2
Figs 9A–C, 10

Type material. Holotype. Kenya – Kakamega • 1 worker; Kakamega Forest, 
Isecheno; 00.24°N, 34.85°E; 6 Nov. 2002; 1550m a.s.l.; W. Okeka leg.; equa-

torial rainforest, sifted litter in soil under Morus mesozygia; CASENT0842720; 
UCDC Paratype. Kenya – Kakamega • 1 worker; same data as for holotype; 
CASENT0178284; LACM.

Other material examined. Kenya – Kakamega • 1 worker; same data as for 
holotype; CASENT0842721; UCDC.

Figure 8. Gyne of Leptanilla belantan (MCZ:Ent:00728275) A profile view B dorsal view 
C full-face view. Scale bars: 0.5 mm (A, B); 0.2 mm (C).

A

B

C
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Measurements (mm) and indices. Holotype: HW = 0.22; HL = 0.29; ML = 
0.11; SL = 0.13; WL = N/A; PrW = 0.139; MW = 0.12; PTL = 0.11; PTH = N/A; PTW 
= 0.10; PPW = 0.11; TW4 = 0.21; CI = 75; SI = 62; MI = 52; PPI = 128.09; TI1 = 
54.81. Other material examined: HW = 0.21; HL = 0.28; ML = 0.11; SL = 0.12; WL 
= 0.37; PrW = 0.13; MW = 0.11; PTL = 0.10; PTW = 0.09; PPL = 0.09; PPW = 0.10; 
TW4 = 0.20; CI = 75; SI = 58; MI = 55; PPI = 113; TI1 = 47.

Description. Lateral margins of cranium subparallel. Occipital carina indis-

tinct. Frontoclypeal process absent; frontoclypeal margin with median portion 
slightly raised, entire. Mandibles short relative to head. Three teeth present on 
mandible; apical and subapical teeth entire, intermediate tooth shallowly bifid 
(Fig. 10); irregular denticles interposed between all three teeth. Large, taper-
ing basal seta absent from mandible; subapical tapering seta present. Scape 
short, not reaching cranial vertex at rest, somewhat expanded towards apex. 
Pedicel length distinctly greater than that of basal flagellomere. Flagellum sub-

moniliform; length of basal flagellomere distinctly less than that of distal anten-

nomeres; apical flagellomere 2× longer than subapical flagellomere. In dorsal 
view, pronotal margins moderately convex, pronotal width only slightly great-
er than mesonotal width. Pronotal dorsum planar, not elevated above dorsal 
mesonotal vertex. Lateral margins of mesonotum and metapectal-propodeal 
complex subparallel in dorsal view; mesonotum not constricted anteriorly. Me-

so-metapleural suture absent dorsally; pleural portion visible as sinuate signum 
in oblique anterior view. Propodeum convex in profile view; propodeal declivity 
vertical and linear; posterolateral corners of propodeum rounded. Tarsomeres 
broader than long. Meso- and metatibial spur formula 1b,2(1b,1p). Anterior 
margin of petiole linear in dorsal view. Length and breadth of abdominal seg-

ment II subequal, distinct dorsal node present; margins parallel in dorsal view; 
subpetiolar process absent. Lengths of abdominal segments II–III subequal. 
Abdominal segment III slightly broader than long in dorsal view. Breadth of ab-

dominal segment III approximately half that of abdominal segment IV in dorsal 
view (TI1 = 47–54). Abdominal tergites IV–VII visible in posterodorsal view. 
Anteroposterior length of abdominal tergite IV twice anteroposterior length of 
abdominal tergite V in dorsal view. Anteroposterior lengths of abdominal terg-

ites V–VI subequal; anteroposterior length of abdominal tergite VII much less 
than that of abdominal tergite VI. Sculpture largely absent. Vestiture consisting 
of short subdecumbent setae, longer and more abundant on gaster than on 
remainder of soma. Coloration yellowish.

Etymology. The specific epithet refers to Acheron, a subterranean river in 
Greek mythology, continuing a theme established by the specific epithets of 
the related Iberian species Leptanilla charonea and Leptanilla plutonia López, 
Martínez & Barandica, 1994. The gender is feminine.

Remarks. Leptanilla acherontia sp. nov. most closely resembles Leptanilla 

revelierii Emery, 1870, Leptanilla kubotai Baroni Urbani, 1977, and Leptanilla oki-

nawensis Terayama, 2013, with three mandibular teeth and a linear clypeal mar-
gin. Abdominal tergite V is proportionally longer in dorsal view in L. acherontia 

than L. revelierii, while L. acherontia differs from L. kubotai and L. okinawensis 

in pedicel shape and larger body size, respectively. Based on consultation of 
AntWeb images (https://www.antweb.org), Leptanilla UG01, known only from 
equatorial rainforest in Kibale National Park, Uganda, is almost certainly con-

specific with L. acherontia.



101ZooKeys 1189: 83–184 (2024), DOI: 10.3897/zookeys.1189.107506

Zachary Griebenow: Systematic revision of the Leptanillinae

Figure 9. Leptanilla acherontia, holotype (CASENT0842720), worker A profile view B dor-

sal view C full-face view. Scale bars: 0.5 mm.
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Figure 10. Mandibles of Leptanilla acherontia (CASENT0842721), dorsal view, worker. 
Bifid tooth marked with arrow. Scale bar: 0.05 mm.

With Leptanilla boltoni Baroni Urbani, L. acherontia is one of only two de-

scribed Afrotropical Leptanilla species for which the worker caste is known. 
Phylogenomic inference indicates that Leptanilla zhg-ke02 may represent the 
male of L. acherontia (pers. obs.), but further sampling of sympatric Leptanil-

la would be required for this association to be decisive. The type locality of 
L. acherontia is situated in perhumid equatorial rainforest, contrasting with the 
semi-arid provenance of Leptanilla zhg-ke01 and other Afrotropical and West-
ern Palaearctic Leptanilla. It is unclear to what degree climatic conditions dic-

tate the distributions of Leptanilla species.

Leptanilla bethyloides sp. nov.

https://zoobank.org/5955A34E-6467-442B-8A30-4FD9F24FCB8D
Figs 11A–C, 12

Type material. Holotype. China – Hong Kong • 1 male; Tai Po Kau; 22.44°N, 
114.18°E (estimated from Google Earth to nearest minute), 15 Jun. 1964; W. 
J. Voss and W. M. Hui leg.; CASENT0842864. BPBM. Paratype. China – Hong 
Kong • 1 male; same locality as for preceding; 2–6 Jul. 1964; L. K. and H. W. 
Ming leg.; light trap; CASENT0842865. BPBM.

Measurements (mm) and indices, male. Holotype: HW = 0.27; HL = 0.32; SL 
= 0.10; LF2 = 0.04; EL = 0.11; EW = 0.12; WL = 0.59; MSL = 0.35; MSW = 0.23; 
PTW = 0.25; PTL = 0.10; PTH = 0.13; REL = 34; SI = 36; CI = 244; OI = 113; MSI = 
152.38; PI = 247.52. Paratype: HW = 0.25; HL = 0.30; SL = 0.08; LF2 = 0.04; EL = 
0.11; EW = 0.12; WL = 0.53; MSL = 0.31; MSW = 0.22; PTH = 0.12; REL = 35; SI = 
32; CI = 219; OI = 110; MSI = 139

Description. Cranial outline quadrate. Occiput emarginate in full-face view. 
Frons not produced into anterior shelf. Mandible articulated to gena; broader 
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than long. Mandalus large, covering entire anterodorsal mandibular surface. 
Maxillary palp 1-merous. Clypeus anteroposteriorly reduced, not discernible 
in full-face view. Anterior tentorial pits not discernible. Compound eyes wider 
than long in profile view (OI = 110–112), posterior margin slightly emarginate, 
all other margins convex. Anteromedian ocellus and compound eyes not in-

tersecting line drawn perpendicular to anteroposterior axis of cranium. Scape 
anteroposteriorly compressed, longer than wide (SL = 0.081–0.095 mm), 
shorter than anteroposterior length of compound eye; pedicel short, subcylin-

drical, lateral margins parallel, length 0.5× that of scape; antennomere 3 short 
(LF2 = 0.037–0.039 mm), subcylindrical, length subequal to that of pedicel; 
flagellum submoniliform, not extending posterior to mesoscutum if folded flat 
over mesosoma. Pronotum and mesoscutum posteriorly prolonged. In profile 
view anterodorsal pronotal face diagonal to craniocaudal axis at ~45° angle, 
but profile of pronotum otherwise obscured by vestiture. Mesoscutal dorsum 
slightly convex; mesoscutum longer than broad (MSI = 139–152). Antero-ad-

median signum absent. Notauli absent. Parapsidal signa present, impressed. 
Mesoscutellum longer than tall, dorsum not lower than that of mesoscutum, 
posterodorsal mesoscutellar face convex, posteriorly produced, not recurved. 
Oblique mesopleural sulcus present, not intersecting metapectal-propodeal 
complex. Metapleuron distinct, transected by transverse sulcus. Metapleural 
gland absent. Propodeum convex in profile view, without distinct dorsal and 
posterior faces. Pro- and metacoxa subequal in length, metacoxa somewhat 
more massive; mesocoxa shorter than pro- and metacoxa. Protrochanters 
sphenoid in outline, distally truncate. Profemur not markedly constricted at 
base, anteroposteriorly compressed, incrassate; acute distal flange on pos-

terior surface absent; arcuate medial carina absent. Protibial and profemo-

ral length subequal; protibia not dorsoventrally compressed, without ventro-

median carina; protibial comb absent; probasitarsal seta not hypertrophied. 
Meso- and metatibial spur formula 2b,2(1b,1p). C and Sc+R+Rs fused, tubular; 
2s-rs+R+4-6 and M+Cu tubular; all other venation absent. Costal infuscation 
absent. Abdominal segment II anteroposteriorly compressed, broader than 
long in dorsal view excluding presclerites; dorsal node present, well-developed; 
with median dorsal excavation. Abdominal sternite II without process, planar 
in profile view. Presclerites of abdominal segments IV–VIII inconspicuous. 
Abdominal segments III–VII without tergosternal fusion. Tergosternal fusion 
of abdominal segment VIII–IX unknown. Abdominal tergites III–VIII not an-

teroposteriorly compressed, lateral margins subparallel; breadth of abdominal 
tergite VIII subequal to that of abdominal tergite VII in posterodorsal view. Ab-

dominal sternite VIII anteroposteriorly compressed, visible without dissection, 
posterior margin entire. Abdominal sternite IX not visible without dissection. 
Mulceators absent. Gonopodites articulate. Gonocoxites without complete 
dorsomedian and ventromedian fusion; ventromedial margin of gonocoxite 
with lamina; apicoventral laminae absent. Gonostylus present, outline lanceo-

late, apex entire. Volsellae absent. Penial sclerites dorsoventrally compressed, 
not basally recurved, ventromedian carina extending along most of length, 
without lateral laminate margins. Phallotreme dorsal, concealed by gonostyli 
in available specimens. Somal sclerites with thick vestiture of decumbent to 
suberect setae, sparsest on meso- and metapleuron; setae appressed to de-

cumbent on antennae and legs; gonostyli with similar vestiture to abdominal 
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Figure 11. Leptanilla bethyloides, holotype (CASENT0842864), male A profile view B dor-

sal view C full-face view. Scale bars: 0.1 mm (A, C); 0.5 mm (B).
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postsclerites, genitalia otherwise glabrous. Base of forewing costa bearing 
row of exceptionally long, suberect setae. Cuticle bearing piligerous punctae; 
sculpture otherwise absent.

Etymology. The specific epithet refers to the gestalt of this ant, which re-

sembles that of the flat wasps (Chrysidoidea: Bethylidae). While superficial, 
this resemblance was pronounced enough that the holotype and paratype of 
L. bethyloides were initially mis-sorted to Bethylidae incertae sedis at the Bish-

op Museum. The specific epithet is neuter.
Remarks. Among the Leptanilla bethyloides species group, of which this is 

the only described species, L. bethyloides most closely resembles multiple un-

described morphospecies from southern Burma, differing in larger size (WL = 
0.532–0.594 mm) and the proportions of the metasomal segments. Describing 
a new species of Leptanilla based solely upon male specimens, as here done 
for L. bethyloides, was eloquently argued against by Bolton (1990b), since it 
exacerbates the probable redundancy that plagues the taxonomy of Leptanilla. 

This description of L. bethyloides is justified only to give a formal species group 
name (i.e., the Leptanilla bethyloides species group) to a major clade of Lepta-

nilla known only from male specimens.
The volsellae are known to be wholly lacking in Leptanilla zhg-mm03 (Grie-

benow et al. in press), which shows very close morphological affinity to L. beth-

yloides; therefore, I infer the absence of the volsellae in this species. The con-

dition of the volsellae cannot be assessed in any other representatives of the 
Leptanilla bethyloides species group besides Leptanilla zhg-mm03. Given the 
relative lack of phylogenetic signal in the worker phenotype of Leptanilla and 

the scarcity of species in which the worker caste and phylogenetic position are 
both known, it is difficult to predict the morphology of the unknown worker of 
L. bethyloides or other members of the Leptanilla bethyloides species group, 
beyond a probable 1,1 palpal formula. It is conceivable that Leptanilla macauen-

sis Leong, Yamane & Guénard, 2018 represents this worker, although unlikely, 
given the conformity of L. macauensis to the worker diagnosis for the Leptanilla 

revelierii species group, where it is placed in this study.

Figure 12. Wings of Leptanilla bethyloides (CASENT0842865), male. Scale bar: 0.2 mm.
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Leptanilla najaphalla sp. nov.

https://zoobank.org/C6B1D1A1-5138-4E52-9A50-FD7054D31187
Figs 13A–C, 14A–D, 15, 16

Type material. Holotype. Malaysia – Sabah • 1 male; Sipitang Dist., Mendo-

long; 4.917°N, 115.767°E (estimated from Google Earth to nearest minute); 27 
Apr. 1988; S. Adebratt leg.; A1L; CASENT0106427 (MZLU00174197); MZLU. 
Paratypes. 5 male; same locality as for preceding; 16 Apr. 1988; S. Adebratt leg.; 
A1L; CASENT0106416 (MZLU00174186), CASENT0106417 (MZLU00174187), 
CASENT0106438 (MZLU00174208), CASENT0106444 (MZLU00174214), 
CASENT0106457 (MZLU00174227); MZLU • 5 male; same locality as for pre-

ceding; 19 Apr. 1988; S. Adebratt leg.; W5L; CASENT0106421, CASENT0106432, 
CASENT0106433, CASENT0106449, CASENT0106450; UCDC • 2 male; same 
locality as for preceding; 7 Apr. 1988; S. Adebratt leg.; A1L; CASENT0106435 
(MZLU00174205), CASENT0106437 (MZLU00174207); MZLU • 1 male; same 
locality as for preceding; 4 May 1988; S. Adebratt leg.; T4/R; CASENT0106412; 
MCZC • 2 male; same locality as for preceding; 5 May 1988; S. Adebratt leg.; 
A1L; CASENT0106418, CASENT0106453; MCZC • 3 male; MALAYSIA, Sa-

bah: same locality as for preceding; 13 May 1988; T4/R; CASENT0106414, 
CASENT0106415, CASENT0106429; CAS.

Measurements (mm) and indices, male. Holotype: HW = 0.29; HL = 0.35; SL 
= 0.14; LF2 = 0.05; LF2 = 0.05; EL = 0.16; EW = 0.16; WL = 0.80; MSW = 0.26; 
MSL = 0.48; PTW = N/A; PTL = N/A; PTH = 0.24; REL = 46; SI = 48; CI = 82; 
OI = 98; MSI = 54. Paratypes (n = 18): HW = 0.27–0.31; HL = 0.27–0.40; SL = 
0.12–0.16; LF2 = 0.05–0.06; EL = 0.14–0.17; EW = 0.14–0.16; WL = 0.69–0.83; 
MSW = 0.22–0.27; MSL = 0.42–0.53; PTW = 0.15–0.18; PTL = 0.12–0.15; PTH 
= 0.23–0.28; REL = 40–57; SI = 45–55; CI = 74–103; OI = 82–103; MSI = 48–54; 
PI = 105–140.

Description. Cranial outline quadrate. Occiput emarginate in full-face view. 
Frons produced into anterior shelf. Mandible articulated to gena; distinctly lon-

ger than broad. Mandalus large, covering most of anterodorsal mandibular sur-
face. Maxillary palp 1-merous. Clypeus anteroposteriorly reduced, concealed by 
frontal shelf in full-face view. Anterior tentorial pits not discernible. Compound 
eyes somewhat longer than wide in profile view, or EW and EL subequal (OI = 
82–102), posterior margin slightly emarginate, all other margins convex. An-

teromedian ocellus and compound eyes not intersecting line drawn perpendic-

ular to anteroposterior axis of cranium. Scape anteroposteriorly compressed, 
longer than wide (SL = 0.124–0.154), shorter than anteroposterior length of 
compound eye; pedicel short, subcylindrical, lateral margins parallel, length 0.5 
that of scape; antennomere 3 short, subcylindrical, length less than that of ped-

icel or scape; flagellum submoniliform, not extending posterior to mesoscu-

tellum if folded flat over mesosoma. Pronotum and mesoscutum posteriorly 
prolonged. In profile view anterodorsal pronotal face slightly convex, diagonal 
to craniocaudal axis at ~ 45° angle. Mesoscutal dorsum planar; mesoscutum 
longer than broad (MSI = 48–53). Antero-admedian signum absent. Notauli 
absent. Parapsidal signa present, not impressed. Mesoscutellum longer than 
tall, dorsum not lower than that of mesoscutum, posterodorsal mesoscutel-
lar face convex, not posteriorly produced. Oblique mesopleural sulcus pres-

ent, not intersecting metapectal-propodeal complex. Metapleuron indistinct. 
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Figure 13. Leptanilla najaphalla, holotype (CASENT0106427), male A profile view B dorsal view C full-face view. Scale 
bars: 0.5 mm (A, B); 0.2 mm (C).
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Figure 14. Male genitalia of Leptanilla najaphalla A profile view, apicolateral gonocoxital 
lamina outlined (CASENT0106424) B penial apex, posteroventral view (CASENT0106421) 
C penial sclerites and phallotreme, ventral view (CASENT0106433) D volsellar apex, dor-
sal view (CASENT0106421). Abbreviation: pht = phallotreme. Scale bars: 0.1 mm (A, C, 

D); 0.2 mm (B).
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Metapleural gland absent. Propodeum convex in profile view, with distinct dor-
sal and posterior faces; areas of these faces subequal. Procoxa longer than 
meso- and metacoxa; procoxa without distal transverse carina. Protrochanters 
sphenoid in outline, distally truncate. Profemur markedly constricted at base, 
anteroposteriorly compressed, incrassate; acute distal flange on posterior sur-
face present; arcuate medial carina absent. Protibia > 0.5× length of profemur, 
not dorsoventrally compressed, without ventromedian carina; protibial comb 
present, length of processes decreasing distally; probasitarsal seta not hyper-
trophied. Meso- and metatibial spur formula 2b,2b. C, Sc+R+Rs, 2s-rs+R+4-6, 
Rf, Mf1, cu-a, and Cuf+1A tubular; M+Cu and 1A nebulous; all other venation 
absent. Cuf+1A spectral apically, not reaching anal margin. Costal infuscation 
present proximal to 2s-rs+R+4-6; C extending well beyond infuscation. Abdom-

inal segment II anteroposteriorly compressed, slightly broader than long in dor-
sal view (PI = 105–133); dorsal node present, well-developed, without median 
excavation. Abdominal sternite II with process along posterior half of length, 
outline cuneiform in profile view, apex rounded. Presclerites of abdominal seg-

ments IV–VIII inconspicuous. Abdominal segments III–IX without tergosternal 
fusion (Griebenow et al. in press). Abdominal tergites IV–VII each broader than 
preceding tergite in dorsal view, lateral margins diverging posteriorly; breadth 
of abdominal tergite VIII less than that of abdominal tergite VII in posterodor-
sal view. Abdominal sternite VIII anteroposteriorly compressed, not visible 
without dissection, posterior margin entire (Griebenow et al. in press). Abdom-

inal sternite IX with posteromedian fusion to gonocoxites (Griebenow et al. in 
press); anteroposteriorly compressed along median axis, laterally expanded 
and lobate. Mulceators present, subcircular in cross-section, longer than an-

teroposterior length of gonocoxites. Gonocoxites bulbous, with complete dor-
somedian and ventromedian fusion; apicoventral laminae present, subulate in 
outline. Gonostyli absent. Volsellae present, with complete proximomedian fu-

sion, subcircular in cross-section; sclerotized medial carina present at volsellar 
apex, produced into pair of denticles, dorsal denticle shorter than ventral one. 
Penial sclerites not dorsoventrally compressed, basally recurved, proximal ¼ 
subcircular in cross-section, apical 1/3 with ventromedian carina; rounded plat-
form proximad this median carina with outline elliptical; phallotreme subapical 
and ventral, recessed, not surrounded by vestiture of setae; lateral laminate 
flanges present. Most sclerites with vestiture of subdecumbent to appressed 
setae; elongated on posterior margins of abdominal tergites III–VIII, increas-

ing in length posteriorly; anterior faces of mulceators with elongate suberect 
setae; ectal faces of volsellae with suberect to erect setae, genitalia otherwise 
bare. Cuticle bearing piligerous punctae; sculpture fatiscent distad and proxi-
mad phallotreme (Fig. 16).

Etymology. The specific epithet derives from Naja (Squamata: Elapidae), the 
cobra, and -phalla, meaning penis. This refers to the florid facies of the penial 
sclerites, which recalls the threat display of these snakes: the dorsal curvature 
of the penial sclerites resembles the rearing posture, while the lateral laminae 
resemble the extended “hood” of the cobra. The specific epithet is feminine.

Remarks. The males of L. najaphalla uniformly differ from the sympatric un-

described morphospecies Leptanilla zhg-my05, to which L. najaphalla is sister, 

in the outline of the apicolateral gonocoxital lamina and the proportions of the 
penial sclerites and volsellae to the gonocoxites.
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Figure 15. Forewing of Leptanilla najaphalla (CASENT0106419), male. Scale bar: 0.5 mm.

Figure 16. Phallotreme of Leptanilla najaphalla (CASENT0106433). Scale bar: 0.5 mm.

The description of L. najaphalla only from male specimens is justified for the 
same reasons as provided for the description of L. bethyloides, also only from 
male specimens (see “Remarks” concerning L. bethyloides above): the clade to 
which this species belongs, heretofore referred to as the “Bornean morphos-

pecies group”, is known only from male specimens. Leptanilla najaphalla was 
included in the phylogenetic analyses of Griebenow (2020, 2021) under the pro-

visional identifier Leptanilla zhg-my02, with the genitalia being the subject of 
detailed morphological study using micro-computed tomography (Griebenow 
et al. in press) under that same provisional identifier.
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Revised diagnosis and generic classification of Leptanillinae

Based upon total-evidence and phylogenomic inference (in preparation by the 
author) corroborated by previous studies (Griebenow 2020, 2021), I here enact 
a revised classification of the Leptanillinae, reducing the number of genera to 
three. Summaries of character states that in combination differentiate major 
clades of the Leptanillinae from their relatives are provided below. These sum-

mary diagnoses are based upon all adult castes and larvae, when available. 
Apomorphies relative to the parent taxon are italicized; characters of uncertain 
polarity are marked with an asterisk.

Leptanillinae Emery, 1910

Type genus. Leptanilla Emery, 1870: 196.
Worker diagnosis (modified from Bolton 2003):

1. Mandibles without differentiated basal and masticatory margins.
2. At least one preapical tooth or lobe present on mandible.
3. Frontal lobes absent.
4. Antennal sockets dorsal, fully exposed.
5. Compound eyes absent, if present (Protanilla izanagi Terayama, 2013) 

then reduced to two ommatidia (Fig. 17A).
6. Ocelli absent.
7. Antenna 12-merous.
8. Promesonotal suture fully articulated.
9. Propodeal lobes weakly present (Opamyrmini) or absent (Leptanillini).
10. Propodeal spiracle situated low on propodeum.
11. Metacoxal foramen small, fully closed (Fig. 18).
12. Suture absent from annulus surrounding metacoxal foramen.
13. Metapleural gland present.
14. Orifice of metapleural gland covered by dorsal cuticular flange.
15. Helcial sternite reduced and partly covered by corresponding tergite.
16. Spiracle of abdominal segment III large and placed far forward.
17. Spiracles of abdominal segments IV–VII concealed by posterior mar-

gins of preceding tergites.
18. Petiole sessile, rarely subsessile (Protanilla taylori species group).
19. Abdominal postsclerites II with (Leptanillini) or without (Opamyrmini) 

complete tergosternal fusion.
20. Abdominal postsclerites III with (Leptanillini) or without (Opamyrmini) 

tergosternal fusion.
21. Abdominal segment III petiolate (Leptanillini) or not (Opamyrmini).
22. Abdominal segment IV without tergosternal fusion.
23. Stridulitrum absent from abdominal segment IV.
24. Abdominal tergite VII large, with simple posterior margin.
25. Sting present.
26. Pretarsal claws edentate.
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Figure 18. Metacoxal foramen of Leptanilla havilandi (CASENT0010809), ventral view, worker. Scale bar: 0.05 mm.

Gyne diagnosis. As above, but alate or dichthadiiform (rarely ergatoid). If 
alate then with ocelli and pterostigma; hindwing with R + Rs and 1A tubular, 
not intersecting distal wing margin. If dichthadiiform then compound eyes 
reduced to one or two ommatidia, or absent; ocelli absent; mandibles some-

times edentate.

Figure 17. Aspects of Protanilla izanagi, worker A profile view of posterior half of cranium B ventral view of the mandibles. 
Abbreviation: com = compound eye. Scale bars: 0.1 mm (A); 0.2 mm (B).

A B
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Male diagnosis (modified from Boudinot 2015):

1. Mandible edentate, nub-like or spatulate (Leptanilla anomala (Brues, 
1925), comb. nov.).

2. Frontal carinae absent.
3. Cuticular pegs absent from anterior clypeal margin.
4. Antenna 13-merous.
5. Funiculus filiform to submoniliform.
6. Oblique mesopleural sulcus present or absent.
7. Metapleural spiracular plate absent.
8. Propodeal lobes inconspicuous or absent.
9. Metacoxal foramen small, fully closed.
10. Mesotibia with one or two spurs or none.
11. Metatibia with one or two spurs.
12. Metatarsus lacking posterolateral line of dense differentiated setae.
13. Pretarsal claws edentate.
14. Pterostigma present or absent.
15. Rs+M absent (Leptanillini) or present, nebulous (Opamyrmini).
16. 1m-cu absent (Leptanillini) or present, nebulous (Opamyrmini).
17. Jugal lobe absent.
18. Hindwing venation reduced, at most R+Rs and 1A tubular.
19. Metapleural gland absent (Fig. 19A) or rarely present (Fig. 19B) (e.g., 

Leptanilla zhg-th02).
20. Petiole present or reduced to absent (Leptanilla thai species group, Lep-

tanilla havilandi species group).
21. Helcium axial or infra-axial.
22. Abdominal segment III not petiolate, or rarely petiolate (Protanilla bicol-

or species group).

Figure 19. Metapleuron in male Leptanillinae A Leptanilla nr. indica (CASENT0106381) B Leptanilla zhg-th02 
(CASENT0842615). Abbreviation: mpl = metapleural gland orifice. Scale bars: 0.05 mm.

A B
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23. Abdominal segment IV not vaulted, as long as, or distinctly longer than 
posterad abdominal segments.

24. Abdominal spiracles IV–VIII obscured by preceding tergites.
25. Posterior margin of abdominal sternite IX with posteromedian process, 

or entire, or emarginate, or with mulceators.
26. Cerci absent.

Larval diagnosis. Stenocephalous, with post-cranial soma moderately (i.e., 
habitus pogonomyrmecoid) to extremely (i.e., habitus leptanilloid) elongate. 
Mandibles typhlomyrmecoid or leptanilloid.

Opamyrmini Boudinot & Griebenow, tribe nov.

https://zoobank.org/B3CFA4FF-FECD-42E8-B7CB-814A16C23659

Opamyrma Yamane, Bui & Eguchi, 2008 (Fig. 20).

Worker diagnosis.

1. Medial mandibular surface with single peg-like chaeta.
2. Mandible with one tooth and several preapical lobes.
3. Labrum with multiple ranks of peg-like chaetae (Yamada et al. 2020: 

fig. 2F).
4. Maxillary palp 4-merous.
5. Labial palp 2-merous.
6. Clypeus extending posteriorly between antennal toruli.
7. Posteromedian epistomal sulcus not clearly discernible.
8. Occiput visible in full-face view.
9. Meso-metapleural suture absent.
10. Propodeal lobe weakly present.
11. Subpetiolar process absent.
12. Abdominal postsclerites II without tergosternal fusion.
13. Abdominal segment III not petiolate or narrower than posterad abdom-

inal segments.
14. Abdominal postsclerites IV subequal in length to abdominal postscler-

ites V and VI.
15. Abdominal tergite VII hypertrophied, dome-like.

Gyne diagnosis. As above, but alate, with compound eyes and three ocelli; 
occipital carina with short medioventral interruption. M + Cu complete, tubular; 
cu-a present; Rs + M, Cuf2 and -3, and 1m-cu present and spectral; 2r-rs + Rsf4 
adjoined by Rsf3.

Male diagnosis. As for the Leptanillinae, but Rs+M and 1m-cu present, and 

abdominal segment II without tergosternal fusion. Cupula non-annular. Latero-

penite present, fully articulated to parossiculus, and malleate.
Larval diagnosis. Habitus pogonomyrmecoid. Cranium subelliptical in full-

face view. Mandibles typhlomyrmecoid, without teeth, lateral surfaces smooth. 
Setae short, suberect. Ventral prothoracic process and hemolymph tap on ab-

dominal segment IV absent.
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Figure 20. Geographical range of Opamyrma. Locality information derived from AntWeb 
and available literature, visualized with SimpleMappr.

Opamyrma Yamane, Bui & Eguchi, 2008

Opamyrma Yamane, Bui & Eguchi, 2008: 56. Type species: Opamyrma hungvuong 

Yamane et al., by monotypy.
Opamyrma hungvuong Yamane, Bui & Eguchi, 2008.

Diagnosis. As for tribe.
Remarks. Opamyrma was described in the Amblyoponinae, based solely 

upon worker morphology (Yamane et al. 2008), and was subsequently found by 
Ward and Fisher (2016) to belong to the Leptanillinae based upon phylogenetic 
inference from 11 nuclear loci. All subsequent phylogenetic inference consis-

tently recovers Opamyrma as sister to the remaining Leptanillinae (Borowiec 
et al. 2019; Griebenow 2020, pers. obs.). All adult forms lack complete ter-
gosternal fusion in abdominal segment II, a plesiomorphy unique among the 
Leptanillinae. The presence of weak propodeal lobes (Yamada et al. 2020: 34) 
is plesiomorphic relative to the Leptanillini, in which the propodeal lobes are 
absent in the worker caste. The lack of petiolation of abdominal segment III in 
the worker caste of Opamyrma is also unique among the Leptanillinae but this 
character state may not be plesiomorphic for the subfamily. The polarity of the 
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proportions of abdominal postsclerites IV relative to V–VI within the Leptanilli-
nae is also unclear.

Leptanillini Emery, 1910

Leptanilla Emery, 1870.
Protanilla Taylor in Bolton, 1990b.

Worker diagnosis.

1. Medial mandibular surface with or without peg-like chaetae.
2. Mandible with 0–4 teeth along medial margin.
3. Labrum with (Fig. 21A, B) or without multiple ranks of peg- or pen-

cil-like  chaetae.
4. Maxillary palp 4-, 2-, or 1-merous.
5. Labial palp 2- or 1-merous.
6. Clypeus extending posteriorly between antennal toruli (Fig. 22A) or not 

(Fig. 22B).
7. Posteromedian epistomal sulcus clearly discernible (Fig. 22A) or not 

(Fig. 22B).
8. Occiput not visible in full-face view.
9. Meso-metapleural suture present or absent.
10. Propodeal lobes absent.
11. Subpetiolar process present or absent.
12. Abdominal postsclerites II–III with tergosternal fusion.
13. Abdominal segment III petiolate, narrower than posterad abdomi-

nal segments.
14. Abdominal postsclerites IV subequal in length to, or greater in length 

than, abdominal postsclerites V–VI.
15. Abdominal tergite VII enlarged, not dome-like.

Gyne diagnosis. See respective gyne-based diagnoses for Protanilla and 

Leptanilla below.

Figure 21. Labral chaetae in Protanilla, diagrammatic anterior view A Protanilla id01, 
gyne B Protanilla wallacei (CASENT0842699), worker.

A B
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Male diagnosis. As for the Leptanillinae, but Rs+M and 1m-cu absent. 
Abdominal segment II with complete tergosternal fusion. Lateropenite present 
or absent; if present, then not articulated to parossiculus and never malleate.

Larval diagnosis. See respective larval diagnoses for Protanilla and Lepta-

nilla below.

Protanilla Taylor in Bolton, 1990b

Fig. 23

Protanilla Taylor in Bolton, 1990b: 279. Type species: Protanilla rafflesi Taylor in 
Bolton, 1990b, by monotypy.

Anomalomyrma Taylor in Bolton, 1990b: 278. Type species: Protanilla taylori 

(Taylor in Bolton, 1990b), comb. nov., by monotypy. Syn. nov.
Furcotanilla Xu, 2012: 481. Type species: Protanilla furcomandibula Xu & Zhang, 

2002, by original designation. Synonymy by Hsu et al. (2017). Holotype of 
P. furcomandibula not examined.

Protanilla rafflesi species group

Protanilla beijingensis Man, Ran, Chen & Xu, 2017.
Protanilla concolor Xu, 2002.
Protanilla eguchii Satria, Putri & Ahda, 2023.
Protanilla flamma Baidya & Bagchi, 2020.
Protanilla furcomandibula Xu & Zhang, 2002.
Protanilla jongi Hsu et al., 2017.
Protanilla lini Terayama, 2009.
Protanilla rafflesi Taylor in Bolton, 1990b.
Protanila schoedli Baroni Urbani & de Andrade, 2006.
Protanilla tibeta Xu, 2012.
Protanilla wardi Bharti & Akbar, 2015.

Figure 22. Condition of the worker frontoclypeal margin in Protanilla (A) and Leptanilla 

(B) A Protanilla beijingensis (CASENT0842639) B Leptanilla laventa (CASENT0842746). 
Scale bars: 0.5 mm (A); 0.1 mm (B).

A B
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Figure 23. Geographical range of Protanilla. Locality information derived from AntWeb and available literature, visualized 
with SimpleMappr. Yellow = Protanilla rafflesi species group; blue = Protanilla bicolor species group; purple = Protanilla 

taylori species group; red = Protanilla zhg-th02; black = Protanilla izanagi.

Protanilla bicolor species group

Protanilla bicolor Xu, 2002.
Protanilla gengma Xu, 2012.

Protanilla taylori species group

Protanilla boltoni (Borowiec, Schultz, Alpert & Baňař, 2011), comb. nov.
Protanilla helenae (Borowiec, Schultz, Alpert & Baňař, 2011), comb. nov.
Protanilla taylori (Taylor in Bolton, 1990b), comb. nov.

Incertae sedis

Protanilla izanagi Terayama, 2013.

Worker diagnosis.

1. Medial mandibular surface with or without (Protanilla taylori species 

group) multiple rows of peg-like chaetae.
2. Medial mandibular margin with regularly spaced denticles.
3. Medial mandibular margin without teeth.
4. Ventromedial mandibular margin with or without subapical teeth.
5. Labrum with peg- or pencil-like chaetae (Fig. 21A, B).
6. Maxillary palp 4-merous.
7. Labial palp 2- or 1-merous.
8. Clypeus distinct, with epistomal sulcus present (Fig. 22A).
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9. Dorsal mandibular articulation apparent in full-face view (Fig. 24B) or 
rarely not so (Fig. 24A) (Protanilla concolor).

10. Medial chaetae on second protarsomere (Fig. 25A).
11. Meso-metapleural suture present, strongly impressed, scrobiculate.
12. Subpetiolar process present.
13. Abdominal segment III narrowly or broadly conjoined to abdominal seg-

ment IV.
14. Length of abdominal postsclerites IV greater than that of abdominal 

postsclerites V–VI.
15. Somal sculpture largely absent, if present then irregularly reticulate to 

rugose (Protanilla boltoni (Borowiec et al., 2011), comb. nov.).

Figure 24. Worker cranium of Protanilla concolor (A) and Protanilla bicolor (B), diagram-

matic full-face view, redrawn from Xu (2002: figs 18, 21). Abbreviation: dma = dorsal 
mandibular articulation.

A

B
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Gyne diagnosis. As in worker, but alate or rarely ergatoid; with compound 
eyes and 3 ocelli. If alate then venation Ogata Type IVb. M + Cu and Rsf3 ab-

sent; Rs + M, Cuf2-3, and 1m-cu spectral or absent.
Male diagnosis.

1. Maxillary palp 4-merous.
2. Labial palp 2- to 1-merous.
3. Clypeus distinct.
4. Ocelli present, not set on tubercle.
5. Pronotum not anteroposteriorly prolonged.
6. Mesoscutum not anteroposteriorly prolonged.
7. Notauli present or absent.
8. Pterostigma present.
9. 1A in hindwing present or absent.
10. Upper metapleuron distinct from metapectal-propodeal complex.
11. Lower metapleuron indistinct from metapectal-propodeal complex.
12. Abdominal segment II petiolate.
13. Abdominal segment III petiolate or not.
14. Cupula present.

Figure 25. Condition of worker protarsus in Protanilla (A) and Leptanilla (B), profile view 
A Protanilla lini (CASENT0842702) B Leptanilla belantan sp. nov. (MCZENT00793731). 
Scale bars: 0.1 mm.

A

B
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15. Volsellae present, parossiculus and lateropenite distinct.
16. Penial sclerites medially articulated.

Larval diagnosis. Habitus pogonomyrmecoid. Cranium subelliptical in full-
face view. Mandibles typhlomyrmecoid, without teeth, lateral surfaces smooth. 
Setae short, suberect. Ventral prothoracic process absent; larval hemolymph 
tap apparently absent.

Remarks. The tribe Anomalomyrmini was erected by Taylor in Bolton (1990b) 
to include Anomalomyrma and Protanilla, which were both monotypic when es-

tablished. Boudinot et al. (2022) merged the tribe into Leptanillini, although the 
Anomalomyrmini and Leptanillini sensu Bolton (1990b) are indubitably recipro-

cally monophyletic. All molecular phylogenetic inference (e.g., Borowiec et al. 
2019; Griebenow 2020, pers. obs.) indicates the paraphyly of Protanilla relative to 
Anomalomyrma, with statistical support of varying strength. Anomalomyrma is 

therefore here synonymized with Protanilla (see “Protanilla taylori species group” 
for explanation of nomenclatural priority). The phylogeny of Protanilla remains 

debatable (pers. obs.), with morphological diagnoses formulated below for the 
major lineages revealed by these analyses, here treated as informal monophy-

letic species groups. These lineages are recovered on deeply separated internal 
nodes (pers. obs.). Protanilla izanagi Terayama is left unplaced to species group 
due to an absence of molecular data for this species and bizarrely modified 
mandibles which exclude it from the species groups as diagnosed here. The 
position of Protanilla zhg-th02, known only from a single male specimen, is un-

stable across different phylogenomic analyses (pers. obs.), but is always situat-
ed on a long branch. This morphospecies does not conform to the male-based 
diagnoses of any of the species groups here delimited for which male morphol-
ogy is known and does not represent the as-yet unknown male of the Protanilla 

taylori species group. Based on this evidence, Protanilla zhg-th02 represents a 
major subclade of Protanilla for which workers remain to be discovered.

The Protanilla rafflesi species group is further divided into three species com-

plexes, with two distinctive species left unplaced to species complex. Species 
boundaries in Protanilla require further inquiry, with it being possible that the 
clade is over-split; each species complex may respectively represent a wide-

spread, geographically variable species. Both sexes are notably conservative 
in terms of morphology. Robust species delimitation, reciprocally illuminated 
by morphometric and molecular data, is impossible with material as scanty as 
is available for Protanilla, so no revisions to species-level taxonomy within this 
clade are made here.

Protanilla rafflesi species group

Worker diagnosis.

1. Medial mandibular surface armed with peg-like chaetae.
2. Mandible straight, not bowed along anteroposterior axis of cranium.
3. Vertical dorsal lamella absent from mandible (Fig. 26A).
4. Laterodorsal longitudinal groove present.
5. Clypeal surface flattened.
6. Median clypeal ridge externally visible.
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7. Outline of clypeus in full-face view campaniform to oblate-trapezoidal.
8. Pronotal breadth subequal to propodeal breadth in dorsal view.
9. Mesotibia without spurs.
10. Petiole sessile.
11. Subpetiolar process with fenestra.
12. Abdominal sternite III convex, linear, or concave in profile view.
13. Abdominal segments II–III without tergotergal or sternosternal fusion.
14. Abdominal segments III–IV narrowly or broadly conjoined.
15. Anterior margin of abdominal post-tergite IV linear to strongly emargi-

nate in dorsal view.
16. Soma concolorous.

Gyne diagnosis. As for genus, alate or ergatoid; if ergatoid than alar scler-
ites present.

Male diagnosis.

1. Distal 3 maxillary palpomeres of unequal lengths (Griebenow 2020: 
fig. 10A).

2. Labial palp 2- or 1-merous.
3. Antennomere 3 shorter than scape.
4. Antero-admedian signum present or absent; if present, then unsculptured.
5. Notauli present or absent; if present, then unsculptured.
6. Parapsidal lines present or absent.
7. 1A present in hindwing.
8. Abdominal segment III not petiolate.
9. Length of abdominal segment IV subequal to, or less than, respective 

lengths of abdominal segments V–VII.
10. Cupula non-annular.

Larval diagnosis. As for genus.
Remarks. This clade shows striking morphological conservatism in the 

worker caste and males, with their possibly being many cryptic species. 

Figure 26. Worker mandibles in Protanilla, profile view A Protanilla wallacei (CASENT0842699) B Protanilla izanagi 

(CASENT0842850). Abbreviation: lam = vertical dorsal lamella. Scale bars: 0.1 mm (A); 0.2 mm (B).

A B
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Protanilla jongi deviates from most of the clade in having broadly conjoined 
abdominal segments III–IV, and a ventral subapical mandibular tooth but is 
robustly confirmed to be nested well within the P. rafflesi species group by 
phylogenomic inference (pers. obs.). I therefore also place P. furcomandibula 

Xu & Zhang, 2002 in the P. rafflesi species group, as this species appears to be a 
close relative of P. jongi (Hsu et al. 2017), with the ventral subapical mandibular 
tooth being hypertrophied, and abdominal sternite II concave in profile view 
rather than linear to convex. The concavity of abdominal sternite II in profile 
view is homoplasious with the Protanilla taylori species group, as is the broad 
connection of abdominal segments III–IV.

A 4,2 palpal formula was confirmed for the worker of Protanilla lini by exam-

ination with micro-CT (Richter et al. 2021), while the palpal formula of the con-

specific male was tentatively interpreted as 4,1 by Griebenow (2020). The palpal 
formula of the worker in the Protanilla rafflesi species group, and indeed Prot-

anilla as a whole, has largely gone unreported, with this study being the first to 
confirm the palpal formula of any representative of the Protanilla taylori species 

group. Palpal formula across the Formicidae shows sexual monomorphism, 
with few exceptions (Bolton 2003; see sections on the Protanilla bicolor species 

group and Leptanilla thai species group below), meaning that the interpretation 
by Griebenow (2020) of the male labial palp in P. lini as 1-merous was in error.

Three species complexes are hereby recognized in the Protanilla rafflesi 
species group: the rafflesi complex (Protanilla rafflesi Taylor in Bolton, 1990b, 
P. schoedli, and Protanilla wardi Bharti & Akbar, 2015); the concolor (Protanil-

la concolor Xu, 2002; Protanilla tibeta Xu, 2012; and Protanilla eguchii Satria, 
Putri & Ahda, 2023); and the lini complex (P. lini, P. beijingensis, P. flamma, and 

P. wallacei). Each of these complexes consist of species that are extremely 
similar, but for which material is too scarce to query interspecific boundaries. 
Protanilla furcomandibula and P. jongi are presumably close relatives, but are 
readily distinguishable based on known specimens, and so are not consigned 
to a species complex. Without phylogenomic inference, it is unclear if these 
species complexes are reciprocally monophyletic. Protanilla wallacei sp. nov. 
based upon worker specimens is recovered as sister to P. lini (pers. obs.), as 
would be predicted based on observed worker phenotype.

A single specimen (CASENT0842639) of Protanilla beijingensis is herein re-

ported from Khyber Pakhtunkhwa, Pakistan, in a remarkable range extension 
for a species heretofore known only from Beijing, China (Man et al. 2017). 
CASENT0842639 qualitatively differs from the type series in possessing a pair 
of peg-like chaetae on the labrum rather than a single median chaeta, but it is 
unknown whether this constitutes intra- or interspecific variation in Protanil-

la. This specimen is part of a series figured by Bolton (1990b: figs 1–6), for 
which coordinates are unavailable. Despite this, it appears that the collection 
was made at an elevation of 2400–2700 meters, in a cold temperate climate 
resembling that of the type locality.

Dias et al. (2019: 164) described the worker of Protanilla schoedli from ten 
specimens collected across Sri Lanka, based on “overall similarity in … gen-

eral appearance” to the holotype gyne (CASENT0911228) and the implicit 
assumption that multiple Protanilla spp. cannot occur in sympatry. However, 
the putative worker P. schoedli display no more affinity to CASENT0911228 
than to other members of the Protanilla rafflesi species group, with the ante-
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rior margin of the petiolar node being straight (Dias et al. 2019: 164) rather 
than concave in profile view, as in CASENT0911228 (Baroni Urbani and de 
Andrade 2006: 46). The morphology of the petiolar node is not dimorphic 
between worker and gyne in Protanilla. This lack of concavity excludes these 
worker specimens from the Protanilla rafflesi species complex to which P. 

schoedli belongs. The putative workers of P. schoedli (Dias et al. 2019) more 
closely resemble Protanilla flamma Baidya & Bagchi, 2020, but the difference 
in reported ranges of CI, SI, and PI between these two series supports their 
heterospecificity, if these morphometric differences reflect species bound-

aries. In this study, the putative P. schoedli (Dias et al., 2019) are regarded 
as an undescribed species belonging to the Protanilla lini species complex. 

While neither P. schoedli nor P. flamma have been sequenced, other mem-

bers of their respective species complexes have (P. wardi vs. P. lini and P. 

wallacei), with phylogenomic inference therefrom supporting their hetero-

specificity (pers. obs.).
The Protanilla rafflesi species group contains some of the only Protanilla 

spp. for which bionomic data are available, with micro-computed tomographic 
studies of cephalic skeletomusculature in P. lini demonstrating the existence 
of “trap-jaw” capabilities in that species (Richter et al. 2021). The existence 
of putative trigger hairs across Protanilla (Griebenow et al. 2022: table 4) sug-

gests that trap-jaw biology is a synapomorphy of the genus and paralleled in 
the Leptanillinae only by Leptanilla laventa (Griebenow, Moradmand, & Isaia in 
Griebenow, Isaia, & Moradmand, 2022), comb. nov.

Protanilla bicolor species group

Worker diagnosis.

1. Medial mandibular margin armed with peg-like chaetae.
2. Mandible straight, not bowed along anteroposterior axis of cranium.
3. Vertical dorsal lamella absent from mandible.
4. Laterodorsal longitudinal groove absent.
5. Clypeal surface concave.
6. Median clypeal ridge not externally visible.
7. Outline of clypeus in full-face view campaniform.
8. Breadth of pronotum subequal to propodeum in dorsal view.
9. Mesotibia with 1 spur.
10. Petiole sessile.
11. Subpetiolar process with fenestra.
12. Abdominal sternite III convex in profile view.
13. Abdominal segments II–III without tergotergal and sternosternal fusion.
14. Abdominal segments III and IV narrowly joined.
15. Anterior margin of abdominal post-tergite IV linear to slightly emargin-

ate in dorsal view.
16. Soma bicolored, rarely concolorous.

Gyne diagnosis. As for genus, ergatoid, without alar sclerites (pers. obs.).
Male diagnosis.
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1. Distal 3 maxillary palpomeres subequal in length (Griebenow 2020: 
fig. 10B).

2. Labial palp 2-merous.
3. Antennomere 3 longer than scape.
4. Antero-admedian signum absent.
5. Notauli present, scrobiculate.
6. Parapsidal lines absent.
7. 1A absent from hindwing.
8. Abdominal segment III petiolate.
9. Length of abdominal segment IV subequal to, or exceeding, combined 

length of abdominal segments V–VIII.
10. Cupula annular (Griebenow et al. in press).

Larval diagnosis. Larva unknown.
Remarks. Phenotypic differentiation between the Protanilla bicolor and Pro-

tanilla rafflesi species groups in the worker caste is comparatively slight, but 
the two clades are discretely distinguishable by tibial spur formula. The strong 
concavity of the anterior clypeal margin referred to in previous descriptive liter-
ature more correctly refers to the face of the clypeus: the anterior margin itself 
is in fact no more emarginate in this clade than in the Protanilla rafflesi species 

group. The morphology of Protanilla TH03, a male singleton attributable to this 
clade by molecular data (e.g., Borowiec et al. 2019), and that of male P. gengma 

(Griebenow et al. in press) differs from all other known males of Protanilla in 

multiple respects, most conspicuously in petiolation of abdominal segment III: 
this condition is unique among male Leptanillinae.

Workers of the Protanilla bicolor species group are unique among examined 
Protanilla workers in exhibiting a mesotibial spur, an apparent symplesiomor-
phy of this clade. Palpal formula could not be assessed in the worker caste 
due to a lack of fresh specimens, but given sexual monomorphism of palpal 
formula across the Formicidae save for the Ponerini, Typhlomyrmex (Bolton 
2003), and probably the Leptanilla thai species group as well (this study), it is 
sound to predict a 4,2 formula.

Species boundaries in the Protanilla bicolor species group remain unclear. 
Specimens identified as P. gengma are known to vary in labral chaeta count ac-

cording to geographical origin (Aswaj et al. 2020), but the relevance of this trait 
to species delimitation is unknown. Protanilla VN03 appears transitional in mor-
phometric terms between Protanilla bicolor Xu, 2002 and P. gengma, but PTL 
in Protanilla VN03 falls outside the range observed in either of these species.

Protanilla taylori species group

Worker diagnosis.

1. Medial mandibular surface without peg-like chaetae.
2. Mandible straight, not bowed along anteroposterior axis of cranium.
3. Vertical dorsal lamella absent or present (Protanilla taylori (Taylor in 

Bolton, 1990b)) on mandible.
4. Laterodorsal longitudinal groove present.
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5. Clypeal surface concave.
6. Median clypeal ridge not externally visible.
7. Outline of clypeus in full-face view an oblate trapezoid.
8. Pronotal breadth greater than propodeal breadth in dorsal view.
9. Mesotibia without spurs.
10. Petiole subsessile.
11. Subpetiolar process with fenestra present or absent.
12. Abdominal sternite II convex in profile view.
13. Abdominal segments II-III without tergotergal and sternosternal fusion.
14. Abdominal segment III broadly joined to abdominal segment IV.
15. Anterior margin of abdominal tergite IV entire in dorsal view.
16. Soma concolorous.

Gyne diagnosis. As for worker, but, alate. Pencil-like chaetae present on 
mandible; two or three rows of cuticular denticles along masticatory margin.

Male diagnosis. Male unknown.
Larval diagnosis. Larva unknown.
Remarks. Anomalomyrma was established for Protanilla taylori comb. nov. by 

Taylor in Bolton (1990b) on account of derived mandibular morphology and the 
tergotergal and sternosternal fusion of abdominal segments II–III, a character 
state unique among the Formicidae (Bolton 1990b, Borowiec et al. 2011). While 
P. taylori is known only from the gyne, Borowiec et al. (2011) described Protanilla 

boltoni (Borowiec, Schultz, Alpert & Baňař, 2011), comb. nov. and Protanilla helenae 

(Borowiec, Schultz, Alpert & Baňař, 2011), comb. nov. based on worker material, 
and refined the diagnosis of Anomalomyrma, demonstrating that the presence of 
a vertical mandibular lamella was of no diagnostic utility in the Anomalomyrmini 
at the genus level, and predicting that the resemblance between the mandibles of 
Anomalomyrma and the then-undescribed Protanilla izanagi (see below) was ho-

moplasious. This hypothesis has not yet been tested with phylogenomic inference.
Given the paraphyly of Protanilla relative to Anomalomyrma under phyloge-

nomic inference from several differently curated datasets (pers. obs.), the latter 
genus is synonymized under Protanilla. These names were established in the 
same publication (Bolton 1990b), and the latter is here given precedence as per-
mitted in Article 24.2 of the International Code of Zoological Nomenclature. The 
Protanilla taylori species group is equivalent to the former genus Anomalomyrma.

The vertical dorsal lamella in Protanilla taylori and P. izanagi has few paral-
lels within the Formicoidea, being comparable to the morphology observed in 
both female and male beast ants (Camelomeciidae: Camelosphecia), which are 
known only from Cretaceous burmite (Boudinot et al. 2020). Among extant for-
micoids, the mandible of these two Protanilla spp. is most reminiscent of that 
observed in armadillo ants (Agroecomyrmecinae: Agroecomyrmecini: Tatuidris 

tatusia Brown & Kempf, 1968), which is likewise bowed, but with the masticato-

ry margin armed with a brush of robust feathery setae (Brown and Kempf 1968: 
fig. 3) rather than peg-like chaetae, cuticular denticles, or both.

The feeding ecology of P. taylori and P. izanagi may therefore resemble that 
of the armadillo ants. Brown and Kempf (1968: 189) hypothesized that arma-

dillo ants feed on “slippery or active arthropod prey”, with William Brown spec-

ulating that these ants were specialist predators of oligochaetes (P. S. Ward, 
pers. comm. 2021). Given that known ant specialists on oligochaete prey, such 
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as Psalidomyrmex procerus Emery (Formicidae: Ponerinae: Ponerini) (Lévieux 
1983; Déjean et al. 1999), have mandibles quite unlike those of armadillo ants, 
this seems improbable. Food court experiments to determine the diet of these 
ants were unsuccessful, but isotopic analysis of armadillo ant tissue suggests 
that the unknown prey is itself predatory (Jacquemin et al. 2014: 5).

Protanilla taylori and Protanilla id01 differ notably from the species known 
only from workers in the presence of two and three ranks, respectively, of pro-

duced denticles on the mandible (Bolton 1990b; this study), as opposed to the 
condition observed in most Protanilla; with the presence of pencil-like chaetae 
on the mandible, which are absent in the worker-based species. The worker 
and gyne caste remain unassociated in all three described species of the Pro-

tanilla taylori species group, plus Protanilla id01. Until the female castes re-

spectively unknown from these species are discovered, we cannot determine 
whether observed mandibular differences are to be credited to allospecificity, 
or to caste dimorphism.

Incertae sedis

Protanilla izanagi Terayama.

Worker diagnosis.

1. Medial mandibular surface with peg-like chaetae.
2. Mandible bowed along anteroposterior axis of cranium (Fig. 17B).
3. Vertical dorsal lamella present on mandible (Fig. 26B).
4. Laterodorsal longitudinal groove present on mandible.
5. Clypeal surface flattened.
6. Median clypeal ridge not externally visible.
7. Outline of clypeus in full-face view an oblate trapezoid.
8. Pronotal breadth greater than propodeal breadth in dorsal view.
9. Mesotibia without spurs.
10. Petiole sessile.
11. Subpetiolar process with fenestra present.
12. Abdominal sternite II convex in profile view.
13. Abdominal segments II–III without tergotergal and sternosternal fusion.
14. Abdominal segment III narrowly joined to abdominal segment IV.
15. Anterior margin of abdominal tergite IV entire in dorsal view.
16. Soma concolorous.

