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Research Article

Abstract

A new xanthid species of Gaillardiellus Guinot, 1976, is described from the coral reefs 
of the Xisha and Nansha Islands in the South China Sea. The new species, Gaillardiellus 
magiruber sp. nov., closely resembles G. rueppellii (Krauss, 1843) but can be distinguished 
mainly by its closer proximity of the outer orbital angle and anterolateral margin, which 
lacks an accessory lobe, a broader and non-protruding front, and notable differences 
in live coloration and size. Molecular analysis of mitochondrial cytochrome c oxidase 
I (COI) sequences further corroborates the validity of this new species. An updated 
identification key for Gaillardiellus is provided.
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Introduction

The xanthid genus Gaillardiellus was first described by Guinot (1976), who 
included four species (including G. rueppellii (Krauss, 1843) as the type spe-
cies), which were previously known under Actaea De Haan, 1833. The main 
distinguishing characteristics of Gaillardiellus include a carapace divided into 
distinct regions, an anterolateral margin subdivided into three or four lobes, 
pereiopods that lack nodules except for those on the carpus of the chelipeds, 
and distinctly sinuous margins of male pleonites 3–5, which fit closely with the 
corresponding parts of the thoracic sternum (Guinot 1976).

Currently, six species of Gaillardiellus are known worldwide: G. rueppellii, 
G. alphonsi (Nobili, 1905), G. orientalis (Odhner, 1925), G. superciliaris (Odh-
ner, 1925), G. bathus Davie, 1997, and G. holthuisi Takeda & Komatsu, 2010 
(Ng et al. 2008; Takeda and Komatsu 2010). These species inhabit the In-
do-West Pacific region, ranging from intertidal zone to bathyal zone exceed-
ing 300 m depth (Davie 1997).

In a recent coral reef biodiversity survey, a new species of Gaillardiellus, 
G. magiruber sp. nov., was discovered from the Xisha and Nansha Islands in the 
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South China Sea. Here, we provide a detailed description of this species, sup-
ported by mitochondrial cytochrome c oxidase I (COI) sequence data to confirm 
its validity. Additionally, we present an updated identification key for the genus.

Material and methods

Morphological analyses

Material was collected by diving or remotely operated vehicle (ROV) from cor-
al reefs in the South China Sea and preserved in 70% ethanol. The specimens 
were deposited at the Marine Biological Museum, Chinese Academy of Sci-
ences (MBMCAS) in Qingdao, China, and were assigned catalogue numbers 
with the MBM prefix. A specimen from the Institute of Zoology, Chinese Acad-
emy of Sciences, was also examined and assigned catalogue numbers with 
the IOZ prefix. Morphological characteristics were observed using a ZEISS 
SteREO Discovery V20 stereoscopic microscope. Photographs were taken 
with a Canon EOS 6D camera equipped with a Canon MP-E 65 mm lens or a 
ZEISS Axiocam 506 microscope camera.

The terminology used primarily follows Serène (1984) and Davie et al. 
(2015). The following abbreviations are used in the text: CW = maximum car-
apace width; CL = median carapace length; G1 = first gonopod of male; G2 = 
second gonopod of male.

Phylogenetic analyses

Genomic DNAs were extracted from muscle tissue by OMEGA EZNA Tissue 
DNA Kit. Mitochondrial cytochrome c oxidase I (COI, 658 bp) sequences were 
obtained for molecular phylogenetic analyses and amplified by polymerase 
chain reaction (PCR) with the primers jgLCO1490 and jgHCO2198 (Geller et 
al. 2013) or Pano-F and Pano-R (Thoma et al. 2014). The PCR 25 μl volumes 
contained: 1 μl (3–200 ng) of genomic DNA template, 1 μl (10 pM) of each 
primer, 12 μl of 2×PCR Mix (Dongsheng Biotech, Guangzhou, China), and 10 μl 
ultrapure water. Reactions were carried out with initial denaturation at 94 °C for 
3 min, 35 cycles for denaturation at 94 °C for 30 s, annealing at 48 °C for 45 s, 
extension at 72 °C for 45 s, and final extension at 72 °C for 10 min.

Sixteen sequences representing 10 species were used for the analysis 
(Table 1). The sequences with the ZRC prefix originated from specimens from 
the Zoological Reference Collection of the Lee Kong Chian Natural History 
Museum (LKCNHM), National University of Singapore, Singapore. The nucle-
otide sequences were aligned using Muscle default settings in MEGA v. 6.06 
(Tamura et al. 2013). The phylogenetic trees were reconstructed using maxi-
mum likelihood (ML) and Bayesian Inference (BI) algorithms. The best-fitting 
model was selected using jModeltest v. 0.1.1 under the Akaike information cri-
terion (AIC) (Posoda 2008). The BI analyses were performed using MrBayes v. 
3.2.7 (Huelsenbeck and Ronquist 2001), utilizing a Markov Chain Monte Carlo 
(MCMC) algorithm. Two independent runs were conducted, each comprising 
four chains over 1,000,000 generations, with tree sampling every 500 gener-
ations, resulting in 2000 sampled trees. The first 500 trees were discarded as 
burn-in, and posterior probabilities were calculated based on the remaining 
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trees. The ML analyses were conducted online using W-IQ-TREE (http://iqtree.
cibiv.univie.ac.at/) (Trifinopoulos et al. 2016), with clade support evaluated via 
10,000 ML bootstrap replications.

Multiple species delimitation methods were employed to evaluate the hy-
pothesis that the specimens represent a distinct species. COI data were 
analyzed using the Automated Barcode Gap Discovery (ABGD) method via 
the ABGD web-based platform (https://bioinfo.mnhn.fr/abi/public/abgd/
abgdweb.html) as described by Puillandre et al. (2012). The analysis was 
performed using the Kimura 2-parameter substitution model (TS/TV = 2.0), 
with the prior for maximum intraspecific divergence set between 0.001 and 
0.1, over 10 recursive steps, and a relative gap width (X) of 1.0. Addition-
ally, the Bayesian implementation of the Poisson Tree Processes (bPTP) 
species delimitation model was applied following Zhang et al. (2013). This 
analysis was conducted on the web server of the Heidelberg Institute for 
Theoretical Studies, Germany (http://species.h-its.org/), utilizing BI phylo-
genetic trees as input data.

Table 1. Species and sequences used in the phylogenetic analysis with GenBank accession numbers.

Catalogue 
number Voucher ID GenBank 

accession number Species Location Reference

MBM288134 NS-MJ-2022-1859 PQ195874 Gaillardiellus magiruber 
sp. nov.

China: Mischief Reef, 
Nansha Islands

present study

MBM288135 XS-QL-2022-1030 PQ195876 Gaillardiellus magiruber 
sp. nov.