Gyne diagnosis. As for genus, alate.
Male diagnosis. Male unknown.
Larval diagnosis. Larva unknown.
Remarks. Prior to formal description, this peculiar species from southern 

Honshu was cited by Hölldobler and Wilson (1990) and Imai et al. (2003) as 
Anomalomyrma (the former authors referring to it under the nomen nudum 

Anomalomyrma kubotai), due to the presence of an erect mandibular lamella. 
Borowiec et al. (2011) concluded that this character state alone was insufficient 
to place the morphospecies in Anomalomyrma, with its habitus being otherwise 
consistent with that of Protanilla. Terayama (2013) accordingly described 
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Protanilla izanagi in that genus. The presence of distinct posterior faces on 
the dorsal petiolar and post-petiolar nodes, with abdominal segments III and 
IV not being broadly conjoined, shows an affinity to the Protanilla rafflesi and 

Protanilla bicolor species groups, but these character states are plesiomorphic 
for Protanilla (pers. obs.). It is likely that the similar mandibular morphology 
of P. izanagi and the Protanilla taylori species group reflects similar diet (see 
“Remarks” for the Protanilla taylori species group above) and is therefore 
homoplasious (Borowiec et al. 2011). Terayama (2013) describes the compound 
eye as being absent in the worker, but the specimens that I examined are 
remarkable in the retention of two ommatidia (Fig. 17A). The presence of any 
trace of the compound eye in the worker is unique among the Leptanillinae. No 
molecular data are available for P. izanagi, and so in the absence of compelling 
morphological evidence, this species must be left unplaced to species group 
within Protanilla. I predict, however, that molecular data will demonstrate that 
Protanilla izanagi belongs within the Protanilla rafflesi species group.

Leptanilla Emery, 1870

Leptanilla Emery, 1870: 196. Type species: Leptanilla revelierii Emery, 1870, 
by monotypy.

Scyphodon Brues, 1925: 93. Type species: Leptanilla anomala (Brues, 1925), 
comb. nov., by monotypy. Holotype of L. anomala examined; deposited at 
MHNG. Syn. nov.

Phaulomyrma Wheeler & Wheeler, 1930: 193. Type species: Leptanilla javana 

(Wheeler & Wheeler, 1930), by original designation. Holotype of L. javana ex-

amined; deposited at MCZC. Synonymy by Griebenow (2021).
Leptomesites Kutter, 1948: 286. Type species: Leptanilla escheri (Kutter, 1948), 

by monotypy. Holotype of L. escheri examined; deposited at MZLS. Synony-

my by Baroni Urbani (1977).
Noonilla Petersen, 1968: 582. Type species: Leptanilla copiosa (Petersen, 1968), by 

monotypy. Holotype of L. copiosa not examined; deposited at NHMD. Syn. nov.
Yavnella Kugler, 1987 (“1986”): 52. Type species: Leptanilla argamani (Kugler, 

1987 (“1986”)), by original designation. Holotype of L. argamani not exam-

ined; deposited at TAU. Syn. nov.

Leptanilla thai species group

Leptanilla argamani (Kugler, 1987 (“1986”)), comb. nov.
Leptanilla belantan sp. nov.
Leptanilla escheri (Kutter, 1948).
Leptanilla indica (Kugler, 1987 (“1986”)), comb. nov.
Leptanilla judaica Kugler, 1987 (“1986”).
Leptanilla kunmingensis Xu & Zhang, 2002.
Leptanilla lamellata Bharti & Kumar, 2012.
Leptanilla laventa (Griebenow, Moradmand, & Isaia in Griebenow, Isaia, & Morad-

mand, 2022), comb. nov.
Leptanilla thai Baroni Urbani, 1977.
Leptanilla ujjalai Saroj, Mandi & Dubey, 2022.
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Leptanilla havilandi species group

Leptanilla anomala (Brues, 1925), comb. nov.
Leptanilla copiosa (Petersen, 1968), comb. nov.
Leptanilla havilandi Forel, 1901.

Leptanilla bethyloides species group

Leptanilla bethyloides sp. nov.

Leptanilla najaphalla species group

Leptanilla najaphalla sp. nov.

Leptanilla revelierii species group

Leptanilla acherontia sp. nov.
Leptanilla africana Baroni Urbani, 1977.
Leptanilla alexandri Dlussky, 1969.
Leptanilla astylina Petersen, 1968.
Leptanilla australis Baroni Urbani, 1977.
Leptanilla besucheti Baroni Urbani, 1977.
Leptanilla bifurcata Kugler, 1987 (“1986”).
Leptanilla boltoni Baroni Urbani, 1977.
Leptanilla buddhista Baroni Urbani, 1977.
Leptanilla charonea Barandica, López, Martínez & Ortuño, 1994.
Leptanilla doderoi Emery, 1915.
Leptanilla exigua Santschi, 1908.
Leptanilla hunanensis Tang, Li & Chen, 1992.
Leptanilla islamica Baroni Urbani, 1977.
Leptanilla israelis Kugler, 1987 (“1986”).
Leptanilla japonica Baroni Urbani, 1977.
Leptanilla javana (Wheeler & Wheeler, 1930).
Leptanilla kubotai Baroni Urbani, 1977.
Leptanilla macauensis Leong, Yamane, & Guénard, 2018.
Leptanilla minuscula Santschi, 1907.
Leptanilla morimotoi Yasumatsu, 1960.
Leptanilla nana Santschi, 1915.
Leptanilla oceanica Baroni Urbani, 1977.
Leptanilla okinawensis Terayama, 2013.
Leptanilla ortunoi López, Martínez, & Barandica, 1994.
Leptanilla plutonia López, Martínez, & Barandica, 1994.
Leptanilla poggii Mei, 1995.
Leptanilla revelierii Emery, 1870.
Leptanilla swani Wheeler, 1932.
Leptanilla taiwanensis Ogata, Terayama & Masuko, 1995.
Leptanilla tanakai Baroni Urbani, 1977.
Leptanilla tanit Santschi, 1907.
Leptanilla tenuis Santschi, 1907.
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Leptanilla theryi Forel, 1903.
Leptanilla vaucheri Emery, 1899.
Leptanilla yunnanensis Xu, 2002.
Leptanilla zaballosi Barandica, López, Martínez & Ortuño, 1994.

Incertae sedis

Leptanilla butteli Forel, 1913.
Leptanilla clypeata Yamane & Ito, 2001.
Leptanilla hypodracos Wong & Guénard, 2016.
Leptanilla kebunraya Yamane & Ito, 2001.
Leptanilla palauensis (Smith, 1953).

Unplaced to species group

Leptanilla santschii Wheeler & Wheeler, 1930.

Worker diagnosis.

1. Medial mandibular margin without peg-like chaetae.
2. Medial mandibular margin with or without denticles, if present then ir-

regularly spaced.
3. Medial mandibular margin with at least one subapical tooth.
4. Ventromedial mandibular margin without subapical teeth.
5. Labrum without peg-like chaetae.
6. Maxillary palp 1- to 2-merous.
7. Labial palp 1-merous.
8. Clypeus indistinct.
9. Dorsal mandibular articulation not visible in full-face view.
10. Medial chaetae absent from second protarsomere (Fig. 25B).
11. Meso-metapleural suture usually vestigial to absent, rarely present; if 

present then unsculptured.
12. Subpetiolar process present or absent.
13. Abdominal segment III narrowly joined to abdominal segment IV.
14. Length of abdominal postsclerites IV longer than or subequal to that of 

abdominal postsclerites V–VI.
15. Somal sculpture present and widespread, never punctate.

Gyne diagnosis. Dichthadiiform, and therefore lacking wings and axillary 
sclerites. Mandibles edentate or with three teeth (Leptanilla kubotai) (Teraya-

ma and Kinomura 2015). Compound eyes repressed or present; if present then 
consisting of one or two ommatidia. Abdominal segment III never petiolate.

Male diagnosis.

1. Maxillary palp 1- to 2-merous.
2. Labial palp 1-merous.
3. Clypeus distinct or indistinct.
4. Ocelli present or absent (Leptanilla TH03, Leptanilla zhg-bt03); if pres-

ent then set on tubercle or rarely not (e.g., Leptanilla najaphalla sp. nov.).
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5. Pronotum anteroposteriorly prolonged.
6. Mesoscutum anteroposteriorly prolonged.
7. Notauli absent.
8. Pterostigma absent.
9. 1A absent from hindwing.
10. Upper metapleuron distinct from metapectal-propodeal complex (Lept-

anilla thai species group, Leptanilla bethyloides sp. nov., Leptanilla zhg-
th01) or indistinct.

11. Lower metapleuron indistinct or distinct from metapectal-propodeal 
complex (Leptanilla havilandi species group, Leptanilla bethyloides sp. 

nov., Leptanilla zhg-th01).
12. Abdominal segment II petiolate or not (e.g., Leptanilla TH02).
13. Abdominal segment III not petiolate.
14. Cupula present or absent; if present, then annular.
15. Volsellae present or absent (Leptanilla havilandi species group, Lepta-

nilla bethyloides species group), if present then parossiculus and latero-

penite indistinct (Griebenow et al. in press).
16. Penial sclerites medially fused or articulated (Leptanilla astylina Peters-

en, 1968), rarely partly articulated (Leptanilla TH03).

Larval diagnosis. Habitus leptanilloid. Cranium subpyriform in full-face view. 
Mandibles leptanilloid, with teeth, lateral surface shagreened with spinules. 
Setae short and suberect or flexuous, elongated, and subdecumbent to erect. 
Ventral prothoracic process and hemolymph taps present.

Remarks. The four genera known solely from males at the time of Bolton 
(1990b) were provisionally retained in the Leptanillini by that author, with the 
knowledge that at least some would prove to be satellite genera of Leptanilla. 

The phylogeny of the Leptanillini is now robustly resolved with phylogenomic 
and total-evidence approaches: Leptanilla s. l. (Griebenow 2020, 2021) includes 
Scyphodon and Noonilla (= Scyphodon s. l.; Griebenow et al. in press), with Lept-

anilla s. str., with which Phaulomyrma was synonymized (Griebenow 2021); and 
is sister to a well-supported clade first recovered by Borowiec et al. (2019) and 
identified as Yavnella by Griebenow (2020, 2021).

The question of the formal rank of major subclades in the Leptanillini de-

pends upon practical utility. For generic ranking of subclades to be useful, 
these clades must be distinguishable based upon the morphology of both the 
male sex and available female castes. Yavnella and Leptanilla s. l. are readily di-
agnosed based upon males, as are the subclades of Leptanilla s. l. (pers. obs.). 
The taxonomic problem then lies in whether these groups can be distinguished 
based upon worker morphology.

Using phylogenomic inference, Griebenow et al. (2022) identified the worker 
of Yavnella, while Leptanilla havilandi Forel is sister to Scyphodon s. l. (in those 
analyses represented only by Noonilla spp.) and Leptanilla thai is robustly re-

covered within Yavnella as well (pers. obs.). The morphological similarities be-

tween Leptanilla laventa (Griebenow et al. 2022), comb. nov. and L. thai to the 
exclusion of Leptanilla s. str., such as the emarginate frontoclypeal process, 
cannot be interpreted as synapomorphic. L. havilandi and thai are extremely 
close morphologically, as noted by Baroni Urbani (1977). In this study, I find that 
these two species are discriminated by areolate sculpturation of the torulus in 
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L. thai (no such sculpture is observed in L. havilandi; Fig. 27), different mandib-

ular dentition, and a more elevated frontoclypeal process in L. havilandi. Sculp-

turation requires scanning electron microscopy to be assessed, while elevation 
of the frontoclypeal process and mandibular dentition are difficult to accurate-

ly assess with light microscopy (as evidenced by the incorrect accounting of 
mandibular teeth in the description of L. thai (Baroni Urbani, 1977)), making 
these characters impractical for identification of leptanilline workers to genus. 
This impracticality, and lack of consistent morphological distinction between 
the worker castes across all Yavnella and Leptanilla, argues against maintain-

ing the two as separate genera.
Therefore, the most conservative course of nomenclatural action is to syn-

onymize Scyphodon, Noonilla, and Yavnella under Leptanilla. The diversity of 
Leptanilla is here organized in informal species groups, for which diagnoses 
based upon all known castes are provided below. Wherever sampling of molec-

ular data across Leptanilla is sufficient for phylogeny of these species groups 
to be known, these are delimited to be monophyletic. Several aberrant species 
for which molecular data are unavailable are left unplaced to species group.

Leptanilla thai species group

Worker diagnosis.

1. Mandible with 3–4 teeth.
2. Maxillary palp 1- to 2-merous.
3. Frontoclypeal process present, apex emarginate.
4. Lateral clypeal teeth absent.
5. Meso-metapleural groove absent or present (Leptanilla kunmingensis 

Xu & Zhang, 2002).
6. Mesotibia with two spurs.
7. Metatibia with 1–2 spurs.
8. Length of abdominal segment II subequal to width in dorsal view, or 

length much greater than width (Leptanilla laventa).
9. Anterior of abdominal tergite IV lateromedially constricted in dorsal 

view (Leptanilla laventa) or not lateromedially constricted.

Figure 27. Antennal torulus in Leptanilla thai (A) and Leptanilla havilandi (B), worker. Scale bars: 0.04 mm (A); 0.05 mm (B).

A B
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10. Length of abdominal tergite IV greater than combined length of poste-

rior abdominal tergites in dorsal view.

Gyne diagnosis. As for genus, but petiole longer than broad in dorsal view, 
outline rectangular (Leptanilla escheri) to subpyriform (Leptanilla belantan). 
Placement of these two species in the Leptanilla thai species group is provi-
sional (see Remarks).

Male diagnosis.

1. Mandalus ≥ 0.5× length of that of the mandible.
2. Mandible fused to cranium, rarely articulated.
3. Anteromedian ocellus orthogonally dorsal to compound eye in pro-

file view.
4. LF2 > SL, rarely LF2 ≈ SL.
5. Distal transverse carina absent from procoxa.
6. Protrochanter not elongated.
7. Profemur not enlarged, sometimes proximally kurtotic.
8. Arcuate medial carina absent from profemur.
9. Apicoventral hook absent from profemur.
10. Ventromedian carina absent from protibia.
11. Protibial comb absent.
12. Antero-admedian signum present or absent.
13. Pronotum and mesoscutum not anteroposteriorly prolonged.
14. Mesoscutellum without recurved posteroventral process.
15. Adventitious spectral M+Cu absent from forewing.
16. Upper metapleuron distinct from metapectal-propodeal complex 

or indistinct.

17. Lower metapleuron indistinct from metapectal-propodeal complex.
18. Propodeal declivity concave in profile view.
19. Petiole without distinct dorsal node.
20. Abdominal sternite II without ventral process.
21. Abdominal tergite VIII broader than long in posterodorsal view.
22. Abdominal sternite IX posteriorly separate from gonocoxites.
23. Mulceators absent.
24. Cupula present.
25. Gonopodites inarticulate.
26. Gonocoxites with partial ventromedian fusion.
27. Gonocoxites without or rarely with dorsomedian fusion (Leptanilla TH03).
28. Gonocoxites partly fused to penial sclerites or unfused.
29. Gonostyli present or rarely absent (Leptanilla TH03).
30. Volsellae present.
31. Volsellae medially separate.
32. Volsella furcated, sometimes entire (Leptanilla TH03, Leptanilla zhg-bt03).
33. Penial sclerites usually with complete median fusion, rarely with partial 

median fusion.
34. Penial sclerites dorsoventrally compressed or not (Leptanilla TH03).
35. Phallotreme apical.
36. Phallotreme dorsal.
37. Dense phallotremal vestiture of setae absent.
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Larval diagnosis. As for genus. Larva is known only in Leptanilla escheri and 

Leptanilla judaica, the placement of which in this species group has not been 
confirmed by molecular phylogenetic inference.

Remarks. Leptanilla escheri, L. judaica, Leptanilla kunmingensis Xu & Zhang, 
2002, Leptanilla lamellata Bharti & Kumar, 2015, L. ujjalai, and L. belantan sp. 

nov. are placed in this species group with some caution, given a lack of mo-

lecular data for these species. These four species bear some resemblance 
to Leptanilla laventa comb. nov. (e.g., in the palpal formula being 2,1), which 
differs from them only in the elongation of the appendicular sclerites. Since 
worker morphology in Leptanilla is often indecisive when inferring phylogeny, or 
downright misleading (pers. obs.), these species may belong elsewhere within 
Leptanilla. With only species included in phylogenomic analysis under consid-

eration, the Leptanilla thai and Leptanilla havilandi species groups are mutually 
indistinguishable based upon worker morphology without examination of cra-

nial microsculpture. However, male specimens of the Leptanilla havilandi spe-

cies group are known only from the Sundan region, and so extralimital worker 
specimens that conform to the worker-based morphological diagnosis of that 
species group presented here are instead referred to the Leptanilla thai species 

group. These two clades are only definitively known in sympatry from peninsu-

lar Malaysia (Fig. 28). Since phylogenomic inference confirms the position of 
L. thai within the former genus Yavnella, and this is the oldest species name as-

signed to that clade for which that hypothesized placement can be confirmed 
with molecular data, this clade is informally exemplified by that species.

As noted in Griebenow et al. (2022), the anatomical identity of the fronto-

clypeal process observed in the Leptanilla thai species group, the Leptanilla 

havilandi species group, Leptanilla clypeata and Leptanilla hypodracos Wong & 
Guénard, 2016 is unclear. Prior authors assumed a clypeal origin, which may 
be in part correct, but this hypothesis cannot be tested with external exam-

ination due to the absence in worker Leptanilla of apparent anterior tentorial 
pits or an unequivocal epistomal sulcus. Elision of the boundaries between the 
frons and clypeus also occurs in Discothyrea (Proceratiinae) and Aulacopone 

relicta Arnol’di, 1930 (Ectatomminae: Heteroponerini), likewise involved in an 
anteromedian projection from the cranium in full-face view (Taylor 1979). De-

tailed micro-CT study of the shelf-like frontoclypeal process in the Discothyrea 

oculata and Discothyrea traegordhi species complexes was able to confirm the 
identity of this process as a mosaic of the frons and clypeus (Hita-Garcia et al. 
2019), and only similar data can possibly be used to clarify the anatomy of the 
frontoclypeal process in Leptanilla.

The palpal formula in the worker caste of L. thai and L. laventa is 2,1 (Grie-

benow et al. 2022), which, among those species that have been confirmed to 
belong to the Leptanilla thai species group by phylogenomic inference, are the 
only ones for which the worker caste is known. All known males of the Lept-

anilla thai species group examined in this study possess a 1-merous palp (cf. 
Kugler 1987), meaning that it is probable that the Leptanilla thai species group 
shows sexual dimorphism in palpal formula. This would be only confirmed by 
definitive association of conspecific worker and male specimens belonging 
to this clade. If confirmed, the Leptanilla thai species group would constitute 
only the third independent origin in the Formicidae of decoupled palpal formu-

la between the sexes (Bolton 2003). Curiously, this would run opposite to the 
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Figure 28. Geographical range of the Leptanilla thai species group (orange) and the Leptanilla havilandi species group 
(blue). The Pattani-Kangar Line is indicated in black. Locality information derived from AntWeb and available literature, 
visualized with SimpleMappr.

tendency in other cases of decoupling within the Formicidae, in which the pal-
pomere counts of the worker are reduced relative to those in the male.

The Leptanilla thai species group is broadly distributed across southern Asia 
(Griebenow et al. 2022: fig. 20), with males being more diverse and abundant 
than any other leptanilline clade in Malaise trap residues from mainland South-

east Asia. An undescribed male morphospecies is recorded from Sana’a, Yemen 
(Collingwood and Agosti 1996), meaning that the Leptanilla thai species group ex-

tends at least to the extreme northeastern corner of the Afrotropics, but within that 
ecozone is perhaps restricted to the southern Arabian Peninsula. No specimens 
are yet known from the Eastern Palaearctic, with the nearest examples being L. 

kunmingensis and an undescribed worker specimen (CASENT0064302), both from 
Yunnan Province, China. This absence from the Eastern Palaearctic is notable giv-

en the thorough myrmecological sampling of Japan and to a lesser extent Taiwan. 
Better sampling of the Sundan region is needed, but members of the Leptanilla thai 

species group are conspicuously rare in collections from this area compared to 
mainland Southeast Asia, with only two male morphospecies being known from a 
single locality south of the Pattani-Kangar Line (Whitmore 1988), with Leptanilla be-

lantan, which may represent the worker of either of these. It may be surmised from 
the distribution of the Leptanilla thai species group that this clade originated in sub-

tropical seasonal forests of mainland Southeast Asia or the Indian subcontinent, 
explosively radiating in the former region and arid habitats of the Western Palaearc-

tic and (marginally) the Afrotropics. The Leptanilla thai species group appears to 
have been mostly unsuccessful in penetrating perhumid equatorial rainforests. I 
propose that preoccupation of ecological niche space in the Sundan region by the 
Leptanilla havilandi species group is perhaps responsible, given the close function-

al similarities between the worker phenotypes in these two clades to the exclusion 
of confirmed worker morphology in the Leptanilla revelierii species group.
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Leptanilla havilandi species group

Worker diagnosis.

1. Mandible with three teeth.
2. Maxillary palpomere 2-merous.
3. Frontoclypeal process present, apex emarginate.
4. Lateral clypeal teeth absent.
5. Meso-metapleural suture absent.
6. Mesotibia with two spurs.
7. Metatibia with two spurs.
8. Length of abdominal segment II subequal to width in dorsal view.
9. Anterior of abdominal tergite IV not lateromedially constricted in dorsal view.
10. Length of abdominal tergite IV greater than combined length of poste-

rior abdominal tergites in dorsal view.

Gyne diagnosis. Gyne unknown.
Male diagnosis.

1. Mandalus ≥ 0.5× length of the mandible or < 0.5× length of mandible.
2. Mandible never fused to cranium, fully articulated.
3. Anteromedian ocellus orthogonally dorsal to compound eye in profile 

view or posterior to compound eye.
4. LF2 < SL, rarely LF2 ≈ SL (Leptanilla copiosa (Petersen, 1968)).
5. Distal transverse carina present on procoxa (Fig. 29A).
6. Protrochanter not elongated.
7. Profemur not enlarged, or moderately enlarged, sometimes proximal-

ly kurtotic.
8. Arcuate medial carina absent from profemur.
9. Apicoventral hook absent from profemur.
10. Ventromedian carina present on protibia.
11. Protibial comb absent.
12. Antero-admedian signum present or absent.
13. Pronotum and mesoscutum anteroposteriorly prolonged.
14. Mesoscutellum without recurved posteroventral process.
15. Adventitious spectral M+Cu absent from forewing.
16. Upper metapleuron indistinct from metapectal-propodeal complex.
17. Lower metapleuron usually distinct from metapectal-propodeal com-

plex, rarely (L. anomala (Brues, 1925)) indistinct.
18. Propodeal declivity convex in profile view.
19. Petiole reduced, without distinct dorsal node.
20. Abdominal sternite II without ventral process.
21. Abdominal tergite VIII distinctly longer than broad in posterodorsal view.
22. Abdominal sternite IX completely fused to gonocoxites.
23. Mulceators absent.
24. Cupula absent.
25. Gonopodites articulate.
26. Gonocoxites with complete ventromedian fusion.
27. Gonocoxites with complete dorsomedian fusion.
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28. Gonocoxites completely fused to penial sclerites.
29. Gonostyli present.
30. Volsellae absent.
31. Inapplicable.

32. Inapplicable.

33. Penial sclerites with complete median fusion.
34. Penial sclerites not dorsoventrally compressed.
35. Phallotreme preapical.
36. Phallotreme dorsal.
37. Dense phallotremal vestiture of setae present or absent.

Larval diagnosis. Larva unknown.
Remarks. This clade is restricted to the Sundan region and the Philippines 

(Fig. 28). Most known specimens are Bornean in origin. The bizarre males of 
the Leptanilla havilandi species group were first described as the genera Scy-

phodon and Noonilla, with Leptanilla anomala (Brues, 1925) being regarded as 
Hymenoptera incertae sedis (Brues 1925). Male morphospecies attributable 
to Noonilla in addition to the type species (L. copiosa) were identified and se-

quenced by Griebenow (2020, 2021). Griebenow et al. (in press) treats this 
clade as Scyphodon s. l., despite not yet having subjected the position of Scy-

phodon relative to Noonilla to phylogenetic analysis. Nonetheless, Bayesian to-

tal-evidence inference confirms the monophyly of Scyphodon s. l. inclusive of 
L. havilandi (pers. obs.), here formally synonymized with Leptanilla.

The worker of L. havilandi bears a striking resemblance to L. thai, including 
in the presence of an emarginate frontoclypeal process, but is distantly related, 
demonstrating the morphological conservatism of the worker caste in Lepta-

nilla. Leptanilla clypeata and L. hypodracos are sympatric with the Leptanilla 

havilandi species group, and morphologically like L. havilandi, introducing the 
possibility that these are members of this clade. Given the lack of phylogenetic 
signal in leptanilline worker morphology, however, this hypothesis must be test-
ed with molecular data.

Figure 29. Condition of the male procoxa in Leptanilla, anterior view. Distal procoxal 
carina outlined in red A Leptanilla cf. copiosa (CASENT0842844) B Leptanilla zhg-my04 
(CASENT0842567). Abbreviation: pcx = procoxa. Scale bars: 0.1 mm.

A B
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The close affinity of L. anomala and L. copiosa, to the exclusion of other de-

scribed Leptanillinae, was not suggested by previous authors who argued for 
the placement of L. anomala within the Leptanillinae (Petersen 1968; Boudinot 
2015). This is in part due to the preservation in balsam of the type series of 
L. anomala, a status that conceals autapomorphies of the Leptanilla havilandi 

species group, namely phallotremal setae and the distal transverse carina on 
the procoxa: examination of CASENT0106168 revealed these character states. 
In addition, the discovery of additional undescribed male morphospecies within 
the Leptanilla havilandi species group (Griebenow 2020, 2021; Griebenow et al. 
2022) revealed intermediates in morphospace, juxtaposing the dorsoventrally 
compressed head and mesosoma of L. anomala with the nub-like, non-spatu-

late mandibles of L. copiosa.

Leptanilla bethyloides species group

Worker diagnosis. Worker unknown.
Gyne diagnosis. Gyne unknown.
Male diagnosis.

1. Mandalus ≥ 0.5× length of the mandible.
2. Mandible never fused to cranium, fully articulated.
3. Anteromedian ocellus posterior to compound eye.
4. LF2 < SL.
5. Distal transverse carina absent from procoxa.
6. Protrochanter not elongated.
7. Profemur not enlarged.
8. Arcuate medial carina absent from profemur.
9. Apicoventral hook absent from profemur.
10. Ventromedian carina absent from protibia.
11. Protibial comb absent.
12. Antero-admedian signum absent.
13. Pronotum and mesoscutum anteroposteriorly prolonged.
14. Mesoscutellum with or without recurved process.
15. Adventitious spectral M+Cu absent from forewing, or present (Lepta-

nilla TH01).
16. Upper metapleuron distinct from metapectal-propodeal complex 

or indistinct.
17. Lower metapleuron distinct from metapectal-propodeal complex 

or indistinct.
18. Propodeal declivity convex in profile view.
19. Petiole well-developed, with or rarely without distinct dorsal node (Lep-

tanilla TH07).
20. Abdominal sternite II with or without ventral process.
21. Abdominal tergite VIII broader than long in posterodorsal view.
22. Abdominal sternite IX posteriorly separate from gonocoxites.
23. Mulceators absent.
24. Cupula present (Griebenow et al. in press).
25. Gonopodites articulate.
26. Gonocoxites without ventromedian fusion.
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27. Gonocoxites without complete dorsomedian fusion.
28. Gonocoxites unfused to penial sclerites.
29. Gonostyli present.
30. Volsellae absent.
31. Inapplicable.

32. Inapplicable.

33. Penial sclerites with complete median fusion.
34. Penial sclerites dorsoventrally compressed.
35. Phallotreme apical.
36. Dense phallotremal vestiture of setae absent.

Larval diagnosis. Larva unknown.
Remarks. This species group is restricted to mainland Southeast Asia north 

of the Pattani-Kangar Line (Fig. 30), with the type locality of L. bethyloides being 
their northernmost known extent. Like the Leptanilla najaphalla species group, 
the Leptanilla bethyloides species group is known only from male specimens. 
These are never abundant in known collections, with it therefore appearing that 
this species group exhibits genuine rather than artifactual rarity; no exemplars 

Figure 30. Geographical range of the Leptanilla bethyloides species group (pink) and the 
Leptanilla najaphalla species group (blue). Pattani-Kangar Line indicated in black. Local-
ity information derived from AntWeb and visualized with SimpleMappr.
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of this clade were described in detail by Griebenow et al. (in press), meaning 
that the male genital skeletomusculature of the Leptanilla bethyloides species 

group is more poorly understood than that of any other major leptanilline clade.
Volsellae are completely absent in Leptanilla zhg-mm03 (CASENT0842829), 

in a homoplasy with the Leptanilla havilandi species group (Griebenow et al. in 
press). The total absence, as opposed to extreme reduction, of the volsellae 
cannot yet be definitively confirmed for any other representatives of the Lepta-

nilla bethyloides species group due to a lack of specimens for study.
The Leptanilla bethyloides species group qualitatively possesses male mor-

phological diversity disproportionate to the depauperation of known lineages: 
the condition of the metapleuron varies from completely indiscernible (Lepta-

nilla TH07) to both the upper and lower metapleuron being completely visible 
(e.g., L. bethyloides). However, the lower metapleuron is never distinct from the 
metapectal-propodeal complex in the absence of the same distinction for the 
upper metapleuron, as in most of the Leptanilla havilandi species group. Other 
conditions unusual among Leptanilla that are sporadically observed in the Lept-

anilla bethyloides species group include elongated antennomeres, a posteriorly 
recurved mesoscutellum (both only observed in Leptanilla zhg-th01), and a dor-
somedian penial carina (Leptanilla TH01).

Leptanilla najaphalla species group

Worker diagnosis. Worker unknown.
Gyne diagnosis. Gyne unknown.
Male diagnosis.

1. Mandalus ≥ 0.5× length of the mandible.
2. Mandible never fused to cranium, fully articulated.
3. Anteromedian ocellus posterior to compound eye.
4. LF2 < SL.
5. Distal transverse carina absent from procoxa.
6. Protrochanter not elongated.
7. Profemur enlarged, sometimes markedly constricted proximally.
8. Arcuate medial carina absent from profemur.
9. Apicoventral hook present or absent from profemur.
10. Ventromedian carina absent from protibia.
11. Protibial comb present.
12. Antero-admedian signum absent.
13. Pronotum and mesoscutum anteroposteriorly prolonged.
14. Mesoscutellum without recurved posterodorsal process.
15. Adventitious spectral M+Cu present in forewing.
16. Upper metapleuron indistinct from metapectal-propodeal complex.
17. Lower metapleuron indistinct from metapectal-propodeal complex.
18. Propodeal declivity convex in profile view, with distinct dorsal and pos-

terior faces, dorsal face parallel to craniocaudal axis.
19. Petiole well-developed, with distinct dorsal node.
20. Abdominal sternite II with or without ventral process.
21. Abdominal tergite VIII broader than long in posterodorsal view.
22. Abdominal sternite IX with narrow posteromedian fusion to gonocoxites.
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23. Mulceators present.
24. Cupula absent or present (Leptanilla zhg-id01), if present then fused 

anteriorly to abdominal sternite IX and posteriorly to gonocoxites (Grie-

benow et al. in press).
25. Gonopodites inarticulate.
26. Gonocoxites with complete dorsomedian fusion.
27. Gonocoxites with complete ventromedian fusion.
28. Gonocoxites fused to penial sclerites or unfused.
29. Gonostyli present or absent.
30. Volsellae present.
31. Volsellae medially fused.
32. Volsella never furcated, although paired, recurved cuticular processes 

may be present at apex.
33. Penial sclerites with complete median fusion.
34. Penial sclerites lateromedially compressed or subcircular in cross-

section.

35. Phallotreme apical or subapical.
36. Phallotreme dorsal or ventral.
37. Dense phallotremal vestiture of setae absent.

Larval diagnosis. Larva unknown.
Remarks. This clade remains known only from males, necessitating the re-

grettable description of a species based solely upon male material (L. najaphal-

la) to provide the “Bornean morphospecies group” (Griebenow 2020, 2021) with 
an informal species group name. The males of the Leptanilla najaphalla spe-

cies group are flagrantly bizarre, defined by such autapomorphies as a protibial 
comb composed of parallel-sided cuticular processes (previously misidentified 
as setae; Griebenow 2020, 2021), the complete median fusion of the volsellae 
at the base, and the presence of mulceators. It appears that the protibial comb 
is serially homologous with the probasitarsal comb, a structure synapomorphic 
for the Hymenoptera (Basibuyuk and Quicke 1995). While the protibial comb 
and mulceators are unparalleled in the Hymenoptera, the medial fusion of the 
volsellae is also observed in Sceliphron caementarium (Drury, 1773) (Spheci-
dae: Sceliphrini) (Schulmeister 2003: fig. 11C).

Micro-CT scans reveal that all 7 morphospecies sampled in Griebenow et al. 
(in press) (including L. najaphalla, as Leptanilla zhg-my02) show posteromedian 
fusion of abdominal sternite IX to the gonocoxites, an apomorphy apparently 
derived independently from the anatomical condition observed in the Leptanilla 

havilandi species group (Griebenow et al. in press). This species group is ro-

bustly supported as sister to the Leptanilla havilandi species group (Griebenow 
2020, 2021; Griebenow et al. 2022), which likewise is restricted to the Sundan 
region. Despite this phylogenetic position, no unequivocal male morphological 
synapomorphies are known for the two clades, with the fusion of S9 to the 
gonocoxites, and medial fusion of the gonocoxites, being perhaps homopla-

sious between the two according, given a lack of the Remanean homology cri-
terion of “special quality” (Griebenow et al. in press). Further Winkler and pitfall 
sampling in the Sundan region, particularly Borneo, will be required to collect 
the unknown female castes of the Leptanilla najaphalla species group. It is also 
possible that Leptanilla butteli Forel, 1913 and Leptanilla kebunraya Yamane & 
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Ito, 2001, the worker morphology of which is aberrant among Leptanilla, are 

representatives of this clade.

Leptanilla revelierii species group

Worker diagnosis.

1. Mandible with 3–4 teeth.
2. Maxillary palpomere 1-merous.
3. Frontoclypeal process absent or present, never emarginate.
4. Lateral clypeal teeth absent.
5. Meso-metapleural suture absent or present (Leptanilla hunanensis).
6. Mesotibia with 0–1 spur.
7. Metatibia with two spurs.
8. Length of abdominal segment II subequal to width in dorsal view.
9. Anterior of abdominal tergite IV not lateromedially constricted in dorsal 

view.
10. Length of abdominal tergite IV equal or less than combined length of 

posterior abdominal tergites in dorsal view.

Gyne diagnosis. As for the genus, but petiole quadrate to distinctly broader 
than long in dorsal view.

Male diagnosis.

1. Mandalus ≥ 0.5× length of the mandible.
2. Mandible never fused to cranium, fully articulated.
3. Anteromedian ocellus posterior to compound eye.
4. LF2 < SL.
5. Distal transverse carina absent from procoxa.
6. Protrochanter rarely elongated (Leptanilla ci01) (Fig. 31) or not elongated.
7. Profemur enlarged or not enlarged.
8. Arcuate medial carina present on profemur (Leptanilla ci01) (Fig. 31) or 

absent from profemur.
9. Apicoventral hook absent from profemur.
10. Ventromedian carina absent from protibia.
11. Protibial comb absent.
12. Antero-admedian signum absent.
13. Pronotum and mesoscutum anteroposteriorly prolonged.
14. Mesoscutellum without recurved posterodorsal process.
15. Adventitious spectral M+Cu absent from forewing.
16. Upper metapleuron indistinct from metapectal-propodeal complex.
17. Lower metapleuron indistinct from metapectal-propodeal complex.
18. Propodeal declivity convex in profile view.
19. Petiole well-developed, with or without distinct dorsal node.
20. Abdominal sternite II with or without ventral process.
21. Abdominal tergite VIII broader than long in posterodorsal view or rarely 

longer than broad in posterodorsal view (Leptanilla ci01).
22. Abdominal sternite IX posteriorly separate from gonocoxites.
23. Mulceators absent.
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Figure 31. Foreleg of Leptanilla ci01, medial view, diagrammatic. Abbreviations: arc = 
arcuate medial carina; bts = probasitarsus; cal = calcar; fem = profemur; tib = protibia; 
tro = protrochanter.

24. Cupula absent or present (L. astylina).
25. Gonopodites articulate, rarely inarticulate (Leptanilla exigua Sants-

chi, 1908).
26. Gonocoxites with ventromedian fusion partial to complete (L. astylina).
27. Gonocoxites without complete dorsomedian fusion.
28. Gonocoxites unfused to penial sclerites.
29. Gonostyli present.
30. Volsellae present.
31. Volsellae medially separate.
32. Volsella entire.
33. Penial sclerites with complete median fusion.
34. Penial sclerites dorsoventrally compressed, rarely lateromedially com-

pressed (L. astylina, Leptanilla zhg-na01).
35. Phallotreme apical or subapical.
36. Phallotreme dorsal.
37. Dense phallotremal vestiture of setae absent.
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Larval diagnosis. As for genus.
Remarks. The Leptanilla revelierii species group is by far the most geo-

graphically widespread clade within the Leptanillinae and correspondingly is 
the most speciose. Leptanilla revelierii Emery was the first species within the 
Leptanillinae to be scientifically described, while Leptanilla japonica Baroni Ur-
bani is the leptanilline species that has been subjected to the most bionomic 
study. This is the only leptanilline clade to have expanded its range west of 
the Arabian subcontinent, radiating extensively throughout the Afrotropics and 
the Mediterranean Basin (Fig. 32). It does not appear that this species group 
extends into temperate latitudes of the Western Palaearctic, but Leptanilla alex-

andri Dlussky, 1969 is reported from Uzbekistan (Dlussky 1969). The Leptanilla 

revelierii species group, with the Protanilla rafflesi species group, are the sole 
leptanilline clades confirmed to range into the Eastern Palaearctic and occupy 
fully temperate climates (Fig. 33). In addition, the Leptanilla revelierii species 

group is so far the only clade within the Leptanillinae known to have traversed 
Wallace’s Line. The apparent ease with which this clade has radiated across the 
Old World is striking when compared to its sister, which remains restricted to 
only a portion of the Indo-Malayan ecoregion.

Leptanilla swani Wheeler is the sole species of Leptanilla to be described 
from Australia, although the undescribed species-level diversity of Leptanilla 

from that continent is conspicuous, with richness highest in Queensland. Male 
specimens are known from as far south as the Australian Capital Territory. 

Figure 32. Geographical range of the Leptanilla revelierii species group in the Western 
Palaearctic and Afrotropics. Locality information derived from AntWeb and available 
literature, visualized with SimpleMappr. 
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Figure 33. Geographical range of the Leptanilla revelierii species group (yellow) and Lept-

anilla palauensis (black) in the Eastern Palaearctic, Indo-Malaya, and Australasia. Locality 
information derived from AntWeb and available literature, visualized with SimpleMappr.

Leptanilla zhg-au06 is known from a single male specimen collected on 
Christmas Island, in what may be a human-mediated introduction. Contrary 
to the suggestion of Wheeler (1932) that Leptanilla are relict elements of the 
Australian ant fauna, the Leptanilla revelierii species group can be assumed 
to be recent arrivals to Australasia from the Indo-Malayan ecoregion. There 
is also a great undescribed diversity of the Leptanilla revelierii species group 
in the Afrotropics, with no fewer than nine male morphospecies purportedly 
being collected at the Brandberg Massif in Namibia (Robertson 2000). Malaise 
trapping in conjunction with syntopic soil sampling in the Afrotropics and 
Australasia will surely yield a large trove of new species belonging to the 
Leptanilla revelierii species group. Collections of the Leptanilla revelierii species 

group in the Indo-Malayan ecoregion remain scanty compared to sympatric 
members of other species groups of Leptanilla.

Leptanilla ci01 is here provisionally considered to belong to the Leptanilla rev-

elierii species group, despite its extreme deviation from the male morphology 
observed in the rest of that clade, since (1) Bayesian total-evidence inference 
excludes this aberrant morphospecies from all other major Leptanilla clades 

with posterior probability greater than 0.95 (pers. obs.) and (2) no other clade 
of Leptanilla is known to exist in sub-Saharan Africa. Bayesian total-evidence 
inference likewise excludes L. astylina from all clades within the Leptanillinae 
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besides the Leptanilla revelierii species group, with high posterior probability 
(pers. obs.). What were interpreted as “medially fused volsellar plates” by Pe-

tersen (1968: 581) appear in fact to be the gonocoxites, with the “large, valve-
like” sclerites interpreted as the gonocoxites (Petersen 1968: 581) therefore 
corresponding to the gonostyli—the putative absence of gonostyli referred to 
by the specific epithet of L. astylina is therefore false. Even with this reinter-
pretation, the male genitalia in L. astylina deviate from what is observed in the 
rest of the Leptanilla revelierii species group, conspicuously in the presence of 
a cupula (Ogata et al. 1995), complete ventromedian fusion of the gonocox-

ites and the medial separation of the penial sclerites shown in Petersen (1968: 
figs 3, 4), which could not be confirmed by examination of the holotype. The 
medial concavity and ellipsoid outline of the gonostylus (Petersen 1968: fig. 3) 
is also aberrant among the Leptanilla revelierii species group, as is the lateral 
concealment of the gonocoxite by the gonostylus (Petersen 1968: fig. 5) and 
the exposure of the volsellae. Leptanilla astylina may be sister to the remainder 
of the Leptanilla revelierii species group.

Despite the variety and vast geographical range of the Leptanilla revelierii 

species group, male morphology within the clade is quite homogeneous rela-

tive to the other major subclades of Leptanilla for which males are known, par-
ticularly when compared to the species-poor Leptanilla havilandi and Leptanilla 

najaphalla species groups. The dramatic innovation observed across the male 
phenotype of Leptanilla ci01 is striking when considered in this context.

Incertae sedis

Molecular data are unavailable for these species of Leptanilla; even with the 
contextualization of leptanilline morphology onto a well-resolved phylogeny 
inferred from molecular data or jointly from those data and discretized male 
morphology (Griebenow 2021), these species cannot be confidently placed to 
the species groups delimited here, due to morphological evidence that is equiv-

ocal in phylogenetic signal or too aberrant to be of comparative use. Leptanilla 

clypeata Yamane & Ito, 2001 is known from both the worker and gyne; Leptanilla 

palauensis (M.R. Smith, 1953) from the male alone; and the remaining species 
only from the worker caste. Most of these morphospecies are known only from 
the Indo-Malayan ecoregion.

Leptanilla clypeata and L. hypodracos are very similar to one another, and 
closely conform to the worker-based diagnosis of the sympatric Leptanilla 

havilandi species group and the parapatric Leptanilla thai species group. The 
palpal formulae of these species would provide further evidence as to their 
phylogenetic position, but have not been described, and I was not able to obtain 
specimens for study. These species differ from the Leptanilla havilandi and thai 

species groups only in the emargination of the anterior petiolar margin in dorsal 
view. Worker morphology is quite invariable across Leptanilla, and so the phy-

logenetic significance of this character state cannot be extrapolated; given the 
relative morphological conformity of the worker caste between the phylogenet-
ically distant L. havilandi and L. thai, even the phylogenetic affinity of L. clypeata 

and L. hypodracos with one another cannot be assumed without corroboration.
Leptanilla butteli resembles the Leptanilla revelierii species group overall but 

differs from the members of that clade in having two mandibular teeth rath-
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er than three or four, and abdominal sternite II projecting distinctly below the 
level of abdominal sternite III along the dorsoventral axis (Baroni Urbani 1977: 
fig. 25). Leptanilla kebunraya joins L. butteli in being one of the only two Lepta-

nilla species in which the worker mandible has two teeth, but otherwise bears 
little apparent resemblance to L. butteli to the exclusion of other Leptanilla. 

L. kebunraya is unique among known Leptanilla in having anterolateral fronto-

clypeal projections, which invite comparison with the lateral clypeal teeth of 
Feroponera ferox Bolton & Fisher, 2008 (Ponerinae: Ponerini). This is of no help 
in inferring the function of these structures in L. kebunraya since the biology of 
F. ferox is largely unknown (Bolton and Fisher 2008).

Leptanilla palauensis was described as the first known male of Probolomyr-

mex Mayr (Proceratiinae: Probolomyrmecini), without associated workers or 
gynes (Smith 1953), and is still known only from the holotype. Taylor (1965) 
tentatively transferred the species to Leptanilla, with Petersen (1968) following 
this classification with some reservation, noting that William Brown and Ed-

ward O. Wilson doubted it was even an ant. Griebenow (2021) briefly mentioned 
L. palauensis, noting that examination of the holotype confirmed its placement 
within Leptanilla s. l. (Griebenow 2021: 628). This phylogenetic position is con-

firmed by Bayesian total-evidence inference (pers. obs.); however, the exact 
phylogenetic position of this morphospecies within Leptanilla remains poorly 
resolved, and the combination of character states observed in in L. palauensis 

excludes the species from all species groups of Leptanilla here delimited. The 
lateromedial compression of the penial sclerites, in conjunction with well-de-

veloped volsellae, perhaps implies a phylogenetic relation with the Leptanilla 

najaphalla species group, or with Leptanilla zhg-my08 (for which molecular 
data are unavailable), also incertae sedis; both these lineages are known only 
from Borneo. L. palauensis is a striking biogeographical outlier among the Lep-

tanillinae, being known only from the volcanic island of Babeldaob in Palau, and 
therefore the only known leptanilline from Oceania (Fig. 33). All known Lept-

anilla gynes are flightless, limiting their dispersal capabilities, but the remote 
location of L. palauensis is paralleled by the presence of Leptanilla oceanica 

Baroni Urbani in the Ogasawara Islands (Baroni Urbani 1977).
Almost nothing is known of the biology of Leptanilla butteli, L. kebunraya, 

and L. hypodracos. Among Leptanilla, our biological knowledge of L. clypeata 

is second in comprehensiveness only to that available for L. japonica, with Ito 
and Yamane (2020) providing observations of live colonies, including feeding 
and egg-laying behavior. Billen et al. (2022) and Billen and Ito (2022) thoroughly 
described the exocrine glands of worker L. clypeata, with the dorsoproximal in-

tramandibular gland discovered in this species being novel for the Formicidae.

Unplaced to species group

Molecular data are unavailable for Leptanilla santschii Wheeler & Wheeler, 
1930, which is known only from the male holotype. The club-like volsellae and 
absent gonostyli of Leptanilla santschii (Wheeler and Wheeler 1930: fig. 2D; 
Petersen 1968) would exclude this species from the Leptanilla revelierii species 

group, if the description of Wheeler and Wheeler (1930) is accurate, but with 
the holotype missing (Stefan Cover, pers. comm. 2020), morphological data are 
too limited to permit Bayesian total-evidence inference to test this hypothesis.
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Worker-based keys to the Leptanillinae

Most subclades of the Leptanillinae show strong morphological conservatism 
in the worker caste. It is consequently difficult to assess the scope of intraspe-

cific phenotypic variation in workers, and the sparseness of collected speci-
mens prevents algorithmic species delimitation using molecular data. There-

fore, morphospecies known only from a single specimen are excluded from the 
following keys, even if phylogenomic data are available therefrom and no new 
species are described in this study based upon worker singletons. Any such 
species hypothesis would be weak due to lack of comparative context, and be 
falsifiable simply by the discovery of additional specimens (Bond et al. 2022).

1 Abdominal segment III not petiolate (Fig. 34A); occiput visible in full-face 
view (Opamyrmini) ...................................................... Opamyrma hungvuong 

Yamane et al., 2008 (VIETNAM: Ha Tinh, Son La; CHINA: Hainan, Guangxi)

– Abdominal segment III petiolate (Fig. 34B, C); occiput not visible in full-face 
view (Leptanillini) .............................................................................................2

2 Clypeus extending posteriorly between antennal toruli (Fig. 22A); epistomal 
sulcus present medially (Protanilla) ...............................................................3

– Clypeus not extending posteriorly between antennal toruli (Fig. 22B); epi-
stomal sulcus indistinct medially (Leptanilla) ...............................................6

3 Abdominal tergite II without distinct posterior face (Fig. 34C); clypeus ob-

late-trapezoidal in full-face view; peg-like chaetae absent from mandible ......

 ............................................................Protanilla taylori species group (p. 150)

– Abdominal tergite II with distinct posterior face (Fig. 34B); clypeus campan-

iform in full-face view; peg-like chaetae present on mandible .....................4

4 Clypeus oblate-trapezoidal in outline, elevated above frons posteriorly 
(Fig. 35A); mandible bowed along anteroposterior axis of cranium ..............

 ....................................Protanilla izanagi Terayama, 2013 (JAPAN: Honshu)

– Clypeus campaniform in outline (Fig. 1B), not elevated above frons posteri-
orly (Fig. 35B); mandible straight ...................................................................5

5 Mesotibia with one spur; mandible without laterodorsal longitudinal 
groove; anterior margin of clypeus concave .................................................

 ......................................................Protanilla bicolor species group (p. 150)

– Mesotibia without spurs; mandible with laterodorsal longitudinal groove; an-

terior margin of clypeus planar .........Protanilla rafflesi species group (p. 150)

6 Anterior margin of cranium with median process .........................................7

– Anterior margin of cranium without median process .................................10

7 Frontoclypeal process entire; length of abdominal tergite IV usually less 
than combined length of abdominal tergites V–VII in dorsal view, some-

times subequal ............ Leptanilla revelierii species group (in part) (p. 152)

– Frontoclypeal process emarginate; length of abdominal tergite IV usually 
greater than combined length of abdominal tergites V–VII in dorsal view, 
sometimes subequal .......................................................................................8

8 Anterior margin of petiolar node entire in dorsal view (Leong et al. 2018: 
fig. 13A, D) ..................................................................................................
Leptanilla thai species group, Leptanilla havilandi species group (p. 152)

– Anterior margin of petiolar node emarginate in dorsal view (Leong et al. 
2018: fig. 13E, F) ..............................................................................................9
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9 In full-face view, mandible with most proximal tooth long and well-defined; 
petiolar node almost twice as long as wide in dorsal view; postpetiolar node 
longer than wide in dorsal view ........................................................................

 ...................... Leptanilla hypodracos Wong & Guénard, 2016 (SINGAPORE)

– In full-face view, mandible without most proximal tooth long and well-de-

fined; length and width of petiolar node subequal in dorsal view; postpetio-

lar node distinctly wider than long in dorsal view ...........................................

 .........................Leptanilla clypeata Yamane & Ito, 2001 (INDONESIA: Java)

10 Mandible with 3–4 teeth ...................................................................................

 ...................................... Leptanilla revelierii species group (in part) (p. 152)

– Mandible with 2 teeth ....................................................................................11

11 Anterior margin of cranium with anterolateral frontoclypeal projections; ab-

dominal sternites II-III projecting a subequal distance ventrad craniocaudal 
axis .................Leptanilla kebunraya Yamane & Ito, 2001 (INDONESIA: Java)

– Anterior margin of cranium entire; abdominal sternite II projecting distinctly 
lower than abdominal sternite III ......................................................................
 .................................... Leptanilla butteli Forel, 1913 (MALAYSIA: Selangor)

Figure 34. Abdominal segments II–III of female Leptanillinae, profile view. Abdominal 
tergite II outlined in red; anterior of abdominal segment III outlined in blue A Opamyrma 

hungvuong (AKY05vii17-06) (Yamada et al. 2020: fig. 1C), worker B Protanilla gengma 

(CASENT0179564), worker C Protanilla id01 (MCZENT00728282), gyne. Scale bars: 
0.5 mm (A); 0.2 mm (B, C).

A

B

C
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Worker-based key to the Protanilla taylori species group

Protanilla taylori comb. nov. and the undescribed Protanilla id01 are known only 
from the gyne, and thus excluded from this key. It does not appear that either P. 

taylori or Protanilla id01, which are known only from Borneo, represent the gyne 
of P. boltoni or P. helenae (Borowiec et al. 2011).

1 Cranium, pronotum and mesopleuron puncticulate to roughly sculptured; 
subpetiolar process lacking fenestra in profile view ...........................................

 .....Protanilla boltoni (Borowiec et al., 2011), comb. nov. (MALAYSIA: Perak)

– Cranium, pronotum and mesopleuron glabrous; subpetiolar process with 
fenestra in profile view ......................................................................Protanilla 

helenae (Borowiec et al., 2011), comb. nov. (PHILIPPINES: Palawan)

Worker-based key to the Protanilla bicolor species group

1 Cranium black-brown; anterior face of petiolar node sloping in profile 
view ...................................................... Protanilla gengma Xu, 2012 (CHINA: 

Yunnan; INDIA: Mizoram; VIETNAM: Dong Nai, Bac Giang, Ninh Binh)

– Cranium yellowish; anterior face of petiolar node subvertical in profile 
view ......................................... Protanilla bicolor Xu, 2002 (CHINA: Yunnan)

Worker-based key to the Protanilla rafflesi species group

Protanilla schoedli Baroni Urbani & de Andrade, 2006 is known only from the 
gyne (Baroni Urbani and de Andrade 2006) and is excluded from the key. Dias et 
al. (2019) described the putative worker; however, given known morphological 
variation in the worker caste among described species of Protanilla, I here con-

sider this as representing an undescribed species, related to Protanilla flamma 

Baidya & Bagchi, 2020.

Figure 35. Anterior of the worker head in Protanilla, full-face view A Protanilla izanagi 

(CASENT0842850) B Protanilla jongi (CASENT0842693). Scale bars: 0.1 mm.

A B



151ZooKeys 1189: 83–184 (2024), DOI: 10.3897/zookeys.1189.107506

Zachary Griebenow: Systematic revision of the Leptanillinae

1 Abdominal sternite III linear to slightly concave in profile view; abdominal 
segments III–IV broadly conjoined, with abdominal tergite III lacking a dis-

tinct posterior face ..........................................................................................2

– Abdominal sternite III convex in profile view; abdominal segments III–IV 
not broadly conjoined, with abdominal tergite III having a distinct posterior 
face ...................................................................................................................3

2 Anterior margin of abdominal tergite IV emarginate in dorsal view; two ven-

trolateral teeth present on mandible ................................................................

 ................... Protanilla furcomandibula Xu & Zhang, 2002 (CHINA: Yunnan)

– Anterior margin of abdominal tergite IV entire in dorsal view; one ventro-

lateral tooth present on mandible .................................................................

 .................................................. Protanilla jongi Hsu et al., 2017 (TAIWAN)

3 Anterior face of petiolar node concave in profile view ..................................4

– Anterior face of petiolar node linear in profile view ......................................5

4 In profile view anterodorsal corner of petiolar node projecting anteriorly; 
larger species (WL > 0.8 mm) ...........................................................Protanilla 

rafflesi Taylor in Bolton, 1990 (SINGAPORE; MALAYSIA: Sabah, Sarawak)

– In profile view anterodorsal corner of petiolar node not projecting anteriorly; 
smaller species (WL 0.70–0.80 mm) (n = 2) ...................................................
 ................................... Protanilla wardi Bharti & Akbar, 2015 (INDIA: Kerala)

5 In dorsal view petiolar node breadth and length subequal; postpetiolar node 
not inclined anteriorly in profile view ..............................................................6

– In dorsal view petiolar node distinctly broader than long; postpetiolar node 
inclined anteriorly in profile view ....................................................................9

6 Coloration castaneous (Fig. 22A); larger species (HL = 0.63–0.70 mm; WL 
= 0.99 mm) (n = 1) ................................................................. Protanilla beijin-

gensis Man et al., 2017 (CHINA: Beijing; PAKISTAN: Khyber Pakhtunkhwa)

– Coloration coppery or yellowish; smaller species (HL = 0.42–0.59 mm; WL 
= 0.64–0.94 mm) (n = 16) ...............................................................................7

7 Scape not extending beyond occipital vertex of cranium in full-face view (SI 
≤ 90); coloration coppery ..................................................................................

 .................................Protanilla flamma Baidya & Bagchi, 2020 (INDIA: Goa)

– Scape extending beyond occipital vertex of cranium in full-face view (SI > 
90); coloration yellowish (Fig. 4A–C) .............................................................8

8 Larger species (WL ≥ 0.75 mm) (n = 2); postpetiolar node prominent 
in profile view, with anterior and posterior declivities equally rounded 
(Fig. 6A) ..................................................................... Protanilla lini Terayama, 

2009 (TAIWAN; JAPAN: Okinawa, Ryukyu Islands; Senkaku Islands)

– Smaller species (WL < 0.75 mm) (n = 14); postpetiolar node shallow in 
profile view, with posterior declivity more gradual than anterior declivity 
(Fig. 5B) ............. Protanilla wallacei sp. nov. (MALAYSIA: Sabah, Selangor)

9 Lateral margin of head with acute dorsal mandibular articulation in full-face 
view; anteroventral corner of sub-post-petiolar process obliquely truncat-
ed ................................................ Protanilla tibeta Xu, 2012 (CHINA: Xizang)

– Lateral margin of head without dorsal mandibular articulation apparent in 
full-face view (Fig. 24A); anteroventral corner of sub-post-petiolar process 
rounded ..........................................................................................................10
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10 Meso-metapleural furrow deeply excavated in profile view; very large spe-

cies (HW = 0.82–0.84 mm) (n = 3) (Satria et al. 2023) ...................................
 ........................Protanilla eguchii Satria et al., 2023 (INDONESIA: Sumatra)

– Meso-metapleural furrow shallowly excavated in profile view; smaller species 
(HW = 0.48 mm) (n = 1) .......... Protanilla concolor Xu, 2002 (CHINA: Yunnan)

Worker-based key to the Leptanilla thai species group and Leptanilla 

havilandi species group

1 SI > 100; length of petiole > 3× greater than maximum breadth in dorsal 
view (Griebenow et al. 2022: fig. 6B) ................................................................
 .......... Leptanilla laventa (Griebenow et al., 2022), comb. nov. (IRAN: Fārs)

– SI ≤ 100; length of petiole ≤ 3× greater than maximum breadth in dorsal 
view (Fig. 6A) ...................................................................................................2

2 Length of metasomal setae bimodal .............................................................3
− Length of metasomal setae unimodal ...........................................................5
3 Mandible with four teeth, with most proximal tooth truncate (Saroj et 

al. 2022: fig. 1E); ventromedian lamella of abdominal sternite II denticu-

late ........................Leptanilla ujjalai Saroj et al., 2022 (INDIA: West Bengal)

– Mandible with three teeth, with most proximal tooth not truncate; ventrome-

dian lamella of abdominal sternite II not denticulate ....................................4

4 Lateral pronotal margins weakly convex in dorsal view; PPTI = 73.68–76.47 (n 

= 11) ....Leptanilla lamellata Bharti & Kumar, 2012 (INDIA: Himachal Pradesh)

− Lateral pronotal margins strongly convex in dorsal view; PPTI = 84.62–
85.71 (n = 6) .............. Leptanilla escheri (Kutter, 1948) (INDIA: Tamil Nadu)

5 Petiolar length ≥ 2× width ...............................................................................6

– Petiolar length ≤ 1.5× width ............................................................................8

6 Meso-metapleural furrow absent; mandible with four teeth, most proximal 
tooth distally recurved, apex expanded ...........................................................

 .................................... Leptanilla belantan sp. nov. / (MALAYSIA: Selangor)

– Meso-metapleural furrow present; mandible with three teeth, most proxi-
mal tooth acute ................................................................................................7

7 Abdominal sternite III no more anteroposteriorly compressed than abdominal 
tergite III ............ Leptanilla kunmingensis Xu & Zhang, 2002 (CHINA: Yunnan)

– Abdominal sternite III more anteroposteriorly compressed than abdominal 
tergite III ................................ Leptanilla judaica Kugler, 1987 (WEST BANK)

8 Subpetiolar process present, angular; torulus without areolate sculpture 
(Fig. 27B) .......................................................................................................
 ...........Leptanilla havilandi Forel, 1901 (SINGAPORE; MALAYSIA: Sabah)

– Subpetiolar process absent; torulus with medial and anterior areolate 
sculpture (Fig. 27A) ...........................................................................................
 .....................Leptanilla thai Baroni Urbani, 1977 (THAILAND: Khao Chong)

Worker-based key to the Leptanilla revelierii species group

1 Anterior margin of cranium with median process .......................................2

– Anterior margin of cranium without median process .................................4

2 Mandible with four teeth ......Leptanilla boltoni Baroni Urbani, 1977 (GHANA)

– Mandible with three teeth .............................................................................3
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3 Posteriorly recurved subpetiolar process present; PPI = 122–138 
(n = 5) ............. Leptanilla macauensis Leong et al., 2018 (CHINA: Macau)

– Posteriorly recurved subpetiolar process absent; PPI = 80–86 (n = 2) .......
 ...................................... Leptanilla buddhista Baroni Urbani, 1977 (NEPAL)

4 Meso-metapleural groove present, impressed on dorsum of mesosoma ...

 ...Leptanilla hunanensis Tang et al., 1992 (CHINA: Hubei, Hunan, Yunnan)

– Meso-metapleural groove absent from dorsum of mesosoma, sometimes 
faintly impressed on sides ............................................................................5

5 Anterior margin of cranium with median emargination ..............................6

– Anterior margin of cranium entire, linear to convex ....................................9

6 Four mandibular teeth; greatest width of petiolar node in dorsal view dis-

tinctly posterior to midlength .........................................................................

 ..............................................Leptanilla vaucheri Emery, 1899 (MOROCCO)

– Three mandibular teeth; greatest width of petiolar node in dorsal view not 
distinctly posterior to midlength ..................................................................7

7 Length of abdominal segment II subequal to that of abdominal segment 
III in dorsal view; abdominal tergite IV narrowed anteriorly in dorsal view 
(Fig. 36A) .........................................................................................................
 ........ Leptanilla taiwanensis Ogata et al., 1995 (TAIWAN; CHINA: Beijing)

– Abdominal segment II longer than abdominal segment III in dorsal view; 
abdominal tergite IV not narrowed anteriorly in dorsal view (Fig. 36B) .....8

8 Outline of abdominal segment III campaniform in dorsal view; fronto-

clypeal margin convex ....................................................................................

 .....Leptanilla oceanica Baroni Urbani, 1977 (JAPAN: Ogasawara Islands)

– Outline of abdominal segment III subrectangular in dorsal view; fronto-

clypeal margin linear .......................................................................................
 ............. Leptanilla swani Wheeler, 1932 (AUSTRALIA: Western Australia)

9 Mandible with four teeth (subapical tooth sometimes difficult to distin-

guish) ...........................................................................................................10

– Mandible with three teeth ...........................................................................18

10 Propodeum angular in profile view, with distinct posterior and dorsal 
faces ..........................Leptanilla ortunoi López et al., 1994 (SPAIN: Ceuta)

– Propodeum rounded in profile view, without distinct posterior and dorsal 
faces .............................................................................................................11

11 Abdominal sternite II emarginate in profile view, with narrow trough-like 
indentation (Fig. 37A).......Leptanilla poggii Mei, 1995 (ITALY: Pantellaria)

– Abdominal sternite II linear in profile view (Fig. 37B) ...............................12

12 Frontal margin of cranium convex in full-face view; scape strongly con-

stricted at base ..........................Leptanilla nana Santschi, 1915 (TUNISIA)

– Frontal margin of cranium linear in full-face view; scape moderately con-

stricted at base ............................................................................................13

13 Abdominal sternite II with planar face in profile view ...............................14

– Abdominal sternite II with rounded face in profile view ............................15

14 Most proximal mandibular tooth large and distinct; abdominal tergite IV 
distinctly narrowed anteriorly in dorsal view .................................................

 ..................... Leptanilla tanakai Baroni Urbani, 1977 (JAPAN: Yakushima)

– Most proximal mandibular tooth small and indistinct; abdominal tergite IV 
not distinctly narrowed anteriorly in dorsal view .......................... Leptanilla 

japonica Baroni Urbani, 1977 (JAPAN: Honshu, CHINA: Hong Kong)
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15 Height of metafemur in anterior view 0.5× metafemoral length in anterior 
view; coloration beige .... Leptanilla charonea Barandica et al., 1994 (SPAIN)

– Height of metafemur in anterior view < 0.5× of metafemoral length in an-

terior view; coloration yellowish .................................................................16

16 Larger species (HL = 0.32–0.36 mm) ........................................................17

– Smaller species (HL = 0.22–0.28 mm) (López et al. 1994) ..........................
 ..................................... Leptanilla zaballosi Barandica et al., 1994 (SPAIN)

17 PI = 66–77 (Pérez-González et al. 2020) .......................................................
 ............................................. Leptanilla plutonia López et al., 1994 (SPAIN)

– PI = 84.6–100 (Pérez-González et al. 2020) ..................................................
 ...........................Leptanilla theryi Forel, 1903 (ALGERIA; TUNISIA; SPAIN)

18 Abdominal sternite II sinuate in profile view ..................................................

 .........................................Leptanilla doderoi Emery, 1915 (ITALY: Sardinia)

– Abdominal sternite II linear to convex in profile view, never sinuate .......19

19 Petiole distinctly wider than long ...................................................................

 ..................................... Leptanilla yunnanensis Xu, 2002 (CHINA: Yunnan)

– Petiole not distinctly wider than long .........................................................20

20 Frontal margin convex in full-face view .....................................................21

– Frontal margin linear in full-face view ........................................................22

21 Mesothorax anteriorly constricted in dorsal view .........................................

 ...............................Leptanilla besucheti Baroni Urbani, 1977 (SRI LANKA)

– Mesothorax not anteriorly constricted in dorsal view ...................................

 .......................... Leptanilla morimotoi Yasumatsu, 1960 (JAPAN: Kyushu)

22 Length of abdominal tergite V > 0.5× length of abdominal tergite IV ..........

 ..............................................................................Leptanilla revelierii Emery, 

1870 (FRANCE: Corsica; ITALY: Sardinia; SPAIN; PORTUGAL; MOROCCO)

– Length of abdominal tergite V ≤ 0.5× length of abdominal tergite IV ........ 23

23 Pedicel distinctly longer than wide; abdominal sternite II linear in profile 
view ..................Leptanilla kubotai Baroni Urbani, 1977 (JAPAN: Shikoku)

– Pedicel length and width subequal; abdominal sternite II convex in profile 
view ..............................................................................................................24

24 Smaller species (WL < 0.3 mm)......................................................................
 ....................... Leptanilla okinawensis Terayama, 2013 (JAPAN: Okinawa)

– Larger species (WL ≥ 0.3 mm) .......................................................................
 ........................................ Leptanilla acherontia sp. nov. (KENYA; UGANDA)

Figure 36. Worker abdominal segments IV-V in Leptanilla taiwanensis (A) and Leptanilla 

oceanica (B), diagrammatic dorsal view. Fig. 36B redrawn from Baroni Urbani (1977: fig. 19).

A B
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Male-based key to the major subclades of the Leptanillinae

The following keys are corrected and extended from Griebenow (2020), with 
updated generic assignments for undescribed morphospecies; concordances 
of these morphospecies identifiers with previous publications are provided in 
Table 1. Respective male-based keys to each of the major subclades are sub-

sequently provided.
These include all described species for which males are known, and all unde-

scribed male morphospecies for which molecular data are or soon will be avail-
able, except for Leptanilla ZA01 (for which only genital morphology is known), 
Leptanilla TH07 and Leptanilla zhg-mm14 (for which genital morphology is un-

known). Based on phylogenetic inference from both molecular and morpholog-

ical data (Griebenow 2021; pers. obs.), these three morphospecies belong to 
the Leptanilla revelierii species group, the Leptanilla bethyloides species group, 
and the Leptanilla thai species group, respectively. Leptanilla zhg-au04 and zhg-
au06, of the Leptanilla revelierii species group, are also excluded due to lacking 
observations of the gonopodital apex, making it impracticable to include these 
morphospecies in the male-based key to that clade.

Figure 37. Profile condition of the petiole in the Leptanilla revelierii species group A Lep-

tanilla poggii (after Mei 1995: fig. 4) B Leptanilla theryi (after Mei 1995: fig. 6).

A

B
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1 Rs+M and 1m-cu present (Fig. 38A); parossiculus (=cuspis 
in part) and lateropenite (=digitus) distinct, articulated 
(Opamyrmini) .............................................. Opamyrma hungvuong Yamane 

et al., 2008 (VIETNAM: Ha Tinh, Son La; CHINA: Hainan, Guangxi)

– Rs+M and 1m-cu absent (Fig. 38B–D); if volsella discernible, parossiculus 
and lateropenite distinct or indistinct, if distinct then inarticulate (Leptan-

illini) ................................................................................................................2
2 Pterostigma present (Fig. 39B); ocelli present, with ocellar tubercle absent 

(Fig. 40A); parossiculus and lateropenite distinct (Protanilla) ...................3
– Pterostigma absent (Fig. 39A, C); ocelli present or absent, if present then set 

on ocellar tubercle (Fig. 40B, C), tubercle rarely absent (e.g., Leptanilla na-

japhalla sp. nov.); parossiculus and lateropenite not distinct (Leptanilla) ...... 5

3 MaL < 0.5× ML; apex of mandible acuminate ...............................................

 ............................................Protanilla zhg-th02 (THAILAND: Chaiyaphum)

– ML ≥ 0.5× ML; apex of mandible rounded ...................................................4

4 Abdominal segment III petiolate; abdominal segment IV equal in length 
to combined length of abdominal segments V–VIII (Protanilla bicolor spe-

cies group) ................................. Protanilla TH03 (THAILAND: Chiang Mai)

– Abdominal segment III not petiolate; length of abdominal segment IV sub-

equal to, or less than, respective lengths of abdominal segments V–VII ...
 ......................................................Protanilla rafflesi species group (p. 161)

5 Propodeum concave in profile view (Fig. 41A); anteromedian ocellus di-
rectly dorsal to compound eye in profile view; pronotum and mesoscutum 
not posteriorly prolonged .................Leptanilla thai species group (p. 162)

– Propodeum not concave in profile view (Fig. 41B, C); anteromedian ocel-
lus posterad compound eye in profile view, rarely directly dorsal (Leptanilla 

copiosa (Petersen, 1968), comb. nov.); pronotum and mesoscutum poste-

riorly prolonged ..............................................................................................6

6 Propodeum with lateral longitudinal carinae on dorsum; penial sclerites 
lateromedially compressed ............................................................................

 ......................................Leptanilla palauensis (M.R. Smith, 1953) (PALAU)

– Propodeum without lateral longitudinal carinae on dorsum; penial scler-
ites sometimes lateromedially compressed, more often not .....................7

7 Dorsal propodeal face long, parallel to craniocaudal axis (Fig. 41B); mul-
ceators present; protibial comb present (Fig. 42A) ......................................
 ................................................ Leptanilla najaphalla species group (p. 167)

– Dorsal propodeal face short, with propodeal outline in profile view convex, 
if long and parallel to craniocaudal axis then upper metapleuron distinct 
from metapectal-propodeal complex; mulceators absent; protibial comb 
absent (Fig. 42B) ...........................................................................................8

8 Procoxa with distal transverse carina (Fig. 29A); phallotreme surrounded 
with decumbent setae, rarely bare (Leptanilla zhg-ph01); if lower meta-

pleuron distinct from metapectal-propodeal complex then upper meta-

pleuron not distinct ................. Leptanilla havilandi species group (p. 169)

– Procoxa without distal transverse carina (Fig. 29B); phallotreme bare; low-

er metapleuron usually indistinct from metapectal-propodeal complex, if 
distinct then upper metapleuron distinct .....................................................9
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9 Metapleuron at least partly distinct; vestiture dense and pubescent; vol-
sellae apparently absent .....Leptanilla bethyloides species group (p. 169)

– Metapleuron never distinct; vestiture rarely dense, never pubescent; vol-
sellae present ..............................................................................................10

10 Gonostylus absent; volsella distally expanded; Sc+R+Rs and Rf1 nebu-

lous, 2s-rs+Rsf4-6 absent ...............................................................................
 ............ Leptanilla santschii Wheeler & Wheeler, 1930 (INDONESIA: Java)

– Gonostylus present, articulated to gonocoxite, rarely inarticulate (Leptanil-

la exigua Santschi, 1908); volsella never distally expanded; Sc+R+Rs and 
Rf1 present or rarely absent, 2s-rs+Rsf4-6 present or absent ......................
 ...................................................Leptanilla revelierii species group (p. 169)

Figure 38. Exemplars of male wing venation across the Leptanillinae, diagrammatic 
B, C are typological generalizations of male wing venation in the clades that they repre-

sent A Opamyrma hungvuong B Protanilla C Leptanilla najaphalla species group D Lept-

anilla javana. Abbreviation: pts = pterostigma.

A

B

C

D
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Figure 39. Condition of the pterostigma across the Leptanillini, mal A Leptanilla indica (CASENT0106380) B Protanilla 

zhg-vn01 (CASENT0842613) C Leptanilla zhg-my05 (CASENT0842571). Scale bars: 0.25 mm (A, B); 0.2 mm (C).

A

B
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Figure 40. Condition of the male ocelli in the Leptanillini, profile view A Protanilla 

lini (OKENT0011097) B Leptanilla indica (CASENT0106366) C Leptanilla argamani 

(CASENT0235253). Scale bars: 0.25 mm (A); 0.1 mm (B, C).

A

B

C
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Figure 41. Propodeal outline in profile view across male Leptanillini, after Griebenow (2021: fig. 17). Propodeum outlined 
in black in Fig. 16A–C A Leptanilla zhg-bt03 (CASENT0106384) B Leptanilla zhg-my02 (CASENT0106456) C Protanilla lini 

(OKENT0011097). Scale bars: 0.15 mm (A, C); 0.2 mm (B).

A B C

Figure 42. Protibia in male Leptanilla, posterior view A Leptanilla zhg-my11 (CASENT0842593) B Leptanilla zhg-my04 
(CASENT0842555). Scale bars: 0.05 mm (A); 0.2 mm (B).

A

B
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Male-based species-level key to the Protanilla rafflesi species group

1 Antero-admedian signum present ....................................................................
 .................................................... Protanilla TH02 (THAILAND: Chaiyaphum)

– Antero-admedian signum absent ...................................................................2
2 Gonostylar apex pointed (Fig. 43A) ...Protanilla TH01 (THAILAND: Khon Kaen)

– Gonostylar apex rounded (Fig. 43B) ...............................................................7
3 Anterior face of subpetiolar process nearly perpendicular to craniocaudal axis 

in profile view; abdominal tergite III slightly narrower than IV in dorsal view (TI1 
62–92) (n = 13) (Fig. 44A) ............. Protanilla zhg-vn01 (VIETNAM: Vinh Phuc)

  ................................................Protanilla zhg-my01 (MALAYSIA: Sarawak)*

– Anterior face of subpetiolar process gently sloping relative to craniocaudal 
axis; abdominal tergite III much narrower than IV in dorsal view (TI1 50–55) 
(n = 4) (Fig. 44B) ................................................................................Protanilla 

lini Terayama, 2009 (TAIWAN; JAPAN: Ryukyu Islands, Senkaku Islands)

* These morphospecies are recovered distantly within the Protanilla rafflesi species 

group by phylogenomic inference (pers. obs.), and so are presumed to be allospecific 
in the absence of further evidence.

Figure 43. Gonostyli in Protanilla, posterodorsal view. After Griebenow (2020: fig. 9C) 
A Protanilla TH01 (CASENT0119776; Michele Esposito) B Protanilla lini (OKENT0011097). 
Scale bars: 0.1 mm (A); 0.5 mm (B).

A B

Figure 44. Proportions of male abdominal tergites III-IV in Protanilla zhg-vn01 (A) versus 
Protanilla lini (B), diagrammatic. Abbreviation: AT = abdominal tergite.

A B
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Male-based species-level key to the Leptanilla thai species group

1 Gonocoxites entirely fused medially, without suture; hypopygium with pos-

teromedian filiform process .......Leptanilla TH03 (THAILAND: Chiang Mai)

– Gonocoxites partly to fully separate medially; hypopygium without postero-

median filiform process ..................................................................................2

2 Ocelli absent (Fig. 45B); mandible articulated to gena (Fig. 46A) ..................
 ........................................................................ Leptanilla zhg-bt03 (BHUTAN)

– Ocelli present (Fig. 45A); mandible fused to gena (Fig. 46B), rarely articulate 
(Leptanilla TH04) .............................................................................................3

3 Gonopodite shorter than (Fig. 47A), or subequal in length to, penial 
sclerites ............................................................................................................4

– Gonopodite distinctly longer than penial sclerites (Fig. 47B) .......................6
4 Internal margins of apical penial cleft distinctly separated; posteroventral 

gonocoxital margin entire (Fig. 48B) ................................................................
 .......... Leptanilla argamani (Kugler, 1987), comb. nov. (ISRAEL, LEBANON)

– Internal margins of apical cleft of penial sclerites subparallel; posteroven-

tral gonocoxital margin sinuate (Fig. 48A).....................................................5
5 Color castaneous; posterior margin of compound eye linear in profile 

view .................Leptanilla indica (Kugler, 1987), comb. nov. (INDIA: Kerala)

– Color yellowish to pallid; posterior margin of compound eye convex in pro-

file view ............................................................Leptanilla indica (SRI LANKA)

6 Dorsoventral margins of profemur not parallel (Fig. 49A) ............................7
– Dorsoventral margins of profemur parallel (Fig. 49B) .................................10

7 Volsella bifid, ventral process bifurcated (Fig. 50A) ........................................
 .............................................. Leptanilla zhg-th02 (THAILAND: Phetchabun)

– Volsella usually bifid, rarely not (Leptanilla zhg-mm11), if bifid then ventral 
process entire (Fig. 50B) .................................................................................8

8 Dorsal and ventral parossicular processes forming 90° angle; lengths of 
processes subequal .....................Leptanilla TH02 (THAILAND: Khon Kaen)

– Dorsal and ventral parossicular processes forming acute angle; ventral 
parossicular process 3× longer than length of dorsal process ....................9

9 Diameter of compound eye > 4× span of ocellar tubercle; gonopodital api-
ces not recurved towards medial axis .............................................................

 ..............................................Leptanilla zhg-th04 (THAILAND: Chaiyaphum)

– Diameter of compound eye only slightly greater than span of ocellar tuber-
cle; gonopodital apices sharply recurved towards medial axis ......................

 ..............................................Leptanilla zhg-th05 (THAILAND: Chaiyaphum)

10 Gonostylar apex subtriangular, entire...........................................................11

– Gonostylar apex tapering, entire or bifid (Fig. 47B) .....................................14

11 Ventral margin of gonocoxites produced into two pairs of lobes (Fig. 51A); 
volsellae apparently not furcate (Fig. 52A) ......................................................
 ................................................... Leptanilla zhg-mm11 (BURMA: Taninthayi)

– Ventral margin of gonocoxites not so produced (Fig. 51B); volsellae furcate 
(Fig. 52B) ........................................................................................................12
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12 Bifid processes of volsella oriented along lateromedial axis relative to gen-

ital capsule, lateral process shorter than medial process ..............................

 ...............................................................Leptanilla MM01 (BURMA: Rakhine)

– Bifid processes of volsella oriented along dorsoventral axis relative to gen-

ital capsule, lengths of processes subequal ...............................................13

13 Larger species (WL > 0.5 mm); gonopodital suture absent ............................
 ................................................... Leptanilla zhg-mm13 (BURMA: Taninthayi)

– Smaller species (WL ≤ 0.5 mm); gonopodital suture present, complete .......

 .............................................. Leptanilla cf. zhg-mm10 (BURMA: Taninthayi)

14 Head not broader than long in full-face view, including compound eyes; 
gonostylar apex bifurcated (Fig. 47B) ..............................................................
 ..................................................... Leptanilla TH08 (THAILAND: Surat Thani)

– Head broader than long in full-face view, including compound eyes; gonos-

tylar apex entire .............................................................................................15

15 Penial sclerites distinctly longer than broad; volsella entire .......................16

– Penial sclerites not distinctly longer than broad; volsella bifid ..................17

16 Gonocoxite with distodorsal carina; dorsal process of volsella recurved dor-
sally ..............................................Leptanilla TH04 (THAILAND: Chiang Mai)

– Gonocoxite without distodorsal carina; dorsal process of volsella recurved 
laterally ...................................Leptanilla zhg-th05 (THAILAND: Chiang Mai)

17 Gonostylar apex lobate in outline, covered with dense vestiture; coloration 
castaneous ..................................Leptanilla TH06 (THAILAND: Chiang Mai)

– Gonostylar apex acuminate, glabrous; coloration beige .................................

 ..................................................Leptanilla zhg-my16 (MALAYSIA: Selangor)

Figure 45. Condition of male ocelli in the Leptanillini, full-face view A Leptanilla TH02 (CASENT0119531; Shannon Hart-
man) B Leptanilla zhg-bt03 (CASENT0106384). Scale bars: 0.1 mm.

A B
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Figure 46. Articulation of the male mandible in the Leptanilla thai species group A Leptanilla Indica (CASENT0106377) 
B Leptanilla zhg-bt03 (CASENT0106384). Scale bars: 0.03 mm (A); 0.04 mm (B).

A

B

Figure 47. Proportions of the penial sclerites to the gonopodites in the Leptanilla thai species group A Leptanilla argama-

ni B Leptanilla TH08. Abbreviations: stl = gonostyli; psc = penial sclerites. Scale bars: 0.2 mm (A); 0.1 mm (B).

A B
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Figure 48. Outline of the gonopodites in Leptanilla indica (A) and Leptanilla argamani (B), ventral view, diagrammatic. 
Redrawn from Kugler (1987: figs 18, 22).

A B

Figure 49. Male protrochanter, profemur, and protibia in the Leptanilla thai species group, diagrammatic. After Griebenow 
(2020: fig. 11B) A Leptanilla zhg-th02 B Leptanilla TH04.

A B
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Figure 50. Volsella of the Leptanilla thai species group, medial view, diagrammatic, after 
Griebenow (2020: fig. 11C). Not to scale A Leptanilla zhg-th02 B Leptanilla TH02.

A

B

Figure 51. Gonopodital margins in the Leptanilla thai species group, ventral view. Gonocoxital lobes outlined in black A Lep-

tanilla zhg-mm11 (CASENT0842848) B Leptanilla zhg-mm13 (CASENT0842670). Scale bars: 0.15 mm (A); 0.06 mm (B).

A B
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Male-based species-level key to the Leptanilla najaphalla species group

1 Phallotreme at penial apex .............................................................................2

– Phallotreme proximad penial apex, anatomically ventral .............................3
2 Penial sclerites dorsoventrally compressed at apex, without dorsomedian 

lamina (Fig. 53A) .........Leptanilla zhg-my03 (MALAYSIA: Sabah, Sarawak)

– Penial sclerites lateromedially compressed at apex, with dorsomedian lam-

ina (Fig. 53B) ................................ Leptanilla zhg-my04 (MALAYSIA: Sabah)

3 Gonostylus present, articulated, tusk-like and lacking setae (Fig. 54); penial 
sclerites with recurved apical hook (Fig. 55A) ................................................
 .....................................Leptanilla zhg-id01 (INDONESIA: Kalimantan Barat)

– Gonostylus absent; penial sclerites without recurved apical hook 
(Fig. 55B) ..........................................................................................................4

4 Apicolateral gonocoxital lamina subulate (Fig. 56A) ......................................
 ........................................ Leptanilla najaphalla sp. nov. (MALAYSIA: Sabah)

– Apicolateral gonocoxital lamina lanceolate (Fig. 56B) ...................................
 ...................................................... Leptanilla zhg-my05 (MALAYSIA: Sabah)

Figure 52. Volsellae in the Leptanilla thai species group, posterior view. Volsellar processes marked with arrows A Lept-

anilla zhg-mm11 (CASENT0842848) B Leptanilla zhg-mm13 (CASENT0842670). Scale bar: 0.1 mm.

A B

Figure 53. Male genitalia in the Leptanilla najaphalla species group, profile view. Abbreviation: lam = dorsomedian lamella 
of penial sclerites A Leptanilla zhg-my04 (CASENT0842558) B Leptanilla zhg-my03 (CASENT0842545). Scale bar: 0.2 mm.

A B
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Figure 54. Male genitalia of Leptanilla zhg-id01 (CASENT0842625), ventral view. Gonostylus outlined in white. Scale 
bar: 0.1 mm.

Figure 55. Penial sclerites of the Leptanilla najaphalla species group, profile view, diagrammatic. Base (left) partly con-

cealed by gonocoxites in situ A Leptanilla zhg-id01 B Leptanilla zhg-my05.

A

B
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Male-based species-level key to the Leptanilla havilandi species group

1 ML > SL, with mandible flattened and paddle-like; lower metapleuron indis-

tinct .........................................................................................Leptanilla anom-

ala (Brues, 1925), comb. nov. (INDONESIA: Sumatra, Kalimantan Barat)

– ML ≤ SL, with mandible nub-like; lower metapleuron distinct ......................2
2 Mandalus not extending to mandibular apex; anteromedian ocellus or-

thogonally dorsal to compound eye in profile view (Fig. 57A) ............Lep-

tanilla copiosa (Petersen, 1968), comb. nov. (PHILIPPINES: Palawan)

– Mandalus extending to mandibular apex; anteromedian ocellus positioned 
posterodorsal to compound eye in profile view (Fig. 57B) ...........................3

Figure 56. Apicolateral gonocoxital laminae in the Leptanilla najaphalla species 

group, profile view A Leptanilla zhg-my02 (CASENT0106427) B Leptanilla zhg-my05 
(CASENT0842571). Scale bars: 0.3 mm (A); 0.5 mm (B).
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3 Gonostylus longer than gonocoxite (Fig. 58A) ................................................
 ...................................................... Leptanilla zhg-my10 (MALAYSIA: Sabah)

– Gonostylus shorter than, or subequal in length to gonocoxite (Fig. 58B) ...... 4

4 Penial apex produced into two ranks of aculeate processes; phallotremal rim 
glabrous............ Leptanilla zhg-ph01 (PHILIPPINES: Camarines Sur; Quezon)

– Penial apex produced into robust ventral carina, without process dorsad to 
carina; phallotremal rim with vestiture ...........................................................5

5 Penial apex entire ........................ Leptanilla zhg-my14 (MALAYSIA: Sabah)

– Penial apex cleft .......................... Leptanilla zhg-my11 (MALAYSIA: Sabah)

Figure 57. Position of the male anteromedian ocellus relative to the compound eye in 
Leptanilla, diagrammatic, after Griebenow (2020: fig. 12B) A Leptanilla copiosa B Lept-

anilla zhg-my10.

A B

Figure 58. Male genitalia in the Leptanilla havilandi species group, profile view, diagram-

matic, after Griebenow (2020: fig. 13A). Figures to scale A Leptanilla zhg-my10 B Lept-

anilla zhg-my11.

A

B
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Male-based species-level key to the Leptanilla bethyloides species group

1 Mesoscutellum produced into recurved posterior process (Griebenow 
2021: fig. 16B); LF2 > SL .......Leptanilla zhg-th01 (THAILAND: Chiang Mai)

– Mesoscutellum not produced into recurved posterior process; LF2 ≤ SL ...... 2

2 Penial sclerites lateromedially compressed, with dorsomedian carina ........

 ......................................................Leptanilla TH01 (THAILAND: Chiang Mai)

– Penial sclerites dorsoventrally compressed, without dorsomedian carina; 
gonopodital apex bifid .....................................................................................3

3 Smaller species; abdominal postsclerites V–VII anteroposteriorly com-

pressed relative to those of III–IV ....................................................................

 ................................................... Leptanilla zhg-mm05 (BURMA: Taninthayi)

– Larger species; abdominal postsclerites V–VII with anteroposterior lengths 
subequal to those of III–IV ...............................................................................

 ..................................... Leptanilla bethyloides sp. nov. (CHINA: Hong Kong)

Male-based species-level key to the Leptanilla revelierii species group

1 Gonostylus ellipsoid in outline (Griebenow 2020: fig. 11E); gonocoxites with 
complete ventromedian fusion .....Leptanilla astylina (PHILIPPINES: Palawan)

– Gonostylus not ellipsoid; gonocoxites without ventromedian fusion ..........2

2 Protibial length 0.5× profemoral length .........................................................3

– Protibial length > 0.5× profemoral length .......................................................4

3 Length of probasitarsal seta less than that of calcar .....................................
 ........................................Leptanilla africana Baroni Urbani, 1977 (NIGERIA)

– Length of probasitarsal seta subequal to that of calcar .................................
 .....................................................Leptanilla TH09 (THAILAND: Phetchabun)

4 Gonostylus bifurcated or emarginate.............................................................5

– Gonostylus entire, apex tapering or truncate ...............................................14

5 Abdominal segment II broadly joined to abdominal segment III (Santschi 
1907: fig. 3) .........................Leptanilla minuscula Santschi, 1907 (TUNISIA)

– Abdominal segment III narrowly joined to abdominal segment III ...............6
6 Ventromedial gonocoxital margin with sinuate process ................................

 ...................................................... Leptanilla tanit Santschi, 1907 (TUNISIA)

− Ventromedial gonocoxital margin entire ........................................................7

7 Gonostylar apex with obtuse tooth subtending dorsal process .....................

 .................................................................Leptanilla GR02 (GREECE: Rhodes)

– Gonostylar apex lacking obtuse tooth subtending dorsal process ..............8

8 Ventromedian margin of gonostylus excavated proximad apical furca ........

 .................................. Leptanilla zhg-au02 (AUSTRALIA: New South Wales)

– Ventromedian margin of gonostylus entire proximad apical furca ..............9

9 Dorsal process of gonostylar apex acuminate ............................................10

– Dorsal process of gonostylar apex rounded ................................................11

10 Processes of gonostylar apex large, with apex appearing deeply bifurcat-
ed ................................................Leptanilla tenuis Santschi, 1907 (TUNISIA)

– Processes of gonostylar apex small, with apex appearing nearly truncate ......

 ........................................................Leptanilla zhg-mm02 (BURMA: Taninthayi)

11 Penial apex entire ..........................................................................................12

– Penial apex emarginate .................................................................................13
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12 PTL ≈ PTH ...............................................Leptanilla GR01 (GREECE: Rhodes)

– PTL > PTH ................Leptanilla zhg-id02 (INDONESIA: Sulawesi Tenggara)

13 Internal margins of apical penial cleft distinctly separated, ventral gonosty-

lar process narrower than dorsal process .......................................................

 .....................................................Leptanilla bifurcata Kugler, 1987 (ISRAEL)

− Internal margins of apical penial cleft adjacent, gonostylar processes sub-

equal in breadth .............................Leptanilla israelis Kugler, 1987 (ISRAEL)

14 Gonostylar apex not tapering .......................................................................15

– Gonostylar apex tapering ..............................................................................17

15 Gonostylus with expanded, rounded apex (Fig. 59A) ......................................
 ............................ Leptanilla islamica Baroni Urbani, 1977 (YEMEN; OMAN)

– Gonostylus with apex not expanded (Fig. 59B) ...........................................16

16 Outline of penial sclerites attenuate in posterodorsal view (Fig. 60A) ..........
 ........................................ Leptanilla alexandri Dlussky, 1969 (UZBEKISTAN)

– Outline of penial sclerites elliptical in posterodorsal view (Fig. 60B) ....... Lep-

tanilla japonica Baroni Urbani, 1977 (JAPAN: Honshu; CHINA: Hong Kong)

17 Gonostylar apex acuminate ..........................................................................18

– Gonostylar apex digitate ...............................................................................25

18 Oblique mesopleural sulcus traversing posterior > 0.5× of mesopleuron ......19

– Oblique mesopleural sulcus traversing posterior ≤ 0.5× of mesopleuron .......20

19 Penial sclerites broad in posterodorsal view, apex entire; Rsf1+Mf1 pres-

ent ...........Leptanilla javana (Wheeler & Wheeler, 1930) (INDONESIA: Java)

– Penial sclerites narrow in posterodorsal view, apex emarginate; Rsf1+Mf1 
absent .................................................Leptanilla zhg-ke01 (KENYA: Laikipia)

20 Abdominal sternite II without distinct subpetiolar process (Fig. 61A) ..........
 ........................................................................ Leptanilla zhg-bt02 (BHUTAN)

– Abdominal sternite II with distinct subpetiolar process (Fig. 61B) ............21

21 2s-rs+R+4-6 absent from forewing (Fig. 62A) .............................................22

– 2s-rs+R+4-6 present in forewing (Fig. 62B) .................................................24

22 Posterior face of petiolar node shallower than anterior face; genital capsule 
subequal in overall dimensions to abdominal segment II ..............................
 ........................................................................ Leptanilla zhg-bt01 (BHUTAN)

– Posterior face of petiolar node not shallower than anterior face; dimensions 
of genital capsule conspicuously greater than those of abdominal segment 
II ......................................................................................................................23

23 Oblique mesopleural sulcus adjoining metapectal-propodeal com-

plex………………………………………..Leptanilla zhg-au03 (AUSTRALIA: Queensland)

– Oblique mesopleural sulcus not adjoining metapectal-propodeal com-

plex……………………………………………….Leptanilla zhg-ke02 (KENYA: Kakamega)

24 Apicolateral margins of penial sclerites emarginate; smaller species (WL 
= 0.37–0.44 mm) (n = 6) ...............................................................................
 ................................... Leptanilla charonea Barandica et al., 1994 (SPAIN)

– Apicolateral margins of penial sclerites entire; larger species (WL = 0.46–
0.50 mm) (n = 3) .............Leptanilla cf. zaballosi López et al., 1994 (SPAIN)

25 Penial sclerites broader than long (Fig. 63A) ..................................................
 .................................... Leptanilla GR03 (GREECE: Rhodes; TURKEY: Muğla)

  ........................................................... Leptanilla zhg-tr01 (TURKEY: Muğla)
– Penial sclerites longer than broad (Fig. 63B) ..............................................26
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26 Gonostylus not articulated to gonocoxite ........................................................

 ...................................................Leptanilla exigua Santschi, 1908 (TUNISIA)

– Gonostylus articulated to gonocoxite ..........................................................27

27 Abdominal sternite II produced ventrally, forming curve in profile view ....28

– Abdominal sternite II not produced ventrally, linear in profile view ............29

28 Gonocoxites with apicoventral laminae ...........................................................

 ............................................ Leptanilla zhg-au05 (AUSTRALIA: Queensland)

– Gonocoxites without apicoventral laminae .....................................................

 ............................................ Leptanilla zhg-au01 (AUSTRALIA: Queensland)

29 Oblique mesopleural sulcus present; Sc+R+Rs tubular ..................................
 ............................................ Leptanilla zhg-au07 (AUSTRALIA: Queensland)

– Oblique mesopleural sulcus absent; Sc+R+Rs absent .................................
Leptanilla australis Baroni Urbani, 1977 (SOUTH AFRICA: Cape Province)

Figure 59. Gonostylar shape in the Leptanilla revelierii species group, after Griebenow (2020: fig. 13F) A Leptanilla islam-

ica B Leptanilla australis.

A B

A B

Figure 60. Dorsal outline of the penial sclerites (red) in the Leptanilla revelierii species group, diagrammatic, after Griebe-

now (2020: fig. 13G) A Leptanilla alexandri B Leptanilla japonica.
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Discussion

Taxonomic history

Writing of the subfamily Leptanillinae, Brown (1954: 28) opined that “ … it is doubt-
ful that we shall ever be certain of its true affinities.” Concomitantly, the classifi-

cation of the Leptanillinae relative to other Formicidae has a convoluted history. 
Extreme morphological derivation (in males, larvae, and both female castes), 
varying markedly across the few lineages of the clade, is responsible for this.

Figure 61. Presence (A) versus absence (B) of forewing 2s-rs+R+4-6 in males of the Leptanilla revelierii species group, 
diagrammatic.

A

B

Figure 62. Abdominal segment II in males of the Leptanilla revelierii species group, profile view. Abdominal sternite II 
outlined in red A Leptanilla zhg-bt01 (CASENT0842617) B Leptanilla zhg-bt02 (CASENT0842612). Scale bars: 0.125 mm 
(A); 0.100 mm (B).

A B
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For most of its taxonomic history, the subfamily Leptanillinae was subsumed 
within (Emery 1910), or affiliated with, the army ants (Dorylinae sensu Ashmead) 
(Baroni Urbani 1989; Hölldobler and Wilson 1990), with Leptanilla having been de-

scribed within the Dorylinae (Emery 1870). Despite ill-interrogated placement in 
the Myrmicinae by many early authors (Emery and Forel 1879; Dalla Torre 1893; 
Ashmead 1905; Emery 1910), the description of dichthadiiform gynes in Leptanilla 

was interpreted as supporting its placement within the Dorylinae (Emery 1904), 
while Santschi (1907) asserted the similarity of putative male Leptanilla to male 

army ants. Wheeler (1923) was the first to elevate the then-monobasic Leptanillini 
to subfamily rank, an action also argued for by Wheeler (1928) and Wheeler and 
Wheeler (1965) due to the dissimilarity of the larval habitus between the Dorylinae 
and Leptanillinae. Leptanilloides (Dorylinae) was placed as Formicidae incertae se-

dis and likened to the Leptanillinae by Borgmeier (1955) due to that genus exhibit-
ing “a mixture of characters of the Ecitonini (i.e., New World army ants) and Leptan-

illinae” (Borgmeier 1955: 652), but Brown (1975: 34) classified Leptanilloides within 
the “doryline section” (Bolton 1990a) due to its close resemblance to Sphinctomyr-

mex sensu lato, a classification followed by all subsequent authors and confirmed 
by phylogenetic inference from molecular data (e.g., Brady et al. 2014).

With the description of the tribe Anomalomyrmini within the Leptanillinae, 
Bolton (1990b: 267) “dispute(d) the indisputability” of leptanilline kinship with army 
ants, since Protanilla gynes are not dichthadiiform (Baroni Urbani and de Andrade 
2006; Billen et al. 2013; Hsu et al. 2017), and dichthadiigynes are unequivocally 
homoplasious in their other occurrences across the Formicidae (Bolton 1990a). 
Bolton (1990b) transferred Apomyrma to the Leptanillinae from the Ponerinae sen-

su Bolton (1990b) and proposed that the resemblance of doryline to leptanilline 
gynes was homoplasious. Based on the theorized kinship of Apomyrma to the 
Leptanillinae (Apomyrminae and Leptanillinae constituting the “leptanillomorph 
subfamilies” sensu Bolton (2003)), these lineages were hypothesized to have af-
finity with the Amblyoponinae, or more generally the “poneroid” clade (Ward 2007).

Figure 63. Penial sclerites in the Leptanilla revelierii species group, outlined in black, posterodorsal view A Leptanilla 

GR02 (CASENT0106068) B Leptanilla zhg-au01 (CASENT0758873). Scale bar: 0.1 mm.

A B
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The advent of molecular sequencing supported none of the above hypothe-

ses: instead, Leptanillinae was consistently supported as an early-diverging lin-

eage of the Formicidae not akin to Apomyrma, which was recovered as a poner-
oid, sister to the Amblyoponinae. In addition, Ward and Fisher (2016) robustly 
recovered the monotypic genus Opamyrma, which had been described within the 
Amblyoponinae on account of character states closely resembling those of Apo-

myrma (e.g., abdominal sternite II reduced), as sister to the remaining Leptanilli-
nae (Ward and Fisher 2016). This inference is corroborated by male morphology.

The Leptanillinae have been afflicted by a dual taxonomy since the descrip-

tion of the first putative males by Santschi (1907, 1908). The first males of Lep-

tanilla were described without association with workers, justified by purported 
similarity in head morphology, and “only with some doubt (n’est qu’avec doute)” 
(Santschi 1907: 312). The genus Phaulomyrma was erected for Leptanilla javana 

(Wheeler & Wheeler, 1930) and Leptanilla tanit Santschi, 1907, both known only 
from males (Wheeler and Wheeler 1930), whereas the bizarre monotypic ge-

nus Scyphodon, described by Brues (1925) as Hymenoptera incertae sedis, was 
found to represent a male leptanilline (Petersen 1968; Boudinot 2015), although 
Ogata et al. (1995) argued against the placement of Scyphodon in the Formici-
dae. The genera Noonilla and Yavnella were also described in the Leptanillinae 
based solely upon male specimens (Petersen 1968; Kugler 1987). Ogata et al. 
(1995) was the first to associate male and worker leptanilline specimens, de-

scribing the male of Leptanilla japonica, which was previously known from work-

ers (Baroni Urbani 1977), and confirming the hypothesis of Santschi (1907). The 
two genera for which the tribe Anomalomyrmini was established were each ini-
tially known only from workers (Protanilla) or gynes (Anomalomyrma) (Bolton 
1990b). Consideration of morphology illuminated by phylogenetic inference 
(Borowiec et al. 2019; Griebenow 2020, 2021; Griebenow et al. 2022) demon-

strates a lack of reciprocal monophyly, and the two are here synonymized. Males 
were only subsequently associated with Protanilla (namely the Protanilla raffle-

si species group) by means of phylogenomic inference (Griebenow 2020). The 
Opamyrmini have avoided comparable taxonomic problems, with the collection 
of the male of O. hungvuong in association with females (Yamada et al. 2020).

Biogeography and ecology

The Leptanillinae are, as per the 95% credibility interval inferred for the crown 
age of this clade by Borowiec et al. (2019), no older than the beginning of the Ce-

nozoic Era (66 mya). The crown age of the Leptanillinae is no older than the esti-
mated origins of several ant clades that have a circumtropical or cosmopolitan 
distribution, including Odontomachus (Ponerinae: Ponerini) (Schmidt 2013) and 
Camponotus (Formicinae: Camponotini) (Blaimer et al. 2015). Yet, curiously, the 
Leptanillinae are restricted to the Old World. The bulk of leptanilline diversity 
resides in the humid tropics, with the few temperate lineages (e.g., Leptanilla 

taiwanensis; Man et al. 2017) being close kin of tropical ones. This implies that 
the origin of the Leptanillinae occurred in tropical climates, conforming to the 
overall tendency observed in the Formicidae (Economo et al. 2018). In the ab-

sence of other data to explain the absence of this clade from the New World, 
I predict that leptanilline ants originated after the closure of the Thulean and 
Beringian land bridges to tropical biota, but this prediction remains to be tested.
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The notable absence of the Leptanillinae from the Neotropics elicits inquiry 
into which ants occupy a similar ecological niche in this ecoregion. In terms 
of functional morphology and behavior, Leptanilloides differs from leptanilline 
ants in the presence of cincti on abdominal segments IV–VII and in being an 
obligate predator of ant brood, rather than hunting geophilomorph centipedes; 
despite their name, these minute dorylines are not a Neotropical analog to the 
Leptanillinae. Rather, it is probable that centipede predators such as Prionopel-

ta and Fulakora (Amblyoponinae), which often display LHF (Ito and Billen 1998), 
are ecological counterparts to the Leptanillinae in the New World. This hypothe-

sis is further supported by remarkable homoplasy between the Amblyoponinae 
and Leptanillinae, which resulted in the erroneous hypothesis that these clades 
were akin (Bolton 1990b, 2003).

Typhlomyrmex (Ectatomminae: Ectatommini), which are minute hypogaeic 
ants precinctive to the Neotropics, are also worth noting here on account of 
the leptanilloid gestalt of the worker. Coarse but pronounced resemblance in 
habitus implies functional parallels in Typhlomyrmex with the Leptanillinae, 
with the articulated meso-metapleural suture that is unique to Typhlomyrmex 

among the Ectatomminae (Bolton 2003) recalling that feature in Protanilla 

and certain Leptanilla species, while the tergosternal fusion of abdominal 
segment II constitutes convergence with the Leptanillini. Miniaturized and 
flexible relative to the robust, epigaeic members of their sister clade, Gnamp-

togenys sensu stricto (Camacho et al. 2022), Typhlomyrmex represent Ecta-

tomminae that occupy a morphospace occupied outside the New World by 
the Leptanillinae.
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Research Article

Abstract

An overview of the family Leucospidae (Hymenoptera, Chalcidoidea) is provided for 
the leucospid fauna of the Arabian Peninsula. Two genera containing four species are 
identified based on morphometrics and colour patterns. One species, Leucospis ayezae 

Usman, Anwar & Ahmad, sp. nov., is described. Leucospis elegans Klug had been previ-
ously recorded from Arabia Felix (= Yemen) and is recorded here for the first time from 
Saudi Arabia. The status of Leucospis aff. namibica from Yemen has been clarified, and 
this species is placed here in the genus Micrapion Kriechbaumer as M. clavaforme Stef-
fan. An updated key and a map showing the distribution of the family Leucospidae in 
the Arabian Peninsula is provided. The occurrence and color morphs of all leucospid 
species that have been recorded so far from the region are briefly discussed.

Key words: Biodiversity, ectoparasitoids, new species, taxonomy

Introduction

Members of the family Leucospidae (Hymenoptera, Chalcidoidea) are large 
chalcid wasps (6–15 mm) and develop as ectoparasitoids on aculeate wasps 
or bees (Lima and Dias 2018). They are mostly dark brown, red, or yellow, with 
a patterned, orange or white body, metafemur enlarged with teeth, and strongly 
curved metatibia. Females typically have a recurved ovipositor which lies along 
the dorsal side of the metasoma. Leucospids are cosmopolitan in their distri-
bution but rarely encountered, and there are 144 described species worldwide 
which belong to four genera (Noyes 2019).

The family is mostly represented by the genus Leucospis Fabricius, which 
accounts for more than 86% of the total number of species. Bouček (1974) pro-

vided a comprehensive taxonomic revision of the Leucospidae and provided 
separate keys to American, African, and Asiatic-Australian Leucospis species. 

More recently, Ye et al. (2017) recognized and provided a key to 12 Leucospis 
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species from China. In the Arabian Peninsula six valid leucospid species have 
been reported so far: Leucospis elegans Klug (Bouček 1974 from Saudi Arabia 
[= Arabia Felix i.e., Yemen]; Schmid-Egger 2010 from UAE), L. insularis Kirby 
(Kirby 1900 from Yemen), L. vanharteni Schmid-Egger (Schmid-Egger 2010 
from UAE), L. arabica Gadallah & Soliman, L. africana Cameron, and Micrapion 

clavaforme Steffan (Gadallah et al. 2018 from Saudi Arabia).
Schmid-Egger (2010) tentatively identified two specimens of Leucospis as 

L. aff. namibica. On close examination of his figure (Schmid-Egger 2010: 321, 
pl. 3), there is no doubt that the specimens are not a Leucospis but Micrapi-

on clavaforme Steffan instead. Some other important works on the Leucospi-
dae from the Middle East were provided by Hesami et al. (2005), Lotfalizadeh 
and Fakhrzadeh (2012), Madl and Schwarz (2014), and Kareem et al. (2020). 
Schmid-Egger (2010) provided a key to four species of from the UAE and Ye-

men, and Gadallah et al. (2018) keyed five species of Leucospidae (one Micrap-

ion Kriechbaumer species and four Leucospis species) from Saudi Arabia.
Here we describe a new species of Leucospis from Jazan, Saudi Arabia, 

and also report on some of the known Leucospis and Micrapion species. Diag-

noses and illustrations of types are provided for two of them, L. insularis and 

L. africana. An extended and modified version of map (Fig. 1) and the key given 
by Schmid-Egger (2010) and Gadallah et al. (2018) is also provided to place our 
newly described species. All species treated herein are fully illustrated.

Methods

The study is based on the materials collected from three provinces of Saudi 
Arabia, Asir, Najran, and Jazan (Table 1). The specimens were collected mainly 
by one of two methods, either by sweep net (SN) or in a Malaise trap (MT). 
The collected specimens were primarily stored in 80% ethanol and were lat-
er mounted on rectangular cards. For each species, one pair of wings were 
removed and mounted on a slide. For the new species, Leucospis ayzae, the 
head and a hind leg was removed and mounted on the same card while one 
antenna was mounted on slide by following the methods described by Noyes 
(1982) with modifications as mentioned by Anwar et al. (2020). Photographs 

Figure 1. Distribution map of leucospid species in the Arabian Peninsula.
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of card-mounted specimens were taken using a Nikon SMZ 1000 stereozoom 
binocular microscope. Figs 3B, 5B, 8C, D were taken using a video camera and 
Synaptics Automontage software to produce a montage image of the species. 
Photographs of the slide-mounted parts were taken with a Leica DFC295 digital 
camera attached to a Leica DM 2500 compound microscope with automoun-

tage facility. The final figures were prepared using Adobe Photoshop v. 7.0.
Measurements were made with the use of an ocular micrometer attached to 

the eyepiece of the microscope and were later converted into micrometers (µm). 
All the determined and type materials were deposited at the Insect Collections 
Department of Zoology, Aligarh Muslim University, Aligarh, Uttar Pradesh, India.

The terms mentioned in the text follow Bouček (1974) and Lima and Dias (2018).
List of abbreviations used in the text: AOL, anterior-ocular length; MOD, mid-

ian ocellar diameter; OCL, ocular–occipit length; OOL, ocello–ocular line; POL, 

posterior ocellar line; psa, parascrobal area; F, antennal flagellomere; PMV, 

postmarginal vein of fore wing; STV, stigmal vein; GT, gastral or metasomal 
tergite; MT, Malaise trap; SN, Sweep net.

The following acronym is used for the depository:

BMNH Natural History Museum [formerly British Museum (Natural History)], 
Department of Entomology, London, UK;

KSMA King Saud University Museum of Arthropods, Plant Protection Depart-
ment, College of Food and Agriculture Sciences, King Saud University, 
Riyadh, Saudi Arabia;

MNHN Muséum National d’Histoire Naturelle, Paris, France;
NMWC The National Museum of Wales, Cardiff, UK;
ZMHU Zoological Museum, Humboldt University, Berlin, Germany;
ZDAMU Department of Zoology, Aligarh Muslim University, Aligarh, India.

Results

Four species, including one new species, are among the materials examined. 
These belong to one of two genera, either Leucospis or Micrapion. The family 
Leucopsidae has seven species in total known from the Arabian Peninsula, and 
all seven species are keyed below.

An updated key to females of Leucospidae from the Arabian Peninsula

Modified from Schmid-Egger 2010 and Gadallah et al. 2018.

1 Clypeus curved convexly at posterior margin and without a median tooth; 
mandibles thin, setose, and notched at apex; gaster distinctly clavate, 

Table 1. List of sampling sites with coordinates, altitude, and sampling methods for 
Leucospidae collected from Southwest of Saudi Arabia.

Locality Coordinates Altitude (m) Method

Abha, Hay Al-Menhel, vegetable farm 18°12'N, 42°29'E 2214 MT

Abha, Hay Al-Nusub (Abha Farm Centre) vegetable farm 18°13'N, 42°30'E 2226 MT, SN

Jazan, Farasan Island, Aziz Yousef Village 16°40'N, 42°50'E 3 MT, SN

Najran, Al-Shurfa 17°31'N, 44°15'E 1342 MT
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basally narrow (Fig. 9A, C); GT4 with hind margin always produced back-

ward and sharply angulate (Fig. 9A, C); GT6 fused to epipygium (gaster 
with coarse punctures; GT1 without band and with shiny interspaces; api-
cal band of GT5 0.5× as broad as length of sheaths; metafemur relatively 
slender) ..........................................................Micrapion clavaforme Steffan

– Clypeus bilobed at posterior margin and often with a median tooth; man-

dibles robust, without setae; lower tooth stronger; gaster less clavate 
(Figs 3C, 4A, 5B, 7B, 8B); GT4 posteriorly straight; GT6 distinctly separated 
from epipygium ............................................ 2 (genus Leucospis Fabricius)

2 Pronotum with three distinct transverse carinae (Figs 3A, 5A, 7A, 8A) .....3
– Pronotum with at most two transverse, less-developed carinae (Fig. 4A) ...6
3 Ovipositor short, not reaching anterior margin of GT5 (Fig. 7A) ..................

 ..........................................................................Leucospis africana Cameron

– Ovipositor long, reaching at least posterior margin of GT4 or beyond 
(Figs 3A, 4A, 5B, 8B) ......................................................................................4

4 Discal carina on pronotum weak and straight (Fig. 8A); metafemur slen-

der with nine ventral teeth, basal tooth angular and pointed (Fig. 8A); ovi-
positor distinctly reaching beyond (hind fifth) posterior margin of GT1 
(Fig. 8B) ..................................................................Leucospis insularis Kirby

– Discal carina on pronotum strong and angulate; metafemur oval with eight 
or nine ventral teeth, basal tooth triangular and robust; ovipositor hardly 
reaching posterior margin of GT1 ................................................................5

5 Metafemur with nine ventral teeth (Fig. 3B); ovipositor hardly reaching 
posterior margin of GT4 (Fig. 3C) ..................................................................
 .................................... Leucospis ayezae Usman, Anwar & Ahmad sp. nov.

– Metafemur with eight ventral teeth (Fig. 5A); ovipositor clearly reaching 
posterior margin of GT1 (Fig. 5B)........................... Leucospis elegans Klug

6 Pronotum red or orange, except black at base of mesopleuron; middle 
teeth of metafemur distinctly longer than basal triangular tooth ................