China: Qilianyu Islands, 
Xisha Islands

present study

MBM288142 G01 PQ195869 Gaillardiellus orientalis 
(Odhner, 1925)

China: Qingdao, 
Shandong

present study

ZRC 2000.1196 ZRC 2000.1196 HM750987 Gaillardiellus orientalis 
(Odhner, 1925)

Singapore: Palau 
Seringat

Lai et al. 2011

MBM283642 MBM283642 PQ195870 Gaillardiellus rueppellii 
(Krauss, 1843)

China: Weizhou Island, 
Guangxi

present study

ZRC 2010.0162 ZRC 2010.0162 HM750988 Gaillardiellus rueppellii 
(Krauss, 1843)

Philippines: Bohol Island Lai et al. 2011

N.A. PH OP759455 Gaillardiellus rueppellii 
(Krauss, 1843)

South Korea: Jodo Island, 
Yeongdo-gu, Busan

unpublished

MBM288143 2404188881 PQ195868 Gaillardiellus superciliaris 
(Odhner, 1925)

China: Zhongbei Shoal, 
Zhongsha Islands

present study

N.A. UF:Invertebrate 
Zoology:45484-

Arthropoda

MW277787 Gaillardiellus superciliaris 
(Odhner, 1925)

USA:Patch Reef, Kaneohe 
Bay, Oahu, Hawaii

unpublished

MBM288144 XS-QL-2022-1108 PQ195877 Paractaea tumulosa 
(Odhner, 1925)

China: Qilianyu Islands, 
Xisha Islands

present study

MBM288145 G03 PQ195871 Paractaea cf. excentrica 
Guinot, 1969

China: Tree Island, Xisha 
Islands

present study

MBM288146 JN01 PQ195872 Paractaea retusa 
(Nobili, 1906)

China: Fiery Cross Reef, 
Nansha Islands

present study

MBM288147 JN02 PQ195873 Paractaea retusa 
(Nobili, 1906)

China: Tree Island, Xisha 
Islands

present study

MBM288148 NI01 PQ195875 Paractaea plumosa 
Guinot in Sakai, 1976

China: Phoenix Island, 
Hainan

present study

MBM288149 ZS-MB-2022-1022 OP718532 Trapezia lutea 
Castro, 1997

China: Walker Shoal, 
Zhongsha Islands

Yuan et al. 2023

MBM288150 XS-YL-2022-1012 OP718531 Trapezia digitalis 
Latreille, 1828

China: Yongle Islands, 
Xisha Islands

Yuan et al. 2023
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Taxonomic account

Family Xanthidae MacLeay, 1838
Subfamily Actaeinae Alcock, 1898
Genus Gaillardiellus Guinot, 1976

Gaillardiellus magiruber sp. nov.
https://zoobank.org/0D5CECEE-4112-4E55-8537-620637B3BE52
Figs 1–5, Suppl. material 1

Material examined. Holotype: China • ♂, 5.9 × 4.4 mm; Xisha Islands, Tree Is-
land; depth 58 m; 2 Jul. 1977; Dong Dong leg.; MBM288133. Paratypes: China 
• 1 ♀, 9.8 × 7.1 mm; Nansha Islands, Mischief reef; 9°54'N, 115°34'E; depth 1 
m; 11 May 2022; Yuan Ziming, Sun Yuli, Ma Shaobo leg.; MBM288134 • 1 ♀, 9.5 
× 6.4 mm; Nansha Islands, Banyue Reef; 29 Sep. 1994; MBM164284 • 1 ♀, 5.7 
× 4.2 mm; Xisha Islands, Qilianyu Islands; 16°58'N, 112°16'E; depth 10 m; 19 
May 2022; Yuan Ziming, Sun Yuli, Ma Shaobo leg.; MBM288135 • 1 juvenile ♂, 
4.5 × 3.5 mm; Xisha Islands, North Reef; depth 30 m; 1 Sep. 2024; Dong Dong 
leg.; MBM288136 • 1 juvenile ♂, 4.2 × 3.3 mm; Xisha Islands, Huaguang Reef; 
depth 31 m; 26 Aug. 2024; Dong Dong leg.; MBM288137 • 1 juvenile ♀, 4.5 × 
3.4 mm; Xisha Islands, Yagong Island; depth 33 m; 19 Aug. 2024; Dong Dong 
leg.; MBM288138 • 1 juvenile ♀, 4.1 × 3.0 mm; Xisha Islands, Yagong Island; 
depth 31 m; 20 Aug. 2024; Dong Dong leg.; MBM288139.

Comparative material. Gaillardiellus rueppellii (Krauss, 1843) (Figs 6A, 
B, 7) China • 1 ♂; Xisha Islands, Money Island; 17 Mar. 1977; IOZ31604-01-4 
• 1 ♂; Hainan, Dachan Island; 25 Mar. 2018; MBM288140 • 1 ♂; Hainan, Lin-
gao Bay; depth 15–30 m; 20 Aug. 2018; Pan Yunhao leg.; MBM288141 • 1 ♂; 
Guangxi, Weizhou Island; 19 Nov. 2018; MBM283642. CW 25.3–45.6 mm, CL 
19.4–34.4 mm. Gaillardiellus orientalis (Odhner, 1925) (Fig. 6C, D) China • 1 ♂, 
34.9 × 25.8 mm; Shandong, Qingdao; 22 Jul. 2015; Yang Bin leg.; MBM288142. 
Gaillardiellus superciliaris (Odhner, 1925) (Fig. 6E, F) China • 1 ♂, 11.6 × 
7.9 mm; Zhongsha Islands, Zhongbei Shoal; 16°5'N, 114°25'E; 6 May 2024; 
Yuan Ziming leg.; MBM288143.

Diagnosis. Carapace (Figs 1A, B, 2A, 3A, B, 4A, B) transversely oval, regions 
clearly defined, short setae present within grooves and between granules, long 
setae scattered between granules; front not protruding, slightly curved down-
wards, divided into 2 lobes by broad V-shaped notch; anterolateral margin divid-
ed into 4 granular lobes, first lobe small, slightly larger than outer orbital angle, 
adjacent to latter; posterolateral margin shorter than anterolateral margin, dis-
tinctly concave. Thoracic sternum (Figs 1D, 3D) with low granules, sternites 1 
to 4 covered with soft setae. Male pleonite 6 (Figs 1D, 2B) with expanded lateral 
distal angles, wider than long; telson wider than long, terminal end blunt. G1 
(Fig. 2F, G, J, K) curved outwards, distal third with small spines, long setae near 
distal end, terminal lobe slender. Orange-red to vibrant bright red in life (Fig. 5).

Description of male holotype. Carapace (Figs 1A, B, 2A) transversely 
oval, CW about 1.3 times CL, dorsal surface slightly elevated, regions clear-
ly defined, covered with granules, grooves wide and deep; short setae pres-
ent within grooves and between granules, long setae scattered between 
granules; regions 1–3M distinct, 2M completely divided into 2 lobes, 3M 
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Figure 1. Gaillardiellus magiruber sp. nov., male holotype (5.9 × 4.4 mm) (MBM288133) A overall dorsal view B dorsal 
view of cephalothorax C frontal view of cephalothorax D thoracic sternites, pleon and telson E outer view of chelipeds. 
Scale bar: 1 mm.

intact, 4M indistinct; regions 2–6L distinct, 1P distinct, 2P indistinct; front 
about 0.3 times CW, not protruding, slightly curved downwards, divided into 
2 lobes by broad V-shaped notch, inner lobes rounded and more prominent, 
outer lobes smaller and flatter, separated from inner orbital angle by notch; 
dorsal orbital margin with 2 sutures; eyestalks with setae and granules near 
cornea. Outer orbital angle not fused with anterolateral margin; anterolater-
al margin divided into 4 granular lobes, first lobe small, slightly larger than 
outer orbital angle, adjacent to latter, second and third lobes broader, fourth 
lobe smaller than third; posterolateral margin shorter than anterolateral 
margin, distinctly concave; subhepatic region with granules and short setae; 
pterygostomial region smooth with soft setae.
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Figure 2. Gaillardiellus magiruber sp. nov., male holotype (5.9 × 4.4 mm) (MBM288133) A dorsal view of cephalothorax 
B pleon and telson C outer view of right cheliped D right pereiopod 5 E right third maxilliped F dorsal view of left G1 distal 
part G ventral view of left G1 distal part H dorsal view of left G2 I ventral view of left G2 J dorsal view of left G1 K ventral 
view of left G1. Scale bars: 1 mm (A–E); 0.2 mm (F, G); 0.5 mm (H–K).



7ZooKeys 1234: 1–17 (2025), DOI: 10.3897/zookeys.1234.144026

Yuan Ziming et al.: A new species of Gaillardiellus from the coral reefs of the South China Sea

Antennule (Fig. 1C) folding transversely, antennular fossa subrectangular; 
basal segment of antenna subrectangular, filling orbital hiatus, antennal flagel-
lum fitting into orbital hiatus. Epistome (Fig. 1C) central region with a strong 
median projection on posterior margin. Third maxilliped merus subquadrate, 
with low granules, anterior margin slightly indented, outer distal angle slightly 
expanded; ischium subrectangular, with submedian groove.

Chelipeds (Figs 1E, 2C) symmetrical, merus margins with low granules and 
soft setae; carpus robust, densely covered with granules and long setae, dor-
solateral surface with grooves; palm densely covered with granules and se-
tae on dorsal and lateral surfaces, ventral and medial surfaces smoother with 
low granules, dorsal surface with 2 granular tubercles; gap present when fin-
gers closed; basal part of movable finger with granules, dorsal surface with 2 
grooves, 3–5 rounded teeth between fingers, tips slightly concave.

Figure 3. Gaillardiellus magiruber sp. nov., female paratype (9.8 × 7.1 mm) (MBM288134) A overall dorsal view B dorsal 
view of cephalothorax C subhepatic and pterygostomial regions D thoracic sternum showing vulvae E outer view of che-
lipeds. Scale bar: 5 mm.
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Ambulatory legs (Figs 1A, 2D) densely covered with setae and granules; 
merus concave near terminal end of dorsal margin; carpus with groove near 
anterior margin, slightly swollen near terminal end; propodus nearly rhomboid; 
dactylus almost as long as propodus, terminal end chitinous, long, and sharp, 
with underdeveloped dactylo-propodal lock.

Thoracic sternum (Fig. 1D) with low granules, sternites 1 to 4 covered with 
soft setae; sternites 1 and 2 fused, suture between sternites 2 and 3 straight, 
suture between sternites 3 and 4 visible at margins, extending as shallow 
groove towards center, slightly curving backwards, with sternite 4 partially cov-
ered by telson, central groove beneath telson; tubercle of sterno-pleonal lock 
(press-button mechanism) located on anterior margin of sternite 5.

Pleon (Figs 1D, 2B) relatively short, pleonites 3 to 5 fused, fusion lines visible, 
margins concave and sinuous, fitting closely to corresponding part of thoracic 
sternum; pleonite 6 with expanded lateral distal angles, wider than long; telson 
(Figs 1D, 2B) wider than long, terminal end blunt, with long soft setae.

G1 (Fig. 2F, G, J, K) curved outward, distal third with small spines, long setae 
near distal end, terminal lobe slender. G2 (Fig. 2H, I) about one-third length of 
G1, curved outwards, terminal lobe longer and curved upwards.

Note on paratypes. In the current paratypes, an adult female exhibits the 
largest body size (9.8 × 7.1 mm; MBM288134, Figs 3, 4, 5A, B). Compared to the 
male holotype, the female paratype possesses a broader and more expanded 
carapace and a more concave posterior margin (Figs 3A, B, 4A), which may 
reflect a higher level of maturity in this species. In smaller individuals and juve-
niles, the carapace is narrower.

The overall morphology of the female is similar to that of the male, with the 
following sexual dimorphic characteristics: female pleon broad, oval-shaped 
(Fig. 4F); telson terminal end blunt (Fig. 4F); and vulva located at the anterior 
margin of the sternite 6, with an oval-shaped cover (Figs 3D, 4G).

Colour in life. In the current specimens, as body size increases, the coloration 
changes from a lighter orange-red with bright red spots (Fig. 5C) to a totally vi-
brant bright red (Fig. 5A). The cheliped fingers change from having a white distal 
half and a brown base (Fig. 5C) to being entirely white along their length (Fig. 5A).

Etymology. The new species is named after the fiery Stand “Magician’s Red” 
from the manga “JoJo’s Bizarre Adventure”, wielded by the character Muhammad 
Avdol. This name alludes to the species’ changing flame-like red coloration.

Remarks. Gaillardiellus magiruber sp. nov. should be placed within Gaillardiel-
lus based on the well-defined regions on the dorsal carapace, the morphology 
of the granules and setae, the presence of four granular rounded lobes on the 
anterolateral margin (Figs 1B, 2A), the absence of nodules on the ambulatory 
legs (Figs 1A, 2D), and the sinuous margins of male pleonites 3–5, along with 
the overall morphology of the thoracic sternum (Fig. 2B). The anterolateral mar-
gin of G. magiruber sp. nov. is completely separated from the outer orbital an-
gle (Figs. 1A, 2A, 3B, 4A), which distinguishes it clearly from G. superciliaris and 
G. alphonsi as their outer orbital angle is fused with the first anterolateral lobe (cf. 
Guinot 1976: pl. 16 figs 4, 5). Additionally, the well-developed long setae on the 
dorsal surface of the carapace and the evenly rounded teeth on the immovable 
finger of the cheliped further differentiate this new species from G. holthuisi and 
G. bathus. In contrast, G. holthuisi and G. bathus have only sparse long setae, and 
they also differ in the placement of a strong tooth: in G. holthuisi, it is near the tip 
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of the immovable finger, while in G. bathus, it is in the middle part of the immov-
able finger (cf. Davie 1997: figs 1b, 15c; Takeda and Komatsu 2010: figs 1, 2B).