 .............................................................Leucospis vanharteni Schmid-Egger

– Pronotum dark brown, except with a transverse yellow strip posteriorly 
between preapical and marginal carinae, continuing to lateral panel of pro-

notum as an oblique marking above ventral depression of panel (Fig. 4A); 
basal tooth of metafemur longer and more robust than any of the follow-

ing teeth .......................................... Leucospis arabica Gadallah & Soliman

Taxonomy

New species

Leucospis ayezae Usman, Anwar & Ahmad, sp. nov.

https://zoobank.org/02A1622A-412E-423C-B50C-028EE20D31EF
Figs 2, 3

Type material. Holotype: Saudi Arabia • ♀; Asir, Abha, Hay Al-Nusub; 18°13'N, 
42°30'E; 2226 m alt.; 24.vii.2013; H.A. Dawah leg.; ZDAMU Reg. No. HYM.CH.873, 
body, dissected head with one antenna and one dissected hind leg on card; one 
pair of fore wing and antenna on slide under two coverslips, slide HYM.06.
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Figure 2. Leucospis ayezae Usman, Anwar & Ahmad sp. nov. holotype, female A head, frontal view B antenna C wings.
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Figure 3. Leucospis ayezae Usman, Anwar & Ahmad sp. nov. holotype, female, habitus A lateral view B dorsal view.
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Diagnosis. The new species is similar to L. insularis in having a yellow band 
on the pronotum and scutellum and distinct discal, preapical, and marginal ca-

rinae, but the new species differs from L. insularis as follows: discal carina on 
pronotum strong and angulate (discal carina on pronotum weak and straight 
in L. insularis); metafemora oval with eight ventral teeth, basal tooth triangular 
and robust (metafemora slender with nine ventral teeth, basal tooth angular 
and pointed in L. insularis); pubescence on sides of propodeum and metatibia 
relatively short and less dense (pubescence on sides of propodeum and metat-
ibia long and more dense in L. insularis) ovipositor hardly reaching posterior 
margin of GT4 (ovipositor distinctly reaching beyond posterior margin of GT1 
in L. insularis).

Description. Colour (Figs 2A, 3). Head dark brown; maxillary and labial palps 
yellowish brown; antenna dark brown except scape with posterior margin yel-
low. Mesosoma dark brown except a yellow transverse strip in front of discal 
carina, not continuing to sides of pronotum, and a narrow, transverse yellow 
strip on scutellum just above apex. Gaster largely reddish to dark brown, with 
transverse yellow strips medially on GT4 and apically on GT5. Basal two-thirds 
of ovipositor reddish brown; the rest dark brown. Pro- and mesofemur brown, 
with yellow tips where joining tibia; pro- and mesotibia reddish brown, with their 
margins yellow; hind legs dark brown except apex of coxa in ventral view and 
margins of femur yellow; all tarsi yellow. Fore wing below PMV and in apical 
half strongly infuscate, the rest hyaline.

Head (Fig. 2A). Head in frontal view 1.2× as broad as high and as wide as 
posterior margin of pronotum; less densely punctuate, medially at psa smooth, 
setae on face and eyes silvery, erect, and less dense; POL 2× OOL and 3× MOD; 
scrobe 1.5× as wide as parascrobal area, transversely carinate; occipital carina 
distinctly visible between and beyond posterior ocelli; malar space 0.35× eye 
height and as long as F7; flagellum with erect, black setae; F1 widened apically, 
as long as broad and shortest of all funicular segments individually; F3–F5 sub-

equal in length; F7 longest; clava 1.7× as long as broad, distinctly longer than F7 
and F8 combined (Fig. 2B); mandible tridentate.

Mesosoma (Fig. 3A, C). Mesosoma densely punctuate, punctures setigerous, 
with dense, long, pale setae; setae denser on propodeal callus; discal, preapi-
cal, and marginal carinae well developed, raised, and angulate; posterior margin 
of scutellum with punctures in a line with margins and with carina; propodeum 
medially with a complete carina. Hind leg with coxa punctuate, carinate and 
subserrate posterodorsally; metafemur oval, 1.9× as long as broad, punctuate, 
and setose, with eight ventral teeth; basal tooth robust, 3–5 longer than rest 
and subequal (Fig. 3B); metatibia with spine subequal to spur. Fore wing 3.2× 
as long as broad, with dense, black setation towards apical margin; STV with 
bifurcate uncus; uncus longer than apical process of stigmal vein (Fig. 2C). 
Hind wing 4.4× as long as broad (Fig. 2C).

Metasoma (Fig. 3A, C). Gaster moderately punctuate, with dense, pale setae; 
density of setae more at epipygium. GT1 wider than long, interiorly with triangu-

lar process attached to petiole and, medially with a raised carina, narrower than 
GT4 in dorsal view; GT4 with posterior margin entire; ovipositor sheaths long, 
nearly reaching anterior margin of GT3.
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Measurements (holotype, mm): head width:length:height, 1.4:0.7:1.2; AOL, 
0.14; MOD, 0.12; OCL, 0.03; OOL, 0.19; POL, 0.38; sh [scrobe height], 0.51; 
sw [scrobe weight], 0.4; psa, 0.33; ceh [compound eye height], 0.82; mls 
[malar space], 0.28; antennal segments length:width — radicle, 0.13:0.16; 
scape, 0.64:0.2; pedicel, 0.24:0.17; F1, 0.16:0.16; F2, 0.22:0.2; F3, 0.25:0.24; 
F4, 0.25:0.25; F5, 0.25:0.27; F6, 0.25:0.28; F7, 0.28:0.22; F8, 0.24:0.32; clava, 
0.56:0.33; pronotum, 0.56; mesoscutum, 0.72; scutellum, 0.61; dorsellum, 0.16; 
propodeum, 0.24; fore wing length:width, 4.4:1.35; hind wing length:width, 3.1:7; 
metacoxa, 0.96:0.85; metafemur, 1.24:0.64; metatibia, 1.12; metatarsus, 1.12; 
petiole, 0.16:0.37; gaster, 2.8; GT1, 0.9; GT3, 0.1; GT4, 0.4; GT5, 0.7; GT6, 0.2; 
ovipositor, 1.4; hypopygeum, 0.8.

Male. Unknown.
Host. Unknown.
Distribution. Saudi Arabia: Asir.
Etymology. The species name after Ayeza Tarique, daughter of the authors 

SUU and PTA.

Other species

Leucospis arabica Gadallah & Soliman, 2018

Fig. 4

Leucospis arabica Gadallah & Soliman in Gadallah et al. 2018: 2079, female, 
male. Holotype, female (KSMA), Saudi Arabia (Jazan, Farasan Islands), 
not examined.

Materials examined. 8♀, 9♂. Saudi Arabia • Jazan, Farasan Island, Aziz Yousef 
Village; 16°40'N, 42°50'E; 3 m alt.; 6♀, 9♂ (each on cards; 2 females, 1 male 
with one pair of wings on slide under 1 coverslip, slide No. HYM.02, 03, 11), 
15.v.2017; S.K. Ahmad leg.; 2♀ (on cards); 13.v.2017; H.A. Dawah leg.; ZDAMU.

Remarks. The examined specimens were collected from the type locality 
and differ from the holotype in size. The females were 5–15 mm long and 
males 2–10 mm long. In both sexes, the size of the yellow patch on the metafe-

mur varies minute to broad.
Host. Unknown.
Distribution. Saudi Arabia: Jazan (Farasan Islands) and Egypt (Sinai Peninsula).

Leucospis elegans Klug, 1834

Figs 5, 6

Leucospis elegans Klug, 1834: 26. Holotype, female (ZMHU), Yemen, not examined.

Materials examined. 2♀, 1♂. Saudi Arabia • Jazan, Farasan Island, Aziz Yousef 
Village; 16°40'N, 42°50'E; 3 m alt.; 2♀ (on cards, one pair of fore wing of one female 
specimen on slide under 1 coverslip, slide No. HYM.04; one pair of fore wing and 
antenna of other female specimen on slide under 2 coverslips, slide No. HYM.05), 
15.v.2017; S.K. Ahmad leg.; 1♂ (on card, one pair of fore wing and antenna on 
slide under 2 coverslips, slide No. HYM.10), 1.ii.2015; H.A. Dawah leg.; ZDAMU.
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Figure 4. Leucospis arabica Gadallah & Soliman, habitus A female, lateral view B male, lateral view.
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Figure 5. Leucospis elegans Klug, female, habitus A lateral view B dorsal view.



195ZooKeys 1189: 185–202 (2024), DOI: 10.3897/zookeys.1189.113635

Syed Kamran Ahmad et al.: Leucospidae of the Arabian Peninsula

Figure 6. Leucospis elegans Klug, males, habitus, lateral view A reddish brown-yellow morph B dark brown-pale yellow morph.
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Remarks. This is the first record of L. elegans from Saudi Arabia. However, 
Bouček (1974) included it in the fauna of Saudi Arabia but referred to Arabia 
Felix, which is a former name for Yemen. He briefly provided a diagnosis of 
L. elegans and described the male for the first time.

Host. Unknown.
Distribution. Afrotropical, Palaearctic, Oriental (Klug 1834; Bouček 1959, 

1974; Narendran 1986; Schmid-Egger 2010; Madl and Schwarz 2014; Gadallah 
et al. 2018). Yemen (as Arabia Felix; Bouček 1974). Saudi Arabia (new record).

Leucospis africana Cameron, 1907

Fig. 7

Leucospis africana Cameron, 1907: 204. Lectotype, female (BMNH), designat-
ed by Bouček 1974: 104, South Africa (Cape Province), examined (illustra-

tions only).

Remarks. Bouček (1974) recorded L. africana from several African countries and 
provided a brief diagnosis of females and described the males. He further re-

corded its host for the first time. Gadallah at al. (2018) recorded males from Sau-

di Arabia and provided a detailed diagnosis of males and a key identify it from 
other species of Saudi Arabia. Here, we figure the lectotype for the first time.

Host. Serapista denticulata (Smith) (Hymenoptera, Megachilidae) (Bouček 
1974); Megachile spinarum Cockerell (Hymenoptera, Megachilidae) (Gess 1981).

Distribution. Afrotropical: Burundi, Central African Republic, Democratic Re-

public of Congo, Eretria, Ethiopia, Ghana, Ivory Coast, Kenya, Lesotho, Malawi, Mo-

zambique, Nigeria, Rhodesia, South Africa, Tanzania, Uganda, Zambia, Zimbabwe 
(Cameron 1907; Bouček 1974; Noyes 2019); Saudi Arabia (Gadallah at al. 2018).

Leucospis insularis Kirby, 1900

Fig. 8

Leucospis insularis Kirby, 1900: 13. Holotype, female (BMNH), Yemen (Socotra 
Island), examined (illustrations only).

Remarks. Leucospis insularis is only known from the type locality Socotra Is-

lands (Yemen). Bouček (1974) included L. insularis in a key to African Leucos-

pis. Schmid-Egger (2010) included it his key to Arabian species. Here, we figure 
the holotype for the first time.

Host. Unknown.
Distribution. Afrotropical: Socotra Islands (Yemen) (Kirby 1900).

Micrapion clavaforme Steffan, 1948

Fig. 9

Micrapion clavaforme Steffan, 1948: 85, female. Lectotype, female (MNHN), 
designated by Bouček 1974: 220, Gabon (Ogowe), not examined.
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Material examined. 3♀, 2♂. Saudi Arabia • Asir, Abha, Hay Al-Menhel; 18°12'N, 
42°29'E; 2214 m alt.; 2♀ (one on card; one on card with one pair of fore wing on 
slide under 1 coverslip, slide No. HYM.01), 20.xii.2014; H.A. Dawah leg.; Najran 
• Al-Shurfa, Saleh Maqbol Farm, 17°31'N, 44°15'E; 1342 m alt.; 1♀ (on card, one 

Figure 7. Leucospis africana Cameron, lectotype, female (photographs courtesy of Natalie Dale-Skey Papilloud, BMNH) 
A lateral view B dorsal view C labels.
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Figure 8. Leucospis insularis Kirby, holotype, female (photographs courtesy of Natalie Dale-Skey Papilloud, BMNH) A lat-

eral view B dorsal view C labels.
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pair of fore wing on slide under 1 coverslip, slide No. HYM.09), 17.ix.2014; H.A. 
Dawah leg.; Asir, Abha, Hay Al-Nusub, 18°13'N, 42°30'E; 2226 m alt.; 2♂ (one on 
card; one on card with one pair of fore wing on slide under 1 coverslip, slide No. 
HYM.07), 3.vi.2015; H.A. Dawah leg.; ZDAMU.

Remarks. Females and males were collected in the present study from two 
sites in Saudi Arabia. They agree fairly well with the original description of 
M. clavaforme and the diagnoses by Bouček (1974) and Gadallah et al. (2018). 
In both sexes there are two colour morphs, one brown with ivory stripes and an-

other reddish brown with yellow stripes. All specimens, however, exhibit almost 
no variation in stripe patterns and wing infuscation.

Schmid-Egger (2010) tentatively identified two Leucospis specimens from 
Yemen as L. aff. namibica. On close examination of his figure (Schmid-Egger 
2010: 321, pl. 3) there is no doubt that these specimens are not a Leucos-

pis species but Micrapion Kriechbaumer instead. Here, these specimens are 
re-identified as M. clavaforme.

Host. Solitary bees: Ceratina Latreille (Bouček 1974).

Figure 9. Micrapion clavaforme Steffan, habitus, lateral view A, B dark brown-pale yellow morph A female B male C, D red-

dish brown-yellow morph C female D male.
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Distribution. Afrotropical: (Steffan 1948; Bouček 1974). Saudi Arabia (Al Ba-

hah, Asir, Najran) (Gadallah et al. 2018); Yemen (Schmid-Egger 2010 as Leuco-

spis aff. namibica).
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Research Article

Abstract

Seven new species of the primitive segmented spider genus Liphistius are described and 
assigned to species groups based on characters of the male palp and vulva plate. The 
bristowei group includes L. dawei Sivayyapram & Warrit, sp. nov. (♂♀) from southeastern 
Myanmar, L. choosaki Sivayyapram & Warrit, sp. nov. (♀) from northwestern Thailand, 
and L. lansak Sivayyapram & Warrit, sp. nov. (♀) from western Thailand; the trang group 
(Complex A) contains L. kaengkhoi Sivayyapram & Warrit, sp. nov. (♂♀), L. hintung Siv-

ayyapram & Warrit, sp. nov. (♂♀), L. buyphradi Sivayyapram & Warrit, sp. nov. (♂♀), and 
L. champakpheaw Sivayyapram & Warrit, sp. nov. (♂♀) from central Thailand.

Key words: Morphology, Southeast Asia, taxonomy, trapdoor spiders

Introduction

Liphistius is the sole genus of the family Liphistiidae (World Spider Catalog 
2023), which, with its sister taxon Heptathelidae, comprises the suborder Me-

sothelae or segmented spiders, the most basal clade of living spiders (Platnick 
and Gertsch 1976). Liphistius retains several characters that are plesiomorphic 
among spiders, such as presence of abdominal tergites and placement of the 
spinnerets on the ventral median area of the abdomen (Selden 1996; Xu et al. 
2015b; Selden and Ren 2017; Xu et al. 2021). All Liphistius species are endemic 

to Southeast Asia (Indonesia, Laos, Malaysia, Myanmar, Thailand) (World Spi-
der Catalog 2023) except for Liphistius nabang Yu, F. Zhang & J. X. Zhang, 2021 
which has been reported from Yunan, in southwestern China (Yu et al. 2021). 
Currently, 70 Liphistius species are recognized and can be classified into sev-

en species groups based on male and female genitalia: the batuensis group, 
birmanicus group, bristowei group, linang group, malayanus group, trang group, 
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and tioman group (Schwendinger 1990, 2017; World Spider Catalog 2023). Here, 
we describe seven new Liphistius species from specimens deposited at the 
Chulalongkorn University Natural History Museum (CUMZ), Bangkok, Thailand.

Materials and methods

A total of 138 Liphistius specimens (104 specimens of 29 previously described 
species and 34 specimens of new species described here) stored in the Muse-

um were examined and dissected for their genitalia under a Zeiss Stemi DV4 
stereomicroscope. The specimens were collected between 2017–2021. The 
male genitalia were examined from the left palp while the vulvae were dissect-
ed from the body and cleared by digesting soft tissue using 3M potassium hy-

droxide. The terminology of the genital characters follows (Schwendinger and 
Ono 2011; Schwendinger 2017; Schwendinger et al. 2019, 2022). All measure-

ments are reported in millimeters. The spider’s body lengths do not include the 
chelicerae or anal tubercle. Palp and legs measurements are given in the fol-
lowing format: total length (femur + patella + tibia + metatarsus + tarsus). The 
specimens were photographed using a Canon EOS 70D DSLR camera attached 
to a Stackshot Macro Rail (Cognisys Inc., USA). A Canon EF 100mm f/2.8L 
Macro IS USM lens was attached to the camera for shooting the spider dorsal 
and lateral habitus. A Laowa 25mm F 2.8 2.5X–5X Macro lens was attached to 
the camera for shooting the spider genitalia. The photos were recorded in raw 
file (.CR2) then convert into TIFF file (.tiff) using Canon Digital Professional 4. 
Multiple digital photos were combined by the focus stacking technique using 
Zerene Stacker v. 1.04 (Zerene Systems LLC, USA). The stacked photos were 
developed (combining and removing background) and labelled in Adobe Photo-

shop and Adobe Illustrator programs. For species identification, the spider mor-
phologies and genitalia were compared with the original descriptions of previ-
ously described species. To protect Liphistius nesting sites from poaching, the 
species specific collecting sites and their GPS coordinates are not presented 
in this article. For more specific information, please contact VS or NW directly. 
Thai specimens are deposited at CUMZ and the Myanmar specimens will be 
deposited in the Biodiversity Research Centre of Myanmar which is under con-

struction at the site of the Forest Department, Ministry of Natural Resources 
and Environmental Conservation at Yezin, Nay Pyi Taw.

Comparative material examined

Liphistius albipes Schwendinger, 1995 – Thailand • 1♂ 2♀; Phra Chaup Kh-

irikhan, Thap Sakae District, along rural road to Chong Lom Water Reservoir; 
alt. 108 m; 26 November 2017; X. Xu, F. Liu, D. Li, V. Sivayyapram leg.; ARA-
2020-051, ARA-2020-052, ARA-2020-053.

Liphistius bicoloripes Ono, 1988 – Thailand • 2♀; Ranong, Suk Samran District, 
Khlong Na Kha; alt. 52 m; 21 February 2021; V. Sivayyapram leg.; ARA-2021-
057, ARA-2021-058.

Liphistius bristowei Platnick & Sedgwick, 1984 – Thailand • 1♀; Chiang Mai, 
Mueang Chiang Mai District, Suthep; alt. 1110 m; 18 November 2017; X. Xu, 
F. Liu, D. Li, V. Sivayyapram leg.; ARA-2020-026; • 8♀; Chiang Mai, Mae Ch-

aem District, Tha Pha; alt. 1428 m; 17 June 2019; N. Warrit, V. Sivayyapram, 
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C. Kunsete, W. Nawanetiwong, P. Traiyasut leg.; ARA-2019-028, ARA-2019-
032, ARA-2019-039, ARA-2019-040, ARA-2019-044, ARA-2019-046, ARA-
2019-048, ARA-2019-050.

Liphistius castaneus Schwendinger, 1995 – Thailand • 2♀; Ranong, Suk Sam-

ran District, Khlong Na Kha; alt. 52 m; 21 February 2021; V. Sivayyapram, leg.; 
ARA-2021-065, ARA-2021-066.

Liphistius dangrek Schwendinger, 1996 – Thailand • 1♂ 1♀; Ubon Ratchathani, 
Na Chaluai District, Na Chaluai; alt. 354 m; 11 November 2018; P. Traiyasut 
leg.; ARA-2020-058, ARA-202-059.

Liphistius erawan Schwendinger, 1996 – Thailand • 2♀; Kanchanaburi, Si 
Sawat District, Tha Kradan; alt. 272 m; 15 November 2017; X. Xu, F. Liu, D. 
Li, V. Sivayyapram leg.; ARA-2020-045, ARA-2020-046; • 1♂ 2♀; Kanchanab-

uri, Si Sawat District, Tha Kradan; alt. 229 m; 20 September 2018; V. Siv-

ayyapram, C. Kunsete, W. Nawanetiwong leg.; ARA-2018-260, ARA-2018-261, 
ARA-2018-263; • 1♂ 2♀; Kanchanaburi, Sai Yok District, Tha Sao; alt. 380 
m; 15 November 2018; V. Sivayyapram, C. Kunsete, W. Nawanetiwong leg.; 
ARA-2018-314, ARA-2018-315, ARA-2018-319; • 1♂ 2♀; Kanchanaburi, Sai 
Yok District, Tha Sao; alt. 158 m.; 27 January 2016; N. Warrit, V. Sivayyapram 
leg.; ARA-2017-118; ARA-2017-125; ARA-2017-127.

Liphistius fuscus Schwendinger, 1995 – Thailand • 2♀; Krabi, Mueang Krabi 
District, Thab Prik; alt. 307 m; 20 February 2021; V. Sivayyapram leg.; ARA-
2020-047, ARA-2020-048.

Liphistius hatyai Zhan & Xu, 2022 – Thailand • 2♂ 1♀; Songkhla, Hat Yai Dis-

trict, Kho Hong; alt. 162 m; 13 November 2016; N. Warrit, V. Sivayyapram, 
N. Chatthanabun, P. Traiyasut leg.; ARA-2017-121, ARA-2017-122, ARA-2017-
123.

Liphistius indra Schwendinger, 2017 – Thailand • 5♀; Pattani, Khok Pho Dis-

trict, Sai Khao; alt. 83 m; 17 February 2021; V. Sivayyapram leg.; ARA-2021-
001, ARA-2021-004, ARA-2021-006, ARA-2021-007, ARA-2021-010.

Liphistius isan Schwendinger, 1998 – Thailand • 1♀; Sakon Nakhon, Mueang 
Sakon Nakhon District, Huai Yang; alt. 308 m; 24 May 2018; N. Warrit, V. Siv-

ayyapram, C. Kunsete, W. Nawanetiwong, P. Traiyasut leg.; ARA-2018-194.
Liphistius jarujini Ono, 1988 – Thailand • 1♀; Mueang Tak District, Mae Tho; 

alt. 881 m; 16 November 2017; X. Xu, F. Liu, D. Li, V. Sivayyapram leg.; ARA-
2020-017.

Liphistius keeratikiati Zhan & Xu, 2022 – Thailand • 3♀; Chumphon, Sawi 
District, Thung Raya; alt. 48 m; 4 May 2018; N. Warrit, V. Sivayyapram, C. 
Kunsete, W. Nawanetiwong, P. Traiyasut leg.; ARA-2018-027, ARA-2018-028, 
ARA-2018-033.

Liphistius lahu Schwendinger, 1998 – Thailand • 1♀; Chiang Mai, Fang District, 
Ang Kang; alt. 1646 m; 21 November 2017; X. Xu, F. Liu, D. Li, V. Sivayyapram 
leg.; ARA-2020-028.

Liphistius maewongensis Sivayyapram et al., 2017 – Thailand • 1♂ 2♀; Kam-

pang Phet, Klonglan District, Mae Wong National Park, 16.09°N, 99.12°E; alt. 
946 m; 4 May 2018; N. Warrit, V. Sivayyapram, N. Chatthanabun leg.; ARA-
2017-001, ARA-2017-002, ARA-2017-003.

Liphistius marginatus Schwendinger, 1990 – Thailand • 1♂ 1♀; Tak, Mueang 
Tak District, Mae Tho; alt. 868 m; 20 September 2017; N. Chomphuphuang, 
C. Songsangchote leg.; ARA-2017-124, ARA-2017-125.
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Liphistius nesioticus Schwendinger, 1996 – Thailand • 2♀; Trat, Ko Chang Dis-

trict, Ko Chang, along rural road; alt. 84 m; 28 November 2017; X. Xu, F. Liu, D. 
Li, C. Kunsete leg.; ARA-2020-032, ARA-2020-043.

Liphistius niphanae Ono, 1988 – Thailand • 4♀; Nakhon Si Thammarat, Lansa-

ka District, Khao Kaeo; alt. 112 m; 23 January 2018; N. Warrit, V. Sivayyapram, 
C. Kunsete, W. Nawanetiwong, P. Traiyasut leg.; ARA-2018-038, ARA-2018-
039, ARA-2018-040, ARA-2018-041; • 2♀; Nakhon Si Thammarat, Nopphitam 
District, Nopphitam; alt. 248 m; 15 February 2021; V. Sivayyapram leg.; ARA-
2021-020, ARA-2021-021.

Liphistius onoi Schwendinger, 1996 – Thailand • 3♀; Phitsanulok, Nakhon Thai 
District, Noen Phoem; alt. 1238 m; June 2017; N. Warrit, V. Sivayyapram, C. 
Kunsete, W. Nawanetiwong, P. Traiyasut leg.; ARA-2020-055, ARA-2020-056, 
ARA-2020-057.

Liphistius ornatus Ono & Schwendinger, 1990 – Thailand • 7♀; Chanthabu-

ri, Khao Khitchakut District, Pluang; alt. 79 m; 17 March 2018; N. Warrit, V. 
Sivayyapram, C. Kunsete, N. Chatthanabun, P. Traiyasut leg.; ARA-2018-106, 
ARA-2018-107, ARA-2018-108, ARA-2018-109, ARA-2018-110, ARA-2018-112, 
ARA-2018-114; • 1♂; Chanthaburi, Khao Khitchakut District, Pluang; alt. 79 m; 
26 October 2021; N. Warrit, C. Kunsete, W. Nawanetiwong leg.; ARA-2021-078.

Liphistius phuketensis Schwendinger, 1998 – Thailand • 3♀; Phuket, Thalang 
District, Thep Krasatti; alt. 89 m; 23 November 2017; X. Xu, F. Liu, D. Li, V. Siv-

ayyapram leg.; ARA-2020-020, ARA-2020-021, ARA-2020-022.
Liphistius sayam Schwendinger, 1998 – Thailand • 2♀; Chon Buri, Si Racha 

District, Bang Phra; alt. 326 m; 18 March 2018; N. Warrit, V. Sivayyapram, C. 
Kunsete, N. Chatthanabun, P. Traiyasut leg.; ARA-2018-204, ARA-2018-205.

Liphistius schwendingeri Ono, 1988 – Thailand • 3♀; Ranong, Suk Samran Dis-

trict, Khlong Na Kha; alt. 52 m; 22 January 2018; N. Warrit, V. Sivayyapram, C. 
Kunsete, W. Nawanetiwong, P. Traiyasut leg.; ARA-2018-027, ARA-2018-028, 
ARA-2018-033.

Liphistius tenuis Schwendinger, 1996 – Thailand • 3♀; Chanthaburi, Laem 
Sing District, Phliu; alt. 69 m; 6 February 2017; N. Warrit, V. Sivayyapram, P. 
Traiyasut leg.; ARA-2017-158, ARA-2017-159, ARA-2017-160.

Liphistius thaleri Schwendinger, 2009 – Thailand • 5♀; Trang, Kantang District, 
Libong Island; alt. 37 m; 18 February 2021; V. Sivayyapram leg.; ARA-2021-
022, ARA-2021-023, ARA-2021-024, ARA-2021-025, ARA-2021-028.

Liphistius tham Sedgwick & Schwendinger, 1990 – Thailand • 2♀; Saraburi, 
Kaeng Khoi District, Thap Kwang, Kaeng; alt. 280 m; V. Sivayyapram leg.; 
ARA-2021-073, ARA-2021-074.

Liphistius thoranie Schwendinger, 1996 – Thailand • 1♂; Nakhon Ratchasima, 
Mueang Nakhon Nayok, Hin Tung; alt. 1171 m; July 2017; C. Songsangchote 
leg.; ARA-2020-054; • 1♀; Nakhon Ratchasima, Mueang Nakhon Nayok, Hin 
Tung; alt. 754 m; 9 October 2016; N. Warrit, V. Sivayyapram, P. Traiyasut leg.; 
ARA-2020-041.

Liphistius trang Platnick & Sedgwick, 1984 – Thailand • 4♀; Trang, Na Yong 
District, Chong; alt. 161 m; 23 January 2018; N. Warrit, V. Sivayyapram, C. 
Kunsete, W. Nawanetiwong, P. Traiyasut leg.; ARA-2018-050, ARA-2018-051, 
ARA-2018-052, ARA-2018-055.

Liphistius yamasakii Ono, 1988 – Thailand • 5♀; Chiang Mai, Mae Chaem 
District, Tha Pha; alt. 1428 m; 13 June 2019; N. Warrit, V. Sivayyapram, 
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C. Kunsete, W. Nawanetiwong, P. Traiyasut leg.; ARA-2019-016, ARA-2019-
017, ARA-2019-019, ARA-2019-021, ARA-2019-024 • 1♂1♀; Chiang Mai, 
Mae Chaem District, Tha Pha; alt. 1428 m; 28 October 2020; C. Kunsete, W. 
Nawanetiwong leg.; ARA-2021-076, ARA-2021-077.

Liphistius yangae Platnick & Sedgwick, 1984 – Thailand • 1♂; Satun, Khuan 
Don District, Wang Prachan; alt. 117 m; 25 January 2018; N. Warrit, V. Siv-

ayyapram, C. Kunsete, W. Nawanetiwong leg.; ARA-2018-062; • 3♀; Songkhla, 
Hat Yai District, Hat Yai; alt. 37 m; 30 December 2018; C. Kunsete leg.; ARA-
2018-370, ARA-2018-372, ARA-2018-377.

Systematics

Family Liphistiidae Thorell, 1869

Genus Liphistius Schiødte, 1849

Type species. Liphistius desultor Schiødte, 1849.
Diagnosis. Liphistius can be distinguished from the heptathelid genera by 

the male palp possessing a tibial apophysis; the vulva modified into a pore 
plate or plate-like spermatheca; and the nest structure equipped with signal 
lines, unique silk lines radiating from the burrow entrance (Platnick and Sedg-

wick 1984; Xu et al. 2015a).
Distribution. China (Yunnan Province), Indonesia (Sumatra), Laos, Peninsu-

lar Malaysia, Myanmar, and Thailand.

Liphistius dawei Sivayyapram & Warrit, sp. nov.

https://zoobank.org/9F369E2C-F3DB-4F63-ADE1-E4FD4C7F063B
Figs 1–3

Type material. Holotype: Myanmar • 1♂; Dawei, Pa Kar Ri; alt. 20 m; 4 May 
2018; N. Warrit, V. Sivayyapram, C. Kunsete, N. Chatthanabun, P. Traiyasut leg.; 
ARA-2018-143. Allotype: Myanmar • 1♀; same data as for the holotype; ARA-
2018-138. Paratypes: Myanmar • 1♂ 5♀; same data as for the holotype; ARA-
2018-136, ARA-2018-137, ARA-2018-139, ARA-2018-140, ARA-2018-144, ARA-
2018-147.

Other material. Myanmar • 3 juveniles; same data as for the holotype; ARA-
2018-146, ARA-2018-148, ARA-2018-149.

Diagnosis. Liphistius dawei sp. nov. is similar to L. inthanon Zhan & Xu, 2022 
and L. yamasakii Ono, 1988 in large body size with uniformly dark color. The 
male of L. dawei sp. nov. can be distinguished from those of L. inthanon and 

L. yamasakii by the palp: subtegulum with moderate apophysis, not enlarged 
at the tip; tegulum with finer dentate edge of proximal margin and more pro-

nounced marginal apophysis (Fig. 3A–D; Ono 1988: fig. 8; Schwendinger 1990: 
fig. 18; Zhan et al. 2022: fig. 4A–G). The female of L. dawei sp. nov. can be 
distinguished from those of L. inthanon and L. yamasakii by the vulva: posterior 
stalk axe-blade shaped, constricted at the base; pore plate with less projecting 
posterior corners of the lateral lips (Fig. 3E, F; Ono 1988: figs 6, 7; Schwendinger 
1990: fig. 19; Zhan et al. 2022: fig. 4H–M).
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Figure 1. Map showing the localities of the new Liphistius species described.

Description. Male (Holotype: ARA-2018-143; Fig. 2A). Coloration (in alco-

hol): carapace uniformly brown, with black stripe along the margins, bearing 
short black setae on cephalic region and coxal elevations; abdominal tergite 
brown, bearing short black setae, paler on the glabrous area; membranous part 
of the opisthosoma cream color with a smear of black pigment; chelicerae pale 
brown; palp and legs pale brown, without distinct annulations.

Palp (Fig. 3A–D): tibial apophysis short, truncate, carrying four black ta-

pering megaspines; cumulus distinctly elevated, bearing long black bristles; 
paracymbium long, narrow, dark patch with spicules partially isolated by a pale 
band; subtegulum with moderated apophysis, not enlarged at the tip; contrate-

gulum without apophysis, distal edge of contrategulum arched, leading to coni-
cal apex; tegulum kidney-shaped, wider than long, proximal margin convex with 
finely dentate edge, distal margin slightly concave with round and pronounced 
apophysis; pigmental bridge between contrategulum and tegulum indistinct; 
paraembolic plate indistinct, not projecting into a scale-like plate, sclerotized 
part of the embolus with two longitudinal ridges reaching to the tip.

Measurements: Total length 20.15; carapace 9.75 long, 9.10 wide; opistho-

soma 9.36 long, 7.28 wide; ocular tubercle 1.30 long, 1.56 wide; palpal coxa 
3.12 long, 1.82 wide; labium 1.04 long, 1.82 wide; sternum 4.55 long, 2.73 wide 
(1.43 on ventral surface); palp 16.90 long (5.59 + 3.38 + 5.33 + – + 2.60); leg 
I 28.21 long (8.58 + 4.16 + 5.85 + 7.02 + 2.60); leg II 30.42 long (8.97 + 4.03 + 
6.50 + 7.93 + 2.93); leg III 32.04 long (8.58 + 4.16 + 6.50 + 7.93 + 2.93); leg IV 
39.91 long (10.7 + 4.29 + 8.19 + 12.48 + 4.68).
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Figure 2. Liphistius dawei sp. nov. dorsal habitus A male, ARA-2018-143 (holotype) B female, ARA-2018-138 (allotype). 
Scale bar: 10 mm.

Female (Allotype: ARA-2018-138; Fig. 2B). Coloration (in alcohol): carapace 

uniformly brown, bearing short black setae on the cephalic region and coxal 
elevations; abdominal tergites brown, darker in the area with short black setae; 
membranous part of the opisthosoma cream colored with thin layer of smear 
black marking; chelicerae bicolor, orange on proximal part and brown on distal 
part; palp and legs brown, without distinct annulations.

Vulva (Fig. 3E, F): vulva plate hexagonal, genital atrium with folded lateral 
margins, carrying lateral hairs; posterior stalk axe-blade shaped, constricted 
at the based, posterior margin convex; pore plate rectangular and wider than 
long, lateral margin thickened and projecting into a lips, more distinct on ante-

rior portion, posterior corner slightly projecting, anterior margin thickened and 
projecting into a lip, slightly arched; receptacular cluster racemose, longer than 
wide; central dorsal opening wide longer than wide.

Measurements: Total length 27.43; carapace 12.87 long, 12.09 wide; opist-
hosoma 14.04 long, 11.44 wide; ocular tubercle 1.69 long, 1.95 wide; palpal 
coxa 4.42 long, 2.47 wide; labium 1.82 long, 3.12 wide; sternum 6.24 long, 3.51 
wide (2.08 on ventral surface); palp 22.23 long (8.06 + 4.16 + 5.07 + – + 4.94); 
leg I 28.47 long (9.75 + 4.94 + 5.98 + 5.46 + 2.34); leg II 29.51 long (9.62 + 5.07 
+ 5.98 + 5.72 + 3.12); leg III 30.42 long (8.97 + 5.33 + 5.85 + 7.28 + 2.99); leg IV 
41.34 long (11.44 + 5.46 + 7.80 + 12.09 + 4.55).
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Figure 3. Liphistius dawei sp. nov. male palp and vulva plate A–D ARA-2018-143 (holotype) palp A prolateral view B ven-

tral view C retrolateral view D distal view E, F ARA-2018-138 (allotype) vulva plate E ventral view F dorsal view. Abbrevia-

tions: CDO = central dorsal opening; CT = contrategulum; Cu = cumulus; de = distal edge of the contrategulum; Em = em-

bolus; GA = genital atrium; mm = millimeter; PC = paracymbium; PeP = paraembolic plate; PP = poreplate; PS = posterior 
stalk; RC = receptacular cluster; ST = subtegulum; T = tegulum; TiA = tibial apophysis. Scale bar: 1 mm.
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Etymology. The specific epithet dawei refers to the type locality of the new 
species in Dawei State, Myanmar.

Distribution. Known only from the type locality.
Comment. The new species was mentioned as Liphistius sp. DW in Siv-

ayyapram et al. (2023).

Liphistius choosaki Sivayyapram & Warrit, sp. nov.

https://zoobank.org/B14F4BAB-5156-479D-93E0-5CDE9F8C2A50
Figs 1, 4

Type material. Holotype: Thailand • 1♀; Phrae, Wang Chin District, Mae Ko-

eng; alt. 265 m; 5 October 2019; N. Warrit, V. Sivayyapram, C. Kunsete, N. Chat-
thanabun, P. Traiyasut leg.; ARA-2019-057. Paratype: Thailand • 1♀; same data 
as for the holotype; ARA-2019-056.

Other materials. Thailand • 3 juveniles; same data as for the holotype; ARA-
2019-059, ARA-2019-061, ARA-2019-062.

Diagnosis. Liphistius choosaki sp. nov. is similar to L. dawei sp. nov., L. inth-

anon, and L. yamasakii in its uniformly dark coloration. The female of L. choo-

saki sp. nov. can be distinguished from those of L. dawei, L. inthanon, and L. 

yamasakii by the characters of vulva: pore plate distinctly wider than long with 
almost straight anterior margin; and by its larger body size.

Figure 4. Liphistius choosaki sp. nov. female, ARA-2019-057 (holotype) A dorsal view B, C vulva plate B ventral view 
C dorsal view. Abbreviations: CDO = central dorsal opening; GA = genital atrium; mm = millimeter; PP = poreplate; PS = 
posterior stalk; RC = receptacular cluster. Scale bars: 10 mm (A); 1 mm (B, C).
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Description. Male. Unknown.
Female (Holotype: ARA-2019-057; Fig. 4A). Coloration (in alcohol): cara-

pace uniformly brown; abdominal tergites dark brown; membranous part of the 
opisthosoma cream color with thin mottled black marking; chelicerae bicolor, 
orange on proximal part and dark brown on distal part; palp and legs brown, 
without distinct annulations.

Vulva (Fig. 4B, C): vulva plate hexagonal, genital atrium with folded lateral 
margins, carrying lateral hairs; posterior stalk very wide, M-shaped posterior 
margin; pore plate rectangular, wider than long, lateral margin convex, anterior 
margin almost straight, all margins thickened and projected into a lip; recepta-

cular cluster racemose, longer than wide; central dorsal opening wide longer 
than wide.

Measurements: Total length 36.40; carapace 18.33 long, 16.38 wide; opist-
hosoma 17.94 long, 15.34 wide; ocular tubercle 1.82 long, 1.95 wide; palpal 
coxa 5.46 long, 3.25 wide; labium 2.08 long, 4.29 wide; sternum 9.75 long, 3.90 
wide (1.95 on ventral surface); palp 29.12 long (10.66 + 5.59 + 7.02 + – + 5.85); 
leg I 34.71 long (12.48 + 6.50 + 7.15 + 6.24 + 2.34); leg II 36.40 long (11.96 + 
5.85 + 7.41 +7.54 +3.64); leg III 40.82 long (12.74 + 6.89 + 7.67 + 9.49 + 4.03); 
leg IV 53.69 long (15.21 + 7.41 + 10.79 + 14.95 + 5.33).

Etymology. The specific epithet choosaki honors the late Mr. Choosak Pun-

grusmee, father to Mr. Sarawut Pungrusmee and dedicated philanthropist to 
the study of biodiversity in our research laboratory.

Distribution. Known only from the type locality.
Comment. This new species name was mentioned as Liphistius sp. WKS in 

Sivayyapram et al. (2023).

Liphistius lansak Sivayyapram & Warrit, sp. nov.

http://zoobank.org/49787452-9ACB-4BB4-AD78-006CE5A02D25
Figs 1, 5

Type material. Holotype: Thailand • 1♀; Uthai Thani, Lan Sak District, Rabam; 
alt. 200 m; 29 October 2020; V. Sivayyapram leg.; ARA-2021-067. Paratype: 

Thailand • 1♀, same data as for the holotype; ARA-2021-068.
Diagnosis. Liphistius lansak sp. nov. is a small Liphistius species recognized 

by the unique vulva: pore plate with receptacular cluster flanked by a pair of 
large vesicles.

Description. Male. Unknown.
Female (Holotype: ARA-2021-067; Fig. 5A, B). Coloration (in alcohol): cara-

pace pale brown with black marking on the cephalic region and the margin of 
the thoracic region; abdominal tergites pale brown, with black marking on the 
anterior and lateral margins of each plate; membranous part of the opistho-

soma cream colored with thin mottled black marking; chelicerae dark brown, 
with black marking, except on the proximal part; palp and legs pale brown, with 
black annulations on the proximal and distal part of each joint (Fig. 5B).

Vulva (Fig. 5C, D): vulva plate hexagonal, wider than long, genital atrium with-

out lateral hair; posterior stalk short but wide, posterior margin W-shaped; pore 
plate rectangular, wider than long, lateral margin not projected into a lip, ante-

rior margin invaginated, thickened and projected into a lip; receptacular cluster 
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Figure 5. Liphistius lansak sp. nov. A, B female, ARA-2021-068 (holotype) A dorsal view B lateral view C, D vulva plate 
C ventral view D dorsal view. Abbreviations: CDO = central dorsal opening; GA = genital atrium; mm = millimeter; PP = 
poreplate; PS = posterior stalk; RC = receptacular cluster. Scale bars: 10 mm (A, B); 1 mm (C, D).

racemose, as long as wide, flanked by a pair of large vesicles; central dorsal 
opening round and wide.

Measurements: Total length 14.17; carapace 5.98 long, 5.46 wide; opistho-

soma 8.19 long, 6.89 wide; ocular tubercle 0.91 long, 1.04 wide; palpal coxa 
2.21 long, 1.17 wide; labium 0.78 long, 1.82 wide; sternum 3.12 long, 1.95 wide 
(1.30 on ventral surface); palp 10.79 long (3.77 + 1.95 + 2.47 + – + 2.60); leg 
I 14.04 long (4.55 + 2.08 + 2.86 + 2.99 + 1.56); leg II 15.08 long (4.81 + 2.21 + 
2.99 + 3.38 + 1.56); leg III 17.16 long (4.68 + 2.47 + 3.25 + 4.03 + 2.73); leg IV 
20.94 long (5.33 + 2.47 + 4.03 + 5.98 + 3.13).

Etymology. The specific epithet lansak refers to Lan Sak District, the type 
locality of the new species in Uthai Thani, Thailand.

Distribution. Known only from the type locality.
Comment. This new species name was mentioned as Liphistius sp. HKK in 

Sivayyapram et al. (2023).

Liphistius kaengkhoi Sivayyapram & Warrit, sp. nov.

https://zoobank.org/BA62345B-B964-4845-B248-147400A0FAE6
Figs 1, 6, 7, 14

Type material. Holotype: Thailand • 1♂; Saraburi, Kaeng Khoi District, Cha 
Om; alt. 127 m; 14 October 2018; N. Warrit, V. Sivayyapram, C. Kunsete, 



214ZooKeys 1189: 203–229 (2024), DOI: 10.3897/zookeys.1189.115850

Varat Sivayyapram et al.: New Liphistius species from Thailand and Myanmar

N.  Chatthanabun, P. Traiyasut leg.; ARA-2018-284. Allotype: Thailand • 1♀, 

same data as for the holotype; ARA-2018-286. Paratypes: Thailand • 2♂ 4♀; 
same data as for the holotype; ARA-2018-281, ARA-2018-282, ARA-2018-283, 
ARA-2018-285, ARA-2018-289, ARA-2018-291.

Diagnosis. Liphistius kaengkhoi sp. nov. is similar to L. buyphradi sp. nov., L. 

champakpheaw sp. nov., L. hintung sp. nov., and L. suwat Schwendinger, 1996 in 
general appearance. The male of L. kaengkhoi sp. nov. can be distinguished from 
that of L. suwat by the paracymbium not bent outward; and the contrategulum 
without short blunt cone (Fig. 7; Schwendinger 1996: figs 43, 43A); from those of 
L. buyphradi sp. nov. and L. champakpheaw sp. nov. by the male palp with swollen 
paracymbium (flat in L. buyphradi sp. nov., L. champakpheaw sp. nov.; Figs 11, 13); 
L. kaengkhoi sp. nov. is very similar to L. hintung sp. nov. but can be distinguished 
by the shorter and finer dentate edge on the proximal margin of the tegulum and 
shorter paraembolic plate (Figs 7A–D, 9A–D). The female L. kaengkhoi sp. nov. is 
difficult to distinguish from those of the L. buyphradi sp. nov., L. champakpheaw 

sp. nov., L. hintung sp. nov., and L. suwat Schwendinger, 1996. Molecular phylog-

eny and species delimitation using COI and multi-locus data support monophyly 
and species status of all new species described here (Sivayyapram et al. 2023).

Description. Male (Holotype: ARA-2018-284; Fig. 6A, B). Coloration (in 

alcohol): carapace brown with indistinct black mottling on cephalic region 

Figure 6. Liphistius kaengkhoi sp. nov. A, B male ARA-2018-284 (holotype) C, D female, ARA-2018-286 (allotype) A, C dor-
sal view B, D lateral view. Scale bar: 10 mm.
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Figure 7. Liphistius kaengkhoi sp. nov. male palp and vulva plate A–D ARA-2018-284 (holotype) palp A prolateral view 
B ventral view C retrolateral view D distal view E, F ARA-2018-286 (allotype) vulva plate E ventral view F dorsal view. 
Abbreviations: CDO = central dorsal opening; CT = contrategulum; Cu = cumulus; de = distal edge of the contrategulum; 
Em = embolus; GA = genital atrium; mm = millimeter; PC = paracymbium; PeP = paraembolic plate; PP = poreplate; PS = 
posterior stalk; RC = receptacular cluster; ST = subtegulum; T = tegulum; TiA = tibial apophysis. Scale bar: 1 mm.
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and coxal elevations; abdominal tergites black; membranous part of the 
opisthosoma cream colored with black mottling on antero-dorsal portion; 
chelicerae brown, paler on proximal portion; palp and legs brown without 
distinct annulation.

Palp (Fig. 7A–D): tibial apophysis large, carrying one long slender and three 
tapering megaspines; paracymbium short, almost round, dark patch with spic-

ules isolated by a pale band; cumulus plain, bearing thin black bristles; sub-

tegulum without apophysis; contrategulum without apophysis, distal edge of 
contrategulum long, slightly invaginate leading to the conical apex; tegulum 
large, axe-blade shaped, indistinctly separated from the contrategulum by cor-
rugated surface, proximal margin with a short moderate dentate edge, distal 
margin almost straight, with round apophysis; pigmental bridge between teg-

ulum and contrategulum sigmoid in shape; paraembolic plate projecting to 
a scale-liked plate, basally wide, leading into short triangular distal margin; 
embolus proper: sclerotized part with two longitudinal ridges reaching to the 
truncated apex.

Measurements: Total length 11.44; carapace 5.85 long, 5.72 wide; opistho-

soma 5.82 long, 5.07 wide; ocular tubercle 0.97 long, 1.17 wide; palpal coxa 
2.21 long, 1.30 wide; labium 0.65 long, 1.3 wide; sternum 3.99 long, 1.95 wide 
(0.91 on ventral surface); palp 12.09 long (3.90 + 2.21 + 3.90 + – + 2.08); leg 
I 18.72 long (5.72 + 2.73 + 3.77 + 4.42 + 2.08); leg II 19.50 long (5.72 + 2.60 + 
3.90 + 4.81 + 2.47); leg III 20.80 long (5.46 + 2.60 + 4.29 + 5.85 + 2.60); leg IV 
26.25 long (6.89 + 2.99 + 5.20 + 7.67 + 3.51).

Female (Allotype: ARA-2018-286; Fig. 6C, D). Coloration (in alcohol): cara-

pace orange with thick black band on the anterior margin and black mottled 
marking in the posterior portion of the cephalic region and the thoracic region; 
abdominal tergites cream colored with large mottled black markings; mem-

branous part of the opisthosoma cream with black mottled marking; chelicer-
ae orange; palp and legs: femur to tibia orange, tarsi and metatarsi of legs I–III 
black, metatarsi of leg IV orange with black annulation on the proximal and 
distal area.

Vulva (Fig. 7E, F): vulva plate almost round, genital atrium without lateral 
hair; posterior stalk short, V-shaped; pore plate rectangular, lateral margins 
thickened and project into lips, anterior margin convex, less thicken, not proj-
ect into a lip; receptacular clusters racemose, grape-like in shape; central dor-
sal opening wide.

Measurements: Total length 16.2; carapace 6.89 long, 6.50 wide; opisthoso-

ma 9.49 long, 9.67 wide; ocular tubercle 1.04 long, 1.04 wide; palpal coxa 2.60 
long, 1.56 wide; labium 0.78 long, 1.95 wide; sternum 3.64 long, 2.21 wide (1.30 
on ventral surface); palp 12.87 long (4.68 + 2.47 + 2.86 + – + 2.86); leg I 15.47 
long (5.20+ 2.86 + 2.99 + 2.86 + 1.56); leg II 15.99 long (5.20 + 2.73 + 2.99 + 
3.25 + 1.82); leg III 16.64 long (5.07 + 2.60 + 3.12 + 3.77 + 2.08); leg IV 23.81 
long (7.02 + 3.38 + 4.18 + 6.24 + 2.99).

Etymology. The specific epithet kaengkhoi refers to Kaeng Khoi District, the 
type locality of the new species in Saraburi, Thailand.

Distribution. Known only from the type locality.
Comment. This new species name was mentioned as Liphistius sp. CK in 

Sivayyapram et al. (2023).
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Liphistius hintung Sivayyapram & Warrit, sp. nov.

https://zoobank.org/05DD8E71-5B21-4756-ACB9-9A1C3B5E62F3
Figs 1, 8, 9, 14

Type material. Holotype: Thailand • 1♂; Nakhon Nayok, Mueang Nakhon Nayok 
District, Hin Tung; alt. 90 m; 27 November 2018; D. Li, L. Yu V. Sivayyapram leg.; 
ARA-2018-299. Allotype: Thailand • 1♀; same data as for the holotype; ARA-
2018-296. Paratype: Thailand • 1 juvenile; same data as for the holotype; ARA-
2018-297.

Diagnosis. Liphistius hintung sp. nov. is similar to L. kaengkhoi sp. nov., L. 

buyphradi sp. nov., L. champakpheaw sp. nov., and L. suwat in its general ap-

pearance. Liphistius hintung sp. nov. is closely similar to L. kaengkhoi sp. nov. 
but can be distinguished by the male palp: tegulum with coarser proximal den-

tal edge and longer paraembolic plate (Figs 7A–D, 9A–D). The female L. hin-

tung sp. nov. is difficult to distinguish from those of the L. kaengkhoi sp. nov., 
L. buyphradi sp. nov., L. champakpheaw sp. nov., and L. suwat Schwendinger, 
1996. Molecular phylogeny and species delimitation using COI and multi-locus 
data support monophyly and species status of all new species described here 
(Sivayyapram et al. 2023).

Figure 8. Liphistius hintung sp. nov. A, B male ARA-2018-299 (holotype) C, D female, ARA-2018-296 (allotype) A, C dorsal 

view B, D lateral view. Scale bar: 10 mm.
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Figure 9. Liphistius hintung sp. nov. male palp and vulva plate A–D ARA-2018-299 (holotype) palp A prolateral view 
B ventral view C retrolateral view D distal view E, F ARA-2018-296 (allotype) vulva plate E ventral view F dorsal view. 
Abbreviations: CDO = central dorsal opening; CT = contrategulum; Cu = cumulus; de = distal edge of the contrategulum; 
Em = embolus; GA = genital atrium; mm = millimeter; PC = paracymbium; PeP = paraembolic plate; PP = poreplate; PS = 
posterior stalk; RC = receptacular cluster; ST = subtegulum; T = tegulum; TiA = tibial apophysis. Scale bar: 1 mm.
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Description. Male (Holotype: ARA-2018-299; Fig. 8A, B). Coloration (in al-

cohol): carapace pale brown, with black stripe along the lateral and posterior 
margins; abdominal tergites almost black, paler on the posterior ones; mem-

branous part of the opisthosoma cream in color with black mottled spots; che-

licerae olive green, paler at the proximal part; palp and legs uniformly brown.
Palp (Fig. 9A–D): tibial apophysis pronounce, carrying one long slender and 

three tapering megaspines; paracymbium conical, dark patch with spicules iso-

lated by a pale band; cumulus plain, bearing some bristles; subtegulum with-

out apophysis; contrategulum without apophysis, distal edge of contrategulum 
long and thick, slightly concave leading to the blunt apex; tegulum large, indis-

tinctly separated from the contrategulum, axe-blade shaped, proximal margin 
with moderate long, coarsely dentate edge, distal margin oblique with large 
apophysis; pigmental bridge between the tegulum and contrategulum distinct; 
paraembolic plate projected into scale-like plate, basally wide with long and 
pointed distal edge; embolus proper: sclerotized part with two longitudinal ridg-

es running to the truncate apex.
Measurements: Total length 12.09; carapace 6.76 long, 6.37 wide; opistho-

soma 5.33 long, 3.64 wide; ocular tubercle 1.17 long, 1.17 wide; palpal coxa 
2.21 long, 1.56 wide; labium 0.78 long, 1.82 wide; sternum 3.64 long, 1.95 wide 
(1.04 on ventral surface); palp 12.35 long (3.90 + 2.34 + 4.03 + – + 2.08); leg 
I 19.37 long (5.85 + 2.99 + 3.90 + 4.42 + 2.21); leg II 19.89 long (5.72 + 2.73 + 
4.03 + 5.20 + 2.21); leg III 22.88 long (6.11 +3.12 + 4.55 + 6.37 + 2.73); leg IV 
27.81 long (7.14 + 3.25 + 5.72 + 8.45 + 3.25).

Female (Allotype: ARA-2018-296; Fig. 8C, D). Coloration (in alcohol): cara-

pace orange, with black marking behind the ocular tubercle running to the fo-

vea and coxal elevations and black stripe along the carapace margins, thick-

er on the anterior margin; abdominal tergites pale brown with large black 
marking; membranous part of the opisthosoma cream colored with mottled 
black spots; palp and legs orange with black annulations on the metatarsus 
and tarsus.

Vulva (Fig. 9E, F): vulva plate hexagonal; genital atrium with a few hairs; 
posterior stalk trapezoidal, wider anteriorly; pore plate almost square, later-
al margins thickened and projected into a lip, bearing indistinct anterolateral 
lobes; anterior margin convex, less thicken and not project into a lip; receptac-

ular clusters racemose, longer than wide; central dorsal opening wide, longer 
than wide.

Measurements: Total length 16.90; carapace 8.06 long, 7.02 wide; opistho-

soma 8.32 long, 6.63 wide; ocular tubercle 1.17 long, 1.17 wide; palpal coxa 
2.60 long, 1.43 wide; labium 1.04 long, 2.08 wide; sternum 3.77 long, 2.60 wide 
(1.56 on ventral surface); palp 13.91 long (4.94 + 2.47 + 3.38 + – + 3.12); leg 
I 16.90 long (5.59 + 3.12 + 3.38 + 3.12 + 1.69); leg II 17.81 long (5.72 + 2.99 + 
3.77 + 3.51 + 1.82); leg III 18.72 long (5.59 + 3.12 + 3.77 + 4.16 + 2.08); leg IV 
26.26 long (7.54 + 3.51 + 5.20 + 6.63 + 3.38).

Etymology. The specific epithet hintung refers to Hintung District, the type 
locality of the new species in Nakhon Nayok, Thailand.

Distribution. Known only from the type locality.
Comment. This new species name was mentioned as Liphistius sp. WTK in 

Sivayyapram et al. (2023)
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Liphistius buyphradi Sivayyapram & Warrit, sp. nov.

https://zoobank.org/FFFB3423-C421-48AE-858F-6D1B8D169082
Figs 1, 10, 11, 14

Type material. Holotype: Thailand • 1♂; Saraburi, Mueang Saraburi District, 
Nong Pla Lai; alt. 90 m; 17 August 2017; N. Warrit, V. Sivayyapram, C. Kunsete, 
N. Chatthanabun, P. Traiyasut leg.; ARA-2017-139. Allotype: Thailand • 1♀; 
same data as for the holotype; ARA-2017-140. Paratype: Thailand • 1♀; same 
data as for the holotype; ARA-2017-138.