Gaillardiellus magiruber sp. nov. is most similar to two closely related conge-
ners, i.e., G. rueppellii and G. orientalis. Considering the scattered distribution of 
setae on the dorsal surface of the carapace, rather than the distinct tufted clus-
ters in G. orientalis (cf. Guinot 1976: pl. 16, fig. 2), G. magiruber sp. nov. is espe-
cially similar to G. rueppellii and could be confused with it. Gaillardiellus rueppellii 
was first reported from Natal, South Africa and is widely known in the Indo-West 

Figure 4. Gaillardiellus magiruber sp. nov., female paratype (9.8 × 7.1 mm) (MBM288134) A dorsal view of cephalothorax, 
setae removed B frontal view of left half of cephalothorax, setae removed C left third maxilliped D right pereiopod 5 E out-
er view of left cheliped, setae removed F pleon and telson G vulvae. Scale bars: 5 mm (A); 2 mm (B, E, F); 1 mm (C, D, G).



10ZooKeys 1234: 1–17 (2025), DOI: 10.3897/zookeys.1234.144026

Yuan Ziming et al.: A new species of Gaillardiellus from the coral reefs of the South China Sea

Pacific region (Krauss 1843; Guinot 1976; Serène 1984). Guinot (1976) provided 
a detailed redescription of the type specimen, accompanied by refined photo-
graphs and illustrations (cf. Guinot 1976: figs 42A, 43A, 43a, 44B, pl. 16, fig. 1, 
1a), enhancing the understanding of G. rueppellii. Gaillardiellus magiruber sp. 
nov. can be distinguished from G. rueppellii by the following characteristics: 
the front being broader and non-protruding, about 0.3 times CW (Figs 1B, 2A) 
(vs. front narrower and protruding, about 0.2 times CW in G. rueppellii; Fig. 6A; 
cf. Guinot 1976: pl. 16, fig. 1); the first anterolateral lobe is almost adjacent to 
the outer orbital angle, with no additional lobe underneath (Figs 1B, C, 2A) (vs. 
a wider gap between the first anterolateral lobe and outer orbital angle, with an 

Figure 5. Gaillardiellus magiruber sp. nov., live coloration A, B female paratype (9.8 × 7.1 mm) 
(MBM288134) C female paratype (5.7 × 4.2 mm) (MBM288135). Scale bar: 5 mm.
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accessory lobe underneath in G. rueppellii; Fig. 6B; cf. Guinot 1976: pl. 16, fig. 1); 
the male and female thoracic sternum with long soft setae on sternites 1–4 
(Figs 1D, 3D) (vs. only sparse short setae in G. rueppellii; Fig. 6B); the male ple-
on is shorter, the pleonite 6 and telson being broader than long, and the telson 
with long soft setae on tip (Figs 1D, 2B) (vs. male pleon is longer, the pleonite 6 
and telson are nearly equal in length and width, and the telson without long soft 
setae in G. rueppellii; cf. Guinot 1976: fig. 62A); the G1 is shorter and stouter 
(Fig. 2J, K) (vs. G1 slender in G. rueppellii; cf. Guinot 1976: fig. 63A). Additionally, 
G. magiruber sp. nov. has a more vibrant bright red live coloration (Fig. 5) (vs. 
duller coloration, appearing brownish in G. rueppellii; Fig. 7).

Figure 6. Comparative material of Gaillardiellus species: Gaillardiellus rueppellii (Krauss, 1843), male (38.6 × 28.2 mm) 
(MBM283642) (A, B) Gaillardiellus orientalis (Odhner, 1925), male (34.9 × 25.8 mm) (MBM288142) (C, D) Gaillardiellus 
superciliaris (Odhner, 1925), male (11.6 × 7.9 mm) (MBM288143) (E, F) A, C, E overall dorsal view B, D, F frontal view of 
cephalothorax. Scale bars: 10 mm (A–D); 5 mm (E, F).
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Furthermore, although the present specimens of G. magiruber sp. nov. in-
clude some juvenile individuals, considering the body size of the two female 
specimens displaying distinct maturity traits, such as the well-developed pleon 
and vulva, the new species is relatively smaller in size (CW less than 10 mm) 
compared to most congeners.

It is worth noting that G. rueppellii has two early synonyms: Actaea pilosa 
Stimpson, 1858, from Hong Kong, and Aegle rugata Adams & White, 1849 (not H. 
Milne Edwards, 1834), from the Philippine Islands. Unfortunately, the type speci-
men of Aegle rugata is no longer traceable (Dr Paul Clark, Natural History Muse-
um, personal communication), and the type specimen of Actaea pilosa was likely 
lost in the infamous fire. The identities of these two specimens remain uncertain. 
However, based on the limited available illustrations (Stimpson 1907: pl. 5 fig. 6; 
Adams and White 1849: pl. 8, fig. 5), both species exhibit a prominently lobed 
frontal margin, suggesting closer affinity to G. rueppellii rather than G. magiruber 
sp. nov. Due to the similarities between the two species, G. magiruber sp. nov. 

Figure 7. Gaillardiellus rueppellii (Krauss, 1843), live coloration, photo by Zhang Xu.
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may be mistakenly identified as a juvenile of G. rueppellii. Further extensive ex-
amination will help clarify the distribution ranges of both species.

In the COI-based molecular analysis, the BI (Fig. 8) and ML (Suppl. material 2) 
trees exhibited similar topologies. Gaillardiellus magiruber sp. nov. is most close-
ly related to G. orientalis, followed by clustering with G. rueppellii. Species delimi-
tation based on ABGD and bPTP further supports the validity of the new species.

In addition, Paractaea Guinot, 1969, is not monophyletic in the current study, 
with P. tumulosa (Odhner, 1925) and P. cf. excentrica (Guinot, 1969) forming a 
single clade. Serène (1984) previously suggested transferring P. tumulosa to Par-
actaeopsis Serène, 1984 (see Takeda and Komatsu 2018). Further research is 
needed to clarify the phylogenetic relationships among species within Paractaea.

Geographic distribution. Xisha and Nansha Islands, South China Sea.

Figure 8. Bayesian inference (BI) phylogenetic tree based on COI showing the phylogenetic relationship between Gail-
lardiellus magiruber sp. nov. and related species, with bootstrap replications (BS) labeled. The results of Automated Bar-
code Gap Discovery (ABGD) and Bayesian implementation of the Poisson Tree Processes (bPTP) species delimitation 
methods are shown on the right margin of the figure, each circle or capsule shape represents one species.

Key to species of Gaillardiellus (adapted from Serène 1984)

1 Carapace anterolateral margin with 3 distinct lobes behind outer orbital angle, 
anterior lobe fused with outer orbital angle; 3M faintly divided into 3 parts .....
G. superciliaris and G. alphonsi [possibly synonyms; see also Guinot 1976]

– Carapace anterolateral margin with 4 distinct lobes behind outer orbital 
angle, anterior lobe not fused with outer orbital angle; 3M intact..............2

2 Cheliped immovable finger with strong tooth .............................................3
– Cheliped immovable finger without strong tooth ........................................4
3 Cheliped with strong tooth near tip of immovable finger ..........G. holthuisi
– Cheliped with strong tooth in middle part of immovable finger ...G. bathus
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4 Carapace dorsal surface with tufts of long, plumose setae .....G. orientalis
– Carapace dorsal surface with scattered sort and long setae ....................5
5 Carapace first anterolateral lobe widely separated from outer orbital an-

gle, with accessory lobe located in-between .............................G. rueppellii
– Carapace first anterolateral lobe almost adjacent to outer orbital angle, 

with no additional lobe underneath ............................ G. magiruber sp. nov.
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Supplementary material 1

Gaillardiellus magiruber sp. nov.