Diagnosis. Liphistius buyphradi sp. nov. is similar to L. kaengkhoi sp. nov., 
L. champakpheaw sp. nov., L. hintung sp. nov. and L. suwat in its general ap-

pearance. The male of L. buyphradi sp. nov. can be distinguished from those 
species, except for L. champakpheaw sp. nov., by the male palp with flat para-

cymbium (Fig. 14; Schwendinger 1996: fig. 43A); and from L. champakpheaw 

sp. nov. by the male palp with proximal edge of the tegulum moderately long, 
arched, and finely dentate (short, oblique in L. champakpheaw sp. nov.; Fig. 
13C). The female L. buyphradi sp. nov. is difficult to distinguish from those of 
the L. kaengkhoi sp. nov., L. champakpheaw sp. nov., L. hintung sp. nov. and L. 

suwat Schwendinger, 1996. Molecular phylogeny and species delimitation us-

ing COI and multi-locus data support monophyly and species status of all new 
species described here (Sivayyapram et al. 2023).

Figure 10. Liphistius buyphradi sp. nov. A, B male ARA-2017-139 (holotype) C, D female, ARA-2017-140 (allotype) 
A, C dorsal view B, D lateral view. Scale bar: 10 mm.
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Description. Male (Holotype: ARA-2017-139; Fig. 10A, B). Coloration (in 

alcohol): carapace brown with black stripe along the margins; abdominal 
tergite olive green, except on the white posterior margins; membranous 
parts of the opisthosoma cream colored with black mottled spots; chelicer-
ae olive green, paler on the proximal part; palp and legs olive green, without 
distinct annulation.

Palp (Fig. 11A–D): tibial apophysis round, carrying one long slender and 
three tapering megaspines; paracymbium round but flat, dark patch with spic-

ules isolated by a pale band; cumulus plane, bearing long black bristles; sub-

tegulum without apophysis; contrategulum without apophysis, distal edge of 
contrategulum narrow with a depression leading to the oblique conical dorsal 
apex; tegulum large, axe-blade shaped, possessing a long ridge on the surface, 
indistinctly separated from the contrategulum, proximal margin with arched, 
moderately dentate edge, distal margin oblique with moderately apophysis; pig-

mental bridge between tegulum and contrategulum distinct; paraembolic plate 
round, as long as wide, project into scale like-plate; embolus proper: sclerotized 
part with two longitudinal ridges reaching to the tip.

Measurements: Total length 15.60; carapace 7.80 long, 7.28 wide; opistho-

soma 8.19 long, 7.02 wide; ocular tubercle 1.04 long, 1.04 wide; palpal coxa 
2.10 long, 1.17 wide; labium 0.72 long, 1.44 wide; sternum 3.92 long, 2.16 wide 
(1.02 on ventral surface); palp 12.48 long (4.14 + 2.34 + 3.90 + – + 2.10); leg 
I 20.88 long (6.06 + 3.00 + 4.26 + 5.22 + 2.34); leg II 22.62 long (6.24 + 3.12 + 
5.16 + 7.14 + 2.64); leg III 24.66 long (6.60 + 3.12 + 5.16 + 7.14 + 2.64); leg IV 
31.44 long (8.22 + 3.30 + 6.54 + 9.66 + 3.72).

Female (Allotype: ARA-2017-140; Fig. 10C, D). Coloration (in alcohol): cara-

pace orange with black marking behind the ocular tubercle and on the periph-

eral area of the thoracic region; abdominal tergites black, except on the white 
posterior margins; membranous part of the opisthosoma cream colored with 
black mottled spots; chelicerae orange, paler at the proximal part; palp and leg 
femora to metatarsi orange, distal part of metatarsi I–III with black mottled 
marking, tarsi I–III black, tarsi IV orange with black annulations on the proximal 
and distal parts.

Vulva (Fig. 12E, F): vulva plate almost round; genital atrium with lateral hairs; 
posterior stalk narrow, V-shaped; pore plate quadrangular slightly wider than 
long; lateral margins thickened, projected into a lip, bearing moderate antero-

lateral lobes; anterior margin arched, thickened, not projected into a lip; recep-

tacular cluster racemose; central dorsal opening wide.
Measurements: Total length 24.70; carapace 10.66 long, 8.97 wide; opistho-

soma 12.35 long, 8.84 wide; ocular tubercle 1.04 long, 1.04 wide; palpal coxa 
3.24 long, 2.88 wide; labium 1.16 long, 2.48 wide; sternum 5.36 long, 2.80 wide 
(1.76 on ventral surface); palp 16.90 long (5.80 + 3.40 + 3.90 + – + 3.80); leg 
I 20.20 long (6.90 + 3.90 + 4.00 + 3.50 + 1.90); leg II 20.40 long (6.60 + 3.80 + 
4.10 + 4.10 + 1.80); leg III 22.30 long (6.80 + 4.00 + 4.10 + 5.00 + 2.40); leg IV 
30.80 long (8.40 + 4.20 + 6.10 + 8.20 + 3.90).

Etymology. The specific epithet buyphradi is dedicated to Mr. Phuri Buyphrad 
for providing information on the type locality of the new species.

Distribution. Known only from the type locality.
Comment. This new species name was mentioned as Liphistius sp. SL in 

Sivayyapram et al. (2023).
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Figure 11. Liphistius buyphradi sp. nov. male palp and vulva plate A–D ARA-2017-139 (holotype) palp A prolateral view 
B ventral view C retrolateral view D distal view E, F ARA-2017-140 (allotype) vulva plate E ventral view F dorsal view. 
Abbreviations: CDO = central dorsal opening; CT = contrategulum; Cu = cumulus; de = distal edge of the contrategulum; 
Em = embolus; GA = genital atrium; mm = millimeter; PC = paracymbium; PeP = paraembolic plate; PP = poreplate; PS = 
posterior stalk; RC = receptacular cluster; ST = subtegulum; T = tegulum; TiA = tibial apophysis. Scale bar: 1 mm.
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Liphistius champakpheaw Sivayyapram & Warrit, sp. nov.

https://zoobank.org/AB4110C0-8320-4090-BDAA-8C390A0584D4
Figs 1, 12–14

Type material. Holotype: Thailand • 1♂; Saraburi, Kaeng Khoi District, Cham 
Phak Phaeo; alt. 82 m; 19 August 2017; N. Warrit, V. Sivayyapram, C. Kunsete, N. 
Chatthanabun, P. Traiyasut leg.; ARA-2017-146. Allotype: Thailand • 1♀; same 
data as for the holotype; ARA-2017-146a.

Diagnosis. Liphistius champakpheaw sp. nov. is similar to L. kaengkhoi sp. 

nov., L. hintung sp. nov., L. buyphradi sp. nov., and L. suwat in its general ap-

pearance. Liphistius champakpheaw sp. nov. is closely similar to L. buyphradi 

sp. nov. but can be distinguished by the male palp with tegulum that is short, 
obliqued, with dentate proximal edge (moderately long, arched in L. buyphradi 

sp. nov., Fig. 11C). The female L. champakpheaw sp. nov. is difficult to distin-

guish from those of the L. kaengkhoi sp. nov., L. hintung sp. nov., L. buyphradi 

sp. nov., and L. suwat Schwendinger, 1996. Molecular phylogeny and species 
delimitation using COI and multi-locus data support monophyly and species 
status of all new species described here (Sivayyapram et al. 2023).

Description. Male (Holotype: ARA-2017-146; Fig. 12A, B). Coloration (in alcohol): 

carapace brown, slightly paler in the central area, without any distinct markings; 

Figure 12. Liphistius champakpheaw sp. nov. A, B male ARA-2017-146 (holotype) C, D female, ARA-2017-146a (allotype) 
A, C dorsal view B, D lateral view. Scale bar: 10 mm.
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Figure 13. Liphistius champakpheaw sp. nov. male palp and vulva plate A–D ARA-2017-146 (holotype) palp A prolateral 

view B ventral view C retrolateral view D distal view E, F ARA-2018-146a (allotype) vulva plate E ventral view F dorsal view. 
Abbreviations: CDO = central dorsal opening; CT = contrategulum; Cu = cumulus; de = distal edge of the contrategulum; 
Em = embolus; GA = genital atrium; mm = millimeter; PC = paracymbium; PeP = paraembolic plate; PP = poreplate; PS = 
posterior stalk; RC = receptacular cluster; ST = subtegulum; T = tegulum; TiA = tibial apophysis. Scale bar: 1 mm.
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Figure 14. Left to right: Liphistius kaengkhoi sp. nov., Liphistius hintung sp. nov., Liphistius buyphradi sp. nov., and Liphisti-

us champakpheaw sp. nov. A male dorsal view B male palp C female dorsal view D vulva plate. Scale bars: 10 mm (A, C); 
1 mm (B, D).
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abdominal tergites black, except for cream colored spots on the posterior margin; 
membranous part of the opisthosoma cream colored with black mottled spots; 
chelicerae olive green, paler at the proximal part; palp and legs uniformly brown.

Palp (Fig. 13A–D): tibial apophysis wide distally, carrying four tapering me-

gaspines; paracymbium round but flat, dark patch with spicules isolated by a 
pale band; cumulus plain, bearing several long bristles; subtegulum without 
apophysis; contrategulum without apophysis, distal edge of the contrategulum 
long with slight concavity leading to the truncate apex; tegulum moderate, prox-

imal margins with short, tooth-like coarsely dentate edge; distal margin oblique, 
with large apophysis; paraembolic plate projected into scale-like plate, large, 
basally wide, running to blunt distal margin; embolus proper: sclerotized part 
with two longitudinal ridges reaching to the tip.

Measurements: Total length 14.82; carapace 7.54 long, 7.02 wide; opistho-

soma 7.41 long, 5.46 wide; ocular tubercle 1.17 long, 1.43 wide; palpal coxa 
2.10 long, 1.17 wide; labium 0.78 long, 1.30 wide; sternum 3.90 long, 3.64 wide 
(1.17 on ventral surface); palp 12.22 long (4.03 + 1.56 + 4.42 + – + 2.21); leg 
I 23.53 long (6.89 + 2.86 + 5.07 + 6.24 + 2.47); leg II 24.83 long (7.02 + 2.99 + 
5.07 + 6.76 + 2.99); leg III 28.34 long (7.28 + 3.38 + 5.72 + 8.32 + 3.64); leg IV 
34.84 long (8.84 + 3.51 + 7.15 + 10.92 + 4.42).

Female (Allotype: ARA-2017-146a; Fig. 12C, D). Coloration (in alcohol): car-

apace orange with black markings on the coxal elevations and the carapace 
margins; abdominal tergites with black markings except for the cream color 
on the posterior margin; membranous part of the opisthosoma cream colored 
with mottled black spots; chelicerae orange; palp and legs orange with black 
annulation on the proximal and distal part of tarsi.

Vulva (Fig. 13E, F): vulva plate triangular, as long as wide; genital atrium 
with a few hairs and wrinkle posterior margin; posterior stalk U-shape, short 
but wide; pore plate quadrangular, slightly longer than wide; lateral margins 
thickened and projected into lips, bearing moderate anterolateral lobe; anterior 
margin arched, less thickened but not projected into a lip; receptacular cluster 
racemose longer than wide; central dorsal opening longer than wide.

Measurements: Total length 19.37; carapace 9.23 long, 7.41 wide; opistho-

soma 9.88 long, 8.06 wide; ocular tubercle 1.17 long, 1.56 wide; palpal coxa 
3.25 long, 2.08 wide; labium 1.17 long, 2.47 wide; sternum 5.07 long, 2.86 wide 
(1.69 on ventral surface); palp 15.73 long (5.59 + 3.12 + 3.77 + – + 3.25); leg I 
18.72 long (6.24 + 3.51 + 3.77 + 3.38 + 1.82) leg II 18.59 long (5.72 + 3.38 + 3.77 
+ 3.90 + 1.82); leg III 20.15 long (6.11 + 3.38 + 3.90 + 4.42 + 2.34); leg IV 28.99 
long (8.32 + 3.90 + 5.59 + 7.80 + 3.38).

Etymology. The specific epithet champakpheaw refers to Cham Pak Pheaw 
subdistrict, the type locality of the new species in Saraburi, Thailand.

Distribution. Known only from the type locality.
Comment. This new species name was mentioned as Liphistius sp. CPP in 

Sivayyapram et al. (2023).

Discussion

Here we described seven new Liphistius species can be assigned to two spe-

cies groups, the bristowei group and the trang group, based on the characteris-

tics of male and female genitalia.
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The bristowei group

Liphistius dawei sp. nov. is assigned to the bristowei group by the male palp 
with an elevated cumulus, adjoining the embolus with the sclerotized part 
bearing two longitudinal ridges reaching to the tip, the paraembolic plate not 
projected into a scale-like plate, the subtegulum with an apophysis; and the 
vulva with projected corners of the pore plate. However, the vulva bears a 
unique posterior stalk constricted at the base which is more similar to the 
species belonging to the birmanicus group. Liphistius choosaki sp. nov. and 
L. lansak sp. nov. are also assigned to the bristowei group according to the 
vulva plate having a wide posterior stalk. The males of the two latter species 
are unknown.

The trang group

Liphistius kaengkhoi sp. nov., L. hintung sp. nov., L. buyphradi sp. nov., and L. 

champakpheaw sp. nov. are assigned to the trang group based on the char-
acters of a detached embolus, a paraembolic plate projected to scale-like 
plate, the tegulum with a prominent distal margin, the subtegulum without an 
apophysis; and the vulva with small central dorsal opening and receptacular 
clusters. Specifically, all species are attributed to the complex A of the trang 

group according to the male palp with a plain cumulus, the contrategulum 
without an apophysis; and the female with an orange carapace and femora, 
the vulva with a square pore plate, a U-shape posterior stalk, and a racemose 
receptacular cluster.
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Abstract

Marimermithid nematodes parasitising invertebrates are mainly found in the deep-sea 
environments. Several adult and juvenile specimens marimermithids of the genus Abor-

jinia have been found in bottom sediments and inside Polychaeta during recent cruises 
to the Kuril-Kamchatka trench and the Kuril Basin (the Sea of Okhotsk). New species are 
described based on integrative study. Aborjinia profunda sp. nov. differs from A. eulag-

iscae by the location of the ventral gland cell bodies (posterior to the nerve ring vs pos-

terior to the cardia), by the smaller body size (23–28 mm vs 103–132 mm) and shorter 
tail (193–263 µm vs 500–850 µm). BI and ML phylogenetic analyses based on 18S and 
28S rDNA suggest that genus Aborjinia belongs to the family Leptosomatidae. Based 
on molecular and morphological characters the new genus Paraborjinia gen. nov. is pro-

posed for A. corallicola. Within the family Leptosomatidae the new genus differs from all 
genera except Aborjinia by its endoparasitic lifestyle and hologonic ovaries. Paraborjinia 

gen. nov. differs from Aborjinia by the position of cephalic sensitive organs (outer labial 
and cephalic papillae in two separate circles vs outer labial and cephalic papillae in one 
circle) and by the parasitic adult (vs free-living in Aborjinia).

Key words: DNA barcoding, free-living nematodes, Kuril-Kamchatka Trench, Leptosoma-

tidae, phylogenetic relationships, scanning electron microscopy

Introduction

In 1933 Ward described the very unusual nematodes Thalassonema ophiocti-

nis Ward, 1933 from the brittle star Ophiocten amitinum Lyman, 1878 with an 
unclear taxonomical position. Forty years later Rubtzov and Platonova (1974) 
established a new family Marimermithidae which included two new genera Tro-

phomera Rubtzov & Platonova, 1974 and Marimermis Rubtzov & Platonova, 1974. 
These nematodes resembled Mermithidae Braun, 1883 in lifestyle but differed 
in digestive system structure, anterior sensilla organization, and reproductive 
system. Later Rubtzov (1980) raised the family Marimermithidae to the rank of 
order. However, phylogenetic heterogeneity of the family was demonstrated in 
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the following years. Simultaneously, the family Benthimermithidae Petter, 1980 
also comprising internal parasites of marine invertebrates superficially similar 
to Mermithidae was described by Petter (1980). Later, Benthimermithidae was 
raised to the rank of order (Tchesunov 1995) and the genus Trophomera was 
transferred to the family Benthimermithidae, but the position of both orders 
(Marimermithida and Benthimermithida) in the nematode system remained un-

certain. The rarity and peculiarities of the life cycle made studying these taxa 
difficult. Most species are known on the basis of only few, and often just a 
single, adult individual from sediments, so the host for most species remains 
unknown (Miljutin 2014a, b). Juveniles are found in the body cavities of a wide 
range of invertebrate hosts (e.g., Nematoda, Polychaeta, Priapulida, Bivalvia, 
Harpacticoida, Amphipoda, Isopoda); however, individuals without reproductive 
organs are usually unidentifiable (Miljutin 2014a, b). In addition, researchers 
often received samples fixed in formaldehyde, which limited the possibilities of 
investigation, particularly molecular studies.

Based on the morphological characters, Tchesunov (1997) suggested af-
finities between benthimermithids and Plectida and between marimermithids 
and Enoplia. Phylogenetic analyses based on a Trophomera SSU and LSU rDNA 
sequences provided support for a relationship between benthimermithids and 
plectids and resulted in the placement of all Trophomera sequences within the 
order Plectida (Tchesunov et al. 2009; Mardashova et al. 2011; Holovachov et 
al. 2013; Leduc and Zhao 2019). Leduc and Zhao (2019) proposed that the 
family Benthimermithidae be moved to the order Plectida.

The phylogenetic relationship of marimermithids remained unclear for many 
years. Marimermithid nematodes are parasites of invertebrates mainly found 
in deep-sea environments (Miljutin 2014a). Most marimermithids are large an-

imals reaching several centimeters in length. Their morphology is quite simple 
and characterized by features usual for free-living nematodes, for example the 
presence of cephalic sense organs, a cylindrical pharynx, and a small cardium 
with a triradial internal lumen. On the other hand, their alimentary tract is often 
devoid of rectum and anus, caudal glands are absent or reduced in adults, hy-

podermal chords are hypertrophied, and the female genital system is adapted 
to facilitate the production of a large number of eggs. Such features are related 
to the parasitic way of life (Miljutin 2003).

The results from the phylogenetic analysis based on 18S rRNA of Parabor-

jinia corallicola (Westerman et al., 2021) suggest a relationship with the family 
Leptosomatidae Filipjev, 1916 (Westerman et al. 2021). The recent phylogenet-
ic analyses based on the sequences of genes 18S and 28S RNA of Marimermis 

maritima Rubtzov & Platonova, 1974 and Aborjinia sp. showed placement of 
these species within the order Enoplida but in the different branches of the tree 
(Tchesunov et al. 2022). Thus, molecular analyses supported the relationship 
of marimermithids with the Enoplida and did not justify the order Marimermithi-
da as a holophyletic taxon.

Although the first representatives of Aborjinia Özdikmen, 2010 were described 
40 years ago, they are rarely found, little-known, and poorly studied; only one 
species is known. Several adult and juvenile specimens of Aborjinia were found 
in bottom sediments and inside Polychaeta during recent cruises to the Kuril-Ka-

mchatka trench and the Kuril Basin (the Sea of Okhotsk). Here we provide an in-

tegrative taxonomic study and determine the phylogenetic position of Aborjinia.
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Materials and methods

Study sites and sampling

Specimens of Aborjinia were collected in several locations during KuramBio I 
(July-August 2012), SokhoBio (July-August 2015), and KuramBio II (August-Sep-

tember 2016) expeditions to the Kuril–Kamchatka Trench and adjacent north-

west Pacific at water depths of 3350–9290 m (Fig. 1, Table 1). Samples collect-
ed by Agassiz trawl (AGT), epibenthic-sledge (EBS), and giant-box corer (GKG). 
On deck, the sediment from the AGT was sieved through a 1000-μm mesh size, 
and the upper layer of sediment (0–20 cm) from the GKG was carefully sieved 
through 1000-, 500-, and 300-μm mesh sizes. Immediately after sieving, sam-

ples from AGT and GKG were sorted in seawater using stereomicroscopes, 
and nematodes were removed and fixed in 4% buffered formaldehyde for mor-
phological studies and in DESS (solution of 0.25 M disodium EDTA and 20% 
dimethyl sulfoxide (DMSO), saturated with NaCl, pH 8.0) for DNA studies. On 
deck, the samples from EBS were immediately transferred into chilled (-20 °C) 
96% ethanol and stored in a -20 °C freezer for at least 48 h for subsequent DNA 
studies. In the laboratories of the ship and home institutes, sorting of the fauna 
was done on ice in order to avoid DNA decomposition.

The NCBI database contains the Leptosomatides sequence HM564626, 
which has a very high level of similarity to the Aborjinia sequences. There is no 
unambiguous evidence in the literature of the incorrect identification of the indi-
cated sequence, only an assumption (Tchesunov et al. 2022). Moreover, neither 
for the Leptosomatides TCR192 sample nor for Aborjinia sp. KKT is there any 
published morphological data. We were able to obtain two individuals (a female 
and a juvenile) of the genus Leptosomatides for morphological and molecular 
analysis and comparison with Aborjinia. Bottom sediments with specimens of 
Leptosomatides sp. were taken by scuba-divers in Ayan Bay (Sea of Okhotsk) 
in 2019 during a cruise onboard the R/V ‘Academic Oparin’ (Table 1). The se-

quences of these specimens are clustered within Leptosomatidae, and based 
on morphological analysis, specimens belong to genus Leptosomatides (Suppl. 
material 1). On deck, the sediment was sieved through 1000-, 500-, and 32-μm 
mesh sizes. Immediately after sieving, samples from 1000- and 500-μm mesh 
sizes were sorted in seawater using stereomicroscopes, and nematodes were 
removed and fixed in 10% formalin for morphological studies and in DESS for 
DNA studies. Half the samples from 32-μm mesh size were fixed with 4% buff-
ered formaldehyde and half fixed with DESS.

Morphological analysis

The male specimens of Aborjinia were picked out from the formaldehyde-fixed 
samples under a stereoscopic microscope, transferred to glycerin using the 
Seinhorst’s (1959) rapid method as modified by De Grisse (1969), and mounted 
on permanent slides. Drawings and DIC (differential interference contrast) pho-

tographs were made on an optical microscope Olympus BX 53 with the aid of a 
drawing tube and a digital camera, respectively.

The female specimen (DESS fixed, voucher M10) and a specimen of Terebel-

lides sp. (Polychaeta: Terebellida: Trichobranchidae) with a parasitic juvenile of 
Aborjinia (ethanol fixed, voucher M11) in the body cavity were picked out from 
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Figure 1. Map of the investigated area. Dots indicate sampled stations: A1 – Aborjinia sp. juvenile; A2 – Aborjinia sp. 

female; A3 – Aborjinia profunda sp. nov. male.

the fixative and placed in distilled water in a Petri dish. Photographs were made 
on an optical microscopes Nikon SMZ25 and Carl Zeiss Axio Observer 7 with 
the aid of a digital camera. After that, ~ 1 cm from the middle of the body of the 
nematode was cut off for genetic studies, and the remaining parts were placed 
back into the fixative.

Two male individuals fixed in formalin were cut to obtain pieces of the 
anterior end, middle part of pharynx, central part of body, and tail end. The 
specimens were then rinsed in the distilled water. After dehydration in graded 
ethanol series and ethanol-acetone mixture, the specimens were embedded 
in Spurr resin (Spur, Sigma). Semi-thin transverse sections (0.5 µm) were cut 
using a Leica Ultracat E Ultratome. The sections were first stained with meth-

ylene blue and azure II for 20 min at 60 °C and then with basic fuchsin for 4 
min at room temperature (Humphrey and Pittman 1974), and mounted in Spurr 
resin on permanent glass slides. Photographs were made on an optical micro-

scope Carl Zeiss AxioImager Z.2 with the aid of a digital camera. The acquired 
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Table 1. Localities, depth, and sampling data.

Species Cruise Gear Area GPS Coordinates Depth 
[m]

Date [y/m/d] Comments

Aborjinia sp. (specimen M11) SokhoBio Epibenthic sledge 6 48.0°N, 150.0°E 3347 2015/07/20 juvenile in body cavity 
of Terebellides sp.

Aborjinia sp. (specimen M10) SokhoBio Agassiz trawl 9 46.2°N, 152.1°E 3374 2015/07/25-27 female

Aborjinia profunda sp. nov. KuramBio II Agassiz trawl A6 45.9°N, 152.8°E 6114 2016/08/25-27 male

Aborjinia profunda sp. nov. KuramBio II Box corer, Agassiz trawl A9 44.7°N, 151.5°E 8235 2016/09/12-17 15 males

Aborjinia profunda sp. nov. KuramBio II Epibenthic sledge A10 45.0°N, 151.1°E 5477 2016/09/16 male

Leptosomatides sp. 

(specimen L1, L2)
56 cruise of RV 

Akademic Oparin
Scuba-diver 49 56°25.405'N, 

138°03.879'E
4-9 2019/08/02 female and juvenile

images were then adjusted for contrast and brightness using the ImageJ im-

age processing software.
For the scanning electron microscopy, specimens were gradually dehydrated 

in a series of baths of increasing ethanol content, dried in a critical-point dryer, 
sputter-coated with gold, and observed and imaged with a Zeiss SIGMA 300VP 
scanning electron microscope (SEM).

The type material is deposited in the Senckenberg Museum, Frankfurt am 
Main, Germany (SMF) and in the Museum of the A.V. Zhirmunsky National Sci-
entific Center of Marine Biology FEB RAS, Vladivostok, Russia (MIMB).

Abbreviations of the measured variables in the tables are as follows:

a body length divided by maximum body diameter;
b body length divided by pharyngeal length;
c body length divided by tail length;
c’ tail length divided by corresponding body diameter at cloacal level;
L body length (μm);
V distance of the vulva from the anterior end (μm);
V (%) distance of the vulva from the anterior end as percentage of body 

length (%).

DNA extraction, sequence processing, phylogenetic inference, and 
secondary structure predictions

Nematodes were picked out from the DESS or ethanol fixed samples under 
a stereoscopic microscope. Specimens < 3 cm were mounted on temporary 
slides with sterile distilled water and observed at different magnifications us-

ing a light microscope (Olympus BX 53) with differential interference contrast, 
and equipped with a digital camera. Specimens > 3 cm were observed at differ-
ent magnifications using a stereoscopic microscope Nikon SMZ25 equipped 
with a digital camera. After the vouchering DNA from the middle part of the 
body (~ 1 cm) was extracted using the Qiagen DNeasy extraction kit according 
to the protocol. PCR mixture contained 5 µl Go Taq Green Master Mix (Prome-

ga Corp., Madison, WI, USA), 0.5 µM of each primer, 3 μl of nuclease-free water 
(Ambion) and 1 µl of genomic DNA. Fragments of the nuclear ribosomal DNA 
and internal transcribed spacers (18S rDNA, ITS1, 5.8S rDNA, ITS2 and D2-D3 
region of 28S rDNA) were amplified. For 18S rDNA, we used the primer set 
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SSU_F_03 (f) and SSU_R_81 (r) (Blaxter et al. 1998) which amplifies a fragment 
of ~ 1800 bp. We used additional primers to sequence 18S rDNA amplicons: 
SSU_F_24_1 (f) (Meldal et al. 2007) and MN18R (r) (Floyd et al. 2005). The D2-
D3 region of the 28S ribosomal DNA region was amplified using the primers 
D2a (f) and D3b (r) (Nunn 1992). The length of the obtained amplicon was 
~ 700 bp. The internal transcribed spacer (ITS, includes ITS1, 5.8S rDNA and 
ITS2) region was amplified with the primers Vrain2F and Vrain2R (Vrain et al. 
1992) which amplifies a fragment of ~ 1200 bp. The length of the obtained 
amplicon was 700 bp. PCR products were visualized on a 1.5%-TBE agarose 
gel GelDoc XR+ imaging systems (BioRad). Each PCR fragment was purified 
using Exonuclease I (ExoI) and Thermosensitive Alkaline Phosphatase (Fa-

stAP) (Thermo Fisher Scientific Inc., USA). PCR products were bidirectionally 
cycle sequenced using BigDye Terminator v. 3.1 Cycle Sequencing Kit (Applied 
Biosystems, Inc.), and bidirectionally sequenced on an ABI 3130XL automated 
sequencer using BigDye Terminator v. 3.1 Cycle Sequencing Kit (Applied Bio-

systems, Inc.). Sequences were manually assembled and edited using Finch 
TV and MEGA 7 (Kumar et al. 2016). Also, MEGA7 was used for calculated 
inter- and intraspecific p-distances.

The 18S and 28S rDNA sequences were checked and aligned at the nucleo-

tide level using T-Coffee algorithm (Magis et al. 2014) on a MPI Bioinformatics 
Toolkit web service (Zimmermann et al. 2018). Bayesian phylogenetic analyses 
were conducted with MrBayes v. 3.2.7a (Ronquist et al. 2012). For tree recon-

struction, we used the obtained sequences, as well as dataset from GenBank 
belonging to family Leptosomatidae, with lengths longer than 1000 bp for 18S 
and 650 bp for D2-D3 region 28S rDNA. PartitionFinder 2.1.1 (Lanfear et al. 
2012) was used to select the best-fit partitioning scheme and models for each 
loci using the greedy algorithm with linked branch lengths for the corrected 
Bayesian Information Criterion as the optimality criterion for model selection. 
The best models for both ribosomal loci were SYM+I+G. Bayesian Inference 
was performed with two independent runs of Metropolis-coupled Markov chain 
Monte Carlo analyses, with each run comprising one cold chain and three 
heated chains at a default temperature setting of 0.1. The chains were run for 
10 million generations and sampled every 100 generations. A burn-in of 2.5 
million generations (or 25% of the sampled trees) was used. Moreover, trace 
files were visually inspected in Tracer 1.7 (Rambaut et al. 2018). We conducted 
Maximal likelihood (ML) analyses in IQ-Tree v. 2.2.0 (Minh et al. 2020) with 1 
million ultra-fast bootstrap replications (Hoang et al. 2018) with model finding 
(Kalyaanamoorthy et al. 2017) algorithms. FigTree v. 1.4.4 was used to visual-
ize phylogenetic trees after analysis.

ITS2 boundaries were identified by using hidden Markov models imple-

mented in the ITS2 Ribosomal RNA Database (http://its2.bioapps.biozentrum.
uni-wuerzburg.de/; Ankenbrand et al. 2015). The common folding pattern of 
ITS2 molecules for Aborjinia spp. was found by running the multilign and Tur-
boFold algorithms on the RNAstructure webserver (http://rna.urmc.rochester.
edu/RNAstructureWeb; Reuter and Mathews 2010) using the default parame-

ters. We used 4SALE (Seibel et al. 2008) to generate the consensus secondary 
structure of our dataset after alignment sequence structures in ITS2 Ribosomal 
RNA Database. CBCAnalyzer (Wolf et al. 2005) was used to detect CBCs and 
hemi-CBCs (one-sided substitutions before CBCs) from aligned matrix.
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Results

Taxonomic account

Family Leptosomatidae Filipjev, 1916

Diagnosis (Smol et al. 2014; emended). Large nematodes (up to 172 mm). Six 
inner labial sensilla mostly papilliform, six outer labial and four cephalic sensilla 
papilliform or setiform. Amphids pocket-shaped. Large number of metanemes 
with caudal filament usually present: dorsolateral and ventrolateral or only dor-
so-lateral orthometanemes and loxometanemes of type I. Many species with 
ocelli. Buccal cavity narrow, sometimes with tooth-like thickening. Pharynx in-

serts into the body cuticle in the region of buccal cavity, the cephalic capsule is 
variable in the form. Three pharyngeal glands open in the buccal cavity. Pharynx 
always smooth in outline. Secretory-excretory system, if present, usually restrict-
ed to the pharyngeal region, may consists of two cells. Female reproductive sys-

tem didelphic-amphidelphic with antidromously reflexed ovaries. Males with two 
testes opposed. Gonad positions relative to intestine variable in species, with 
anterior and posterior gonad position reversed. Subventral or ventral precloacal 
papillae (never tubules) often present. Caudal glands mostly present, extending 
into the precaudal region. Marine and parasites of marine invertebrates.

Aborjinia Özdikmen, 2010

Diagnosis (emended after Tchesunov and Spiridonov 1985; Miljutin 2003, 

2014a). Very large nematodes; at the larval stage parasitize marine inverte-

brates. Adult worms are free-living. Three lips. Pharynx cylindrical, muscular, 
with tri-radial internal lumen. Rectum and anus present. Outer labial and cephal-
ic sensilla papilliform, situated in one circle. Amphideal fovea small, pore-like. 
Cervical setae absent. Excretory-secretory system consists of two cells. Female 
reproductive system didelphic, amphidelphic, ovaries hologonic. Male reproduc-

tive system didelphic, testes outstretched. Tail convex-conoid, broadly rounded.
Type species. Aborjinia eulagiscae (Tchesunov & Spiridonov, 1985): Özdik-

men 2010, by original designation [= Australonema eulagiscae Tchesunov & 
Spiridonov, 1985].

Invalid species. Aborjinia corallicola Westerman, de Moura Neves, Ahmed & 
Holovachov, 2021.

= Paraborjinia corallicola (Westerman, de Moura Neves, Ahmed & Holo-

vachov, 2021), comb. nov.

Aborjinia profunda sp. nov.

https://zoobank.org/FA1FD587-B2E2-49BB-996B-57F2D15AD74E
Figs 2–6

Diagnosis. Body 22.9–27.7 mm long in males. Six outer labial and cephalic 
sensilla papilliform, situated 19–21 µm from anterior end. Amphideal aperture 
located 37–40 µm from anterior end. Pharynx tubular without any valves or 
bulbs, tightly surrounded by the glandular tissue. Nerve ring situated ~ 40% of 
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Figure 2. Examined species of Aborjinia, entire bodies, light microscopy A Aborjinia sp., female (assembled panorama) 
B Terebelus sp. with juvenile of Aborjinia sp. C Aborjinia profunda sp. nov., male. Scale bars: 5000 µm.

pharynx length from anterior end. Intestine well developed with wide lumen. 
Spicules slightly bent, 364–372 µm long. No pre- or postcloacal sensilla or sup-

plements. Spinneret present.
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Figure 3. Aborjinia profunda sp. nov. A anterior end of male B head of male C male reproductive system D male tail. Ab-

breviation: c.s – cephalic sensilla. Scale bars: 100 µm (B); 200 µm (D); 500 µm (A); 2000 µm (C).

Type material examined. Three males (holotype and two paratypes). The ho-

lotype (SMF 14457) and paratype (SMF 14458) are deposited in the Sencken-

berg Museum, Frankfurt am Main, Germany. Paratype (MIMB 42307) is depos-
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Figure 4. Aborjinia profunda sp. nov., male. Light microscopy, DIC A–C head D, E cellular bodies of the cervical excretory 
gland F crystalloid bodies G, H posterior end region I the vesicula seminalis region. Abbreviations: a – amphid, a.t. – an-

terior testis, c.s. – cephalic sensillum, c.e.g. – cervical excretory gland, n.r. – nerve ring, p.t. – posterior testis, s. – spin-

neret, sp. – spicules, vd – vas deferens. Scale bars: 50 µm.
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Figure 5. Aborjinia profunda sp. nov. Light microphotographs of transverse sections A buccal cavity at the upper level of 
the head (h) B buccal cavity surrounded with pharyngeal glands C pharyngeal region tightly filled with pharyngeal glands 
bodies D midbody with intestine and gonad E posterior region at the level of distal part of spicules F posterior region 
close to cloacal opening. Abbreviation: bc – buccal cavity, c – cloaca, cu – cuticle, gc – germinal cells, h – heilostoma, 
i – intestine, lc – lateral chords, pg – pharyngeal glands, s – spicules, vc – ventral chords. Scale bars: 20 µm (A–C); 
50 µm (E, F); 100 µm (D).
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Figure 6. Aborjinia profunda sp. nov. SEM A anterior end of male B head of the male C amphideal fovea D posterior end 

of the male E spicules protruding from cloacal opening F spicules G tail tip with spinneret opening. Scale bars: 2 µm (C); 
20 µm (B, D, E, F, G); 100 µm (A).
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ited in the Zoological Museum of A.V. Zhirmunsky National Scientific Center of 
Marine Biology, Vladivostok, Russia.

Other material examined. One formalin-preserved specimen (male) and two 
DESS-preserved specimens (males). The Kuril-Kamchatka Trench, water depth 
5477 m (45.0°N, 151.1°E), 6114 m depth (45.9°N, 152.8°E) Deposited in the 
Zoological Museum of A.V. Zhirmunsky National Scientific Center of Marine 
Biology, Vladivostok, Russia (MIMB 42308).

Type locality. The Kuril-Kamchatka Trench, water depth 8235 m (44.7°N, 
151.5°E) (Fig. 1, Table 1).

Additional locality. The Kuril-Kamchatka Trench, water depth 5477 m (45.0°N, 
151.1°E), 6114 m depth (45.9°N, 152.8°E) (Fig. 1, Table 1).

Etymology. Species name derived from the Latin profundus that means 
deepwater and refers to the deepwater habitat of described species.

Nucleotide sequences. GenBank accession numbers OP600452.1, 
OP600453.1 (small subunit ribosomal RNA gene, partial sequence; internal 
transcribed spacer 1, 5.8S ribosomal RNA gene, and internal transcribed 
spacer 2, complete sequence; and large subunit ribosomal RNA gene, par-
tial sequence); OP407645.1, OP407646.1 (large subunit ribosomal RNA gene, 
partial sequence).

Description. Large nematodes, 22.9–27.7 mm long, with an average diam-

eter 0.2–0.4 mm. Body cylindrical, tapering towards both extremities (Figs 2, 
3). The cuticle finely striated under SEM, and thin (~ 5 µm; Fig. 6). Hypodermis 
and muscle layers are thin, cords are prominent (Fig. 5). Body pores distinct, 
irregularly arranged. Measurements tabulated in Table 2.

Head narrow, bluntly rounded with three lips. Inner labial sensilla papilliform, 
hardly visible under light microscope. Papilliform outer labial sensilla and ce-

phalic sensilla in one circle, 1–2 µm long, situated 19–21 µm from anterior 
end (Fig. 6A, B). Amphideal opening pore-like, located 37–40 µm from anteri-
or end. Pharynx tubular without any valves or bulbs, tightly surrounded by the 

Table 2. Morphometrics (μm) of Aborjinia profunda sp. nov. and Aborjinia sp. (abbrevia-

tions of characters defined in the Materials and methods).

Aborjinia profunda sp. nov. Aborjinia sp.

HT♂ ♂ ♂ HT ♀

L 27740 22900 25700 172000

Tail length 263 218 193 524

Nerve ring from anterior end 500 513 501

Head diam. at level of cephalic setae 91 83 87

Anal body diam. 289 217 230 467

Maximum body diam. 355 264 290 850

Pharyngeal length 1250 1199 1158 2148

Amphid from anterior end 33 37 43

Spicule length 364 297 335

Renetta cells from anterior end 792 742 725 5053

a 78.1 86.7 88.6 202.3

b 22.2 19.1 22.2 78.8

c 105.5 105 133.2 328.2

c’ 0.91 1 0.83 1.1
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glandular tissue (Figs 3A, 4). Nerve ring situated ~ 40% of pharynx length from 
anterior end. Intestine well developed with wide lumen. Ventral gland consists 
of two cells. Cell bodies ~ 80 μm long and 75 μm wide (~ 30% of corresponding 
body diam.), arranged in tandem and situated 725–792 µm from anterior end 
(Fig. 4D, E). Excretory pore not observed.

Male reproductive system didelphic, testes outstretched. Spicules paired, 
symmetrical, slightly bent, 364–372 µm long (Figs 3, 4). Gubernaculum not 
found. No pre- or postcloacal sensilla or supplements. Rectum and anal open-

ing functional. Tail conical with terminal spinneret, caudal glands not observed.
Remarks. The new species differs from A. eulagiscae by the location of the 

ventral gland cell bodies (posterior to the nerve ring vs posterior to the cardia), 
by the smaller body size (23–28 mm vs 103–132 mm), and the shorter tail 
(193–263 µm vs 500–850 µm).

Aborjinia sp.

Figs 7, 8

Material examined. Anterior and posterior parts of the DESS fixed female. East-
ern slope of the Kuril Islands, water depth 3374 m (Fig. 1, Table 1).

GenBank accession numbers. OP600454.1 (small subunit ribosomal RNA 
gene, partial sequence; internal transcribed spacer 1, 5.8S ribosomal RNA 
gene, and internal transcribed spacer 2, complete sequence; and large subunit 
ribosomal RNA gene, partial sequence); OP407647.1 (large subunit ribosomal 
RNA gene, partial sequence).

Description. Body opaque, cylindrical, slightly narrowing to both ends, 
17.2 cm long (Figs 2, 7). Cuticle smooth under the light microscope. Inner labi-
al sensilla papilliform, hardly visible under light microscope. Papilliform outer 
labial sensilla and cephalic sensilla in one circle (Fig. 8C). Amphideal opening 
pore-like. Buccal cavity small, narrow. Pharynx tubular without any valves or 
bulbs, cardia small. Intestinal lumen distinct only in its anterior most part. Se-

cretory-excretory system consists of two big cells situated 5053 µm from ante-

rior end (Fig. 8F). Excretory pore not observed. Reproductive system didelphic, 
amphidelphic with outstretched ovaries. Uteri large, tubular. Vulva located at 
midbody, a transverse slit. Tail conico-cylindrical. Anal opening present. Spin-

neret very vestigial (Fig. 8D), caudal glands not observed.
Molecular analysis. In total, six specimens were sequenced for the 18S rDNA, 

28S rDNA (D2-D3 region), and ITS (including ITS1, 5.8S rDNA, and ITS2) genes. 
Of these, two specimens belong to Leptosomatides Filipjev, 1918, two speci-
mens to Aborjinia profunda sp. nov., and one female and one juvenile belong to 
Aborjinia sp. The sequence length of 18S rDNA was 1694–1716 bp (14 variable 
sites, 11 parsimony-informative characters), 28S rDNA – 659–671 bp (66 vari-
able sites, 59 parsimony-informative characters). The length of ITS for the genus 
Aborjinia was 1054–1094 bp (61 variable sites, 9 parsimony-informative char-
acters) whereas for Leptosomatides sp. length was 1267 bp (3 variable sites).

To calculate genetic distances, as well as to reconstruct phylogenetic re-

lationships, we used all available sequences of leptosomatids from GenBank 
(Suppl. materials 2, 3). The BI phylogeny using 18S rRNA reveal Deontosto-

ma Filipjev, 1916 as the earliest branching lineage within Leptosomatidae. 
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Figure 7. Aborjinia sp. A anterior end of female B head end of female C tail of female. Scale bars: 250 µm (B); 500 µm 
(C); 1000 µm (A).
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Figure 8. Light microscopy, DIC. Aborjinia sp., female A anterior end B head C anterior end with cephalic sensilla D tail 

end with spinneret E pharynx-intestine connection F cellular bodies of the cervical excretory gland G ovary H vulva region. 
Abbreviation: c.e.g. – cervical excretory gland, h.s. – cephalic sensilla; i – intestine, o – ovary, o.l.s. – outer labial sensilla, 
ph – pharynx, v – vulva. Scale bars: 50 μm (C); 100 μm (D); 500 µm (A, B, E, F–H).
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However, this genus was shown to be polyphyletic which occupied two of the 
branches of the polytomous clade. A well supported clade (Bayesian PP, BPP 
= 1; ML bootstrap value percent, ML = 89) united the four samples of Pseudo-

cella Filipjev, 1927. Another moderately supported clade uniting Thoracostoma 

microlobatum and two species of genus Proplatycoma Platonova, 1976 was 
uncovered (BPP = 0.78). Two species of Platonova Mordukhovich et al., 2019 
and Synonchus Cobb, 1894 were placed as monophyletic clade with moderate 
support (BPP = 0.96; ML = 98), whereas the placement of Cylicolaimus de Man, 

1889 was unsupported. Thoracostoma trachygaster Hope, 1967 was sister to 
obtained sequences and Paraborjinia corallicola (BPP = 0.99, ML = 86) and not 
monophyletic to Thoracostoma microlobatum and Thoracostoma sp., rendering 
that genus polyphyletic. A clade containing two samples of Leptosomatides 

(vouchers L1, L2) and a clade uniting samples of Aborjinia (excluding Parabor-

jinia corallicola) and Leptosomatides (HM564626) were high supported (BPP = 
1; ML = 94 and BPP = 0.99; ML = 96, respectively). Paraborjinia corallicola was 
sister to previous clade with high Bayesian support (BPP = 0.99, ML = 72).

The phylogenetic relationships using 28S rRNA reveals opposite topology 
compared with 18S rRNA. Paraborjinia corallicola, the rest Aborjinia species 

and Leptosomatides (vouchers L1, L2) were the earliest branching lineages but 
supports of these clades were moderate or low. Genus Thoracostoma was also 
polyphyletic. Deontostoma was placed in one clade with Thoracostoma microlo-

batum (BPP = 0.99, ML = 83). Pseudocella and one out of three Thoracostoma 

were sister to Platonova (including Synonchus) (BPP = 0.95, ML = 88).
The average intergeneric p-distances within Leptosomatidae were 1.96% 

(0.57%–4.66%) and 13.30% (9.15%–17.12%) for 18S rDNA and 28S rDNA respec-

tively if the two non-monophyletic species Thoracostoma trachygaster and Tho-

racostoma microlobatum Allgén, 1947 as well as Paraborjinia corallicola and the 
remaining Aborjinia belongs to different genera. Genus Aborjinia (including se-

quences HM564626 and HM564855, excluding Paraborjinia corallicola) differed 
from other genera of the family by 1.49% and 11.57% in average for 18S rDNA 
and 28S rDNA, respectively. Same values for genus Leptosomatides were 1.71% 
and 13.84% and for Paraborjinia corallicola were 3.78% and 16.15%, respectively.

The interspecific p-distance for 18S rDNA between Aborjinia profunda sp. 

nov. and Aborjinia sp. (voucher M10) was 0.24%, for 28S rDNA this value was 
1.82%, and for ITS2 5.78% (Table 3). Using the programs RNA structure and 
4SALE, homologous regions of Aborjinia ITS2 as well as Aborjinia sp. MZ504143 
sequences were generally folded as comparable secondary structural motifs. 
Analyses revealed single secondary structure for all sequences contained four 
universal helices (Fig. 9). Comparison of sequences across taxa identified sev-

eral hemi-compensatory base changes (hemi- CBCs, Table 4, Fig. 9) which in 
turn belonged to different types of changes (H1-H3). Various comparison pairs 
of Aborjinia species gave 3–7 hemi-CBCs while no double-sided changes (CBC) 
were found (Table 4).

Remarks. To date only three species (including the present material) were 
originally described in the genus Aborjinia: Aborjinia corallicola, Aborjinia eulag-

iscae, and Aborjinia profunda sp. nov. but Aborjinia corallicola is here transferred 
to Paraborjinia sp. nov. Both species (A. eulagiscae and A. profunda sp. nov.) 
are characterized by the outer labial and cephalic sensilla situated in one circle 
and the presence of two cells of secretory-excretory system. In the description 
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Table 3. Interspecific p-distances (%) between the obtained sequences. Distances for 
ITS and 28S are above and below the diagonal, respectively (“-“ – data absent).

Taxon 1 2 3 4 5 6 7

1. Aborjinia corallicola – – – – – –

2. Aborjinia sp. (specimen М10) 15.85 5.78 4.62 4.34 – 24.11

3. Aborjinia profunda sp. nov. 16.46 1.82 3.47 4.34 23.21

4. Aborjinia sp. (specimen М11) 15.85 1.37 1.37 3.18 24.11

5. Aborjinia sp. (MZ504143) 16.02 1.22 1.83 1.22 – 24.11

6. Leptosomatides sp. (HM564855) 15.87 1.25 1.88 1.72 1.57 –

7. Leptosomatides sp. (specimen L1, L2) 16.07 9.02 8.72 8.72 9.04 9.15

Table 4. Number of CBCs (above diagonal) and hemi-CBCs (under diagonal) in the ITS2 
secondary structure.

Taxon
Aborjinia sp. 

(specimen М10) Aborjinia profunda sp. nov.
Aborjinia sp. 

(specimen М11)
Aborjinia_sp. 

(MZ504143.1)

Aborjinia sp. (specimen М10) 0 0 0

Aborjinia profunda sp. nov. 6 0 0

Aborjinia sp. (specimen М11) 5 3 0

Aborjinia sp. (MZ504143) 5 7 4

Figure 9. Consensus ITS2 secondary structure and the hemi compensatory base change (hemi-CBCs) derived from 
Aborjinia species. The four stems are labelled. Each type of base change (H1-H3) indicates by unique color. CU and GU 
change that relates to H1 or H2 depending on comparison pair.

of P. corallicola provided by Westerman et al. (2021) it is mentioned that outer 
labial sensillae and cephalic sensilla are situated in one circle. However, on 
the photograph provided in that paper these sensilla are situated in two sepa-

rate circles. In addition, in P. corallicola the secretory-excretory system was not 
found, contrasting with the two giant and clearly visible cells in other Aborjinia. 

It should also be noted that, unlike other representatives of the genus, P. cor-

allicola is parasitic as an adult. Based on above we assume that P. corallicola 

belongs to another genus. Our conclusion is also supported by the molecular 
phylogenetic tree (Fig. 10), values of intergeneric p-distances within Leptoso-

matidae, and interspecies p-distances within Aborjinia (Table 3). We propose 
the new genus Paraborjinia gen. nov. for A. corallicola.
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Figure 10. Bayesian phylogeny of the family Leptosomatidae, using concatenated 18S and 28S rDNA and SYM+ G model 
of nucleotide substitution. Enoplus sp. (Enoplidae) and Phanodermatidae gen. sp. were used as outgroup to root tree. 
Bayesian posterior probabilities (PP) are given above tree nodes and bootstrap support values found in the ML analysis 
are shown below nodes. Specimens obtained in this study are in bold.
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Type species. Paraborjinia corallicola (Westerman, de Moura Neves, Ahmed & 
Holovachov, 2021). Type locality: Atlantic Ocean, Labrador Shelf (60.6083°N, 
61.7428°W), 426 m depth. Type host: Acanella arbuscula.

Diagnosis. Parasitic life style. Distinct body pores along the body. Outer labi-
al and cephalic sensilla papilliform, situated in two circles. Amphideal aperture 
pore-like. Muscular and uniformly cylindrical pharynx. Intestine not modified 
into trophosome. Hologonic ovaries in females. Presence of caudal glands.

Differential diagnosis. Within the family Leptosomatidae the new genus dif-
fers from all genera except Aborjinia by having and endoparasitic lifestyle and 
hologonic ovaries. Paraborjinia gen. nov. differs from Aborjinia by the position 
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of cephalic sensitive organs (outer labial and cephalic papilla in two separate 
circles in Paraborjinia vs outer labial and cephalic papilla in one circle in Abor-

jinia). Paraborjinia gen. nov. differs from Aborjinia, Ananus, and Thalassonema 

by the parasitic adult (vs free-living in Aborjinia, Ananus, and Thalassonema). 
Paraborjinia gen. nov. differs from Ananus by the presence of rectum and anus. 
In addition, in all described species of Aborjinia and Ananus the secretory-ex-

cretory system is well developed and consists of two prominent cells while in 
Paraborjinia the secretory-excretory system was not found.

Discussion

These results of the phylogenetic analyses are only preliminary due to the low 
number of sequences available. The different sets of species and genera for con-

structing the SSU and LSU phylogenetic trees, as well as the small number of se-

quences relative to the total number of species affect the different topologies. It 
is premature to make solid conclusions about the relationships of genera within 
Leptosomatidae based on the available data; however, concatenated 18S and 28S 
rDNA phylogenetic tree showed relatively high support values (Fig. 10). Recent 
studies have shown that the genus Aborjinia belongs to the family Leptosomatidae 
based on both molecular and morphological characters (Tchesunov et al. 2022) 
and our SSU and D2-D3 of LSU phylogenetic trees confirm the previous analyses.

The males of Aborjinia profunda sp. nov. and female Aborjinia sp. (specimen 
М10) have pronounced morphological differences and p-distances (28S and ITS). 
Moreover, for all known Aborjinia isolates, differences in the nucleotide sequenc-

es of LSU and ITS are observed (Table 4). The presence of sexual dimorphism 
is known for nematodes, including leptosomatids, and the values of p-distanc-

es are relatively small. In addition to the commonly used phylogenetic analysis 
and genetic distances, we used Compensatory Base Changes (CBCs) in Internal 
Transcriber Spacer 2 (ITS2) for species delimitation. ITS2 is useful locus for cal-
culation of lower-level phylogenetic trees in many eukaryotic lineages (Young and 
Coleman 2004; Ahvenniemi et al. 2009) to predict the ability to interbreed success-

fully between putative biological species. Organisms that differ by even one CBC 
in the conserved ITS2 regions (helices 2 and 3) are unable to interbreed (Coleman 
2009). At the same time, changes in single stranded region (hemi-CBC) do not 
contribute to the appearance of CBCs (Caisová et al. 2011) and lead to failure in 
sexual reproduction (Coleman 2009). Based on this evidence, when CBCs occur 
among species, Wolf et al. (2013) developed a generalized ‘CBC species concept’. 
Double-sided changes (CBC) were not found; therefore, there are no strict reasons 
for classifying the studied individuals as different species, but resolving the issue 
of the species status of some individuals requires further research.

Our results indicate a rather wide distribution of representatives of the ge-

nus Aborjinia in the deep-sea communities of the northwestern Pacific, includ-

ing depths of more than 8000 m. Molecular and morphological (in particular, 
the two-celled renette, the presence of a spinerette, minute sensory sensilla, 
normal muscular pharynx) data support the assignment of Aborjinia to Lepto-

somatidae. Analysis of molecular data confirms the independence of the gen-

era Aborjinia and Paraborjinia and demonstrates clearly supported differences 
from Leptosomatides. We agree with Tchesunov et al. (2022) that morphologi-
cal uniformity can lead to misidentification of Aborjinia specimens, especially if 
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fixed in ethanol. This may lead to an underestimation of the frequency of occur-
rence, abundance, and diversity of both representatives of the genus Aborjinia 

and parasitic leptosomatids in general.
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Abstract

A new species of xenodermid snake, Achalinus nanshanensis H. Li, L.-Q. Zhu, Z.-Q. Zhang 
& X.-Y. Mo, sp. nov., is described based on three specimens collected from Nanshan 
National Park and Tongdao County of southwest Hunan Province. This new species 
is genetically distinct amongst its congeners with the mitochondrial COI uncorrected 
p-distance ranging from 4.4% (in A. yangdatongi) to 17.7% (in A. meiguensis). In addi-
tion, this new species can be distinguished from its congeners by a combination of the 
following morphological characters: (1) dorsal scales with 23 or 25 rows throughout 
and strongly keeled; (2) tail relatively longer so that TaL/ToL = 0.215–0.248; (3) length 
of suture between internasals significantly longer than that between prefrontals, LSBI/
LSBP = 1.66–1.84; (4) single loreal scale present; (5) SPL 6 in number, with the fourth 
and fifth contacting eye; (6) IFL 6 in number, with the first three touching the first pair of 
chin shields; (7) TMP is 2-2-4/2-2(3)-4, with the anterior pair elongated and in contact 
with the eye; (8) ventrals 2 + 147–158; (9) subcaudals 64–77, unpaired; (10) dorsal body 
brownish black, with a bright yellow neck collar extending to the head and abdomen in 
the occipital region. The recognition of the new species increases the number of de-

scribed Achalinus species to 28, of which 21 are found in China.

Key words: Achalinus nanshanensis sp. nov., molecular analyses, morphology, taxonomy

Introduction

Xenodermidae is composed of six known genera (Xenodermus Reinhardt, 
1836, Achalinus Peters, 1869, Stoliczkia Jerdon, 1870, Fimbrios Smith, 1921, 
Parafimbrios Teynié, David, Lottier, Le, Vidal & Nguyen, 2015, and Paraxenoder-

mus Deepak, Lalronunga, Lalhmingliani, Das, Narayanan, Das & Gower, 2021). 
The genus Achalinus is the most diverse genus of the family Xenodermidae 
(Uetz et al. 2022). It contains 27 recognized species and is widely distributed 
in eastern and southeastern Asia, where it ranges from northern Vietnam to 
southwestern China and partly into Japan. In the past five years, 18 species 
have been described in this genus (Wang et al. 2019; Ziegler et al. 2019; Li 
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et al. 2020, 2021; Luu et al. 2020; Miller et al. 2020; Hou et al. 2021; Huang et 
al. 2021; Ha et al. 2022; Yang et al. 2022, 2023; Zhang et al. 2023; Ma et al. 
2023a, 2023b). However, because of unresolved taxonomic problems and the 
poorly known distribution patterns of many species, the diversity of this genus 
remains underestimated.