Authors: Yuan Ziming, Jiang Wei, Sha Zhongli
Data type: jpg
Explanation note: Juvenile male paratype (4.5 × 3.5 mm) (MBM288136) (A–C); juvenile 

male paratype (4.2 × 3.3 mm) (MBM288137) (D–F). A, D dorsal view B, E ventral view 
C, F immature G1 and G2. Scale bars: 1 mm (A, B, D, E), 0.2 mm (C, F). 

Copyright notice: This dataset is made available under the Open Database License 
(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License 
(ODbL) is a license agreement intended to allow users to freely share, modify, and 
use this Dataset while maintaining this same freedom for others, provided that the 
original source and author(s) are credited.

Link: https://doi.org/10.3897/zookeys.1234.144026.suppl1
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Supplementary material 2

Maximum likelihood (ML) phylogenetic tree based on COI showing the 
phylogenetic relationship between Gaillardiellus magiruber sp. nov. and 
related species

Authors: Yuan Ziming, Jiang Wei, Sha Zhongli
Data type: jpg
Copyright notice: This dataset is made available under the Open Database License 

(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License 
(ODbL) is a license agreement intended to allow users to freely share, modify, and 
use this Dataset while maintaining this same freedom for others, provided that the 
original source and author(s) are credited.

Link: https://doi.org/10.3897/zookeys.1234.144026.suppl2
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Research Article

Abstract

The genus Pseudognaptorina, with four described species, is endemic to the Qinghai-Xi-
zang Plateau. In this study, Pseudognaptorina is reviewed based on a combination of 
molecular and morphological datasets. A preliminary phylogenetic tree is reconstruct-
ed based on COI sequences of four related genera within the subtribe Gnaptorinina. 
Additionally, the geographical distribution of Pseudognaptorina is presented. Six new spe-
cies are described and illustrated: P. banbarica X.-M. Li, sp. nov., P. himalayana X.-M. Li, sp. 
nov., P. migana X.-M. Li, sp. nov., P. oblonga X.-M. Li, sp. nov., P. rectangularis X.-M. Li, sp. 
nov., and P. reni X.-M. Li, sp. nov. This work provides valuable molecular, morphological, 
and distributional data for the study of species evolution in the subtribe Gnaptorinina.

Key words: China, COI gene, darkling beetle, morphology

Introduction

The subtribe Gnaptorinina Medvedev, 2001 belongs to the tribe Blaptini Leach, 
1815 within the subfamily Blaptinae. It consists of 189 species in 12 genera, which 
are mainly distributed at high-elevations of the Qinghai-Xizang Plateau. These 
genera are Agnaptoria Reitter, 1887 (36 species and subspecies), Asidoblaps 
Fairmaire, 1886 (56 species), Blaptogonia Medvedev, 1998 (five species), Colasia 
Koch, 1965 (seven species and subspecies), Gnaptorina Reitter, 1887 (39 spe-
cies), Itagonia Reitter, 1887 (24 species), Montagona Medvedev, 1998 (three spe-
cies), Nepalindia Medvedev, 1998 (five species), Pseudognaptorina Kaszab, 1977 
(four species), Sintagona Medvedev, 1998 (one species), Tagonoides Fairmaire, 
1886 (eight species), and Viettagona Medvedev & Merkl, 2003 (one species) 
(Medvedev and Merkl 2002; Medvedev 2004; Ren et al. 2016; Li et al. 2018, 2019; 
Chigray 2019; Bai et al. 2020, 2023; Nabozhenko and Chigray 2020; Ji et al. 2024).

Pseudognaptorina was established by Kaszab (1977), with the type species P. 
nepalica Kaszab, 1977 (Fig. 1) from Nepal. Later, three species (P. exsertogena 
Shi, Ren & Merkl, 2005, P. flata Liu & Ren, 2009, and P. obtusa Shi, Ren & Merkl, 
2005) were described from Xizang and Sichuan, China (Shi et al. 2005; Liu and 
Ren 2009). Pseudognaptorina is morphologically similar to the genus Gnaptorina 
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but differs in the following characters: protibial spurs subequal in length; ventral 
surface of male protarsomeres I–III and at least mesotarsomere I with hair brush-
es; aedeagus with moderately elongate parameres, at least twice as long as wide. 
Pseudognaptorina is also related to Montagona but can be distinguished by the 
following characters: epipleural carina visible in dorsal view at apex; elytra with-
out longitudinal carina or smooth bulge; ventral surface of male protarsomeres I–
III and at least mesotarsomere I with hair brushes; lobes of ovipositor transverse. 
Medvedev (2009) proposed that the genus Pseudognaptorina likely comprises 
only the type species, P. nepalica. The generic taxonomic status of P. exsertogena 
and P. obtusa is doubtful, as these two species are found in east-central Xizang, 
China, which is considerably distant from the type locality of the type species. No-
tably, P. flata has been discovered in Sichuan, China, which is geographically close 
to P. exsertogena (Liu and Ren 2009). To date, the genus Pseudognaptorina has 
not been studied using molecular data. Consequently, the taxonomic status of 
these species requires evaluation within the framework of molecular phylogeny.

In this study, six new species are described and illustrated. In addition, we 
construct a phylogenetic tree for four related genera to investigate the monophy-
ly of the genus Pseudognaptorina. This study provides valuable molecular and 
distributional data on Pseudognaptorina, which can be used to study the rich-
ness of endemic insects in the surrounding areas of the Qinghai-Xizang Plateau.

Materials and methods

Morphological examination

Nine species (108 specimens) of the genus Pseudognaptorina were examined 
for this study and deposited at the Museum of Hebei University, Baoding, China 
(MHBU) and Hungarian Natural History Museum, Budapest, Hungary (HNHM). 
The specimens were photographed using a Canon EOS 5D Mark III (Canon Inc., 
Tokyo, Japan) with a Laowa FF 100 mm F2.8 CA-Dreamer Macro 2 × lens, or 
Laowa FF 25 mm F2.8 Ultra Macro 2.5–5 × lens (Anhui Changgeng Optics Tech-
nology Co., Ltd, Hefei, China).

Label data are presented verbatim. A slash (/) separates text on lines of the label.

Taxon sampling, DNA extraction, PCR amplification, and sequencing

Specimens were collected in the field on the Qinghai-Xizang Plateau. Molecular 
data were collected from 148 individuals and includes previously published se-
quences from 72 individuals of the genus Gnaptorina (Li et al. 2021; Ji et al. 2024).

DNA was extracted from the leg muscle tissue of adults using the Insect DNA 
isolation Kit (BIOMIGA, Dalian, China) following the manufacturer’s protocols. 
The DNA extracted was stored at -20 °C. The fragment of the mitochondrial mo-
lecular marker (cytochrome oxidase subunit I, COI) was amplified with the prim-
ers F 2183 and R 3014 (Folmer et al. 1994). The profile of the PCR amplification 
consisted of an initial denaturation step at 94 °C for 4 min, 35 cycles of denatur-
ation at 94 °C for 1 min, annealing for 45 s, an extension at 72 °C for 1 min, and 
a final 8 min extension step at 72 °C. PCR was performed using TaKaRa Ex Taq 
(TaKaRa, Dalian, China). PCR products were subsequently checked by 1% aga-
rose gel electrophoresis and sequenced at General Biol Co. (Chuzhou, China).
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Phylogenetic analyses

In total, 148 sequences from 70 species were used for the phylogenetic anal-
yses including 72 new sequences from four genera: Agnaptoria, Asidoblaps, 
Gnaptoriana, and Pseudognaptorina. Detailed information on the new samples 
in this study is provided in Suppl. material 1, and the previously published se-
quence numbers were labeled on the phylogenetic tree. The tribe Platyscelidini 
was selected as the outgroup, which was considered to be most closely related 
to the tribe Blaptini (Kamiński et al. 2021).

Phylogenetic analysis was based on the COI gene fragment using max-
imum likelihood (ML). A best-fit model was tested according to the cor-
rected Akaike’s Information Criterion (AICc) using ModelFinder (included in 
IQ-TREE) with PhyloSuite v. 1.2.2 (Zhang et al. 2020). The ML tree search 
was performed in IQ-TREE v. 1.6.8 (Nguyen et al. 2015). The ML tree was 
inferred using an edge-linked partition model for 5000 ultrafast bootstraps 
(1000 replicates) (Minh et al. 2013). Support for each node is represented 
by ultrafast bootstrap values (uBV).

Results

Morphological study

Key to males of Pseudognaptorina species

1 Lateral margins of pronotum regularly arcuate. Elytral surface densely 
covered with rather smooth punctation, without coarse wrinkles. Ventral 
surface of protarsomeres I–II with hair brushes, protarsomere III with 
small hairy tuft; mesotarsomere I with hair brushes, mesotarsomere II 
with small hairy tuft ....................................................................... P. nepalica

– Lateral margins of pronotum arcuate at anterior half. Elytra densely cov-
ered with indistinct punctation and coarse wrinkles. Ventral surface of 
protarsomeres I–III with hair brushes, mesotarsomeres I–III with hair 
brushes or tufts .............................................................................................2

2 Pronotum transverse, surface flatted. Ventral surface of mesotarsomeres 
I–II with hair brushes, mesotarsomere III with small hairy tuft ....................
 .................................................................................. P. rectangularis sp. nov.

– Pronotum transverse, surface slightly convex. Ventral surface of mesotar-
someres I–III with hair brushes ....................................................................3

3 Posterior angles of pronotum slightly obtuse. Parameres strongly elon-
gate, 2.78 times as long as wide .....................................................P. obtusa

– Posterior angles of pronotum almost rectangular. Parameres not strongly 
elongate .........................................................................................................4

4 Lateral margins of pronotum arcuately narrowed at basal 2/3.........P. flata
– Lateral margins of pronotum arcuately narrowed at basal 1/2..................5
5 Surface of elytra with fine punctures and irregular wrinkles ........................

 ...........................................................................................P. oblonga sp. nov.
– Surface of elytra with fine punctures and without regular wrinkles ...........6
6 Antennomeres VIII–X nearly cylindrical .......................................................7
– Antennomeres VIII–X nearly spherical ........................................................8
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7 Ventral surface of mesotarsomeres I–II with hair brushes, mesotarsomere 
III with small, hairy tuft ..................................................P. banbarica sp. nov.

– Ventral surface of mesotarsomeres I–III with hair brushes .......................9
8 Pronotum 1.28 times as wide as long. Surface of elytra with fine punc-

tures and irregular wrinkles ................................................... P. exsertogena
– Pronotm 1.50 times as wide as long. Surface of elytra with fine punctures 

and without regular wrinkles ..................................................P. reni sp. nov.
9 Pronotum 1.34 times as wide as long, lateral margins arcuately narrowed 

at basal 2/3. Ventral surface of mesotarsomeres I–III with hair brushes ...
 ............................................................................................P. migana sp. nov.

– Pronotum 1.29 times as wide as long, lateral margins of pronotum regu-
larly arcuate. Mesotarsomeres I–II with hair brushes, mesotarsomere III 
with small, hairy tuft ................................................... P. himalayana sp. nov.

Key to females of Pseudognaptorina species

1 Antennae long, reaching base of pronotum posteriad ...............................2
– Antennae short, not reaching base of pronotum posteriad........................3
2 Pronotum 1.38 times as wide as long. Ratio of width at anterior margin to 

its maximum width and to width at posterior margin 0.58: 1.00: 0.89 ........
 ........................................................................................................ P. nepalica

– Pronotum 1.56 times as wide as long. Ratio of width at anterior margin to 
its maximum width and width at posterior margin 0.55: 1.00: 0.97 ............
 ..................................................................................................P. reni sp. nov.

3 Protibial spurs rounded apically ...................................P. banbarica sp. nov.
– Protibial spurs small and pointed ................................................................4
4 Posterior angles of pronotum slightly obtuse .............................................5
– Posterior angles of pronotum almost rectangular ......................................6
5 Elytra wider (1.36 times as long as wide), densely covered with irregular 

wrinkles .................................................................................................P. flata
– Elytra elongate-oval (1.28–1.29 times as long as wide), sparsely covered 

with fine punctures and irregular wrinkles ......................................P. obtusa
6 Antennomere VII short. Pronotum slightly convex .............. P. exsertogena
– Antennomere VII long. Pronotum flattened .................................................7
7 Pronotum with fine punctation; stem of spiculum long...... P. migana sp. nov.
– Pronotum with very dense punctation; stem of spiculum short ..................

 ...........................................................................................P. oblonga sp. nov.

Genus Pseudognaptorina Kaszab, 1977

Pseudognaptorina Kaszab, 1977: 250; Shi et al. 2005: 163; Liu and Ren 2009.

Type species. Pseudognaptorina nepalica Kaszab, 1977, by original designa-
tion, by monotypy.

Generic diagnosis. Antennomere VII narrower than VIII; epipleural carina 
visible in dorsal view at basal part and apex; all tibiae narrow, dilated apically, 
tarsi slender, ventral surface of male protarsomeres I–III and at least mesotar-
someres I–II with hair brushes; protibial spurs subequal in length; parameres 
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moderately elongate, at least 1.8 times as long as wide; apical part of oviposi-
tor short, 1–1.4 times as long as wide, lobes transverse.

Distribution. Nepal and China.