During recent herpetological surveys in southwest Hunan, China, three Acha-

linus snake specimens were collected in Tongdao County and Nanshan Nation-

al Park. The specimens exhibit the morphological characteristics of the genus 
Achalinus, which include a small, elongated, cylindrical body; strongly keeled, 
lanceolate scales with a metallic luster; and the lack of preocular and postoc-

ular scales, featuring a single loreal scale and temporals that are in direct con-

tact with the eyes (Peters, 1869; Zhao et al. 1998; Zhao, 2006), but they could 
not be assigned to any known species. Extensive morphological examinations 
and further molecular analyses revealed that these specimens represent a sep-

arately evolving lineage within the genus Achalinus and can be distinguished 
from recognized congeners. We herein describe this overlooked Achalinus pop-

ulation as a new species, based on an iterative taxonomic approach.

Materials and methods

Sampling

Three odd-scaled snake specimens were collected in Hunan Province, China: 
two specimens (HNNU230902, HNNU230903) were collected in Nanshan Na-

tional Park, and one specimen (HNNU230901) was collected in Tongdao Coun-

ty (Fig. 1). The three specimens were collected in the field, fixed in 75% ethanol, 
and deposited in the Vertebrate Zoology Laboratory, College of Life Science, 
Hunan Normal University. For molecular analyses, 33 sequences were used, 
among which 30 (sequences 4–33 in Table 1) were obtained from GenBank 
which include 27 sequences of 23 Achalinus species. Additionally, sequences 
of Fimbrios klossi, Smith, 1921, Parafimbrios lao, Teynié, David, Lottier, Le, Vidal 
& Nguyen, 2015 and Xenodermus javanicus, Reinhardt, 1836 were used as out-
groups. Details are shown in Table 1.

Morphological examination

Morphological descriptions follow Zhao (2006). Abbreviations in this study are 
as follows: snout–vent length (SVL, length from tip of snout to anterior margin 
of the cloaca); tail length (TaL, length from posterior margin of cloaca to tip 
of tail); total length (ToL, length from snout tip to tail end; head length (HL, 

length from the tip of snout to the posterior margin of mandible; head width 
(HW, width from the widest part of the head in dorsal view); eye diameter (ED, 

diameter from the most anterior corner of the eye to the most posterior corner); 
loreal height (LorH, height from the highest part to the lowest part of the loreal 
in lateral view); loreal length (LorL, length from the most anterior loreal to the 
most posterior loreal in lateral view); length of the suture between internasals 
(LSBI); length of the suture between prefrontals (LSBP). Three characters were 
measured with a ruler to the nearest 1 mm: SVL, TaL, and ToL; other measure-

ments were measured used digital calipers to the nearest 0.1 mm.
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Table 1. Localities, voucher information, COI GenBank accession numbers, and references for all samples used in this study.

No. Species Voucher Locality GenBank References

1 A. nanshanensis 

sp. nov.
HNNU230901 Tongao, Huaihua, Hunan, China OR523368 This study

2 A. nanshanensis 

sp. nov.
HNNU230902 Nanshan National Park, Hunan, China OR523369 This study

3 A. nanshanensis 

sp. nov.
HNNU230903 Nanshan National Park, Hunan, China OR523370 This study

4 A. ater SYSr00852 Huaping Nature Reserve, Guangxi, China MN380334 Wang et al. 2019

5 A. dabieshanensis AHU2018EE0710 Fuziling Provincial Reserve, Anhui, China MW316598 Zhang et al. 2023

6 A. damingensis ANU20220009 Shanglin, Nanning, Guangxi, China OP644487 Ynang et al. 2023

7 A. dehuaensis YBU13013 Dehua, Fujian, China MZ442642 Li et al. 2021

8 A. emilyae IEBR4465 HoanhBo, Quang Ninh, Vietnam MK330857 Ziegler et al. 2019

9 A. formosanus RN2002 Taiwan, China KU529452 Unpublished

10 A. huangjietangi HSR18030 Huangshan, Anhui, China MT380191 Huang et al. 2021

11 A. hunanensis CIB119039 Huaihua, Hunan, China OQ848425 Ma et al. 2023

12 A. hunanensis CIB119040 Ningxiang, Hunan, China OQ848426 Ma et al. 2023

13 A. juliani IEBRA.2018.8 HaLang, Cao Bang, Vietnam MK330854 Ziegler et al. 2019

14 A. meiguensis GP835 Mianyang, Sichuan, China MZ442641 Li et al. 2021

15 A. niger RN0667 Taiwan, China KU529433 Unpublished

16 A. ningshanensis ANU20220006 Ningshan, Shaanxi, China ON548422 Yang et al. 2022

17 A. ningshanensis ANU20220007 Ningshan, Shaanxi, China ON548423 Yang et al. 2022

18 A. panzhihuaensis KIZ040189 Yanbian, Sichuan, China MW664862 Hou et al. 2021

19 A. pingbianensis YBU18273 Honghe, Yunnan, China MT365521 Li et al. 2020

20 A. quangi sp4 northern Vietnam OQ197471 Anh et al. 2023

21 A. rufescens SYSr001866 Hongkong, China MN380339 Wang et al. 2019

22 A. spinalis SYSr001327 Badagong Mountains, Hunan, China MN380340 Wang et al. 2019

23 A. timi IEBRA.2018.10 ThuanChau, Son La, Vietnam MK330856 Ziegler et al. 2019

24 A. tranganensis VNUFR.2018.21 NinhBinh, Vietnam MW023086 Luu et al. 2020

25 A. vanhoensis VNUFR.2019.13 VanHo, Son La, Vietnam ON677935 Ha et al. 2022

26 A. yangdatongi KIZ034327 Wenshan Nature Reserve, Yunnan, China MW664865 Hou et al. 2021

27 A. yangdatongi YPX51447 Xichou county, Yunnan, China MW664864 Xu et al, 2023

28 A. yangdatongi YPX51446 Xichou county, Yunnan, China MW664863 Xu et al, 2023

29 A. yunkaiensis SYSr001443 Dawuling Forestry Station, Guangdong, China MN380329 Wang et al. 2019

30 A. zugorum IEBR4698 Bac Me, Ha Giang, Vietnam MT502775 Miller et al. 2020

31 Fimbrios klossi IEBR3275 Quang Ngai, Vietnam KP410744 Teynié et al. 2015

32 Parafimbrios lao MNHN2013.1002 Louangphabang, Laos KP410746 Teynié et al. 2015

33 Xenodermus 

javanicus

– Sumatera Barat, Indonesia KP410747 Teynié et al. 2015

The scale features and their abbreviations are as follows: loreals (Lor); su-

pralabials (SPL); infralabials (IFL); number of chin shield pairs (Chins); infral-
abials touching the first pair of chin shields (IFL-1st Chin); postoculars (PtO); 
temporals (TMP); supraoculars (SPO); temporals (TEM), number of anterior 
temporals that touch the eye (aTEM-Eye) (head bilateral scale counts are 
given as left/right), pre-ventral scales (PrV), ventral scales (VEN), subcaudal 
(SC), entire or divided state of the anal scales (Anal), dorsal scale rows (DSR) 
(counted at one-head-length behind the head, at midbody, and at one-head-
length before the anal); the number of maxillary teeth (MT). We also make 
comparisons with other species of the genus Achalinus based on available 
literature (Peters 1869; Boulenger 1888, 1908; Van 1912; Pope 1935; Bourret 
1937; Hu and Zhao 1966; Hu et al. 1975; Zong and Ma 1983; Ota and Toyama 
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1989; Zhao et al. 1998; Zhao 2006; Wang et al. 2019; Ziegler et al. 2019; Li 
et al. 2020; Luu et al. 2020; Miller et al. 2020; Hou et al. 2021; Huang et al. 
2021; Ha et al. 2022; Yang et al. 2022, 2023; Ma et al. 2023a, 2023b; Xu et al. 
2023; Zhang et al. 2023). The sex was determined by the presence/absence 
of everted hemipenes.

Phylogenetic analyses

Genomic DNA was extracted from preserved liver tissue using the TIANamp 
Genomic DNA Kit. The fragment of the mitochondrial DNA gene encoding cyto-

chrome c oxidase subunit I (COI) was amplified using the primer pairs Chfm4 
and Chrm4 (Che et al. 2012). The polymerase chain reaction (PCR) was per-
formed in 20 μL of reactant with the following cycling conditions: 95 °C for 4 
min, 35 cycles of denaturing at 94 °C for 40 s, annealing at 53 °C for 40 s, and 
extending at 72 °C for 1 min, and a final extending step of 72 °C for 10 min. The 
PCR products were sequenced at Shanghai Map Biotech Co., Ltd.

The COI sequences (629 bp) were assembled using SeqMan in the DNASTAR 
software package (Burland 2000), and compared and aligned using MEGA 7 

Figure 1. Distribution of some species of the genus Achalinus, Red star: the type locality of A. nanshanensis sp. nov. 
(HNNU230902, HNNU230903): Nanshan Nation Park, Shaoyang City, Hunan Province, China; A. nanshanensis sp. nov. 
(HNNU230901): Tongdao County, Huaihua City, Hunan Province, China. Blue triangle: the type locality of A. yangdatongi 

in Xichou County, Yunnan Province; Black circle: the type locality of A. damingensis in Shanglin County, Guangxi Province. 
Purple diamond: the type locality of A. hunanensis in Hecheng District and Ningxiang County, Hunan Province.
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software (Kumar et al. 2018). The uncorrected pairwise distances (p-distance) 
were calculated in MEGA 7. MrBayes 3.2.4 (Ronquist et al. 2012) was used to 
conduct the Bayesian inference analysis under the best-fitting model GTR + I + 
G4, which was selected by ModelFinder identified via AICc (Darriba et al. 2012). 
A maximum-likelihood analysis (Nguyen et al. 2015) was executed using IQ-
TREE 2 under the best-fit model TIM3 + F + I + G4 selected by Modelfinder 
according to AICc.

Results

Molecular analyses

The maximum-likelihood (ML) and Bayesian-inference (BI) analyses resulted in 
essentially identical topologies, which are integrated in Fig. 2 with the distanc-

es given in Table 2. The new species is nested within the genus Achalinus, and 

its affinity to A. yangdatongi, A. damingensis, A. ningshanensis, and A. hunanen-

sis considerably strong supported (BI, PP = 0.85; ML, BS = 93%). In addition, the 
p-distance among all species within the genus ranges from 4.4–17.7% (Table 
2), the minimum genetic distance between the new species and its congers 
is greater than the lowest one (3.2–3.4% between A. ningshanensis and A. 

hunanensis). Given that the Achalinus populations from Tongdao County and 
Nanshan National Park possess significant morphological differences from all 
known congeners, we describe it as a new species below.

Figure 2. Phylogenetic tree of the genus Achalinus inferred from CO1 gene fragments (629 bp) by maximum-likelihood 
analysis. The numbers above the branches represent the supporting values: SH-like approximate likelihood ratio test and 
Bayesian posterior probabilities (the ones lower than 50 are displayed as “-”). Achalinus nanshanensis sp. nov. is high-

lighted in blue and A. yangdatongi in yellow.
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Taxonomic account

Achalinus nanshanensis H. Li, L.-Q. Zhu, Z.-Q. Zhang & X.-Y. Mo, sp. nov.

https://zoobank.org/353AD101-0B8D-4C85-88FE-0E0C63120051
Fig. 3, Table 3

Type materials. Holotype: China • adult ♂; Hunan Province, Shaoyang City, 
Chengbu County, Nanshan National Park; 26°11′46.34″N, 110°07′56.38″E, alt. 
1665 m; 1 Sept. 2023; Hui Li & Leqiang Zhu leg.; HNNU230903. Paratypes: China 

• 1 adult ♂; Hunan Province, Huaihua City, Tongdao County; 25°54′42.37″N, 
109°44′31.39″E; alt. 300 m; 14 Oct. 2022; Shaowu Wu & Lixun Yang leg.; 
HNNU230901 • 1 adult ♂; same locality and date as holotype; HNNU230902.

Etymology. The new species is named for on its type locality. We suggest the 
Chinese common name 南山脊蛇 (pin yin: Nán Shān Jǐ Shé) and the English 
common name Nanshan odd-scaled snake.

Diagnosis. The new species can be distinguished from other members 
of Achalinus by the following characteristics: (1) dorsal scales with 23 or 25 
rows throughout and strongly keeled; (2) tail relatively longer so that TaL/ToL = 
0.215–0.248; (3) length of suture between internasals significantly longer than 
that between prefrontals, LSBI/LSBP = 1.66–1.84; (4) single loreal scale pres-

ent; (5) SPL 6 in number, with the fourth and fifth contacting eye; (6) IFL 6 in 
number, with the first three touching the first pair of chin shields; (7) TMP is 

Table 3. Main morphological characters of Achalinus nanshanensis sp. nov.

Voucher

HNNU230903 HNNU230901 HNNU230902

Holotype Paratype Paratype

Sex Adult male Adult male Adult male

SVL 362 302 300

TaL 99 99 99

TL 461 401 399

TaL/TL 0.215 0.247 0.248

HL 10.95 10.07 10.18

HW 7.25 5.96 6.37

ED 1.11 1.10 1.09

SPL 6/6 6/6 6/6

SPL-Eye 4th–5th 4th–5th 4th–5th

IFL 6 6 6

Chin 2 2 2

IFL-1stChin 1st–3rd 1st–3rd 1st–3rd

SPO 1 1 1

LorH 0.83 0.77 0.72

LorL 1.86 1.45 1.46

LorH / LorL 0.47 0.53 0.49

LSBI 1.78 1.52 1.49

LSBP 1.07 0.86 0.81

LSBI / LSBP 1.66 1.76 1.84

TEM 2+2+4 2+2+4 2+2(rarely 3)+4

aTEM-Eye 2 2 2

DSR 23-23-23 23-23-23 25-25-25

VEN 155 158 147

SC 64 77 72

Anal 1 1 1
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Figure 3. General view of Achalinus nanshanensis sp. nov. (HNNU230902) in life. Photo by Le-Qiang Zhu.

2-2-4/2-2(3)-4, with the anterior pair elongated and in contact with the eye; (8) 
ventrals 2 + 147–158; (9) subcaudals 64–77, unpaired; (10) dorsal body brown-

ish black with a bright-yellow neck collar extending to the head and abdomen 
in the occipital region.

Description of holotype. Adult male with a total length of 461 mm (SVL 
362 mm and TaL 99 mm), tail relatively long, TaL/ToL 0.215, body slender and 
cylindrical. Head distinct from neck, rostral small, triangular, only upper tip visi-
ble from above. Head length 10.95 mm, head width 7.25 mm. Length of suture 
between internasals much longer than that between prefrontals (LSBI 1.78 mm, 
LSBP 1.07 mm, LSBI/LSBP 1.66). Frontal pentagonal pointed backwards, much 
shorter than parietals; each parietal bordered with an elongated nuchal, with 
no preoculars and postoculars. Nostril at anterior part of nasal scale, poste-

rior margin of nostril with a distinct nostril cleft. A single loreal scale present, 
extending from nasal scale to eye, distinctly wider than high. Eyes small, ED 
1.11  mm. Two aTMP and four pTMP present; aTMPs elongated, upper one 
much smaller than the lower one; upper one in contact with eye, lower one also 
in contact with parietal scale. SPL 6 in number, the fourth and fifth in contact 
with the eye, the sixth longest. Two pairs of shields present, the first three in 
contact with first chin shield. One mental scale present, the first IFL in contact 
with each other after the mental scale, followed by another 5 IFL in contact with 
each other. Dorsal scales 23-23-23, strongly keeled; dorsum with no longitudi-
nal vertebral stripe. VEN 155 in number. SC 64 in number, uniserial, anal entire.

Coloration of holotype in life. Scales possess a subtle iridescent quality. The 
dorsum’s distinguishing characteristic is its reflective, brownish-black appearance, 
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with a notable bright-yellow patch that extends to the head and abdomen in the 
occipital region. The first pair of chin shields displays black coloration at the front, 
while the second pair is entirely white. The eyes are uniformly black. The ventral 
side is prevalently grayish white, with the edges of the ventral scales gradually 
transitioning from grayish white to black. The ventral coloration of the tail mirrors 
that of the dorsum, featuring a brownish-black hue.

Coloration in preservative. (Figs 4, 5) All scales retain a subtle iridescence. 
The coloration darkens as it transitions from the dorsum to the venter, with 
the dorsal surface of the body primarily appearing brownish black. Notably, the 
collar of the neck is a paler grayish white.

Distribution and habits. (Fig. 6) Achalinus nanshanensis sp. nov. is current-
ly known from Hunan Province, China, and specifically from Nashan National 
Park, Shaoyang City, and Tongdao County in Huaihua City. It has a known ele-

vational range of 300–1665 m above sea level. All three specimens were found 
during the night, with the holotype and one paratype found near a mountain 

Figure 4. The view of Achalinus nanshanensis sp. nov. A HNNU230903 (holotype) B HNNU230902 (paratype) C HNNU230901 
(paratype), remaining photos by Le-Qiang Zhu.
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Figure 5. Holotype of Achalinus nanshanensis sp. nov. (HNNU230903) in preservative A dorsal view B ventral view. Pho-

tos by Hui Li.

Figure 6. Habitat of Achalinus nanshanensis sp. nov. (HNNU230902, HNNU230903), Nanshan National Park, Chengbu 
County, Shaoyang City, Hunan Province, China. Photo by Le-Qiang Zhu.

stream where the air temperature was 18 °C and the relative humidity was 80%. 
These individuals were close to shrubs in a subtropical broadleaved evergreen 
forest. They were found making their way from leaf litter to the stream. The 
other specimen was found in a bamboo forest near a steam.

Comparison. A summary of morphological characteristics is listed in Table 
4. Phylogenetically, A. nanshanensis sp. nov. is closest to A. yangdatongi Hou, 
Wang, Guo, Chen, Yuan & Che, 2021 and A. damingensis Xu, Yang, Wu, Gong, 
Huang & Huang, 2023. However, A. nanshanensis sp. nov. differs from A. yangda-

tongi in having fewer ventral scales (147–158 vs 155–177), maxillary teeth (18 
vs 24–26) and more temporals (2+2/3+4 vs 2+2/3+2/3), shorter loreal (0.47–
0.53 vs 0.57) (Table 5). The new species differs from A. damingensis in having 
more temporals (2-2/3-4 vs 2-2-3) and fewer ventral scales (147–158 vs 165).
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The new species differs from A. hunanensis Ma, Shi, Xiang, Shu & Jiang, 
2023 in having fewer ventral scales (147–158 vs 163–165), maxillary teeth (18 
vs 23), and a bright-yellow collar around the neck.

The new species differs from A. ningshanensis Yang, Huang, Jiang, Bur-
brink, Gong, Yu, Zhang, Huang & Huang, 2022 in having more infralabials (6 vs 
5), two pairs of chin shields (vs 3 pairs), LSBI significantly longer than LSBP (vs 
suture between internasals is similar in length when compared to the suture 
between prefrontals).

The new species differs from A. ater in having more temporals (2+2/3+4 
vs 2+2+3), fewer ventral scales (147–158 vs 160–170), more SC (64–77 vs 
47–70) and a bright-yellow collar around the neck.

The new species differs from A. juliani Ziegler, Nguyen, Pham, Nguyen, Pham, 
van Schingen, Nguyen & Le, 2019 in having fewer ventral scales (147–158 vs 
173–179), fewer subcaudals (64–77 vs 77–91), and a bright-yellow collar 
around the neck.

The new species differs from A. pingbianensis Li, Yu, Wu, Liao, Tang, Liu & Guo, 
2020 in having a separated loreal (vs loreal fused with prefrontal), more subcau-

dals (64–77 vs 56), LSBI significantly longer than LSBP (vs length of suture be-

tween internasals subequal to that between prefrontals), two anterior temporals 
in contact with the eye (vs only the upper anterior temporal in contact with the 
eye), fewer supralabials (6 vs 7), and a bright-yellow collar around the neck.

The new species differs from A. timi Ziegler, Nguyen, Pham, Nguyen, Pham, 
Van Schingen, Nguyen & Le, 2019 in having one loreal (vs no loreals), more 
infralabials (6 vs 5), temporals (2+2/3+4 vs 2+2+3), fewer ventral scales (147–
158 vs 170), and fewer tooth (18 vs 27).

Table 5. Comparisons of main morphological characters of Achalinus nanshanensis sp. nov., A.yangdatongi, and Achali-

nus damingensis.

A. nanshanensis sp. nov. A. yangdatongi A. damingensis

Sex Males Males Females Males

SVL 300–392 241–293 292–424 322

TaL 99 85–104 73–93 105

TL 399–461 – – 427

TaL/TL 0.215–0.248 0.261–0.262 0.180–0.200 0.25

HL 10.07–10.95 8.5–11.60 9.52–11.45 –

HW 5.96–7.25 – – –

MT 18 26 24 –

ED 1.09–1.11 – – –

SPL 6/6 6/6 6/6(rarely 5/5) 6/6

SPL-Eye 4th–5th 4th–5th 4th–5th 4th–5th

IFL 6 5/6 6 6/6

Chin 2 2 2 2

IFL-1stChin 1st–3rd 1st–3rd 1st–3rd 1st–3rd

SPO 1 1 1 1

LorH / LorL 0.47–0.53 0.57 0.49 –

LSBI vs LSBP >1 >1 >1 >1

TEM 2+2(rarely 3)+4 2+2+2/3 2+2/3+2/3 2+2+3

aTEM-Eye 2 2 2 2

DSR 23(25)-23(25)-23(25) 23-23-23 23-23-23 23-23-23

VEN 147–158 155 170–171 165

SC 64–77 76 59–64 74

Anal 1 1 1 1
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The new species differs from A. vanhoensis Ha, Ziegler, Sy, Le, Nguyen & 
Luu, 2022 in having fewer ventral scales (147–158 vs 176), fewer subcaudals 
(64–77 vs 84) and more temporals (2+2/3+4 vs 2+3+3).

The new species differs from A. dabieshanensis Zhang, Liu, Huang & Zhang, 
2023, A. huangjietangi Huang, Peng & Huang, 2021, A. niger Maki, 1931 and A. 

spinalis Peters, 1869 by LSBI significantly longer than LSBP (vs suture between 
internasals). Furthermore, the new species differs from A. dabieshanensis in 

having more infralabials (6 vs 5). It differs from A. huangjietangi and A. spinalis 

in having more subcaudals in males (64–77 vs 59–67 and 64–77 vs 48–67, 
respectively). It differs from A. niger in having comparatively longer tail (0.215–
0.248 vs 0.151–0.179).

The new species differs from A. formosanus Boulenger, 1908, A. jinggangen-

sis Zong & Ma, 1983 and A. zugorum Miller, Davis, Luong, Do, Pham, Ziegler, Lee, 
De Queiroz, Reynolds & Nguyen, 2020 in having a separated loreal (vs no loreal). 
Furthermore, the new species differs from A. formosanus in having fewer dorsal 
scale rows (23–25)-(23–25)-(23–25) vs (29)27-27-25). It differs from A. jing-

gangensis in having more subcaudals (64–77 vs 51–64) and from A. zugorum 
in having fewer infralabials (6 vs7) and more temporals (2+2/3+4 vs 2+2+3).

The new species differs from A. meiguensis Hu & Zhao, 1966 in having more 
dorsal scale rows (23-23-23 vs (21–23)-(19–21)-(19–21), more subcaudals (64–
77 vs 50–60), and having two pairs of chin shields (vs three pairs of chin shields).

The new species differs from A. panzhihuaensis Hou, Wang, Guo, Chen, Yuan 
& Che, 2021 in having more temporals (2+2/3+4 vs 2+3+3) and fewer ventral 
scales (147–158 vs 160).

The new species differs from A. dehuaensis Li, Wu, Xu, Zhu, Ren, Guo & Dong, 
2021 in having more infralabials (6 vs 5) and fewer maxillary teeth (18 vs 31–
33), and a bright-yellow collar around the neck.

The new species differs from A. emilyae Ziegler, Nguyen, Pham, Nguyen, 
Pham, van Schingen, Nguyen & Le, 2019 in having more infralabials (6 vs 5), 
temporals (2+2/3+4 vs 2+2+3), and a bright-yellow collar around the neck, 
and the new species differs from A. emilyae in the color of its dorsum (brown-

ish-black vs pale yellowish brown).
The new species differs from A. hainanus Huang, 1975 in having more infral-

abials (6 vs 5), temporals (2+2/3+4 vs 1+2+3(4) and LSBI significantly longer 
than LSBP (vs suture between internasals similar size when compared to the 
suture between prefrontals).

The new species differs from A. rufescens Boulenger, 1888 in having more 
infralabials (6 vs 5) and two pairs of chin shields (vs three pairs of chin shields).

The new species differs from A. tranganensis Luu, Ziegler, Ha, Lo, Hoang, 
Ngo, Le, Tran & Nguyen, 2020 in having more temporals (2+2/3+4 vs 2+2+3) 
and fewer ventral scales (147–158 vs 171).

The new species differs from A. werneri Van Denburgh, 1912 in having a 
shorter tail (0.215–0.248 vs 0.250–0.300), fewer ventrals (147–158 vs 157–
191) and LSBI significantly longer than LSBP (vs suture between internasals 
similar size when compared to the suture between prefrontals).

The new species differs from A. yunkaiensis Wang, Li & Wang, 2019 in having 
a comparatively longer tail in males (0.215–0.248 vs 0.185–0.203), more sub-

caudals (64–77 vs 49–56) and LSBI significantly longer than LSBP (vs suture be-

tween internasals similar size when compared to the suture between prefrontals).
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Discussion

With the discovery of Achalinus nanshanensis sp. nov., the number of Acha-

linus species now stands at 28, with 21 occurring in China: A. ater (Bourret, 
1937), A. dabieshanensis (Zhang et al., 2023), A. damingensis (Yang et al., 
2023), A. dehuaensis (Hou et al., 2021), A. emilyae (Ziegler et al., 2019), A. 

formosanus (Boulenger, 1908), A. hainanus (Huang, 1975), A. huangjietangi 

(Huang et al., 2021), A. hunanensis (Ma et al., 2023), A. jinggangensis (Zong & 
Ma, 1983), A. meiguensis (Hu & Zhao, 1966), A. niger (Maki, 1931), A. ningshan-

ensis (Yang et al., 2022), A. panzhihuaensis (Hou et al., 2021), A. pingbianensis 

(Li et al., 2020), A. rufescens (Boulenger, 1888), A. sheni (Ma et al., 2023) A. 

spinalis (Peters, 1869), A. nanshanensis sp. nov. (this study), A. yangdatongi 

(Hou et al., 2021), and A. yunkaiensis (Wang et al., 2019). The genus Achalinus 

is known for its remarkable cryptic diversity, which has attracted extensive 
research. Nevertheless, some fundamental questions remain unanswered. 
Notably, a molecular comparison between populations of A. ater in Guangxi, 
China, and at its type locality at Tam Dao in northern Vietnam. Similarly, limited 
research has been made comparing A. spinalis found in China and at the type 
locality. This situation prompts us to reconsider the distribution of A. ater and 

A. spinalis in China.
Recent research has continued to underscore the remarkably high diversity 

within the genus Achalinus, which has lead to the discovery of an increasing 
number of species. However, several factors contribute to the difficulty in accu-

rately identifying snakes of this genus based solely on morphology. Achalinus 

species display a conservative morphology; sexual dimorphism has been iden-

tified (particularly larger TaL/TL in males, more VEN in females, and more SC 
in males) (Ziegler et al. 2019; Hou et al. 2021; Huang et al. 2021; Li et al. 2021; 
Zhang et al. 2023); additionally, the possible existence of juvenile dimorphism 
has been suggested (Zhang et al. 2023). Furthermore, due to their secretive life 
history and morphological similarities, many cryptic species may well be hid-

den in plain sight within known widely distributed species (Ziegler et al. 2019; Li 
et al. 2020; Luu et al. 2020; Miller et al. 2020; Hou et al. 2021; Yang et al. 2022; 
Ma et al. 2023a; Yang et al. 2023). This poses a considerable challenge to fu-

ture efforts aimed at comparing and identifying new species.
Molecular methods have played a pivotal role in the rapid discovery of Acha-

linus species (Yang et al. 2023). In addition, there are A. yunkaiensis and A. 

sheni distributed in the same region of A. nanshanensis sp. nov., which indi-
cates that further study is necessary to conduct by using different geographic 
populations and molecular methods to revise their evolutionary history.
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Abstract

The study presents DNA barcoding results of five families of Hymenoptera in Germany. 
DNA barcodes are provided for 24 of the 25 species of Gasteruption occurring in Central 
Europe, including 18 of the 19 species recorded from Germany. The genetic diversi-
ty was higher than expected, with five species exhibiting two or more Barcode Index 
Number (BINs), whereas BIN sharing occurred in four species. Gasteruption foveiceps 

Semenov, 1892, stat. nov. is removed from synonymy with G. nigrescens Schletterer, 
1885 and treated as a distinct species.

Key words: Central Europe, COI, DNA barcoding, insects, morphology, taxonomy

Introduction

The present study provides the first attempt to compile a comprehensive DNA 
barcode library for Gasteruptiidae species recorded from Central Europe. We 
also included the barcodes of four species from the families Evaniidae, Steph-

anidae, Trigonalidae and Aulacidae. For practical reasons and because records 
from other countries of Central Europe are not available, we concentrate on the 
German species. The families Aulacidae, Evaniidae, Stephanidae and Trigona-

lidae are represented by a single or a few species in each family in Germany 
(Saure 2001).

The family Gasteruptiidae is represented in Europe by the single genus 
Gasteruption. The genus is represented in Central Europe with 25 species 
(Bogusch 2021). The majority of Central European species are predator-in-

quilines of various stem- and wood-nesting bee species (Apiformes), in par-
ticular of the genus Hylaeus (Colletidae). Several species attack nests of other 
bee species (families Megachilidae and Apidae) or, rarely, representatives of 
families Crabronidae and Vespidae (Wall 1994; Bogusch et al. 2018; Parslow 
et al. 2020; Bogusch 2021). Several species also parasitise soil-nesting bee 
species of the family Halictidae, such as Gasteruption hastator, or nests of bees 
and wasps in vertical sand or loess walls (Parslow et al. 2020). The current 
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taxonomy of this group was studied by van Achterberg and Talebi (2014) and 
Bogusch (2021), with the biology and host associations by Parslow et al. (2020).

The initial phase of the DNA barcoding projects focussed on species occur-
ring in southern Germany, as part of the ‘Barcoding Fauna Bavarica’ project of 
the SNSB-Zoologische Staatssammlung München, Germany (ZSM). The proj-
ect started in 2009 and aimed at assembling DNA barcodes for all Bavarian 
animal species (Hendrich et al. 2010; Hausmann et al. 2013). Since 2012, the 
‘German Barcode of Life’ (GBOL) project added additional sequences. Previ-
ous barcode releases of Aculeata (Hymenoptera) dealt with the Anthophila or 
bees (Schmidt et al. 2015), the Spheciformes or digger wasps (Schmid‐Egger 
et al. 2019), the genus Polistes or paper wasps (Vespidae) (Schmid-Egger et al. 
2017), and the remaining Vespoidea (Schmid-Egger and Schmidt 2021).

The present study focuses on Central European species of Gasteruptiidae, 
including 24 of the 25 species recorded from Central Europe, and three addi-
tional species from southern Europe. In addition, four species of the families 
Evaniidae, Stephanidae, Trigonalidae and Aulacidae are included. For detailed 
species numbers, see Table 1. Identification and taxonomy of species from 
Central Europe follow Bogusch (2021).

The barcoding projects were conducted in close cooperation with the Bio-

diversity Institute of Ontario, University of Guelph, within the framework of the 
International Barcode of Life initiative. All sequences and the associated proj-
ect data are available through the Barcode of Life Data Systems (BOLD). The 
dataset includes mainly Central European specimens but covers additional 
specimens from the Mediterranean area.

Materials and methods

Sampling

The present study covers the family Gasteruptiidae from Germany and adjacent 
areas, with a single genus Gasteruption. The main source of material includes 
specimens from Central Europe deposited in the collections of the SNSB-Zo-

ologische Staatssammlung München, Germany (ZSM), Biologiezentrum Linz, 
Austria (OLL) and the private collections of Christian Schmid-Egger (CSE) and 
Petr Bogusch (PB). Some specimens of Central European species were col-
lected in countries other than Germany, mainly in northern Italy, because these 
species are rare or even close to extinction in Central Europe and, therefore, 
virtually impossible to obtain from this region. Specimens from the remaining 
families are deposited in the ZSM or the private collection of CSE.

Specimens were identified to species level using van Achterberg and Talebi 
(2014) and Bogusch (2021). A complete list of voucher specimens that were 
treated in the present study is given in Suppl. material 1.

DNA sequencing

For DNA extraction, a single leg was removed from each specimen and sent 
to the Canadian Centre for DNA Barcoding (CCDB) in Guelph, Canada, for 
DNA extraction and barcode sequencing. DNA extraction, PCR amplifica-

tion, and sequencing were conducted using standardised high-throughput 
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protocols (Ivanova et al. 2006). The 658bp target region, starting from the 
5’ end of the mitochondrial cytochrome c oxidase I (COI) gene, includes the 
DNA barcode region of the animal kingdom (Hebert et al. 2003). Specimens 
that were successfully sequenced are listed in Suppl. material 1, with se-

quence lengths and the number of unresolved bases. All specimen data are 
accessible in BOLD as a single citable dataset (dx.doi.org/10.5883/DS-GB-

GAST). The data include collecting locality, geographic coordinates, eleva-

tion, collector, one or more digital images, identifier, and voucher depository. 
Sequence data can be obtained through BOLD and include a detailed Labo-

ratory Information Management System (LIMS) report, primer information, 
and access to trace files.

Data analysis

We only analyse Gasteruption sequences here. Sequences of remaining Hy-

menoptera families are not shown here, but data are available in the BOLD 
system. Sequence divergence statistics were calculated using the Kimura 
two-parameter model of sequence evolution (Kimura 1980). Barcode Index 
Numbers (BINs) were assigned by the BOLD system, representing globally 
unique identifiers for clusters of sequences that correspond closely to bio-

logical species (Ratnasingham and Hebert 2013). For BIN assignment, a mini-
mum sequence length of 500 bp is required, and sequences between 300 and 
500 bp can join an existing BIN but will not create or split BINs. BINs provide 
an interim taxonomic system and a way to signify Molecular Taxonomic Units 
(MOTUs) prior to detailed taxonomic studies including morphology. Sequenc-

es were aligned using the BOLD Aligner (amino acid-based hidden Markov 
models). The analyses are based on sequences with a minimum length of 
500 bp and <1% ambiguous bases. Genetic distances and summary statis-

tics were calculated using analytical tools in BOLD and are given as mean 
and maximum pairwise distances for intraspecific variation and as minimum 
pairwise distances for interspecific variations.

Species studied

All Gasteruption species known from Central Europe were studied (Table 1), 
based on information in Bogusch (2021), except G. lugubre, a very rare spe-

cies known from the European Alps and some countries in southeast Europe 
to Turkey. Also, we added three species occurring in southern Europe (G. doli-

choderum, G. foveiceps and G. schlettereri) for better comparison with similar 
species, and to assist in their identification. For other Hymenoptera families, 
see below.

Results

For the present study, 152 sequences of 24 species of Gasteruption were an-

alysed, with a length of at least 500 bp and less than 1% ambiguous bases. 
The dataset thus includes DNA barcodes of 24 of the 25 Gasteruption species 

known to occur in Central Europe (Table 1), including 18 of the 19 species re-

corded from Germany.
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Taxonomic treatment

DNA barcoding allows the identification of Gasteruption to the species level or, 
in a few cases, to the species group level because of BIN sharing. The species 
that exhibited BIN sharing or BIN divergence, or that are otherwise taxonomi-
cally challenging, are discussed below.

Gasteruption jaculator (Linnaeus, 1758)

Gasteruption jaculator is widespread and common in Central Europe. The spe-

cies exhibited BIN divergence, with a maximum intraspecific distance of 3.28% 
and separation into two different BINs. There are no morphological differences 
and no hint for species separation. The second BIN was also found in a single 
specimen from Slovakia, but generally, only a few specimens were examined. 
Further research is needed.

Table 1. Gasteruption species included in the present study showing their presence (+) in Central European countries (D = 
Germany, CZ = Czech Republic, SLO = Slovakia, A = Austria, H = Hungary, CH = Switzerland). All species known from Central 
Europe are considered in the table; some additional species from southern Europe are also analysed and mentioned here.

Species from Central Europe D CZ SLO A H CH Notes

Gasteruption assectator (Linnaeus, 1758) + + + + + + See Fig. 1

Gasteruption boreale (Thomson, 1883) + + + + +  

Gasteruption caucasicum (Guérin-Méneville, 1844) + + + + + +

Gasteruption diversipes (Abeille de Perrin, 1879) + + + + + +

Gasteruption dolichoderum Schletterer, 1889 Not known from Central Europe

Gasteruption erythrostomum (Dahlbom, 1831) + + + + + +

Gasteruption forticorne Semenov, 1892   + +  +  

Gasteruption foveiceps Semenov, 1892 Not known from Central Europe

Gasteruption freyi (Tournier, 1877) + + + + + +

Gasteruption goberti (Tournier, 1877)     + +

Gasteruption hastator (Fabricius, 1804) + + + + + + See Fig. 2

Gasteruption hungaricum Szépligeti, 1895 + + + +  +  

Gasteruption insidiosum Semenov, 1892    +  +  

Gasteruption jaculator (Linnaeus, 1758) + + + + + +

Gasteruption laticeps (Tournier, 1877) + + + + + +

Gasteruption lugubre Schletterer, 1889 +   +  + Not available for study

Gasteruption merceti Kieffer, 1904 + + + + + +

Gasteruption minutum (Tournier, 1877) + + + +  + See Fig. 3

Gasteruption nigrescens Schletterer, 1885 + + + + + +

Gasteruption nigritarse (Thomson, 1883) + + + + +  

Gasteruption opacum (Tournier, 1877) + + + + + +

Gasteruption paternum Schletterer, 1889  + + + + +

Gasteruption phragmiticola Saure, 2006 + + +  +  

Gasteruption schlettereri Magretti, 1890 Not known from Central Europe

Gasteruption subtile Thomson, 1883 + + + + + +

Gasteruption tournieri Schletterer, 1885 + + + + + +

Gasteruption undulatum (Abeille de Perrin, 1879) + + + + + +

Gasteruption variolosum (Abeille de Perrin, 1879)    +  +

 Total 19 20 21 22 20 19
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Gasteruption erythrostomum (Dahlbom, 1831)

Gasteruption erythrostomum is widespread and common in Central Europe. 
The species exhibited BIN divergence, with a maximum intraspecific distance 
of 3.39% and separation into two different BINs. There are no morphological 
differences and no indication of the presence of separate species. One BIN was 
only found in two specimens from Bavaria (Germany), whereas the other BIN is 
widespread in the study area.

Gasteruption foveiceps Semenov, 1892, stat. nov.

The present specimens of Gasteruption foveiceps originated from northern It-
aly (Aosta, Lombardy) and were formerly identified as G. nigrescens by CSE. 
However, a detailed examination by PB, considering the marked BIN difference 
in the species group, led to the discovery of different character states. Taking 
into account the morphological characters and synonyms of G. nigriceps, and 

the shape of the head and the shiny area between the antesternal and praepec-

tal carinas (van Achterberg and Talebi 2014), the two specimens from Italy fit 
well with G. foveiceps. Thus, G. foveiceps is not a synonym of G. nigrescens but 
should be regarded as a valid species that occurs in southern Europe.

Gasteruption schlettereri Magretti, 1890, G. diversipes (Abeille de Perrin, 1879) 

and G. forticorne Semenov, 1892

Our original dataset includes altogether 14 specimens of this species complex, 
forming five clusters each with a BIN, but without a clear morphological distinc-

tion between G. schletterei, G. forticorne and G. diversipes. We cannot solve the 
taxonomic problems in this group with the few specimens at hand.

A single specimen of G. diversipes from Slovakia forms a cluster with spec-

imens of Gasteruption schlettereri from northern Italy and Croatia. They most 
probably belong to the same species, apart from the fact that the morphologi-
cal characters of both taxa are different (identified by Cornelis van Achterberg 
and PB).

The other cluster comprises specimens from Hungary, Slovakia and Croatia, 
and agrees with G. forticorne by morphology. So, G. forticorne and “G. diver-

sipes” can be identified in Central Europe with the key of Bogusch (2021) but 
the second taxon still has to be checked for the correct name. The situation in 
southern Europe is more complicated and needs final revision. The diagnostic 
characters for G. forticorne, like length of malar space, or colour of genitalia in 
G. schlettereri males, seem to be highly variable. Currently, European specimens 
identified as G. schlettereri probably belong to G. diversipes and G. forticorne 

and the real G. schlettereri occurs in the Middle East. Our present treatment is, 
therefore, provisional.

Gasteruption laticeps (Tournier, 1877)

Gasteruption laticeps is widespread in Central Europe. The species exhibited 
BIN divergence, with a maximum intraspecific distance of 2.58% and sepa-

ration into two different BINs. One BIN was recently found in eastern Central 
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Europe and Greece (no records from Germany are available), and the other was 
found in southern France and the Aosta Valley in northern Italy. Probably it is a 
species separation in an eastern and southwestern distribution centre, as de-

scribed in Myrmosa atra Panzer, 1801 or in the sibling species Smicromyrme ru-

fipes (Fabricius, 1878) and S. frankburgeri Schmid-Egger, 2022 (Schmid-Egger 
and Schmidt 2021, 2022). The species group is in need of further investigation.

Gasteruption paternum Schletterer, 1889

Gasteruption paternum is a rare species occurring in Central Europe, especial-
ly in the Pannonian lowlands, recorded from the following countries: Austria, 
Croatia, Czech Republic, France, mainland of Greece and Crete, Hungary, Italy, 
Slovakia and Switzerland. In all these countries, only a few specimens were 
recorded in the whole history of studies on this group (Bogusch 2021). The spe-

cies exhibited BIN divergence, with a maximum intraspecific distance of 5.11% 
and separation into two different BINs. One BIN with one specimen originating 
from Tyrol in Austria, the other from the Italian Alps (Piedmont). The species 
complex needs further research.

Gasteruption assectator (Linnaeus, 1758) aggregate

Fig. 1

Johansson and van Achterberg (2016) revised the Gasteruption assectator ag-

gregate and resurrected two species, G. boreale and G. nigritarse, from synon-

ymy. However, all three species remain difficult to identify by the morphology 
and the main morphological identification characters are continuous. Our re-

sults of the genetic barcoding showed no BIN divergence between the three 
taxa but some weak clustering into different clades of most (not all) examined 
species. This was also found in a study by Parslow et al. (2021), which also 
consistently recovered these species as one clade.

Additionally, specimens from higher altitudes with differently sculptured me-

sonotum form a separate sister group to other barcoded specimens. This sit-
uation seems to indicate the presence of a new species, as discussed by van 
Achterberg and Talebi (2014). Further research is needed to assess if the G. as-

sectator aggr. includes only one highly variable species or three or more valid and 
different species. The use of a nuclear gene may lead to more precise results, as 
shown by Praz et al. (2019) in bees of the Andrena bicolor species group.

Gasteruption hastator (Fabricius, 1804)

Fig. 2

Gasteruption hastator is a widespread species of southern Central Europe and 
very common in southern Europe. The species exhibited BIN divergence, with 
a maximum intraspecific distance of 2.63% and separation into two different 
BINs. One BIN with one specimen origin from Aosta Valley in northwest Italy, 
the other from various locations. The species needs further research and may 
consist of a species complex, also seen under the impression of a very long list 
of synonyms (van Achterberg and Talebi 2014).
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Gasteruption insidiosum Semenov, 1892

Gasteruption insidiosum is a rare species of the Middle East, reaching East 
Europe with its north-western part of the distribution. The specimen from 
Turkey forms a sister group to the group of G. erythrostomum, G. nigrescens, 

G. foveiceps and G. phragmiticola, while the specimen from Slovakia is also 
part of this group, next to G. erythrostomum. Because the specimen from Slo-

vakia differs in several characters from true G. insidiosum from Turkey, Greece 
and Bulgaria, it could be a separate species or belong to some of the synonyms 
of this species. However, the species descriptions are incomplete and short 
and some of the types are unavailable, so further research is needed to decide 
on the identification of the specimen from Slovakia.

Figure 1. Male of Gasteruption assectator from Saxony (Germany). (Photo W.H. Liebig).



282ZooKeys 1189: 275–286 (2024), DOI: 10.3897/zookeys.1189.114478

Christian Schmid-Egger et al.: DNA barcoding of small Hymenoptera families from Central Europe

Figure 2. Female of Gasteruption hastator from Saxony (Germany). It is the only largely red-coloured Gasteruption spe-

cies in Central Europe. (Photo W.H. Liebig).

Figure 3. Female of Gasteruption minutum from Saxony (Germany) (Photo W.H. Liebig).
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Discussion

DNA barcoding of German species

For the present study, 18 of the 19 of the Gasteruption species that are known 
to occur in Germany were analysed by DNA barcoding. In two recent DNA bar-
coding studies dealing with German Apiformes (bees) (Schmidt et al. 2015) 
and German Spheciformes (Schmid-Egger et al. 2019, 88% of the German spe-

cies were covered, although the number of German species is, with 584 species 
in bees and 273 species in Spheciformes, much larger compared to Gasterup-

tion. For Europe, 25 of the 26 species recorded from Central Europe (Bogusch 
2021) were available for study.

BIN diversity

The most surprising result in this study is the unexpectedly high BIN diversi-
ty, suggesting a higher-than-expected species diversity. Five species exhibited 
two or more BINs. BIN sharing (i.e., two or more species that share the same 
BIN and are not separable by DNA barcoding) occurred in four species.

We refer to the discussion in Schmid-Egger and Schmidt (2021) on how to deal 
with and interpret the BIN diversity and problems with a lack of clear morpholog-

ical characters. The present study confirms findings from previous studies that 
there are more genetically (BIN) based entities than morphological taxa in any ex-

amined Hymenoptera family. Although the BIN can change as more sequences 
are added, we suggest, whenever possible, to include the Barcode Index Number 
(BIN) in any further treatment of the species with BIN diversity, including a link to 
the BIN or the specimens in BOLD, in case the BINs represent distinct species.

Other Hymenoptera families

The present study provided the opportunity to deal with some rare and poorly 
known Hymenoptera families with a reference to the German fauna. The fami-
lies treated here include six species, five of which were DNA barcoded (Table 2). 
Brachygaster minutus (Evaniidae) is a parasitoid of cockroach ootheca (Blat-
toidea), and Stephanus serrator (Stephanidae) parasitises larva of longhorn 
beetles (Cerambycidae). Pseudogonalos hahnii (Trigonalidae) is a hyperparasit-
oid larva of Ichneumonoidea and can develop only when its egg is ingested by 
a parasitised caterpillar of an owlet moth (Erebidae and Noctuidae). Aulacidae 

Table 2. Species of Hymenoptera families with a single, or very few, species from 
Germany that are included in the present study. For checklists of German species see 
Saure (2001); for Pristaulacus, also Turrisi (2011). All mentioned genera include only one 
species in Germany, apart from Pristaulacus with five German species (Turrisi 2011).

Family Species

Evaniidae Brachygaster minutus (Olivier, 1792)

Stephanidae Stephanus serrator (Fabricius, 1798)

Trigonalidae Pseudogonalos hahnii (Spinola, 1840)

Aulacidae Aulacus striatus Jurine, 1807

Aulacidae Pristaulacus compressus (Spinola, 1808)
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are koinobiont endoparasitoids of wood-boring larvae of Xiphydriidae (Hyme-

noptera), Cerambycidae and Buprestidae (Coleoptera). The genus Pristaulacus 

was revised by Turrisi (2011). Distribution of the species is insufficiently known, 
but it can be assumed that most or all species are widespread. The species are 
rarely collected, with few specimens present in museum collections.
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Research Article

Abstract

Eleven leptonetid species belonging to four genera collected in Jiangxi and Fujian Prov-

inces, China are presented. Ten new species of midget cave spiders from southern 
China are diagnosed, described, and illustrated: Leptonetela dawu Yao & Liu, sp. nov., 

L. yuanhaoi Yao & Liu, sp. nov. and L. zuojiashanensis Yao & Liu, sp. nov. from Jiangxi; 
Longileptoneta guadunensis Yao & Liu, sp. nov., L. huboliao Yao & Liu, sp. nov., L. jiaxiani 

Yao & Liu, sp. nov., L. letuensis Yao & Liu, sp. nov., L. renzhouensis Yao & Liu, sp. nov., 

L. tianmenensis Yao & Liu, sp. nov., and Pararana mingxuani Yao & Liu, sp. nov. from 
Fujian. Furthermore, Falcileptoneta monodactyla (Yin, Wang & Wang, 1984) is recorded 
from Jiangxi province for the first time. Distributions records are given for all investi-
gated species.

Key words: Asia, biodiversity, distribution, leptonetid spiders, new species, taxonom

Introduction

The midget cave spider family Leptonetidae Simon, 1890 is one of the small-
est taxa in haplogyne spider families, with 374 species belonging to 22 genera 
(WSC 2023). At present, eight genera and 135 species are known from China. 
Among these genera, species of Leptonetela Kratochvíl, 1978 have been report-
ed as being the most diverse in China.

Most records and descriptions of this family from China were contributed 
by the Chinese arachnologist Shu-Qiang Li and his team, such as of the genera 
Jingneta Wang & Li, 2020, Leptonetela, Longileptoneta Seo, 2015, Pararana Lin 
& Li, 2022 and Rhyssoleptoneta Tong & Li, 2007 (Wang and Li 2011; Wang et al. 
2017, 2020; Lan et al. 2021; Zhu and Li 2021; Lin et al. 2022). In addition, many 
more genera have been recorded or described from China by other authors with 
eight species from northern provinces (Tong and Li 2008; Wang et al. 2020; Zhu 
and Li 2021; Liu and Zhang 2022), and the remaining species from the south-

ern provinces of China. Despite advances in the taxonomic knowledge of the 
family, there are still many more genera and species to discover from southern 
China that have unusual morphological characteristics.
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While working on the leptonetid fauna of the Jiangxi and Fujian provinces, 
southern China, we discovered and examined in detail eleven species including 
one known and ten new leptonetids. The goal of this paper is to formally de-

scribe the new species and to report the first species of Falcileptoneta Komat-
su, 1970 from Jiangxi Province.

Materials and methods

Specimens were examined using a Zeiss Stereo Discovery V12 stereomicro-

scope with a Zoom Microscope System. Both male palps and female geni-
talia were detached and examined in 80% ethanol, using a Zeiss Axio Scope 
A1 compound microscope with a KUY NICE CCD. The female genitalia were 
cleared in trypsin enzyme solution to dissolve soft tissues. For SEM photo-

graphs, specimens were dried under natural conditions, coated with gold using 
a small ion-sputtering apparatus ETD-2000, or without coating, and examined 
with a ZEISS EVO LS15 scanning electron microscope. Specimens including 
detached male palps and female genitalia were stored in 75% ethanol after ex-

amination. All the specimens are deposited in Animal Specimen Museum, Life 
Science of College, Jinggangshan University (ASM-JGSU).

To maintain uniformity of genitalia terminology within these genera, includ-

ing Falcileptoneta, Leptonetela, Longileptoneta, and Pararana, the terms that are 
used are primarily from the Spider Anatomy Ontology on BioPortal (Ramírez 
and Michalik 2019). In the past, different terms have been used to refer to the 
same structure, and terms have been used incorrectly. Although some of these 
terms have synonyms in both males and females, the ones used here will hope-

fully become a standard for future studies of these genera, if applicable. Mea-

surements were taken with the Axio Vision software (SE64 Rel. 4.8.3) and are 
given in millimeters. Leg measurements are given as total length (femur, patel-
la, tibia, metatarsus, tarsus).

Taxonomic account

Family Leptonetidae Simon, 1890

Genus Falcileptoneta Komatsu, 1970

Falcileptoneta monodactyla (Yin, Wang & Wang, 1984)

Figs 1, 2

Leptoneta monodactyla Yin, Wang & Wang, 1984: 366, fig. 2a−d (holotype male, 
not examined; Hunan, Yanling); Song 1987: 104, fig. 67 (♂); Song et al. 1999: 
51, fig. 21H−I (♂); Yin et al. 2012: 156, fig. 26a−d (♂); Liu et al. 2020: 3, figs 
1A−E, 2A, B, 3A−C (♂).

Falcileptoneta monodactyla Wang, Li & Zhu, 2020: 689 (transferred from 
Leptoneta).

Material examined. 1 ♂, 26°30'41.64"N, 115°59'19.02"E, 346 m, Jinjing Cave, 
Cuiweifeng Forest Park, Ningdu County, Ganzhou City, Jiangxi Province, China, 
23 January 2021, K. Liu, D. Zhao & Z. Meng leg. (Lep-3).

Diagnosis and description. See Liu et al. (2020) for both sexes.
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Figure 1. Falcileptoneta monodactyla (Yin, Wang & Wang, 1984), male A habitus, dorsal view B palp, prolateral view 
C same, ventral view D same, ventro-retrolateral view E same, retrolateral view. Scale bars: 0.1 mm.
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Figure 2. SEM micrographs of Falcileptoneta monodactyla (Yin, Wang & Wang, 1984), male right palp A tibial apophysis, 
retrolateral view B same, detail tip of tibial apophysis and spine, retrolateral view C tegular apophysis, ventral view.

Distribution. Known from Jiangxi (new record) and Hunan (Liu et al. 2020), 
China (Fig. 29).

Genus Leptonetela Kratochvíl, 1978

Leptonetela dawu Yao & Liu, sp. nov.

https://zoobank.org/106D7200-E479-4F1C-A997-B1D976CC70E4
Figs 3, 4, 8A–D
Vernacular name: 大乌小弱蛛

Material examined. Holotype: ♂, China: Jiangxi Province, Ji’an City, Qingyu-

an District, Donggu Town, Dawu Mountain, 26°40'48.69"N, 115°25'07.79"E, 
1031 m, 25.X.2020, K. Liu, Y. Ying & S. Yuan leg. (Lep-8). Paratype: 7 ♂, 2 ♀, the 
same data as the holotype (Lep-8).

Diagnosis. The male of this species is similar to Leptonetela sexdentata 

Wang & Li, 2011 (see Wang and Li 2011: 15, figs 53A–D) in having a tongue-
shaped prolateral lobe, but can be distinguished from it by dorsal habitus with 
obvious black-brown stripes (vs pale in L. sexdentata) and the foot-shaped me-

dian apophysis (vs square-shaped) (Figs 3, 8A–D). Females resemble that of 
Leptonetela rudong Wang & Li, 2017 (see Wang et al. 2017: 362, fig. 31C) in 
having a sub-rectangular atrium, but can be separated from it by the sperma-

thecal stalk with seven spirals (vs six) and the slightly curved spermathecae (vs 
straight) (Fig. 4C).

Description. Male (holotype). Habitus as in Fig. 3A. Total length 1.75. Cara-

pace 0.82 long, 0.76 wide. Eye sizes and interdistances: ALE 0.09, PME 0.08, 
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Figure 3. Leptonetela dawu sp. nov., male holotype A habitus, dorsal view B palp, prolateral view C same, ventral 
view D same, retrolateral view. Abbreviations: Con – conductor, Em – embolus, MA – medial apophysis, PL – prolateral 
lobe. Scale bars: 0.2 mm (A); 0.1 mm (B–D).
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PLE 0.09; ALE–PME 0.12, PLE–PLE 0.11, PLE–PME 0.03; AER 0.17, PER 0.22. 
Clypeus 0.12 high. Chelicerae (Fig. 3A) with ten promarginal and five retro-

marginal teeth. Sternum shield-shaped, longer than wide, posterior end arch-
shaped, smooth. Leg measurements: I 4.30 (1.13, 0.25, 1.21, 0.98, 0.73); II 3.32 
(1.01, 0.19, 0.80, 0.74, 0.58); III 3.07 (1.00, 0.18, 0.68, 0.74, 0.47); IV 3.74 (0.97, 
0.21, 1.06, 0.94, 0.56). Pedicel 0.12. Abdomen 0.98 long, 0.77 wide.