Pseudognaptorina exsertogena Shi, Ren & Merkl, 2005

Type material examined. Holotype: China • ♂ (MHBU XZ04062848): Yangba-
jain, Damxung County, Xizang/ 30°06'N, 90°30'E/ 3700–4100 m/ 2004-VI-28/ Yi-
Bin Ba & Ai-Min Shi leg. Paratypes: China • 15♂♂, 23♀♀ (MHBU XZ04062843–
04062847, 04062849–04062871): same as holotype; China • 4♂♂, 1♀ (MHBU 
XZ02070511–02070515): Maizhokunggar County, Xizang/ 29°48'N, 91°48'E/ 
4100 m/ 2002-VII-5/ Guo-Dong Ren leg.

Distribution. Xizang, China.

Pseudognaptorina flata Liu & Ren, 2009

Type material examined. Holotype: China • ♂ (MHBU XZ08071698): Batang, Si-
chuan/ 30°07' N, 99°02' E/ 3850 m/ 2008-VII-16/ Guo-Dong Ren leg. Paratype: 
China • 1♀ (MHBU XZ08071697): same data as the holotype.

Distribution. Sichuan, China.

Pseudognaptorina nepalica Kaszab, 1977

Type material examined. Paratypes: 1♀ (HNHM SMF C 14534): “Nepal. 
Expeditionen Jochen Martens,” “Gompabei Tarakot/ 3300–3400 m/ 1970-
V-11–16”, “Tagonoides (Pseudognaptorina) nepalica Kasz., det. N. Skop-
in, 1976”; 1♂ (HNHM SMF C 14539), “Dolpo, Tal der oberen Barbung Kho-
la, zwischen Terang und Tukot/ 4000 m/ 1970-VI-19”; 1♂ (HNHM SMF C 
14537), “Dolpo, Weg von Kangar nach Shimen/ 4300–4500 m/ 1973-VI-18”; 

Figure 1. Pseudognaptorina nepalica Kaszab, 1977, male.
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1♂ (HNHM SMF C 14532), “Dolpo, Tal der oberen Barbung Khola, Charka/ 
4300–4400 m/ 20–25.VI.1973”.

Distribution. Nepal.

Pseudognaptorina obtusa Shi, Ren & Merkl, 2005

Type material examined. Holotype: China • ♂ (MHBU XZ04061237): Markam 
County, Xizang/ 29°36'N, 98°24'E/ 3800–4000 m/ 2004-VI-12/ Ai-Min Shi & Yi-
Bin Ba leg. Paratypes: China • 2♀♀ (MHBU XZ04061238–04061239): same 
data as holotype.

Distribution. Xizang, China.

Pseudognaptorina banbarica X.-M. Li, sp. nov.
https://zoobank.org/8BEDBC76-29B9-4860-93AA-B9B858BF2D73

Type materials. Holotype: China • ♂ (MHBU HBU(E)339867): Marxog Town-
ship, Banbar County, Xizang/ 31°01.410' N, 94°37.152' E/ Alt. 4400 m/ 2019-VII-
31/ Guo-Dong Ren, Ya-Lin Li & Xing-Long Bai leg. Paratypes: China • 3♂♂, 7♀♀ 
(MHBU HBU(E)339868–339877): same data as holotype.

Description. Male (Figs 2, 3A–C). Body length 10.5–11.0 mm, width 4.9–
5.0 mm; shiny, black or brownish; antennae, palpi, and tarsi brown.

Head (Fig. 2A, B). Anterior margin of clypeus slightly sinuate. Head widest at 
eye level. Lateral margin of head with pair of projections between antennal base 
and oculus, brownish red. Genal margin arcuately converging before eyes. Eyes 
barely protruding beyond contour of head. Vertex flat or slightly convex, with uni-
form punctures. Antennae (Fig. 2D) slender and long, reaching beyond pronotal 
base when posteriorly extended, antennomeres III very long, 3.2 times as long as 
antennomeres II, antennomeres VIII–X oval, XI spindle-shaped. Length (width) 
ratio of antennomeres II–XI as follows: 10.9(10.0): 27.6(10.0): 13.9(10.0): 
14.3(10.0): 15.0(10.0): 15.7(10.0): 12.6(12.7): 11.3(12.6): 11.7(14.3): 18.0(14.4).

Prothorax. Pronotum (Fig. 2C) transverse, 1.28 times as wide as long, wid-
est in middle, 1.78 times as wide as head. Ratio of width at anterior margin to 
its maximum width and posterior margin 0.60: 1.00: 0.97. Lateral margins of 
pronotum arcuately narrowing to anterior margin, bordered along entire length; 
posterior margin straight; anterior margin slightly emarginate; anterior angles 
widely obtuse-angled, posterior angles almost rectangular. Surface of prono-
tum slightly convex between lateral margins, covered with fine dense puncta-
tion. Hypomera covered shallow longitudinal wrinkles and granules. Proster-
num before procoxae gently sloping. Prosternal process gently sloping behind 
procoxae, forming obtuse projection.

Pterothorax. Elytra oblong-oval and convex, 1.37–1.39 times as long as wide, 
1.38–1.39 times as wide as pronotum, widest in apical third. Dorsal surface of elytra 
passing into outer (deflexed) surface without traces of humeral carina. Outer mar-
gin of epipleura visible in dorsal view at basal third and apex. Surface of elytra with 
dense, rather smooth punctation and wrinkles almost vanishing on apical declivity.

Legs (Fig. 2E–J). Femora and tibiae moderately thickened. Ratio of 
length (width) of pro-, meso-, and metatibiae: 43.8(6.6): 43.2(7.1): 69.6(8.0). 
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Protibiae straight with shorter spurs, inner surface of protibiae slightly widened 
at basal third; mesotibiae slightly curved; metatibiae curved, narrow. Ventral 
surface of protarsomeres I–III with hairy brush; ventral surface of mesotar-
someres I–II with hairy brush. Ratio of length (width) of metatarsomeres I–IV: 
24.0(9.8): 18.7(8.8): 15.6(8.3): 30.8(8.3).

Abdomen. Abdominal ventrites rather sparsely covered with minute, pale, re-
cumbent setae.

Aedeagus. (Fig. 2K–O) Length of aedeagus 2.31 mm, width 0.42 mm; length of 
parameres 0.87 mm, width 0.29 mm. Slightly curved to ventral side apically in lateral 

Figure 2. Pseudognaptorina banbarica X.-M. Li, sp. nov., male A head, dorsal view B head, ventral view C pronotum 
D antenna E protibia F mesotibia G metatibia H protarsus I mesotarsus J metatarsus K spiculum gastrale L–N aedeagus 
L dorsal view M lateral view N ventral view O abdominal sternite VIII. Scale bars: 0.5 mm.

Figure 3. Pseudognaptorina banbarica X.-M. Li, sp. nov., female A ovipositor B spiculum ventrale. Scale bars: 0.5 mm.
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view. Parameres strongly elongate, widest at base, regularly narrowing towards 
apex; outer margins slightly curved to ventral side apically in lateral view. Spiculum 
gastrale as in Fig. 2K. Posterior margin of abdominal sternite VIII sinuate (Fig. 2O).