Coloration (Fig. 3A). Carapace yellow to dark brown, with radial, dark brown, 
mottled markings on lateral margin and mottled stripes medially. Chelicerae, 
endites, labium, and sternum yellow-brown. Legs yellow, with distinct annula-

tions. Abdomen pale to dark brown, with five dark chevron-shaped stripes.

Figure 4. Leptonetela dawu sp. nov., female paratype A habitus, dorsal view B same, ventral view C vulva, dorsal view. 
Abbreviations: At – atrium, Spe – spermathecae, SS – spermathecae stalk. Scale bars: 0.1 mm.
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Palp (Figs 3B–D, 8A–D). Tibia with four long setae retrolaterally, the bas-

al one thick, two short spines distally; cymbium with one thick, conspicuous 
spine prolaterally, one short, thick spine retrolaterally, and one long spine dis-

tally. Tip of bulb: prolateral lobe finger-like; median apophysis relatively long, 
foot-shaped, distal margin with ten teeth, the retrolateral one very large with 
blunt tip; conductor long, membranous, apically curved; embolus spine-like, 
very short, under the conductor.

Female (paratype). Total length 1.85. Carapace 0.89 long, 0.73 wide. Eye siz-

es and interdistances (Fig. 4A): ALE 0.09, PME 0.08, PLE 0.08; ALE–PME 0.10, 
PLE–PLE 0.11, PLE–PME 0.03; AER 0.16, PER 0.21. Clypeus 0.11 high. Cheli-
cerae (Fig. 4B) with nine promarginal and five retromarginal teeth. Leg mea-

surements: I (1.21, 0.28, other segments broken); II 3.19 (0.93, 0.21, 0.82, 0.79, 
0.44); III (0.87, 0.24, other segments broken); IV (1.17, 0.18, other segments 
broken). Pedicel 0.05. Abdomen 1.22 long, 0.95 wide.

Vulva (Fig. 4C). Internal genitalia with sub-rectangular atrium, finger-like 
spermathecae, and convoluted spermathecal stalk including six coils.

Distribution. Known only from the type locality in Jiangxi Province, China 
(Fig. 29).

Etymology. The name is taken from the type locality; noun in apposition.

Leptonetela yuanhaoi Yao & Liu, sp. nov.

https://zoobank.org/74BE5C72-CB07-4A26-B274-BA45EA120254
Figs 5, 6, 8E–L
Vernacular name: 渊浩小弱蛛

Material examined. Holotype: ♂, China: Jiangxi Province, Ji’an City, Taihe 
County, Zhonglong Town, Zhonglong Village, Ziyao Mountain, 26°43'23.15"N, 
115°13'31.70"E, 388 m, 28.X.2020, K. Liu, Y. Ying, K. Huang & S. Yuan leg. (Lep-
7). Paratype: 4 ♀, the same data as the holotype (Lep-7); 1 ♂, 26°42'58.10"N, 
115°13'39.00"E, 206 m, other data as same as holotype (Lep-5); 1 ♂, 

26°43'15.05"N, 115°13'37.85"E, 332 m other data same as holotype (Lep-6); 1 ♀, 

26°43'05.30"N, 115°13'36.28"E, 228 m, other data same as holotype (Lep-1).
Diagnosis. The male of this species is similar to that of Leptonetela sex-

dentata Wang & Li, 2011 (Wang and Li 2011: 15, fig. 53B–D) in having the tibia 
with a row of spines retrolaterally including one thick strong spine proximal-
ly and three thin spines, but can be separated from it by the tongue-shaped 
prolateral lobe (vs finger-like) and the median apophysis with narrow base (vs 
broad) and five teeth distally (under microscope) (vs six) (Figs 5B–D, 8E–L). 
The males also resemble that of L. dawu sp. nov. in having the conductor with 
curved apex and the spine-like embolus, but can be separated from it by the 
leaf-shaped median apophysis (vs foot-shaped) (Figs 5B–D, 8E–L). The female 
can be easily distinguished from L. sexdentata (Wang and Li 2011: 15, fig. 54C) 
by the transversely extended spermathecal stalk (vs directed anteromedially) 
with four regular spirals (vs irregular) (Fig. 6C).

Description. Male (holotype). Habitus as in Fig. 5A. Total length 2.06. Cara-

pace 0.91 long, 0.75 wide. Eye sizes and interdistances: ALE 0.09, PME 0.08, 
PLE 0.09; ALE–PME 0.13, PLE–PLE 0.10, PLE–PME 0.05; AER 0.18, PER 0.22. 
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Figure 5. Leptonetela yuanhaoi sp. nov., male holotype A habitus, dorsal view B palp, prolateral view C same, ventral view 
D same, retrolateral view. Abbreviations: Em – embolus, MA – medial apophysis, PL – prolateral lobe. Scale bars: 0.1 mm.
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Clypeus 0.13 high. Chelicerae (Fig. 5A) with eight promarginal and six retromar-
ginal teeth. Endites with several long spines anterolaterally. Sternum shield-
shaped, nearly as long as wide, with dense scale-like surface, posterior end 
blunt. Leg measurements: I 4.60 (1.13, 0.32, 1.28, 1.04, 0.83); II 3.28 (0.75, 0.21, 
0.96, 0.72, 0.64); III 2.94 (0.77, 0.21, 0.75, 0.81, 0.40); IV 3.82 (1.09, 0.15, 0.94, 
0.98, 0.66); formula: I, IV, II, III. Pedicel 0.12. Abdomen 1.02 long, 0.89 wide.

Coloration (Fig. 5A). Carapace yellow to dark brown, with dark radial stripes 
and mottled markings on lateral margin, and an oval dark brown band medially. 

Figure 6. Leptonetela yuanhaoi sp. nov., female paratype A habitus, dorsal view B same, ventral view C vulva, dorsal view. 
Abbreviations: At – atrium, Spe – spermathecae, SS – spermathecae stalk. Scale bars: 0.1 mm.
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Chelicerae yellow. Endites yellow to dark brown, mottled. Labium yellow to dark 
brown. Legs with dark annulations on each segment except tarsi. Abdomen 
with four dark chevron-shaped stripes.

Palp (Figs 5B–D, 8E–L). Tibia with five long setae retrolaterally, the proximal 
one very thick, long, strong, spine-like; cymbium with one long conspicuous 
seta prolaterally, one short, strong, thick spine retrolaterally and one long spine 
distally. Tip of bulb: prolateral lobe tongue-like, relatively short; median apoph-

ysis leaf-shaped, distal margin with four to ten teeth, prolateral one very small, 
retrolateral one very large with triangular tip; conductor membranous, relatively 
broad, near the base of median apophysis, longer than median apophysis; em-

bolus short, transparent, broad, slightly bending retrolaterally.
Female (paratype). Habitus as in Fig. 6A, B. Total length 1.70. Carapace 0.84 

long, 0.71 wide. Eye sizes and interdistances: ALE 0.08, PME 0.08, PLE 0.08; 
ALE–PME 0.11, PLE–PLE 0.12, PLE–PME 0.04; AER 0.15, PER 0.20. Clypeus 
0.10 high. Chelicerae (Fig. 6B) with nine promarginal and five retromarginal 
teeth. Endites with several long spines anterolaterally. Sternum (Fig. 6B) shield-
shaped, nearly as long as wide, with dense scale-like surface, lateral margin 
thickened, posterior end blunt. Leg measurements: I 3.53 (1.00, 0.19, 1.05, 0.77, 
0.52); II 2.80 (0.78, 0.20, 0.65, 0.59, 0.58); III 2.36 (0.71, 0.16, 0.56, 0.57, 0.36); IV 
3.48 (0.97, 0.23, 0.89, 0.84, 0.55). Pedicel 0.06. Abdomen 1.06 long, 0.78 wide.

Coloration (Fig. 6A, B). Darker than male.
Vulva (Fig. 6C). Internal genitalia with sub-trapezoidal atrium, slightly swol-

len spermathecae. and convoluted spermathecal stalk including three coils.
Distribution. Known only from the type locality in Jiangxi Province, China 

(Fig. 29).
Etymology. The species is named after Mr Yuanhao Ying, who collected the 

type specimens.
Comments. We compared the palps of the new species with that of the 

very similar species L. dawu sp. nov. several times. This similarity is probably 
because the males of these two species have very similar characters: tibial 
spines, cymbial spine, and embolus. The distance between Dawu Mountain and 
Ziyao Mountain is approximately 25 km (linear distances), which is very close. 
Despite the close distance, we consider them as different species based on the 
morphological differences listed. This hypothesis will be confirmed or rejected 
in the future when molecular data and analysis can be provided.

Leptonetela zuojiashanensis Yao & Liu, sp. nov.

https://zoobank.org/1530D5D5-57E8-4792-83A2-7A3E4FC85771
Figs 7, 8M–P
Vernacular name: 左家山小弱蛛

Material examined. Holotype: ♂, China: Jiangxi Province, Yichun City, Wan-

zai County, Luocheng Town, Jiulongshan Forest Park, Zuojiashan Village, 
28°21'07.52"N, 114°30'27.58"E, 164 m, 6.II.2021, K. Liu, D. Zhao, Z. Meng, Z. He 
& W. Li leg. (Lep-4).

Diagnosis. The male of this species is similar to that of Leptonetela gubin 

Wang & Li, 2017 (in Wang et al. 2017: 386, fig. 48B–D) in having the curved 
cymbium forming an angle of ca 100° with tibial axis and the horn-like 
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Figure 7. Leptonetela zuojiashan sp. nov., male holotype A habitus, dorsal view B palp, prolateral view C same, ventral view 
D same, retrolateral view. Abbreviations: Em – embolus, PL – prolateral lobe, PS – prolateral sclerite. Scale bars: 0.1 mm.
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Figure 8. SEM micrographs of male palps, Leptonetela spp. A Leptonetela dawu sp. nov., left palp, ventral view 
B same, ventral view C same, detail of tegular apophysis, ventral view D same, detail of conductor and embolus, 
ventral view E L. yuanhaoi sp. nov., left palp, ventral view F same, ventral view G same, detail of tegular apophysis, 
ventral view H same, detail of conductor and embolus, ventral view I L. yuanhaoi sp. nov., right palp, ventral view 
J same, ventral view K same, detail of tegular apophysis, ventral view L same, detail of conductor, ventral view 
M L. zuojiashanensis sp. nov., right palp, tibial spine, prolateral view N same, detail of the tip, prolateral view O same, 

bulb, ventral view P same, detail of tegular apophysis, ventral view. Abbreviations: Con – conductor, Em – embolus, 
MA – medial apophysis, PS – prolateral sclerite.
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prolateral sclerite, but can be separated from it by the tibia having two spines 
including one very thick and strong spine proximally (vs a row of spines and 
lacking a thick and strong spine) (Figs 7B–D, 8M–P). It also resembles that of 
L. mengzongensis Wang & Li, 2011 (Wang and Li 2011: 10, fig. 24B–D) in having 
the horn-like prolateral sclerite, but can be easily distinguished from it by the 
tibia with a thick and strong proximal spine (vs slender) (Figs 7B–D, 8M, N).

Description. Male (holotype). Habitus as in Fig. 7A. Total length 2.08. Cara-

pace 0.92 long, 0.89 wide. Eye sizes and interdistances: ALE 0.10, PME 0.09, 
PLE 0.11; ALE–PME 0.14, PLE–PLE 0.11, PLE–PME 0.05; AER 0.20, PER 0.24. 
Clypeus 0.13 high. Chelicerae (Fig. 7A) with seven promarginal and five retro-

marginal teeth. Sternum (Fig. 7A) hexagonal, longer than wide, posterior end 
blunt. Leg measurements: I 6.17 (1.71, 0.35, 1.66, 1.45, 1.00); II 4.93 (1.32, 0.32, 
1.39, 1.11, 0.79); III 3.90 (0.96, 0.39, 1.01, 0.97, 0.57); IV (1.55, 0.29, other seg-

ments broken). Pedicel 0.10. Abdomen 1.06 long, 0.82 wide.
Coloration (Fig. 7A). Carapace yellow to dark brown, with dark radial stripes 

and mottled markings on lateral margin. Chelicerae yellow. Endites yellow, 
with mottled dark spots. Labium, anterior part dark brown, posterior part yel-
low. Sternum dark brown, medially with a yellow stripe. Legs yellow to dark 
brown. Abdomen with three pairs of dark brown spots and three dark chev-

ron-shaped stripes.
Palp (Figs 7B–D, 8M–P). Tibia with two long spines retrolaterally, the bas-

al one very thick and strong, with the trifurcate tip; cymbium lacking spine. 
Tip of bulb: prolateral lobe finger-like; prolateral sclerite relatively long, buffa-

lo-horn-shaped; conductor membranous, narrowed, with curved tip; embolus 
short, indistinct, strongly bending dorsally.

Female. Unknown.
Distribution. Known only from the type locality in Jiangxi Province, China 

(Fig. 29).
Etymology. The name is taken from the type locality.

Genus Longileptoneta Seo, 2015

Longileptoneta guadunensis Yao & Liu, sp. nov.

https://zoobank.org/CFBD8259-59E8-41C9-8DF4-5FF173E53CCA
Figs 9, 10, 28A
Vernacular name: 挂墩长弱蛛

Material examined. Holotype: ♂, China: Fujian Province, Nanping City, Wuy-

ishan County Level City, Xingcun Town, Guadun Village, 27°43'56.88"N, 
117°39'30.29"E, 3.X.2023, Y. Yao, J. Gong & M. Wu leg. (Lep-13). Paratype: 1 ♂, 

same data as the holotype (Lep-13).
Diagnosis. This species is similar to that of Longileptoneta shenxian Wang 

& Li, 2020 (in Wang et al. 2020: 698, fig. 12A–D) and L. yamasakii Ballarin & 

Eguchi, 2022 (Ballarin and Eguchi 2022: 373, figs 1C, 3A–C) in having the band-

ed median apophysis with transparent tip, but can be distinguished from it by 
the carapace with six eyes (vs absent in L. shenxian), the tibia with one canine 
tooth-like apophysis armed with a short straight spine (vs one columnar apoph-

ysis, armed with one long, curved spine in L. shenxian and L. yamasakii) and the 
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wedge-shaped prolateral lobe (vs mastoid in L. shenxian and sub-triangular in 
L. yamasakii) (Figs 9C–E, 10D, E).

Description. Male (holotype). Habitus as in Fig. 9A, B. Total length 2.32. Car-
apace 0.86 long, 0.75 wide. Eye sizes and interdistances: ALE 0.08, PME 0.08, 
PLE 0.08; ALE–PME 0.11, PLE–PLE 0.12, PLE–PME 0.04; AER 0.14, PER 0.18. 
Clypeus 0.13 high. Chelicerae (Fig. 9B) with eight promarginal and six retromar-
ginal teeth. Endites with several long spines laterally. Labium sub-rectangular, 
with several long setae. Sternum (Fig. 9B) shield-shaped, wider than long, pos-

terior end blunt. Leg measurements: I 8.03 (2.08, 0.28, 2.63, 1.84, 1.20); II 4.73 

Figure 9. Longileptoneta guadunensis sp. nov., male holotype A habitus, dorsal view B same, ventral view C palp, prolater-

al view D same, ventral view, slightly retrolateral E same, retrolateral view. Abbreviations: Con – conductor, Em – embolus, 
MA – medial apophysis, PL – prolateral lobe. Scale bars: 0.2 mm (A, B); 0.1 mm (C–E).
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(1.52, 0.23, 1.28, 0.97, 0.73); III 4.45 (1.17, 0.19, 1.29, 1.08, 0.72); IV 6.08 (1.51, 
0.25, 1.98, 1.57, 0.77). Pedicel 0.05. Abdomen 1.42 long, 0.83 wide.

Coloration (Fig. 9A, B). Carapace yellow to black-brown, with radial dark 
stripes near submargin. Chelicerae, endites and labium brown. Sternum yellow 
to dark brown, mottled. Legs yellow, with sparse mottling. Abdomen dorsally 
yellowish, mottled in lateral and posterior parts; venter brown, mottled.

Palp (Figs 9C–E, 10). Femur with three rows of long strong spines ventrally, 
dorsally, and prolaterally; patella without spine; tibia with two spines: one ca-

nine tooth-like apophysis, armed with a short straight spine subapically, and a 
thick and long spine near the base of anterior one. Cymbium with a constric-

tion subapically. Tip of bulb: one long banded median apophysis, distally fur-

Figure 10. SEM micrographs of Longileptoneta guadunensis sp. nov., right palp, male holotype A ventral view B tibial 
apophysis, ventral view C detail of the tip of tibial apophysis, ventral view D detail of tegular apophysis, ventral view 
E same, ventral view. Abbreviations: Con – conductor, Em – embolus, MA – medial apophysis.
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cate; prolateral lobe wedge-shaped, large; conductor membranous, anteriorly 
curved. Embolus indistinct, with broad base.

Female. Unknown.
Distribution. Known only from the type locality in Fujian Province, China 

(Fig. 29).
Etymology. The name is taken from the type locality.

Longileptoneta huboliao Yao & Liu, sp. nov.

https://zoobank.org/28EAA35E-4067-43E3-B40F-10B70FF5A93B
Figs 11–13, 28B
Vernacular name: 虎伯寮长弱蛛

Material examined. Holotype: ♂, China: Fujian Province, Zhangzhou City, 
Nanjing County, Huboliao Nature Reserve, Huboliao area, 24°31'2.88"N, 
117°14'53.47"E, 08.XI.2023, Y. Yao, J. Gong, R. Zhao & M. Wu leg. (Lep-15). 
Paratype: 1 ♀, the same data as the holotype (Lep-15); 1 ♂, 24°31'20.98"N, 
117°17'32.01"E, 09.XI.2023, Y. Yao, J. Gong, R. Zhao & M. Wu leg. (Lep-15).

Diagnosis. The male of this species is similar to that of Longileptoneta 

shenxian Wang & Li, 2020 (in Wang et al. 2020: 698, fig. 12A–D) in having the 
bulb with an extruded coniform anterior part and three rows of spines, but can 
be distinguished from it by the carapace with six eyes (vs absent), the tibia with 
one long columnar apophysis armed with a long spine (vs one short columnar 
apophysis, armed with one long, curved spine) and the long needle-like prolat-
eral sclerite (vs thick) (Figs 11, 12). The female can be easily separated from 
L. shenxian (Wang et al. 2020: 698, fig. 13C) by the bell-shaped atrium, but can 
be separated by the carapace with six eyes (vs absent) and the distal sperma-

thecal stalk lacking a coil (vs present) (Fig. 13).
Description. Male (holotype). Habitus as in Fig. 11A, B. Total length 2.11. 

Carapace 0.96 long, 0.82 wide. Eye sizes and interdistances: ALE 0.08, PME 
0.07, PLE 0.07; ALE–PME 0.12, PLE–PLE 0.11, PLE–PME 0.05; AER 0.15, PER 
0.19. Clypeus 0.18 high. Chelicerae (Fig. 11B) with nine promarginal and eight 
retromarginal teeth. Endites with several long setae laterally. Labium sub-rect-
angular, anteriorly with more than two pairs of strong setae. Sternum (Fig. 11B) 
shield-shaped, slightly longer than wide, with several long setae on the surface, 
posterior end blunt. Leg measurements: I 8.04 (1.93, 0.31, 2.55, 2.18, 1.07); II 
5.58 (1.54, 0.28, 1.62, 1.34, 0.80); III 4.20 (1.00, 0.27, 1.29, 1.09, 0.55); IV 6.23 
(1.76, 0.29, 2.05, 1.57, 0.56). Pedicel 0.11. Abdomen 1.03 long, 0.67 wide.

Coloration (Fig. 11A, B). Carapace reddish to black-brown, with radial dark 
brown stripes along submargin. Chelicerae and endites reddish to dark brown. 
Labium brown. Sternum brown, mottled. Legs reddish to black-brown, mottled. 
Abdomen medial part reddish, other parts dark brown, mottled; venter dark 
brown, mottled.

Palp (Figs 11C–E, 12). Femur with three rows of short strong spines ventral-
ly, dorsally, and prolaterally; patella lacking spine; tibia with one long columnar 
apophysis, armed with a long straight spine. Tip of bulb: prolateral lobe willow 
leaf-shaped; prolateral sclerite long, needle-like; conductor membranous, with 
serrate tip. Embolus with blunt tip, shorter than prolateral sclerite.
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Female (paratype). Habitus as in Fig. 13A, B. Total length 1.77. Carapace 
0.89 long, 0.76 wide. Eye sizes and interdistances: ALE 0.08, PME 0.07, PLE 
0.07; ALE–PME 0.12, PLE–PLE 0.1, PLE–PME 0.05; AER 0.15, PER 0.18. Cly-

peus 0.14 high. Chelicerae (Fig. 13B) with nine promarginal and eight retromar-
ginal teeth. Endites with several long spines anterolaterally. Sternum (Fig. 13B) 
shield-shaped, nearly as long as wide, with dense scale-like surface, lateral 

Figure 11. Longileptoneta huboliao sp. nov., male holotype A habitus, dorsal view B same, ventral view C palp, prolateral 

view D same, ventro-retrolateral view E same, retrolateral view. Abbreviations: Con – conductor, PL – prolateral lobe, PS 
– prolateral sclerite. Scale bars: 0.1 mm.
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margin thickened, posterior end blunt. Leg measurements: I 6.25 (1.90, 0.23, 
1.97, 1.53, 0.62); II 5.19 (1.44, 0.26, 1.52, 1.22, 0.75); III 4.18 (1.13, 0.28, 1.24, 
0.89, 0.64); IV 6.38 (1.66, 0.28, 2.07, 1.58, 0.79). Pedicel 0.04. Abdomen 0.84 
long, 0.59 wide.

Vulva (Fig. 13C). Internal genitalia with semicircle atrium, oval spermathe-

cae, and convoluted spermathecal stalk including three coils.
Note. The right spermathecal stalk and spermathecae were extruded defor-

mation after covering cover slip when we took a photo under microscope.
Distribution. Known only from the type locality in Fujian Province, China 

(Fig. 29).
Etymology. The name is taken from the type locality, noun in apposition.

Figure 12. SEM micrographs of Longileptoneta huboliao sp. nov., male palp A femur, prolateral view B palp, ventral view 
C detail of tegular apophysis, ventral view D same, ventral view E detail of embolus, ventral view. Abbreviations: Con – 
conductor, Em – embolus, PS – prolateral sclerite.
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Figure 13. Longileptoneta huboliao sp. nov., female paratype A habitus, dorsal view B same, ventral view C vulva, dorsal 
view. Abbreviations: At – atrium, Spe – spermathecae, SS – spermathecae stalk. Scale bars: 0.1 mm.

Longileptoneta jiaxiani Yao & Liu, sp. nov.

https://zoobank.org/1D1C5F43-5FFE-4C15-9987-E304121393C9
Figs 14–16, 28C
Vernacular name: 嘉贤长弱蛛

Material examined. Holotype: ♂, China: Fujian Province, Fuzhou City, Cang-

shan District, Jinshan campus in Fujian Agriculture and Forestry University, 
26°2'21.12"N, 119°19'56.66"E, 29.IV.2023, Y. Yao, J. Gong & M. Wu leg. (Lep-10). 
Paratype: 1 ♀, the same data as the holotype (Lep-10).

Diagnosis. The male of this species is similar to that of L. shenxian Wang 
& Li, 2020 (in Wang et al. 2020: 698, fig. 12A–D) in having the bulb with an 
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extruded coniform anterior part and the spine-like prolateral sclerite, but can be 
distinguished from it by the carapace with six eyes (vs absent) and the patella 
with a very strong and thick spine (vs absent), and the hook-shaped embolus 
(vs the narrowed lamellar embolus) (Figs 14C–E, 15). The female resembles 
L. shenxian (Wang et al. 2020: 698, fig. 13A–C) in having a bell-shaped atrium, 
but can be separated by the carapace with eyes (vs lacking) and the C-shaped 
spermathecal stalk (vs S-shaped) (Fig. 16).

Description. Male (holotype). Habitus as in Fig. 14A, B. Total length 1.46. 
Carapace 0.68 long, 0.65 wide. Eye sizes and interdistances: ALE 0.05, PME 
0.04, PLE 0.05; ALE–PME 0.07, PLE–PLE 0.07, PLE–PME 0.03; AER 0.10, PER 

Figure 14. Longileptoneta jiaxiani sp. nov., male palp, holotype A habitus, dorsal view B same, ventral view C palp, prolat-

eral view D same, ventral view, slightly prolateral E same, retrolateral view. Abbreviations: Con – conductor, PL – prolat-
eral lobe, PS – prolateral sclerite. Scale bars: 0.1 mm.
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0.12. Clypeus 0.13 high. Chelicerae (Fig. 14B) with eight promarginal and five 
retromarginal teeth. Endites with several long spines laterally and seven leaf-
shaped setae. Labium sub-rectangular, anterolaterally with two pairs of strong 
setae and anteriorly with eight setae. Sternum (Fig. 14B) shield-shaped, longer 
than wide, with dense setae laterally, posterior end blunt. Leg measurements: I 
5.23 (1.34, 0.19, 1.61, 1.29, 0.80); II (1.42, 0.28, other segments broken); III 4.52 
(1.19, 0.29, 1.15, 1.08, 0.81); IV (1.68, 0.24, other segments broken). Pedicel 
0.06. Abdomen 0.73 long, 0.53 wide.

Coloration (Fig. 14A, B). Carapace yellowish to black, with radial dark stripes 
submedially and mottled markings on lateral margin. Chelicerae yellow to dark 
brown. Endites yellow. Labium yellow. Sternum yellow to black, mottled. Legs 
yellow. Abdomen, dorsally yellow, mottled in anterior and posterior parts; ven-

ter mottled.
Palp (Figs 14C–E, 15). Femur with four rows of short strong spines ventrally, 

dorsally, and prolaterally; patella with one thick, strong spine proximally; tibia 
lacking spine and apophysis. Cymbium with a distinct constriction medially. 
Tip of bulb: one spine-like prolateral sclerite; prolateral lobe lamellar; conductor 
membranous, with banded tip, slightly shorter than prolateral sclerite. Embolus 
indistinct, wrapping with conductor, hook-shaped.

Figure 15. SEM micrographs of Longileptoneta jiaxiani sp. nov., right male palp, holotype A right palp, retrolateral view 
B same, detail of tegular apophysis, retrolateral view C same, retrolateral view D same, detail of tegular apophysis, 
prolateral view, E same, detail of conductor, prolateral view F same, detail of embolus, ventral view. Abbreviations: Con – 
conductor, Em – embolus, PL – prolateral lobe, PS – prolateral sclerite.
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Female (paratype). Habitus as in Fig. 16A–D. Total length 1.92. Carapace 
0.78 long, 0.67 wide. Eye sizes and interdistances: ALE 0.05, PME 0.04, PLE 
0.05; ALE–PME 0.09, PLE–PLE 0.09, PLE–PME 0.05; AER 0.10, PER 0.15. 

Figure 16. Longileptoneta jiaxiani sp. nov., female paratype A carapace, dorsal view B same ventral view C abdomen, dor-
sal view D same, ventral view E vulva, dorsal view. Abbreviations: At – atrium, Spe – spermathecae, SS – spermathecae 
stalk. Scale bars: 0.1 mm.
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Clypeus 0.15 high. Chelicerae (Fig. 16B) with eight promarginal and seven 
retromarginal teeth. Endites with several long spines anterolaterally. Sternum 
(Fig. 16B) shield-shaped, nearly as long as wide, with dense scale-like surface, 
lateral margin thickened, posterior end blunt. Leg measurements: I (1.40, 0.29, 
1.69, other segments broken); II 4.33 (1.21, 0.29, 1.23, 0.99, 0.61); III 3.41 (0.98, 
0.13, 0.93, 0.81, 0.56); IV (1.34, 0.21, 1.48, 1.16, other segments broken). Abdo-

men 1.14 long, 0.80 wide.
Vulva (Fig. 16E). Internal genitalia with sub-trapezoidal atrium, slightly swol-

len spermathecae, and convoluted spermathecal stalk including three coils.
Distribution. Known only from the type locality in Fujian Province, China 

(Fig. 29).
Etymology. The species is named after Mr Jiaxian Gong, who collected the 

type specimens.

Longileptoneta letuensis Yao & Liu, sp. nov.

https://zoobank.org/AAB005C2-29DD-462B-94F6-DB83706C1911
Figs 17, 18, 28D
Vernacular name: 乐土长弱蛛

Material examined. Holotype: ♂, China: Fujian Province, Zhangzhou City, Nan-

jing County, Huboliao Nature Reserve, Letu Rainforest area, 24°54'11.82"N, 
117°13'15.3"E, 11.XI.2023, Y. Yao, J. Gong, R. Zhao & M. Wu leg. (Lep-16).

Diagnosis. The male of this species can be easily distinguished from other 
members of this genus by the very large curved tibial apophysis armed with a 
short spine-like tip (Fig. 17E).

Description. Male (holotype). Habitus as in Fig. 17A, B. Total length 1.78. Car-
apace 1.04 long, 0.64 wide. Eye sizes and interdistances: ALE 0.04, PME 0.04, 
PLE 0.04; ALE–PME 0.07, PLE–PLE 0.07, PLE–PME 0.03; AER 0.09, PER 0.12. 
Clypeus 0.06 high. Chelicerae (Fig. 17B) with eight promarginal and six retro-

marginal teeth. Endites with several long spines laterally. Sternum (Fig. 17B) 
shield-shaped, nearly as long as wide, with abundant long setae on surface, 
posterior end blunt. Leg measurements: I 4.75 (1.34, 0.24, 1.46, 1.14, 0.57); II 
3.60 (0.95, 0.24, 1.10, 0.86, 0.45); III 2.80 (0.85, 0.22, 0.79, 0.58, 0.36); IV 4.3 
(1.19, 0.24, 1.28, 1.02, 0.57). Pedicel 0.08. Abdomen 0.67 long, 0.66 wide.

Coloration (Fig. 17A, B). Carapace yellowish, with radial yellow stripes sub-

marginally. Chelicerae, endites and labium yellow. Sternum yellowish, mottled. 
Legs yellowish. Abdomen dorsally yellowish, with three pairs of indistinct red-

dish spots; venter mottled.
Palp (Figs 17C–E, 18). Femur with two rows of short strong spines ventrally 

and prolaterally; patella without spine; tibia with a very long curved apophysis, 
distally armed with a short straight spine, longer than tibia. Cymbium with a 
distinct constriction medially. Tip of bulb: one long flagelliform prolateral scler-
ite; prolateral lobe oval; conductor membranous, medially with a groove. Em-

bolus indistinct.
Female. Unknown.
Distribution. Known only from the type locality in Fujian Province, China 

(Fig. 29).
Etymology. The name is taken from the type locality.
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Figure 17. Longileptoneta letuensis sp. nov., male holotype A habitus, dorsal view B same, ventral view C palp, prolateral 

view D same, ventral view, slightly retrolateral E same, retrolateral view. Abbreviations: Con – conductor, PL – prolateral 
lobe, PS – prolateral sclerite. Scale bars: 0.1 mm.

Longileptoneta renzhouensis Yao & Liu, sp. nov.

https://zoobank.org/EA2C7512-B01E-4021-934F-8E40EE47555F
Figs 19–21, 28E
Vernacular name: 仁洲长弱蛛

Material examined. Holotype: ♂, China: Fujian Province, Fuzhou City, Minhou 
County, Jingxi Town, Renzhou Village, Sandiejing Forest Park, 26°16'3.31"N, 
119°09'5.08"E, 24.X.2023, Y. Yao, J. Gong, R. Zhao & M. Wu leg. (Lep-14). 
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Figure 18. SEM micrographs of Longileptoneta letuensis sp. nov., male right palp A femur, retrolateral view B tibial apoph-

ysis, retrolateral view C detail of the tip of tibial apophysis, retrolateral view D bulb, ventral view E same, detail of tegular 
apophysis, ventral view F same, detail of conductor, ventral view. Abbreviations: Con – conductor, PS – prolateral sclerite.

Paratype: 2 ♂, 2 ♀, the same data as the holotype (Lep-14); 1 ♂, 29.X.2023, 
other data as same as the holotype (Lep-14).

Diagnosis. The male of this species can be easily distinguished from other 
members of this genus by the very long curved spine-like prolateral sclerite with 
a feathery tip (Figs 19C–E, 20). The female resembles L. zhuxian Wang & Li, 
2020 (Wang et al. 2020: 700, fig. 16C) in having spheroid spermathecae and the 
subtrapezoid atrium, but can be separated by the slightly curved spermathecal 
stalk (vs waved) (Fig. 21C).

Description. Male (holotype). Habitus as in Fig. 19A, B. Total length 2.73. 
Carapace 1 long, 0.9 wide. Eye sizes and interdistances: ALE 0.08, PME 0.08, 
PLE 0.08; ALE–PME 0.13, PLE–PLE 0.12, PLE–PME 0.04; AER 0.16, PER 0.20. 
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Clypeus 0.22 high. Chelicerae (Fig. 19B) with nine promarginal and ten retro-

marginal teeth. Endites with several long setae laterally. Labium sub-rectan-

gular, anteriorly with more than three pairs of strong setae. Sternum (Fig. 19B) 
shield-shaped, slightly longer than wide, with sparse setae on surface, posterior 
end blunt. Leg measurements: I 8.38 (2.21, 0.33, 2.62, 2.19 1.03); II 5.62 (1.57, 
0.31, 1.86, 1.26, 0.62); III 5.21 (1.37, 0.34, 1.40, 1.26, 0.84); IV 6.95 (1.76, 0.33, 
2.22, 1.68, 0.96). Pedicel 0.11. Abdomen 1.60 long, 1.01 wide.

Coloration (Fig. 19A, B). Carapace yellow, with radial yellow stripes submar-
ginally, clypeus mottled. Chelicerae and endites yellow to dark brown, mottled. 
Labium brown, mottled. Sternum dark brown, mottled. Legs yellow to dark 

Figure 19. Longileptoneta renzhouensis sp. nov., male holotype A habitus, dorsal view B B habitus, ventral view C palp, 

prolateral view D same, ventral view E same, retrolateral view. Abbreviations: Em – embolus, MA – medial apophysis, 
PL – prolateral lobe, PS – prolateral sclerite. Scale bars: 0.2 mm (A, B); 0.1 mm (C–E).
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brown, mottled. Abdomen dorsally yellowish, with three pairs of black spots, 
anterior part mottled; venter black, mottled.

Palp (Figs 19C–E, 20). Femur with three rows of short strong spines ven-

trally, dorsally, and prolaterally; patella lacking spine; tibia with one columnar 
apophysis, armed with one straight spine, and one long and very thick spine, 
slightly shorter than the apophysis. Cymbium with a distinct constriction medi-
ally. Tip of bulb: one broad median apophysis, with a furcate tip, including one 
long membranous and one hook-shaped; prolateral lobe finger-like; conductor 
membranous, touching with prolateral sclerite; prolateral sclerite waved, nee-

dle-like, with a feathery tip. Embolus short hook-shaped, with a broad base.
Female (paratype). Habitus as in Fig. 21A, B. Total length 2.23. Carapace 

0.94 long, 0.86 wide. Eye sizes and interdistances: ALE 0.09, PME 0.08, PLE 
0.08; ALE–PME 0.11, PLE–PLE 0.11, PLE–PME 0.04; AER 0.17, PER 0.18. Cly-

peus 0.19 high. Chelicerae (Fig. 21B) with nine promarginal and ten retromar-
ginal teeth. Endites with several long spines anterolaterally. Sternum (Fig. 21B) 
shield-shaped, nearly as long as wide, with dense scale-like surface, lateral 
margin thickened, posterior end blunt. Leg measurements: I 7.40 (1.98, 0.31, 
2.42, 1.57, 1.12); II 5.56 (1.51, 0.33, 1.63, 1.23, 0.86); III 4.59 (1.33, 0.31, 1.21, 
1.03, 0.71); IV 6.70 (1.98, 0.33, 1.96, 1.47, 0.96). Pedicel 0.04. Abdomen 1.41 
long, 0.84 wide.

Figure 20. SEM micrographs of Longileptoneta renzhouensis sp. nov., male palp A palp, prolateral view B detail of tegular 
apophysis, prolateral view C palp, ventral view D same, detail of tegular apophysis, ventral view E same, ventral view 
F same, detail of conductor and prolateral sclerite, ventral view. Abbreviations: Con – conductor, Em – embolus, MA – 
medial apophysis, PS – prolateral sclerite.
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Vulva (Fig. 21C). Internal genitalia with sub-trapezoidal atrium, spherical 
spermathecae, and slightly curved spermathecal stalk.

Distribution. Known only from the type locality in Fujian Province, China 
(Fig. 29).

Etymology. The name is taken from the type locality.

Figure 21. Longileptoneta renzhouensis sp. nov., female paratype A habitus, dorsal view B same, ventral view C vulva, 
dorsal view. Abbreviations: At – atrium, Spe – spermathecae, SS – spermathecae stalk. Scale bars: 0.2 mm (A, B); 
0.1 mm (C).
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Longileptoneta tianmenensis Yao & Liu, sp. nov.

https://zoobank.org/DC584FE1-B618-452A-96C1-97625ED931B0
Figs 22–24, 28F
Vernacular name: 天门山长弱蛛

Material examined. Holotype: ♂, China: Fujian Province, Fuzhou City, Yong-

tai County, Geling Town, Yangxi Village, Tianmen Mountain, 25°49'5.34"N, 
119°00'40.79"E, 10.IV.2023, J. Gong, R. Zhao & M. Wu leg. (Lep-11). Paratype: 

2 ♀, 14.X.2023, Y. Yao & M. Wu leg, other data as same as the holotype (Lep-11).
Diagnosis. The male of this species is similar to that of L. huboliao sp. nov. in 

having the femur with three rows of strong spines, one columnar tibial apophy-

sis, armed with a short spine-like tip on palp and a needle-like prolateral scler-
ite, but can be easily distinguished from it by the rod-like median apophysis 
(vs lacking) the membranous conductor lacking a serrulate tip (vs present) 
(Figs 22C–G, 23). The female resembles L. huboliao sp. nov. in having a bell-like 
atrium and the spermathecal stalk lacking a spiral twist, but can be separated 
by the oval spermathecae (vs tube-shaped) (Fig. 24C).

Description. Male (holotype). Habitus as in Fig. 22A, B. Total length 2.14. 
Carapace 0.94 long, 0.82 wide. Eye sizes and interdistances: ALE 0.10, PME 
0.08, PLE 0.07; ALE–PME 0.10, PLE–PLE 0.13, PLE–PME 0.03; AER 0.17, PER 
0.18. Clypeus 0.18 high. Chelicerae (Fig. 22B) with nine promarginal and eight 
retromarginal teeth. Endites with several long setae laterally. Labium sub-rect-
angular, anteriorly with more than two pairs of strong setae. Sternum (Fig. 22B) 
shield-shaped, slightly longer than wide, with sparse setae on surface, posterior 
end blunt. Leg measurements: I 8.41 (2.63, 0.23, 2.94, 2.06, 0.55); II 6.62 (1.88, 
0.24, 1.99, 1.44, 1.07); III 5.34 (1.50, 0.24, 1.50, 1.27, 0.83); IV 7.05 (1.90, 0.29, 
2.12, 1.93, 0.81). Pedicel 0.06. Abdomen 1.11 long, 0.70 wide.

Coloration (Fig. 22A, B). Carapace yellowish to black-brown, with dark radi-
al stripes on lateral margin. Chelicerae yellow to brown, mottled. Labium dark 
brown. Sternum yellow to black, mottled. Legs yellow, mottled. Abdomen, dor-
sally yellowish, with two pairs of spots; venter dark.

Palp (Figs 22C–G, 23). Femur with three rows of short strong spines ventral-
ly, dorsally, and prolaterally; patella lacking strong spine; tibia with a columnar 
apophysis, armed with one short straight spine. Cymbium with a distinct con-

striction medially. Tip of bulb: one rod-like median apophysis, thick; prolateral 
lobe oval, lamellar; conductor membranous, shorter than median apophysis. 
Embolus hook-shaped, beneath conductor.

Female (paratype). Habitus as in Fig. 24A, B. Total length 2.22. Carapace 1.01 
long, 0.88 wide. Eye sizes and interdistances: ALE 0.09, PME 0.07, PLE 0.06; 
ALE–PME 0.12, PLE–PLE 0.12, PLE–PME 0.06; AER 0.17, PER 0.19. Clypeus 
0.11 high. Chelicerae (Fig. 24B) with nine promarginal and twelve retromargin-

al teeth. Endites with several long spines anterolaterally. Sternum (Fig. 24B) 
shield-shaped, nearly as long as wide, with dense scale-like surface, lateral 
margin thickened, posterior end blunt. Leg measurements: I 9.06 (2.42, 0.32, 
2.86, 2.21, 1.25); II 6.69 (1.73, 0.33, 2.07, 1.65, 0.91); III 5.20 (1.46, 0.31, 1.39, 
1.20, 0.84); IV 6.65 (2.02, 0.27, 1.96, 1.48, 0.92). Abdomen 1.2 long, 0.88 wide.

Vulva (Fig. 24C). Internal genitalia with sub-trapezoidal atrium, slightly swol-
len spermathecae, and convoluted spermathecal stalk including three coils.
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Figure 22. Longileptoneta tianmenensis sp. nov., male holotype A habitus, dorsal view B same, ventral view C femur, 
retrolateral view D same, prolateral view E palp, prolateral view F same, ventral view G same, retrolateral view. Abbrevia-

tions: Con – conductor, Em – embolus, MA – medial apophysis, PL – prolateral lobe, PS – prolateral sclerite. Scale bars: 
0.2 mm (A, B); 0.1 mm (C–G).

Figure 23. SEM micrographs of Longileptoneta tianmenensis sp. nov., male right palp, holotype A ventral view B detail 

of tegular apophysis, ventral view C same, ventral view. Abbreviations: Con – conductor, Em – embolus, MA – medial 
apophysis, PS – prolateral sclerite.
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Distribution. Known only from the type locality in Fujian Province, China 
(Fig. 29).

Etymology. The name is taken from the type locality.

Genus Pararana Lin & Li, 2022

Pararana mingxuani Yao & Liu, sp. nov.

https://zoobank.org/CDB6306E-1FF8-49B4-B68C-F2ECEA5FD3D5
Figs 25–27, 28G, H
Vernacular name: 明轩拟正弱蛛

Material examined. Holotype: ♂, Fujian Province, Fuzhou City, Yongtai Coun-

ty, Geling Town, Xiyang Village, Tianmen Mountain, 25°49'7.6"N, 119°1'5.07"E, 

Figure 24. Longileptoneta tianmenensis sp. nov., female paratype A habitus, dorsal view B same, ventral view C vulva, dor-
sal view. Abbreviations: At – atrium, Spe – spermathecae, SS – spermathecae stalk. Scale bars: 0.2 mm (A, B); 0.1 mm (C).
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10.IV.2023, R. Zhao, J. Gong & M. Wu leg. (Lep-9). Paratype: 1 ♂, 1 ♀, Fujian Prov-

ince, Fuzhou City, Minhou County, Nanyu Town, 25°58'24.05"N, 119°13'15.87"E, 
5.VI.2023, Y. Yao, W. Zhang, M. Wu & R. Zhao leg. (Lep-9).

Diagnosis. The male of this species is similar to that of Pararana gaofani Lin 
& Li, 2022 (Lin et al. 2022: 217, figs 17A–C, 18A, B) in having the cymbium with 
a notch and the swollen patella, but can be easily separated by the patella with 
seven short tooth-like spines (vs four long relatively thick spines), the tibia with 
a thick spine (vs absent), the long lamellar median apophysis (vs the relatively 
short horn-like median apophysis) and the slightly curved rod-like embolus (vs 
horn-like) (Figs 25B–D, 26). The female can be easily distinguished by the oval 
atrium and the short S-shaped spermathecal stalk (Fig. 27C).

Description. Male (holotype). Habitus as in Fig. 25A. Total length 2.32. Car-
apace 0.97 long, 0.81 wide. Eye sizes and interdistances: ALE 0.05, PME 0.04, 
PLE 0.05; ALE–PME 0.10, PLE–PLE 0.06, PLE–PME 0.05; AER 0.11, PER 0.13. 
Clypeus 0.23 high. Chelicerae (Fig. 25A) with 13 promarginal and five retromar-
ginal teeth. Endites with several long setae laterally and seven leaf-shaped se-

tae anteriorly. Labium sub-rectangular, anterolaterally with two pairs of strong 
setae and anteriorly with eight setae. Sternum shield-shaped, longer than wide, 
with sparse setae on surface, posterior end very blunt. Leg measurements: I 
(2.00, 0.33, other segments broken); II 5.86 (1.54, 0.32, 1.78, 1.42, 0.80); III 4.78 
(1.35, 0.29, 1.15, 1.19, 0.80); IV (1.77, 0.28, other segments broken). Pedicel 
0.08. Abdomen 1.36 long, 0.76 wide.

Coloration (Fig. 25A). Carapace yellow, with dark radial stripes. Chelicerae 
yellow to brown. Endites yellow to dark brown. Labium yellow brown. Legs with 
dark annulations on each segment except tarsi. Abdomen yellow.

Palp (Figs 25B–D, 26). Femur with four rows of short strong spines ventrally, 
dorsally, and prolaterally; patella expanded, with seven stout spines; tibia with 
a very thick spine retrolaterally. Cymbium with a notch subapically. Bulb: pro-

lateral lobe banded, long; embolus rod-like, slightly curved, with a broad base 
and a net-shaped surface; median apophysis lamellar, shorter than conductor; 
conductor membranous, with serrulate margin; retrolateral lobe blunt, tongue-
shaped, touching base of conductor.

Female (paratype). Habitus as in Fig. 27A, B. Total length 1.83. Carapace 
0.86 long, 0.76 wide. Eye sizes and interdistances: ALE 0.06, PME 0.04, PLE 
0.05; ALE-PME 0.07, PLE-PLE 0.07, PLE-PME 0.05, AER 0.09, PER 0.14, Clypeus 
0.20 high. Chelicerae (Fig. 27B) with 12 promarginal and four retromarginal 
teeth. Endites with several long spines anterolaterally. Sternum (Fig. 27B) 
shield-shaped, nearly as long as wide, with dense scale-like surface, lateral 
margin thickened, posterior end blunt. Leg measurements: I 4.68 (1.20, 0.24, 
1.40, 1.13, 0.71); II 4.74 (1.18, 0.20, 1.49, 1.17, 0.70); III 3.03 (0.82, 0.20, 0.79, 
0.74, 0.48); IV (1.03, 0.21, other segments broken). Pedicel 0.04. Abdomen 1.17 
long, 0.84 wide.

Coloration (Fig. 27A, B). Darker than male.
Vulva (Fig. 27C). Internal genitalia with bell-shaped atrium, the spheroidal 

spermathecae and the S-shaped spermathecal stalk including two turns.
Distribution. Known only from the type locality in Fujian Province, China 

(Fig. 29).
Etymology. The species is named after Mr Mingxuan Wu, who collected the 

type specimens.
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Figure 25. Pararana mingxuani sp. nov., male holotype A habitus, dorsal view B palp, prolateral view C same, ventral view 
D same, retrolateral view. Abbreviations: Con – conductor, Em – embolus, MA – medial apophysis, PL – prolateral lobe, 
RL – retrolateral lobe. Scale bars: 0.2 mm (A); 0.1 mm (B–D).
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Discussion

At present, China is the most diverse region for Leptonetidae (144 species), fol-
lowed by the USA (60 species), Korea (58 species), Japan (53 species), France 

Figure 26. SEM micrographs of Pararana mingxuani sp. nov., male palp A ventral view B patella, retrolateral view C detail 

of patellar spines, retrolateral view D detail of tegular apophysis, ventral view E detail of conductor and embolus, ventral 
view. Abbreviations: Con – conductor, Em – embolus, MA – medial apophysis.
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(26), and Greece (16), with few species found in the remaining regions (29 
species; WSC 2023). Within 15 years (2008 to 2022) the total number of lep-

tonetid species recorded from China increased six times (WSC 2023), mostly 
after the profusely illustrated revisions of the Chinese representatives by Wang 
et al. (2017) and the Japanese species by Ballarin and Eguchi (2022). These 
two studies have revealed remarkable sexually dimorphic traits and relevant 

Figure 27. Pararana mingxuani sp. nov., female paratype A habitus, dorsal view B same, ventral view C vulva, dorsal view. 
Abbreviations: At – atrium, Spe – spermathecae, SS – spermathecae stalk. Scale bars: 0.1 mm.
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Figure 28. Photographs of living specimens from China. A Longileptoneta guadunensis sp. nov., B L. huboliao sp. nov. C L. ji-

axiani sp. nov. D L. letuensis sp. nov. E L. renzhouensis sp. nov. F L. tianmenensis sp. nov. G, H Pararana mingxuani sp. nov.
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morphological features that have provided useful information for the present 
taxonomic work.

It is interesting to note that the species Falcileptoneta monodactyla has no 
also been found from Jiangxi Province. Considering the locality of the holotype, 
Yanling county in Hunan province, it is likely that this species is more widely 
distributed in the Hunan and Jiangxi provinces.

The Longileptoneta species are very difficult to differentiate as their em-

bolus is hidden in the tegular apophyses. Although the genera Falcilepto-

neta and Longileptoneta are clearly distinguished from all other leptonetid 
genera, ambiguity can occur in cave species lacking eyes, such as Falcilep-

toneta taizhensis (Chen & Zhang, 1993), Longileptoneta gutan Wang & Li, 
2020, and L. shenxian (Wang et al. 2020). A very obvious feature reveals 
that they are living in caves and become vestigial. Each of these two genera 

Figure 29. Records of Falcileptoneta monodactyla (Yin, Wang & Wang, 1984), Leptonetela dawu sp. nov., L. yuanhaoi sp. 

nov. and L. zuojiashan sp. nov. from Jiangxi; Longileptoneta guadunensis sp. nov., L. huboliao sp. nov., L. jiaxiani sp. nov., 
L. letuensis sp. nov., L. renzhouensis sp. nov., L. tianmenensis sp. nov., and Pararana mingxuani sp. nov. from Fujian, China.
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seems to be monophyletic, which need to be confirmed by future phyloge-

netic studies.
The genus Pararana Lin & Li, 2022 was monotypic before this work and 

described based on a single male specimen (Lin et al. 2022). The diagnostic 
characters of the genus are inadequate as no females are known for the type 
species Pararana gaofani Lin & Li, 2022 (Lin et al. 2022). Based on the female 
of P. mingxuani sp. nov., this genus can be characterized by a long atrium and 
very short spermathecal stalks. Since more Pararana species from China can 
be expected to be discovered, this genus will be more easily understood in fu-

ture research.
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Research Article

Abstract

Argyrotaenia socoromaensis sp. nov. (Lepidoptera, Tortricidae, Tortricinae, Archipini) from 
the arid Andes of northern Chile is described and illustrated. Adults are sexually dimorphic, 
with differences in wing size, shape and pattern. The larvae feed on Stevia philippiana Hieron. 
(Asteraceae) and Lupinus oreophilus Phil. (Fabaceae). Genetic distance between DNA bar-
codes of male and female adults reared from larvae collected on the two hosts was 0–0.2% 
(K2P). The discovery of A. socoromaensis sp. nov. represents the first record of the genus 
Argyrotaenia Stephens, 1852 and the tribe Archipini for the Chilean fauna of Tortricidae.

Key words: Andes, arid environments, DNA barcoding, larval polyphagy, new record, new 
species, sexual dimorphism, taxonomy

Introduction

The updated, online world catalogue of the family Tortricidae (Gilligan et al. 
2018) includes 116 species in the genus Argyrotaenia Stephens, 1852 (Tortrici-
nae, Archipini). The widespread Palearctic A. ljungiana (Thunberg, 1797), senior 
synonym of the type species Tortrix politana Haworth, 1811, is the only Old World 
representative of the genus, while all the others occur from Canada to Argentina 
in the New World (Razowski 1997; Brown and Cramer 1999; Gilligan et al. 2018). 
As part of recent taxonomic studies of the Caribbean fauna of the tribe Archipini, 
some species included in Argyrotaenia by Gilligan et al. (2018) were either trans-

ferred to other genera or synonymized, and new ones were described (Austin 
et al. 2019; Austin and Dombroskie 2020a, b), bringing the current total to 114. 
Several members of the genus, such as A. ljungiana and A. sphaleropa (Meyrick, 
1909), are pests of cultivated plants (Trematerra and Brown 2004; Gilligan and 
Epstein 2012; Gonsebatt et al. 2018; Ruiz-Galván et al. 2023).

Forty-three species of Argyrotaenia have their type locality in South America 
(Gilligan et al. 2018). Although some of them were described from Argentina, Bo-

livia and Peru (e.g., Razowski 1988; Razowski and Becker 2000, 2010; Trematerra 
and Brown 2004; Razowski and Wojtusiak 2010), the genus remained unknown in 
neighboring Chile (Razowski and Pelz 2010). However, recent surveys on the arid 
western slope of the central Andes yielded the first individuals of Argyrotaenia in 
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this country. Subsequent morphological examination revealed that they belong 
to an undescribed species resembling the little-known A. oriphanes (Meyrick, 
1930), described from Agualani, Puno, Peru. However, the two species can be 
separated based on differences in wing pattern and genitalia morphology of the 
male. As the Chilean specimens were reared from larvae collected on plants be-

longing to two distantly related families and showed differences in size, shape 
and pattern of male and female forewings, their conspecificity was assessed 
with mitochondrial DNA sequences of the barcode region (Hebert et al. 2003).

The aim of this contribution is to describe a sexually dimorphic, polyphagous 
new species of Argyrotaenia from the arid western slope of the central Andes, 
a discovery that represents the first record of this genus and the tribe Archipini 
from Chile.

Material and methods

The adult specimens examined in this study were reared from larvae collect-
ed on inflorescences of Stevia philippiana Hieron. (Asteraceae) and Lupinus 

oreophilus Phil. (Fabaceae) in April, 2021 and May, 2023 in the surroundings 
of Socoroma Village (18°17'22"S, 69°35'12"W) at about 3400 m elevation on 
the western slope of the Andes in the Parinacota Province of northern Chile. 
The abdomen of each adult was removed and placed in hot KOH 10% for a few 
minutes for dissection of the genitalia, which were stained with Eosin Y and 
Chlorazol Black and mounted on slides with Euparal. The holotype, paratypes 
and their genitalia slides are deposited in the “Colección Entomológica de la 
Universidad de Tarapacá” (IDEA), Arica, Chile.

Genomic DNA was extracted from legs of the micromoths using the the 
QIAamp Fast DNA Tissue Kit (Qiagen). PCR amplification of the barcode region 
(Hebert et al. 2003) was performed with the primers LCO1490 and HCO2198 
(Folmer et al. 1994) using a protocol of 5 min at 94 °C, 35 cycles of 30 s at 
94 °C, 30 s at 47 °C, 1 min at 72 °C and a final elongation step of 10 min at 72 °C. 
DNA purification and sequencing were performed at Macrogen Inc. (Santiago, 
Chile). The sequences obtained were deposited in the BOLD database of the 
Barcode of Life Data System (Ratnasingham and Hebert 2007). The software 
MEGA11 (Tamura et al. 2021) was used to perform sequence alignment with 
the ClustalW method and to assess the genetic divergence between sequences 
with the Kimura 2-Parameter (K2P) method.

Results

DNA barcoding

Three DNA barcode sequences were obtained from the holotype male (BOLD 
Process ID NCMIC001-23) reared from S. philippiana, and the two paratype fe-

males (BOLD Process IDs NCMIC002-23, NCMIC003-23) reared from S. philip-

piana and L. oreophilus. Genetic divergence between them was 0–0.2% (K2P), 
confirming that the three specimens belong to a single species with sexually 
dimorphic adults and polyphagous larvae. The three sequences were clustered 
under a single Barcode Index Number (BIN) in BOLD (BOLD:AFL1620) with 4.5% 
p-distance to nearest neighbor.
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Taxonomy

Argyrotaenia socoromaensis sp. nov.

https://zoobank.org/DFA712C0-A92E-427E-8E62-CFB43466FD79
Figs 1–3

Type locality. Chile, Parinacota Province, Socoroma (18°17'22"S, 69°35'12"W), 
3400 m elevation on the western slope of the Andes.

Type material. Holotype: Chile • ♂; Parinacota, Socoroma; June, 2023; H.A. 
Vargas leg.; ex-larva inflorescence; Stevia philippiana; May, 2023; “HOLOTYPE Ar-

gyrotaenia socoromaensis Vargas” [red handwritten label]; IDEA-LEPI-2023-01; 
HAV-1661 [genitalia slide]; NCMIC001-23 [BOLD Process ID] (IDEA). Paratypes: 

CHILE • 1 ♀; same data as for the holotype; IDEA-LEPI-2023-02; HAV-1678 [gen-

italia slide]; NCMIC002-23 [BOLD Process ID] • 1 ♀; same locality and collector 
as previous; May, 2021; ex-larva inflorescence; Lupinus oreophilus; April, 2021; 
IDEA-LEPI-2023-03; HAV-1470 [genitalia slide]; NCMIC003-23 [BOLD Process 
ID] (IDEA).

Diagnosis. Adults of A. socoromaensis sp. nov. are sexually dimorphic. The 
forewing of the holotype male is 10.3 mm long, distal third of the costal margin 
is almost straight, there are few yellowish-brown scales on the basal fascia, 
and median fascia is continuous with tornal blotch. In contrast, females have 
a forewing length of 6.5–8.2 mm, the distal third of the costal margin slightly 
concave, there are abundant yellowish-brown scales on the basal fascia, and 
median fascia is conspicuously separated from tornal blotch by the postmedi-
an interfascia. The wing pattern and genitalia of the male of A. socoromaensis 

sp. nov. resemble those of the Peruvian A. oriphanes (Clarke 1958, plate 124, 
figs 4–4b). However, the forewing of A. socoromaensis sp. nov. lacks white 
blotches on the costal half of the basal fascia, and has the median fascia with 
internal margin strongly sinuous in the middle and external margin slightly sin-

uous, while the forewing of A. oriphanes has broad white blotches on the costal 
half of the basal fascia, and the medial fascia with internal margin straight in 
the middle and external margin abruptly indented near the costa. In the male 
genitalia, the uncus is slightly apically broadened, the sacculus is broadly con-

vex before middle and the phallus is mostly straight in A. socoromaensis sp. 

nov., in contrast with the uncus strongly apically broadened, sacculus with ven-

tral margin straight before middle, and phallus strongly curved of A. oriphanes. 

The female of A. oriphanes remains unknown, impeding comparisons.
Description. Male (N = 1; Fig. 1A). Head. Vertex mostly whitish gray, dark 

gray near anterior margin; frons mostly dark gray with a whitish gray transverse 
stripe near ventral margin. Antenna with scape whitish gray on external surface, 
dark gray on medial surface, pedicel and flagellum dark gray, flagellum ciliated 
ventrally. Labial palpus dark gray on external surface, whitish gray on medial 
surface. Thorax (forewing length 10.3 mm). Mostly whitish gray and dark gray 
dorsally with scattered yellowish-brown scales; whitish gray laterally. Foreleg 
dark gray on external surface, whitish gray on medial surface, tibial epiphysis 
dark gray; midleg similar to foreleg but whitish gray tibial spurs; hindleg whitish 
gray with scattered dark gray scales, tibial spurs concolorous. Forewing with 
distal third of costa almost straight; fasciae and blotches mostly dark gray with 
scattered whitish gray and yellowish-brown scales; interfasciae mostly whitish 
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Figure 1. Habitus of Argyrotaenia socoromaensis sp. nov. A holotype male, dorsal view B paratype female, dorsal view. 
Scale bar: 5 mm.

gray with scattered yellowish-brown and dark gray scales; fringe gray; basal 
fascia triangular with external margin trilobed, yellowish-brown scales mostly 
concentrated near costa; antemedian interfascia with dark gray scales most-
ly on costal half and yellowish-brown scales mostly on posterior half; medi-
an fascia broadening from costa to posterior margin, continuous with tornal 
blotch, darker near costa, lighter near tornus, internal margin strongly sinuous 
in the middle, external margin slightly sinuous; postmedian interfascia with 
narrow, short posterior expansion in the middle not reaching the tornus; sub-

apical blotch semicircular. Hind wing and fringe gray. Abdomen. Mostly dark 
gray with scattered whitish gray scales. Male genitalia (Fig. 2A–C). Uncus elon-

gated, anterior third somewhat conical, posterior two-thirds flattened, mostly 
parallel-sided, slightly broadened apically, apex rounded. Tegumen V-shaped 
in dorsal view, length in the middle about half of uncus. Gnathos arms as long 
as uncus, posteriorly curved, distally fused, apex rounded. Vinculum U-shaped. 
Transtilla a transverse stripe. Juxta diamond-shaped with small V-shaped dor-
sal excavation with a group of setae near each tip. Valva rectangular, slightly 
straightening apically, mostly membranous with rounded apical corners; scat-
tered setae, more dense at apex; dorsal margin straight, costa undifferentiated; 
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Figure 2. Genitalia of Argyrotaenia socoromaensis sp. nov. A male genitalia, ventral view, phallus removed B phallus, 
lateral view C cornuti D female genitalia, ventral view E signum F antrum. Scale bars: 0.2 mm.

longitudinal fold lobe-like near transtilla, broadened, slightly sclerotized distally; 
presaccular gap broad near vinculum, not well-defined toward apex of valva; 
sacculus narrow, broadly convex before middle, distal third curved to apex of 
valva. Phallus mostly straight, length similar to valva, progressively narrowing 
apically, apex slightly curved; caulis small; coecum about a sixth of phallus 
length, with a keel-shaped antero-ventral projection; vesica with two cornuti.

Female (N = 2; Fig. 1B). Head. Vertex and frons yellowish gray. Antenna with 
scape whitish gray on external surface, dark gray on medial surface, pedicel and 
flagellum dark gray, flagellum ciliated ventrally. Labial palpus whitish gray on bas-

al half and dark gray with scattered yellowish gray scales on distal half of external 
surface, whitish gray on medial surface. Thorax (forewing length 6.5–8.2 mm). 
Mostly whitish gray dorsally, yellowish gray tegulae; whitish gray laterally. Foreleg 
mostly dark gray on external surface with scattered yellowish gray scales, whitish 
gray on medial surface, tibial epiphysis dark gray; midleg mostly whitish gray with 
scattered dark gray scales, whitish gray tibial spurs; hindleg whitish gray with 
scattered dark gray scales, tibial spurs whitish gray. Forewing with distal third of 
costa slightly concave; maculation mainly similar to male, but basal fascia with 
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abundant yellowish-brown scales mostly near tegula; antemedian interfascia 
with yellowish-brown scales mostly between posterior lobe of the basal fascia 
and posterior margin of the wing; median fascia with almost uniform width from 
costa to discal cell, broadened from discal cell to posterior margin of the wing; 
postmedian interfascia with broad posterior expansion reaching tornus, clearly 
separating medial fascia from tornal blotch; subapical blotch somewhat triangu-

lar. Hind wing similar to male, but termen slightly concave near apex. Abdomen. 

Mostly dark gray with scattered whitish gray scales. Female genitalia (Fig. 2D–F). 
Papillae anales elongate, flattened, narrow, slightly broadened posteriorly, rough-

ened, with setae. Apophyses posteriores about 1.2 times length of papillae ana-

les; apophyses anteriores about 1.4 times length of papillae anales. Sterigma 
a narrow stripe between the antrum and apophyses anteriores, angled near an-

trum; antrum somewhat cup-shaped, truncate anteriorly, ventral wall about half 

Figure 3. Habitat and host plants of Argyrotaenia socoromaensis sp. nov. A habitat at the 
type locality, near Socoroma Village, at 3400 m elevation on the arid western slope of the 
Andes of northern Chile B Stevia philippiana Hieron. (Asteraceae) C Lupinus oreophilus 

Phil. (Fabaceae).
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the length of dorsal wall, posterior margin of ventral wall slightly convex, posteri-
or margin of dorsal wall rounded; ductus bursae membranous, narrow, about half 
the length of apophyses anteriores, colliculum about half the length of ventral 
wall of antrum; ductus seminalis arising near the middle of ductus bursae; corpus 
bursae membranous, elongated, about 1.5 times the length of ductus bursae, 
signum spine-like, slightly curved, capitulum small, rounded.

Etymology. The specific epithet is derived from the type locality.
Distribution (Fig. 3A). Argyrotaenia socoromaensis sp. nov. is known only from 

the type locality in the surroundings of Socoroma Village, at about 3400 m eleva-

tion on the western slope of the Andes in the Parinacota Province, northern Chile.
Host plants (Fig. 3B, C). The adult specimens of A. socoromaensis sp. nov. ex-

amined in this study were reared from larvae collected on inflorescences of Stevia 

philippiana Hieron. (Asteraceae) and fruits of Lupinus oreophilus Phil. (Fabaceae).

Discussion

The uniqueness of the fauna of Tortricidae of Chile has been widely recog-

nized (Obraztsov 1964; Razowski 1988; Brown 1999; Razowski and Pelz 2010). 
More than 80% of the species recorded in this country are endemic (Urra 2020). 
South-central Chile also harbors some endemic genera, among them Accuminulia 

Brown, 1999, Parvulia Urra, 2016 and Natria Urra, 2020 (Brown 1999; Urra 2016, 
2020), while some other genera inhabiting this area have relatively narrow geo-

graphic ranges in South America with additional records restricted to neighboring 
countries, as in the case of Chileulia Powell, 1986, Proeulia Obraztsov, 1964 and 
Ptychocroca Brown & Razowski, 2003 (Brown and Razowski 2003; Razowski and 
Pelz 2010; Cepeda and González 2015). In contrast, species recorded in northern 
Chile belong to more widespread genera, such as Cryptophlebia Walsingham, 1900 
and Strepsicrates Meyrick, 1888 (Clarke 1987; Vargas-Ortiz and Vargas 2018). The 
discovery of A. socoromaensis sp. nov. reinforces this pattern by adding the re-

cord of another widespread genus to the arid environments of northern Chile.
Host plant records of the Palearctic A. ljungiana and many Nearctic Argyro-

taenia suggest that polyphagy is very common in this genus, while a few spe-

cies have narrower host ranges, feeding on plants belonging to a single family 
(Brown et al. 2008). Such variation in host ranges can occur even among mem-

bers of the same species group (Landry et al. 1999). Host plants have been 
recorded for only a few Neotropical species (Brown et al. 2008). Among the 
South American fauna, published host records mainly involve A. loxonephes 

(Meyrick, 1937) and A. sphaleropa (Meyrick, 1909), two remarkably polypha-

gous pest species whose larvae feed on plants belonging to 16 and 21 families, 
respectively (Trematerra and Brown 2004). The polyphagy of A. socoromaensis 

sp. nov. fits the more common host range currently recognized for the genus.
Sexual dimorphism, mostly related to wing pattern, has been documented 

for several members of Argyrotaenia (Obraztsov 1961; Powell 1965; Austin and 
Dombroskie 2020a). Correct association of males and females can be partic-

ularly difficult in species with marked sexual dimorphism, as in the case of A. 

montezumae (Walsingham, 1914), whose female was originally described un-

der another specific name currently recognized as a synonym (Obraztsov 1961; 
Gilligan et al. 2018). The remarkable sexual dimorphism of A. socoromaensis 

sp. nov. involves differences in wing size, shape, and pattern.
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DNA barcodes have been used successfully to explore host plant ranges 
and to associate females and males of sexually dimorphic species of Tor-
tricidae (Hulcr et al. 2007; Corley and Ferreira 2017; Austin and Dombroskie 
2020a). Although the description provided here for A. socoromaensis sp. 

nov. is based on only three specimens, the analysis of their DNA barcodes 
accurately supports the recognition of the male holotype and the two fe-

male paratypes as members of a single species with sexually dimorphic 
adults and polyphagous larvae. The discovery of A. socoromaensis sp. nov. 
raises to 105 the species and 38 the genera recorded for the Chilean fauna 
of Tortricidae (Razowski and Pelz 2010; Cepeda and Curkovic 2020; Urra 
2020), and highlights the need to explore further the overlooked diversity of 
micromoths of the natural environments of the arid western slopes of the 
central Andes.
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Abstract

A new monotypic ground spider genus, Hotwheels gen. nov., is described, with the type 
species H. sisyphus sp. nov. (♂♀) from southwest China. This new genus is not assigned 
to any of the known subfamilies of Gnaphosidae, belonging only to the Echemus group of 
genera. It resembles Synaphosus Platnick & Shadab, but it can be differentiated by the pres-

ence of a median apophysis. Descriptions, illustrations and a records map are provided.

Key words: Description, morphology, new species, taxonomy

Introduction

Gnaphosidae is a highly diverse spider family, containing 2466 extant species 
in 151 genera (WSC 2023). Southwest China mostly lies within the Oriental 
Realm and has the highest diversity of spiders in China (Holt et al. 2013; Yao 
and Li 2021), including 87 species of 25 genera of gnaphosid spiders (WSC 
2023). Three new ground spider genera (Meizhelan Lin & Li, 2023, Platnickus 

Liu & Zhang, 2023, Yuqilin Lin & Li, 2023) have been reported from southwest 
China in just 2023 (Lin and Li 2023; Liu and Zhang 2023). However, ground spi-
der research in southwest China and neighbouring countries is severely limited, 
with a lack of regional revisions (WSC 2023). Our knowledge of the diversity 
of gnaphosids in southwest China is far from adequate, and many new taxa 
remain to be discovered.

While examining the ground spider collections from southwest China, we 
found several specimens of an unknown species resembling Synaphosus Plat-
nick & Shadab, 1980 in somatic characters and genitalic structures, but it can 
be differentiated by the presence of a median apophysis, which indicates a new 
genus should be established.

Material and methods

All specimens were preserved in 75% ethanol and examined and measured un-

der a Leica M205A stereomicroscope. Photographs were taken using an Olym-

pus BX51 microscope equipped with a Kuy Nice CCD camera and were imported 
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into Helicon Focus v.7 for stacking. Final figures were retouched using Adobe 
Photoshop 2020. A map was generated in QGIS v.3.24.2. All measurements 
are given in millimeters. Leg measurements are shown as: total length (femur, 
patella, tibia, metatarsus, tarsus). Epigynes were removed and cleared in a pan-

creatin solution (Álvarez-Padilla and Hormiga 2007). All specimens studied are 
deposited in the Museum of Hebei University (MHBU), Baoding, China.

Morphological terminology follows Azevedo et al. (2017). Abbreviations used 
in this study are: ALE, anterior lateral eye; AME, anterior median eye; BH, basal 
haematodocha; C, conductor; CA, apophysis of conductor; CD, copulatory duct; 
CO, copulatory opening; DSS, duct of secondary spermatheca; DTM, distal tu-

bular membrane; E, embolus; ED, ejaculatory duct; EP, embolar process; FD, fer-
tilization duct; H, hood; MA, median apophysis; MaAm, major ampullate gland 
spigots; MH, median haematodocha; Pi, piriform gland spigots; PLE, posterior 
lateral eye; PME, posterior median eye; PS, primary spermatheca; R, embolar 
radix; RTA, retrolateral tibial apophysis; SD, sperm duct; SS, secondary sperma-

thecae; ST, subtegulum; T, tegulum; TM, terminal membrane of embolus.

Taxonomy

Family Gnaphosidae Banks, 1892

Genus Hotwheels gen. nov.

https://zoobank.org/1E5BA5C9-E641-4F3D-B4DC-ED0525F6416E
火轮蛛属

Type species. Hotwheels sisyphus sp. nov.
Etymology. The generic name refers to Hot Wheels, a collectible die-cast toy 

car made by Mattel, as the long, coiled embolus of this new genus resembles a 
Hot Wheels track; neuter in gender.

Diagnosis. The new genus resembles Synaphosus Platnick & Shadab, 1980 
by metatarsi III and IV having a preening brush, the male palp has a long em-

bolus and large conductor, and the epigyne has a hood and long copulatory 
ducts (Figs 2–4C, D, 5). It can be distinguished from Synaphosus by: 1) the 
presence of a median apophysis (Figs 2, 3A–D) vs. median apophysis absent 
(Fig. 3F, G; Ovtsharenko et al. 1994: figs 12–14); 2) the basal half of the em-

bolus which rotates counterclockwise (Fig. 2A) vs. basal half of the embolus 
rotates clockwise (Ovtsharenko et al. 1994: figs 12–14; Marusik and Omelko 
2018: figs 8–11, 20–24, 26–36); 3) a weakly sclerotized conductor without 
an apophysis or outgrowth (Figs 2A, 3A–D) vs. a partially sclerotized con-

ductor with an apophysis or outgrowth (Fig. 3F, G; Marusik and Omelko 2018: 
figs 8–11, 20–24, 26–36); and 4) the copulatory duct is circular, wide anteriorly, 
and almost twice the width of the primary spermathecae (Fig. 5) vs. copulatory 
duct twisted, narrow anteriorly, and narrower than the primary spermathecae 
(Ovtsharenko et al. 1994: figs 15, 16; Marusik and Omelko 2018: figs 5–7, 12, 
13, 17–19, 39–41).

Description. Small-sized (total length: males = 4.86–5.44; females = 5.45–
5.98). In dorsal view, carapace elongate-ovoid, anterior eye row slightly recurved, 
posterior eye row straight; PME oblique, flat (Figs 1A, 4A). Cheliceral promargin 
with 4 or 5 teeth, retromargin with 3 or 4 teeth (Fig. 1C, D). Leg formula: 4123. 
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Trochanters not notched. Metatarsi III and IV with preening brushes. Sternum 
elongate oval, with straight anterior edge, pointed posteriorly (Figs 1B, 4B). An-

terior lateral spinnerets with 6 enlarged piriform gland spigots, separated by 
almost 1.2 times their diameter (Fig. 1E, F). Color in alcohol (Figs 1A, B, 4A, B): 
carapace yellow-brown; cephalic groove and radial furrow black; fovea distinct, 
longitudinal. Legs yellow-brown. Abdomen grey, males with anterior dorsal scu-

tum, almost half of abdominal length and more than half of width.
Male palp and epigyne. Same as for the species.
Comments. Murphy (2007) made a formal grouping of gnaphosids without 

subfamilies, Azevedo et al. (2017) based subfamilies on the results of a mor-
phological phylogenetic analysis, and Lin and Li (2020) erected a monotypic 
subfamily, Solitudinae. Hotwheels sp. nov. cannot be placed in any known Gna-

phosidae subfamily because the cheliceral promargin has 4 or 5 teeth, and the 
retromargin has 3 or 4 teeth (Fig. 1C, D) vs. cheliceral promargin with keel in 
Herpyllinae (Azevedo et al. 2017: fig. 20e, g) and cheliceral retromargin with a 
serrated keel or a rounded lamina in Gnaphosinae (Azevedo et al. 2017: fig. 20b, 
d, f); metatarsi III and IV with preening brush (Fig. 4C, D) vs. metatarsi III and 
IV with preening comb in Zelotinae (Azevedo et al. 2017: fig. 22h); fertilization 
ducts directed laterally (Fig. 5B, D) vs. fertilization ducts directed posteriorly 
in Leptodrassinae (Ott 2012: fig. 40); trochanters not notched (Fig. 1B) vs. tro-

chanters notched in Drassodinae (Azevedo et al. 2017: fig. 24); leg IV tarsus 
straight (Fig. 4C, D) vs. leg IV tarsus curved in Solitudinae (Lin and Li 2020: 
fig. 1E, F). It can be placed in the Echemus group of genera by the abdomens 
plain-coloured dorsally and males having an anterior dorsal scutum (Figs 1A, B, 
4A, B) (Murphy 2007).

Composition. Only the type species.

Hotwheels sisyphus sp. nov.

https://zoobank.org/0437E3C2-DC00-4BA4-865A-E6E6DDDB55A0
Figs 1–5
西西弗斯火轮蛛

Type material. Holotype ♂, China: Guizhou Prov., Bijie City, Hezhang Co., Yema-

chuan Town, Dayan Cave, 27.132997°N, 104.818279°E, 1392 m elev., 2.X. 2019, 
leg. Z. Feng & L. Zhao. Paratype: 1♀1♂, same data as holotype; 1♂1♀, China: 
Guizhou Prov., Qianxinan Buyei and Miao Autonomous Pref., Xingren City, Xin-

longchang Town, Lianzhuang Vil., Daxiao Cave, 25.438033°N, 105.116197°E, 
1473 m elev., 5.VIII.2022, leg. Y. Hou & L. Zhang; 1♂, China: Sichuan Prov., Le-

shan City, Emei Mt, Jiulinggang, 29.558433°N, 103.347167°E, 1811 m elev., 
13.IV.2018, leg. Z. Zhang & L. Wang; 1♂1♀, China: Yunnan Prov., Honghe Au-

tonomous Pref., Mile Co., Hongxi Town, Bailong Cave, 1.IV.2018, leg. H. Wang.
Etymology. The specific name is derived from Sisyphus, a king in Greek my-

thology who offended Zeus and whose punishment was to repeatedly roll a 
huge stone up a hill only to have it roll back down, because the circular copula-

tory ducts are like Sisyphus’s cyclic mission; noun in apposition.
Description. Male. Holotype (Fig. 1A, B): total length 5.08; carapace 2.56 

long, 1.95 wide; abdomen 2.52 long, 1.70 wide. Eye sizes and interdistances: 

AME 0.15, ALE 0.16, PME 0.10, PLE 0.13; AME–AME 0.04, AME–ALE 0.01, 
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Figure 1. Hotwheels sisyphus sp. nov., male (A–C, F) and female (D, E) A, B habitus, dorsal and ventral view C, D left che-

licera, retrolateral view E, F spigots on anterior lateral spinneret. Abbreviations: MaAm = major ampullate gland spigot, 
Pi = piriform gland spigot.
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Figure 2. Male left palp of Hotwheels sisyphus sp. nov. A ventral view B dorsal view C prolateral view D retrolateral view. 
Abbreviations: C = conductor, DTM = distal tubular membrane, E = embolus, ED = ejaculatory duct, EP1 = embolar pro-

cess, MA = median apophysis, R = embolar radix, RTA= retrolateral tibial apophysis, ST = subtegulum, T = tegulum, TM = 
terminal membrane.
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Figure 3. Expanded male left palp of Hotwheels sisyphus sp. nov. (A–E), Synaphosus palearcticus Ovtsharenko, Levy & 
Platnick, 1994 (F) and S. cangshanus Yang, Yang & Zhang, 2013 (G). A prolateral view B retrolateral view C dorsal view 
D frontal view E embolar processes F retrolateral view G anterior view. Abbreviations: C = conductor, CA1–3 = apophysis 
of conductor, BH = basal haematodocha, DTM = distal tubular membrane, E = embolus, ED = ejaculatory duct, EP1–2 
= embolar process, MA = median apophysis, MH = median haematodocha, R = embolar radix, RTA= retrolateral tibial 
apophysis, SD = sperm duct, ST = subtegulum, T = tegulum, TM = terminal membrane.
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Figure 4. Hotwheels sisyphus sp. nov., female A, B habitus, dorsal and ventral view C, D right tarsus and metatarsus IV, 
preening brush, in prolateral (C) and ventral view (D).

PME–PME 0.08, PME–PLE 0.02, ALE–PLE 0.03. Leg measurements: I 7.28 
(2.11, 0.92, 1.76, 1.39, 1.10), II 6.18 (1.83, 0.80, 1.48, 1.13, 0.94), III 5.62 (1.62, 
0.65, 1.18, 1.26, 0.91), IV 7.89 (1.97, 0.81, 1.91, 2.06, 1.14). Cheliceral promargin 
and retromargin with 4 teeth (Fig. 1C).
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Figure 5. Epigyne of Hotwheels sisyphus sp. nov., intact (A–C, E, G) or macerated in clove oil (D, F), in ventral (A, D), 
frontal (C) and dorsal (B, E, F) view G CD path. Abbreviations: CD = copulatory duct, CO = copulatory opening, DSS = duct 
of secondary spermatheca, FD = fertilization duct, H = hood, PS = primary spermatheca, SS = secondary spermatheca.
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Palp in regular state (Fig. 2). Femur and patella unmodified. Tibia with long 
retrolateral apophysis, nearly 2× longer than tibia, with prolateral curved tip. 
Cymbium pear shaped, without apical spines. Median apophysis on retrolater-
al apex of tegulum, nearly 2× wider than tegulum, pointed, curved. Conductor 
weakly sclerotized, folded and covered on tegulum and subtegulum, posterior 
part hidden behind median apophysis. Distal tubular membrane connects radix 
to tegulum. Embolus long, originates at about 7–8 o’clock, basal half rotated 
anticlockwise, with terminal membrane and two embolar processes (EP1, EP2), 
posterior half usually hidden behind conductor. Ejaculatory duct distinct.

Expanded palp (Fig. 3A–E). Basal haematodocha large, well developed. 
Subtegulum smaller than tegulum. Median haematodocha small. Conduc-

tor originates at tegulum prolaterally, expanded, crescent shaped with thick-

ened border. Distal tubular membrane expanded, spherical. Terminal mem-

brane inflated.
Female. Paratype (Fig. 4): total length 5.77; carapace 2.83 long, 2.02 wide; 

abdomen 2.94 long, 2.05 wide. Eye sizes and interdistances: AME 0.16, ALE 
0.15, PME 0.11, PLE 0.13; AME–AME 0.03, AME–ALE 0.01, PME–PME 0.09, 
PME–PLE 0.06, ALE–PLE 0.04. Leg measurements: I 7.15 (2.16, 0.98, 1.68, 
1.22, 1.11), II 6.17 (1.84, 0.90, 1.39, 1.12, 0.92), III 5.98 (1.62, 0.67, 1.24, 1.38, 
1.07), IV 8.34 (2.37, 0.80, 1.80, 2.25, 1.12). Cheliceral promargin with 5 teeth, 
retromargin with 3 teeth (Fig. 1D).

Epigyne (Fig. 5). Epigynal plate elongated oval. Anterior folds form hood. 
Copulatory openings large, distinct, located mediolaterally. Copulatory ducts 
long, wide anteriorly, almost twice as wide as primary spermathecae, circular 
anteriorly and medially, membranous medially. Primary spermathecae small 
and globular. Secondary spermathecae small, with long ducts. Fertilization 
ducts extend laterally.

Distribution. China (Guizhou, Sichuan, Yunnan) (Fig. 6).

Figure 6. Map showing type locality and other records of Hotwheels sisyphus sp. nov.
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Research Article

Abstract

The four morphologically similar genera Amblyharma Huang & Tong, 1993, Fusta Xiao 
& Ye, 2015, Nazgulia Hedqvist, 1973 and Platecrizotes Ferrière, 1934 from the Eastern 
Palaearctic are reviewed. Redescriptions of genera and all available types of Eastern 
Palaearctic species are provided. An identification key to genera is given. A new species 
from South Korea, Platecrizotes jedii sp. nov. is described and illustrated.

Key words: Description, key, new record, new species, Pachyneurinae, parasitoid, 
redescription, taxonomy

Introduction

Pteromalidae is one of the largest families of parasitic Hymenoptera, whose 
members are distributed in all zoogeographical regions of the world. It current-
ly contains eight subfamilies and 415 genera (Burks et al. 2022). As a result of 
their large taxonomic and biological diversity, pteromalid wasps play a signifi-

cant role as natural regulators of a number of phytophagous insects in natural 
and anthropogenic ecosystems and are potentially useful as biological control 
agents. Despite such high taxonomic diversity, abundance and significance, 
pteromalid wasps have not been sufficiently studied, in both taxonomic and 
faunistic investigations, and many species remain to be described.

This work is dedicated to four morphologically similar pteromalid genera 
that are poorly studied in the Eastern Palaearctic region: Amblyharma Huang & 
Tong, 1993, Fusta Xiao & Ye, 2015, Nazgulia Hedqvist, 1973 and Platecrizotes 

Ferrière, 1934, all belonging to the subfamily Pachyneurinae.
The monotypic genera Amblyharma Huang & Tong (type species Amblyharma 

anfracta Huang & Tong, 1993) and Fusta Xiao & Ye (type species Fusta wuhuica 

Xiao & Ye, 2015) are distributed only in the Eastern Palaearctic. The genus 
Nazgulia Hedqvist (type species Nazgulia petiolata Hedqvist, 1973) is recorded 
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in both the Eastern and Western Palaearctic. Platecrizotes Ferrière (type species 
Platecrizotes sudanensis Ferrière, 1934) contains four species distributed in the 
Palaearctic (P. europaeus Bouček, 1964 and P. sudanensis Ferrière, 1934), Oriental 
(P. keralensis Sureshan, Raseena Farsana & Nikhil, 2015), Afrotropical (P. sudanensis 

Ferrière) and Neotropical (P. argentinensis De Santis, 1988) regions (Noyes 2019).
Unfortunately, the biology of most species in these genera is unknown, but 

available records suggest that they are mostly primary parasitoids of dipterans 
in the families Drosophilidae – Drosophila sp. (P. europaeus and P. keralensis), 
Anthomyiidae – Atherigona soccata Rondani, 1871 and Chloropidae – Scolioph-

thalmus micantipennis Duda, 1935 (P. sudanensis), lepidopterans in the families 
Lasiocampidae – Dendrolimus sp. (A. anfracta) and Noctuidae – Sesamia cret-

ica Lederer, 1857 (P. sudanensis), and coleopterans in the family Curculionidae 
– Cryptobathys setarius Hustache, 1936 (P. sudanensis) (Noyes 2019).

The present paper is intended as a taxonomic study of the genera Amblyharma 

Huang & Tong, Fusta Xiao & Ye, Nazgulia Hedqvist and Platecrizotes Ferrière 
from the Eastern Palaearctic. These are small, rarely represented genera with 
only single specimens in collections. The original descriptions of the genera 
and species are incomplete and often contain significant errors; high-quality 
illustrations have not been published. The lack of contemporary keys for the 
identification of these pteromalids genera remains a major problem.

Therefore, the aim of this work is a comprehensive taxonomic study with 
redescriptions of genera and all available types of Eastern Palaearctic species 
and a description of a new species of Platecrizotes from South Korea. An iden-

tification key for these four genera is given.

Materials and methods

The specimens examined in this study are deposited in the collections of the 
Institute of Zoology of the Chinese Academy of Sciences (Beijing, China; IZAS), 
the National Museum in Prague (Prague, Czech Republic; NMPC), the Nation-

al Institute of Biological Resources (Incheon, Republic of Korea; NIBR), the 
Naturhistoriska Riksmuseet (Stockholm, Sweden; NHRS), and the Zoological 
Institute of the Russian Academy of Sciences (St Petersburg, Russia; ZISP).

Morphological terminology, including sculpture and wing venation, follows 
Bouček and Rasplus (1991), Gibson (1997), and Burks et al. (2022). The flagellum 
consists of two or three anelli, five or six funicular segments, and the four-segment-
ed clava. The antennal formula includes the number of segments: scapus, pedicel-
lus, anelli, funicular segments, claval segments. The following abbreviations are 
used: POL – posterior ocellar line, the minimum distance between the posterior 
ocelli; OOL – ocello-ocular line, the minimum distance between a posterior ocellus 
and compound eye; C1–C4 – claval segments; M – marginal vein; S – stigmal 
vein; PM – postmarginal vein; F1–F6 – funicular segments; Mt2–Mt8 – metaso-

mal tergites (Mt1 – petiole). The scape is measured without the radicle; the pedicel 
is measured in lateral view. The distance between the clypeal lower margin and the 
toruli is measured from the lower margins of the toruli. Eye height is measured as 
the maximum diameter, eye length as the minimum diameter. The mesosoma and 
metasoma are measured in lateral view, the latter including the ovipositor sheaths.

Specimens were examined using Olympus SZX12 and Nikon SMZ745T 
microscopes. Photographs were taken with a Canon EOS 70D digital camera 
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mounted on an Olympus SZX10 microscope (ZISP specimens), and a Nikon DS-
Ri1 digital camera mounted on a Nikon AZ100M microscope (IZAS specimens). 
The acquired images were then processed with Helicon Focus.

Taxonomy

Class Hexapoda Blainville, 1816

Order Hymenoptera Linnaeus, 1758

Family Pteromalidae Dalman, 1820

Subfamily Pachyneurinae Ashmead, 1904

The four genera Amblyharma Huang & Tong, Fusta Xiao & Ye, Nazgulia Hedqvist 
and Platecrizotes Ferrière are morphologically similar in having moderately de-

pressed mesosoma with complete and shallow notauli (Figs 2, 7, 8, 10, 14, 16, 
20), reticulate metapleuron (Figs 9, 14, 24), distinct petiole (Figs 1, 10, 16, 27), 
M of fore wing widened proximally (Figs 4, 12, 15, 19, 26). The differences be-

tween these genera are given in the key.

Key to genera Amblyharma Huang & Tong, Fusta Xiao & Ye, Nazgulia 
Hedqvist and Platecrizotes Ferrière

1 Antennal formula 11264 (Figs 6, 17) ...........................................................2
– Antennal formula 11354 (Figs 11, 25) .........................................................3
2 Pronotum with carina (Fig. 5). Lower margin of clypeus protruding (Fig. 3). 

F1 as long as F2 (Fig. 6). Propodeum with strong plicae (Fig. 1). Meso-

soma (with propodeum) 1.50 times as long as wide (Fig. 2) .......................
 ................................................................. Amblyharma Huang & Tong, 1993

– Pronotum without carina (Fig. 16). Lower margin of clypeus not protrud-

ing (Fig. 17). F1 shorter than F2 (Fig. 17). Propodeum with weak plicae 
(Fig. 16). Mesosoma (with propodeum) 1.90 –2.00 times as long as wide 
(Fig. 16) ...................................................................Nazgulia Hedqvist, 1973

3 Clypeal margin emarginate (Fig. 11). Antennal toruli above ocular line 
(Fig. 11). Pronotum with carina. Right mandible with 3 teeth, left with 4 
teeth. M of fore wing long and not strongly widened, 9.80 times as long as 
wide (Fig. 12). Hind tibia with one spur ....................Fusta Xiao & Ye, 2015

– Clypeal margin rounded (Fig. 22). Antennal toruli below ocular line (Fig. 22). 
Pronotum without carina (Fig. 21). Right and left mandibles with 4 teeth. 
M of fore wing short and strongly widened, less than 6.00 times as long as 
wide (Figs 19, 26). Hind tibia with two spurs .... Platecrizotes Ferrière, 1934

Genus Amblyharma Huang & Tong, 1993

Amblyharma Huang &Tong, 1993: 395–397, 399–400. Type species Amblyharma 

anfracta Huang & Tong, 1993, by original designation and monotypy.

Redescription. Head without occipital carina. Gena without hollow at mouth 
corner; gena lamina absent. Lower margin of clypeus protruding and emargi-
nate in the middle; tentorial pits indistinct (Fig. 3). Antennal formula 11264; 
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anelli small, F1-F6 transverse, antennal clava not large, micropilosity area small 
and occupies the lower part of 2 last claval segments (Figs 3, 6). Antennal tor-
uli situated above level of lower edges of eyes; antennal protuberance absent; 
scrobes shallow. Mandibles not visible.

Mesosoma moderately depressed (Fig. 7). Pronotum little narrower than me-

soscutum, with collar margin carinate. Notauli complete and shallow (Fig. 2). 
Scutellum moderately depressed, without conspicuous sublateral grooves, with 
distinct reticulate frenal area, but without frenal groove (Fig. 1). Metapleuron 
entirely reticulate. Propodeum with strong plicae; without costula and median 
carina, but middle part convex; nucha short and convex; propodeal spiracles 
near to front margin of sclerite (Fig. 1). Prepectus distinct, triangular, longer 
than tegula. Fore wing hyaline with distinct speculum; M widened proximally 
and tapering in distal part; M longer than S (Fig. 4). Hind coxa dorsally bare; 
hind tibia with one spur.

Metasoma on distinct reticulate, elongate petiole (Fig. 1). Metasoma ovate, 
flattened dorsally, shorter than combined length of mesosoma and head; Mt2 
large with hind margin weak produced in middle (Figs 2, 7). Cerci with setae 
subequal in length. Hypopygium situated at one-third the length of metasoma. 
Ovipositor not much protruding.

Distribution. Eastern Palaearctic.

Amblyharma anfracta Huang & Tong, 1993

Figs 1–7

Amblyharma anfracta Huang & Tong, 1993: 397. Holotype female (IZAS, examined).

Type material. Holotype: female, “Hebei Province (Shijiazhuang), 1987.VIII.11”, 
“ex. Carcelia rasella Baranoff (Li Wegao)”, “Amblyharma anfracta ♀ Huang”, 
“HOLOTYPE”, “IOZ(E) 932939” (IZAS).

Description. Female. Body length 2.30 mm; fore wing length 1.70 mm.
Coloration. Head in dorsal view black, in frontal view dark green with metallic 

diffuse coppery lustre. Antenna with scape and pedicel yellowish-brown, fla-

gellum brown. Mesosoma and all coxae black; propodeum dorsally dark green 
with metallic diffuse coppery lustre. All femora brown; tibiae and tarsi yellow-

ish-brown. Fore wing hyaline, venation yellowish-brown. Metasoma dark brown; 
ovipositor sheaths yellowish-brown.

Sculpture. Head reticulate; clypeus radially striate. Mesosoma and propodeum re-

ticulate, nucha of propodeum alutaceous. Metasoma weakly alutaceous and shiny.
Head. Head in dorsal view 2.20 times as broad as long and 1.15 times as 

broad as mesoscutum; in frontal view 1.28 times as broad as high. POL 1.25 
times as long as OOL. Eye height 1.30 times eye length and 1.75 times as long 
as malar space. Distance between antennal toruli and lower margin of clypeus 
0.95 times distance between antennal toruli and median ocellus. Antenna with 
scape 0.86 times as long as eye height and 1.13 times as long as eye length; 
pedicel 1.80 times as long as broad and 1.70 times as long as F1; combined 
length of pedicel and flagellum 0.74 times breadth of head; F1–F6 transverse 
with 1 row of sensilla; clava 2.10–2.20 times as long as broad, with small mi-
cropilosity area on C3 and C4.
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Figures 1–7. 1, 3 Amblyharma anfracta Huang & Tong, 1993, female, holotype 1 mesosoma and part metasoma, dorsal 

view 2 habitus, dorsal view 3 head, frontal view 4 wings 5 head, pronotum and mesoscutum, dorsal view 6 antenna 

7 habitus, lateral view.
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Mesosoma. Mesosoma 1.57 times as long as broad. Pronotum 0.40 times 
as long as mesoscutum. Scutellum 0.90 times as long as broad. Propodeum 
medially 0.68 times as long as scutellum; nucha 0.30 times length of propo-

deum. Fore wing 2.10–2.12 times as long as its maximum width; basal cell, 
cubital vein and basal vein pilose; speculum closed below; M 0.96–1.00 times 
as long as PM and 1.62–1.65 times as long as S.

Metasoma. Metasoma 1.46 times as long as broad, 0.95 times as long as 
mesosoma and 0.74 times as long as mesosoma and head. Petiole 1.66 times 
as long as broad. Mt2 0.35 times median length of metasoma; Mt8 0.30 times 
longer than maximum width. Ovipositor sheath projecting slightly beyond apex 
of metasoma.

Male. The only one known male of this species is the one referred to in 
Huang & Tong, 1993. Unfortunately, it was not possible to study this specimen 
in the IZAS collection.

Distribution. Peoples’ Republic of China (Hebei).

Genus Fusta Xiao & Ye, 2015

Fusta Xiao, Ye, 2015: 151–153. Type species Fusta wuhuica Xiao & Ye, 2015, by 
original designation and monotypy.

Redescription. Head without occipital carina. Gena without hollow at mouth 
corner; gena lamina absent. Lower margin of clypeus protruding and emargi-
nate in the middle; tentorial pits indistinct (Fig. 11). Antennal formula 11354; 
anelli small, F1–F6 transverse, antennal clava not large, micropilosity area 
small and occupies the lower part of 2 last claval segments (Fig. 11). Antennal 
toruli situated above level of lower edges of eyes., Right mandible with 3 teeth, 
left with 4 teeth.

Mesosoma moderately depressed (Fig. 8). Pronotum little narrower than 
mesoscutum, with collar margin carinate. Notauli complete and shallow 
(Fig. 10). Scutellum depressed, without conspicuous sublateral grooves, 
with distinct reticulate frenal area, but without frenal groove. Metapleuron 
entirely reticulate (Fig. 8). Propodeum without plicae, costula and median 
carina; nucha subglobose and reticulate; propodeal spiracles near to front 
margin of sclerite (Fig. 10). Prepectus distinct, triangular, shorter than tegu-

la. Fore wing hyaline, without speculum; M widened proximally and tapering 
in distal part; M much longer than S (Fig. 12). Hind coxa dorsally bare; hind 
tibia with one spur.

Metasoma on distinct transverse petiole. Metasoma short ovate, flattened 
laterally, shorter than combined length of mesosoma and head (Fig. 8); Mt2 
and Mt3 large, hind margin Mt2 arched in middle (Fig. 10). Cerci with setae 
subequal in length. Hypopygium situated at 0.6 length of metasoma. Ovipositor 
not much protruding.

Remarks. The original description of the genus (Ye et al. 2015) indicated 
that both mandibles were with 3 teeth, but after studying the holotype it was 
concluded that the right mandible was with 3 teeth, the left with 4 teeth.

Distribution. Eastern Palaearctic.
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Fusta wuhuica Xiao & Ye, 2015

Figs 8–12

Fusta wuhuica Xiao & Ye, 2015: 153–154. Holotype female (IZAS, examined).

Type material. Holotype: female, “China: Anhui: Wuhu, viii.2011, rice fields”, 
“Coll. HU Hao-Yuan”, “Fusta wuhuica Xiao et Ye, 2014”, “HOLOTYPE”, “IOZ(E) 
1812583” (IZAS).

Description. Female. Body length 1.30 mm; fore wing length 1.20 mm.
Coloration. Head in frontal view dark green with metallic diffuse coppery lus-

tre, in dorsal view dark blue-green with metallic diffuse coppery lustre; antenna 
with scape, pedicel, anelli and F1-F5 yellowish-brown, clava brown. Mesosoma, 
propodeum and all coxae dark blue-green with metallic diffuse coppery lustre; 
all femora, tibiae and tarsi yellow. Fore wing hyaline, venation yellowish-brown. 
Metasoma in dorsal view dark blue-green, in ventral view brown; ovipositor 
sheaths black.

Sculpture. Head reticulate; clypeus radially striate. Mesosoma, propodeum 
with nucha reticulate; petiole weakly reticulate. Metasoma weakly alutaceous 
and shiny.

Head. Head in dorsal view 1.90 times as broad as long and 1.33 times as 
broad as mesoscutum; in frontal view 1.25 times as broad as high. POL 0.92 
times as long as OOL. Eye height 1.50 times eye length and 2.60 times as long 
as malar space. Distance between antennal toruli and lower margin of clypeus 
0.60 times distance between antennal toruli and median ocellus. Antenna with 
scape 0.70 times as long as eye height and 1.07 times as long as eye length; 
pedicel 1.88 times as long as broad and 3.44 times as long as F1; combined 
length of pedicel and flagellum 0.78 times breadth of head; F1–F5 transverse 
with 1 row of sensilla; clava 2.00 times as long as broad, with small micropilos-

ity area on C3 and C4.
Mesosoma. Mesosoma 1.58 times as long as broad. Pronotum 0.80 times 

as long as mesoscutum. Scutellum 1.10 times as long as broad. Propodeum 
medially 0.90 times as long as scutellum; nucha 0.45 times length of propode-

um. Fore wing 2.82 times as long as maximum width; basal cell, cubital vein, 
basal vein pilose; speculum absent; M 1.66 times as long as PM and 2.35 times 
as long as S.

Metasoma. Metasoma 1.40 times as long as broad, 0.80 times as long as 
mesosoma and 0.60 times as long as mesosoma and head. Petiole 0.60 times 
as long as broad. Mt2 0.25 times median length of metasoma; Mt8 1.15 times 
longer than maximum width. Ovipositor sheath projecting slightly beyond apex 
of metasoma.

Male. Unknown.
Remarks. The description of the species F. wuhuica by Xiao and Ye (2015) 

provides measurements that do not coincide with our measurements made 
during the study of the type material: body length 1.70 mm (redescription – 
1.30 mm); head in dorsal view 3.17 times as broad as long (1.90); eye height 
3.30 times eye length (1.50); fore wing 2.57 times as long as maximum width 
(2.82); M 1.33 times as long as P (1.66).

Distribution. Peoples’ Republic of China (Anhui).
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Figures 8–13. 8–12 Fusta wuhuica Xiao & Ye, 2015, female, holotype 8 head, dorsal view, mesosoma and metasoma, 
lateral view 9 head, dorsal view and mesosoma, lateral view 10 habitus, dorso-lateral view 11 head, frontal view 12 fore 
wing 13 Nazgulia petiolata Hedqvist, 1973, female, holotype, habitus, lateral view.
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Genus Nazgulia Hedqvist, 1973

Nazgulia Hedqvist, 1973: 239–240. Type species Nazgulia petiolata Hedqvist, 
1973, by original designation and monotypy.

Redescription. Head without occipital carina. Gena without hollow at mouth cor-
ner; gena lamina absent. Lower margin of clypeus not protruding, emarginate in the 
middle; tentorial pits indistinct (Fig. 17). Antennal formula 11264; anelli small, F1 
transverse and shorter than F2, F2 longer than broad, F3-F6 subquadrate, antennal 
clava not large, micropilosity area small and occupies the lower part of 2 last claval 
segments (Fig. 17). Antennal toruli situated on level of lower edges of eyes; anten-

nal protuberance absent; scrobes shallow. Both mandibles with 4 teeth (Fig. 17).
Mesosoma moderately depressed (Figs 13, 14). Pronotum narrower than 

mesoscutum; collar margin not carinate. Notauli complete (Fig. 16). Scutellum 
depressed, without conspicuous sublateral grooves, with distinct reticulate 
frenal area and shallow frenal groove (Fig. 16). Metapleuron entirely reticu-

late (Fig. 14). Propodeum with weak plicae; costula and median carina absent; 
nucha subglobose and reticulate; propodeal spiracles near to front margin of 
sclerite (Fig. 16). Prepectus distinct triangular, longer than tegula. Fore wing 
hyaline, with speculum; M widened proximally and tapering in distal part; M 
slightly longer than S (Fig. 15). Hind coxa dorsally bare; hind tibia with one spur.

Metasoma on distinct petiole, longer than broad. Metasoma lanceolate, as 
long as combined length of mesosoma and head (Figs 13, 14); Mt2 large with 
hind margin arched in middle. Cerci with setae subequal in length. Hypopygium 
situated at one-half length of metasoma. Ovipositor not much protruding.

Remarks. The original description of the genus by Hedqvist (1973) indicated 
that the notauli were incomplete, but after studying the holotype and additional 
non-type material it was concluded that the notauli are complete.

Distribution. Palaearctic.

Nazgulia petiolata Hedqvist, 1973

Figs 13–17

Nazgulia petiolata Hedqvist, 1973: 240. Holotype female (NMP, examined).

Type material. Holotype: female, “Nrk. Asbro 25/5 1950 K: J. Hedqvist”, “HOLO-

TYPUS Nazgulia gen.n. petiolata sp.n. ♀ K-J Hedqvist det. 1973”, “NHRS-HEVA 
000002235” (NHRS).

Additional material examined. Russia: 1 female, “Sakhalin Prov., Sokol Vill., 
7–9.VII.2011, E. Tselikh and D. Rachin” (ZISP).

Description. Female. Body length 2.70–3.5 mm; fore wing length 1.90–
2.10 mm.

Coloration. Head, mesosoma and propodeum dark blue-green or black with 
metallic diffuse coppery lustre. Antenna with scape, pedicel and flagellum 
brown. All coxae dark blue-green or black with metallic diffuse coppery lustre; 
all femora dark brown with metallic blue-violet lustre; all tibiae and tarsi yellow-

ish-brown. Fore wing hyaline, venation yellowish-brown. Metasoma dark brown 
partially with metallic blue-violet lustre; ovipositor sheaths black.
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Figures 14–19. 14–17 Nazgulia petiolata Hedqvist, 1973, female, non-type 14 habitus, lateral view 15 fore wing 16 habitus, 
dorsal view 17 head, frontal view 18, 19 Platecrizotes europaeus Bouček, 1964, female, holotype 18 habitus, lateral view 
19 fore wing.
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Sculpture. Head reticulate; clypeus and malar space radially striate. Meso-

soma, propodeum with nucha and petiole reticulate. Metasoma weakly aluta-

ceous and shiny.
Head. Head in dorsal view 2.17–2.19 times as broad as long and 1.19–1.20 

times as broad as mesoscutum; in frontal view 1.20–1.22 times as broad as 
high. POL 1.00–1.09 times as long as OOL. Eye height 1.50 times eye length 
and 1.40–1.60 times as long as malar space. Distance between antennal toruli 
and lower margin of clypeus 0.60–0.64 times distance between antennal toruli 
and median ocellus. Antenna with scape 0.87–0.90 times as long as eye height 
and 1.30–1.40 times as long as eye length; pedicel 1.60–1.42 times as long 
as broad and 1.70–2.70 times as long as F1; combined length of pedicel and 
flagellum 0.85–0.90 times breadth of head; F1 transverse, F2 1.14–1.25 times 
as long as broad, F3-F6 subquadrate, all with 1 row of sensilla; clava 2.00–2.30 
times as long as broad, with small micropilosity area on C3 and C4.

Mesosoma. Mesosoma 1.84–1.89 times as long as broad. Pronotum 
0.65–0.80 times as long as mesoscutum. Scutellum 0.85–0.90 times as long 
as broad. Propodeum medially 0.60–0.73 times as long as scutellum; nucha 
0.40 times length of propodeum. Fore wing 2.32 times as long as its maximum 
width; basal cell partly or wholly pilose, cubital vein and basal vein pilose; spec-

ulum closed below; M 0.84–0.90 times as long as PM and 1.33–1.35 times as 
long as S.

Metasoma. Metasoma 2.60–2.90 times as long as broad, 1.28–0.96 times 
as long as mesosoma and 0.76–1.00 times as long as mesosoma and head 
(metasoma is deformed in the specimens studied so the measurements are 
approximate). Petiole 1.75–2.00 times as long as broad. Mt2 0.20 times me-

dian length of metasoma; Mt8 1.15–1.20 times longer than maximum width. 
Ovipositor sheath projecting beyond apex of metasoma.

Male. Not studied.
Remarks. One characteristic of this species is that the antenna has two anel-

li, but there is a tendency towards reduction in the size of F1 in some Palaearc-

tic specimens (see Bouček and Rasplus 1991 and Fig. 17).
Distribution. Netherlands, Sweden, Russia (Far East).

Genus Platecrizotes Ferrière, 1934

Platecrizotes Ferrière, 1934: 90. Type species Platecrizotes sudanensis Ferrière, 
1934, by original designation and monotypy.

Redescription. Head without occipital carina. Gena without hollow at mouth 
corner; gena lamina absent. Lower margin of clypeus protruding and rounded; 
tentorial pits indistinct (Fig. 22). Antennal formula 11354; anelli small, F1–F5 
transverse, antennal clava not large, micropilosity area small and occupies the 
lower part of 2 last claval segments. Antennal toruli situated above level of 
lower edges of eyes; antennal protuberance absent; scrobes shallow. (Fig. 25)
Both mandibles with 4 teeth.

Mesosoma depressed (Fig. 20). Pronotum narrower than mesoscutum; 
collar margin not carinate (Fig. 21). Notauli complete and shallow; metapleu-

ron reticulate (Fig. 24). Scutellum depressed, without conspicuous sublateral 
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grooves, frenal area and frenal groove. Metapleuron entirely reticulate. Propo-

deum with weak plicae indicated anteriorly; costula and median carina absent; 
nucha short and convex; propodeal spiracles near to front margin of sclerite 
(Fig. 27). Prepectus distinct, triangular, longer than tegula. Fore wing hyaline, 
with speculum; M widened proximally and tapering in distal part; M longer than 
S (Figs 19, 26). Hind coxa dorsally bare; hind tibia with two spurs.

Metasoma on distinct reticulate petiole, longer or shorter than broad 
(Fig. 27). Metasoma ovate, flattened dorsally, shorter than combined length 
of mesosoma and head; Mt2 and Mt3 large, hind margin Mt2 produced in mid-

dle (Figs 18, 20). Cerci with setae subequal in length. Hypopygium situated at 
one-quarter the length of metasoma. Ovipositor not much protruding.

Distribution. Palaearctic, Oriental, Afrotropical and Neotropical regions.

Platecrizotes jedii sp. nov.

https://zoobank.org/C8A41CAA-913C-41D0-AE62-A26A242B8F15
Figs 20–27

Type material. Holotype: female, South Korea: “Gyeonggi-do, Pocheon-si, 
Soheul-eup, 37°45'29.2"N, 127°10'0.4"E, 15.VI.2015, Park, Choi, Nam, Shin, Kim” 
(NIBR). Paratype: female, “Jeollabuk-do, Gunsan-si, Okdo-myeon, Sinsido-ri, 
malaise trap, 04–18.VIII.2017, H.G. Lee” (ZISP).

Description. Female. Body length 1.10–1.30 mm; fore wing length 0.80–
1.05 mm.

Coloration. Head and mesosoma black. Antenna with scape black, pedicel 
and flagellum brown. All coxae black, all femora and tibiae brown, tarsi yellow-

ish-brown. Fore wing hyaline, venation yellowish-brown. Metasoma dark brown 
partially with metallic coppery-violet lustre; ovipositor sheaths brown.

Sculpture. Head reticulate; clypeus alutaceous. Mesosoma with pronotum 
and mesoscutum reticulate; axillae weakly reticulate; scutellum alutaceous or 
weakly alutaceous and shiny; propodeum reticulate, nucha alutaceous; petiole 
weakly reticulate. Metasoma weakly alutaceous and shiny.

Head. Head in dorsal view 2.20–2.29 times as broad as long and 1.22–1.24 
times as broad as mesoscutum; in frontal view 1.16–1.20 times as broad as 
high. POL 1.13–1.21 times as long as OOL. Eye height 1.52–1.54 times eye 
length and 1.80–2.00 times as long as malar space. Distance between anten-

nal toruli and lower margin of clypeus 0.35–0.41 times distance between an-

tennal toruli and median ocellus. Antenna with scape 1.00–1.05 times as long 
as eye height and 1.52–1.61 times as long as eye length; pedicel 1.14–1.21 
times as long as broad and 1.30–1.40 times as long as F1; combined length 
of pedicel and flagellum 0.77–0.81 times breadth of head; F1-F5 transverse, 
all with 1 row of sensilla; clava 1.89–2.05 times as long as broad, with small 
micropilosity area on C3 and C4.

Mesosoma. Mesosoma 1.76–1.80 times as long as broad. Pronotum 
0.75–0.85 times as long as mesoscutum. Scutellum 0.85–0.90 times as long 
as broad. Propodeum medially as long as scutellum; nucha 0.20–0.25 times 
length of propodeum. Fore wing 2.20–2.23 times as long as maximum width; 
basal cell, cubital vein and basal vein pilose; speculum closed below; M 2.00–
2.16 times as long as PM and 1.78–1.93 times as long as S.
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Figures 20–27. 20–27 Platecrizotes jedii sp. nov., female, holotype 20 habitus, lateral view 21 head and pronotum, dorsal 
view 22 head, frontal view 23 metasoma, dorsal view 24 head and mesosoma, lateral view 25 head, lateral view and 
antenna 26 fore wing 27 propodeum and petiole, dorsal view.
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Metasoma. Metasoma 1.77–1.84 times as long as broad, 0.90–1.05 times 
as long as mesosoma and 0.78–0.86 times as long as mesosoma and head. 
Petiole 1.70–1.80 times as long as broad. Mt2 0.40–0.43 times median length 
of metasoma; Mt8 1.10–1.20 times longer than maximum width. Ovipositor 
sheath projecting slightly beyond apex of metasoma.

Male. Unknown.
Etymology. The species is named in honour of the “Star Wars” character – 

“Jedi” of George Lucas.
Distribution. Korean Peninsula.
Remarks. This species is similar to P. europaeus Bouček, 1964 (Figs 18, 19) 

in having black coloration of the head and mesosoma; S of the fore wing with a 
relatively small stigma; lower margin of the clypeus strongly protruding. How-

ever, Platecrizotes jedii sp. nov. has the fore wing with PM shorter than S (vs PM 
longer than S), M 5.65–6.06 times as long as broad and the proximally widened 
part occupying 0.50 of the vein length (vs M 3.80–4.90 times as long as broad 
and proximally widened part occupying 0.80 of vein length), speculum closed 
below (vs open); petiole 1.70–1.90 times as long as broad (vs 0.50–0.60); and 
all tibiae brown (vs yellowish-brown).
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