Female (Figs 3A, B, 4D–F). Body larger and wider than male, length 12.6–
14.4 mm, width 6.9–7.4 mm. Antennae shorter than male, not posteriorly 
reaching base of pronotum when posteriorly extended. Pronotum 1.52 times as 
wide as long, widest in middle, lateral margins subparallel from base to middle 

Figure 4. Habitus of Pseudognaptorina banbarica X.-M. Li, sp. nov. A–C male, holotype D–F female, paratype A, D dorsal 
views B, E lateral views C, F ventral views. Scale bars: 2.0 mm.
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and arcuately narrowing toward anterior angles, sides of pronotum slightly con-
vex, 1.79 times as wide as head, with very dense punctation. Elytra oval, more 
convex than male, 1.34 times as long as wide. Protibial spurs rounded at apex. 
Distal gonocoxite (Fig. 3A) rounded apically, densely covered with setae; spicu-
lum ventrale as in Fig. 3B.

Diagnosis. This new species is morphologically similar to P. oblonga, but can 
be distinguished from it by the following male character states: ventral surface 
of mesotarsomeres I–II with hair brushes, mesotarsomere III with small hairy 
tuft (ventral surface of mesotarsomeres I–III with hairy brush in P. oblonga); 
surface of elytra with dense, rather smooth punctation and regular wrinkle (sur-
face of elytra with fine punctures and irregular wrinkles in P. oblonga); param-
eres strongly elongate, 3.0 times as long as wide (parameres elongate, 2.75 
times as long as wide in P. oblonga).

Etymology. This species is named for Banbar County, where the type locality 
is located.

Distribution. Banbar County, Xizang, China.

Pseudognaptorina himalayana X.-M. Li, sp. nov.
https://zoobank.org/2AD0AE17-2347-47BA-94A7-1674F0633791

Type materials. Holotype: China • ♂ (MHBU HBU(E)339877): Qucho Mountain, 
Lhunze County, Xizang/ 28°19.562' N, 92°19.112' E/ Alt. 4824 m/ 2019-VII-30/ 
Xiu-Min Li & Zhao Pan leg.

Description. Male (Figs 5, 6A–C). Body length 10.3 mm, width 4.9 mm; shiny, 
brownish; antennae, palpi, and tarsi brown.

Head (Fig. 5A, B). Anterior margin of clypeus slightly sinuate. Head widest 
at eye level. Lateral margin of head with pair of projections between anten-
nal base and oculus, brownish red. Genal margin arcuately converging before 
eyes. Eyes barely protruding beyond contour of head. Vertex flat or slightly 
convex, with uniform punctures. Antennae (Fig. 5D) slender, long, and reach-
ing beyond pronotal base when posteriorly extended; antennomeres VIII–X 
oval, XI spindle-shaped. Length (width) ratio of antennomeres II–XI as fol-
lows: 11.0(10.0): 27.7(10.0): 12.5(10.0): 12.5(10.0): 12.5(10.0): 13.4(10.0): 
10.4(12.5): 10.4(14.8): 10.4(15.6): 15.5(15.8).

Prothorax. Pronotum (Fig. 5C) transverse, 1.29 times as wide as long, wid-
est in middle, 1.72 times as wide as head. Ratio of width on anterior margin to 
its maximum width and posterior margin 0.58: 1.00: 0.92. Lateral margins of 
pronotum arcuately narrowing in middle, bordered along entire length; poste-
rior margin straight; anterior margin slightly emarginate; anterior angles wide-
ly obtuse, posterior angles slightly obtuse. Surface of pronotum very narrowly 
flattened along lateral margins from base nearly to anterior angles, covered 
with dense punctation. Hypomera covered shallow longitudinal wrinkles and 
granules. Prosternum before procoxae gently sloping. Prosternal process gen-
tly sloping behind procoxae, forming obtuse projection.

Pterothorax. Elytra oblong-oval and convex, 1.32–1.33 times as long as 
wide, 1.38–1.41 times as wide as pronotum, widest in apical third. Dorsal sur-
face of elytra passing into outer (deflexed) surface without traces of humeral 
carina. Outer margin of epipleura visible in dorsal view at basal third and apex. 
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Surface of elytra with dense, rather smooth punctation and wrinkles almost 
vanishing on apical declivity.

Legs (Fig. 5E–J). Femora and tibiae moderately thickened. Ratio of length 
(width) of pro-, meso-, and metatibiae: 45.0(6.5): 50.0(7.5): 82.5(8.0). Protib-
iae narrow, straight with shorter spurs; mesotibiae slightly arcuately curved; 
metatibiae arcuately curved, narrow. Ventral surface of protarsomeres I–III 
with hairy brush; ventral surface of mesotarsomeres I–II with hairy brush. 
Ratio of length(width) of metatarsomeres I–IV: 32.0(9.5): 17.0(10.0): 
13.5(9.0): 30.0(8.5).

Abdomen. Abdominal ventrites rather sparsely covered with minute, pale, re-
cumbent setae.

Aedeagus (Fig. 5K–M). Length of aedeagus 2.30 mm, width 0.48 mm; length 
of parameres 0.83 mm, width 0.34 mm. Slightly curved to ventral side apically 
in lateral view. Parameres moderately elongate, regularly narrowing towards 
apex; outer margins slightly curved to ventral side apically in lateral view.

Diagnosis. This new species is morphologically similar to P. migana 
but can be distinguished from it by the following male character states: 

Figure 5. Pseudognaptorina himalayana X.-M. Li, sp. nov., male A head, dorsal view B head, ventral view C pronotum 
D antenna E protibia F mesotibia G metatibia H protarsus I mesotarsus J metatarsus K–M aedeagus K dorsal view L 
lateral view M ventral view. Scale bars: 0.5 mm.
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pronotum 1.34 times as wide as long, lateral margins arcuately narrowed at 
basal 2/3 (pronotum 1.29 times as wide as long, lateral margins of prono-
tum regularly arcuate in P. migana); ventral surface of mesotarsomeres I–III 
with hair brushes (mesotarsomeres I–II with hair brushes, mesotarsomere III 
with small hairy tuft in P. migana); parameres moderately elongate, regularly 
narrowing towards apex, more obtuse from basal half to apex (parameres 
strongly elongate, widest at base, regularly narrowing towards apex, more 
acute from basal half to apex in P. migana).

Etymology. This species is named for the Himalayas, where the type locality 
of the species is located.

Distribution. Lhunze County, Xizang, China.

Pseudognaptorina migana X.-M. Li, sp. nov.
https://zoobank.org/A3F1F50C-5F43-4F93-80B1-99960E9A47FA

Type materials. Holotype: China • ♂ (MHBU HBU(E)339879): Miga Mountain 
pass, Gongbogyamda County, Xizang/ 29°84.105' N, 92°33.422' E/ Alt. 4775 m/ 
2023-VII-18/ Xiu-Min Li & Tong-Yang Guo leg. Paratypes: China • 10♂♂, 20♀♀ 
(MHBU HBU(E)339880–339909): same data as holotype; China • 1♂, 1♀ 
(MHBU HBU(E)339910–339911): Miga pass, Gongbogyamda County, Xizang/ 
29°84.105' N, 92°33.422' E/ Alt. 4750 m/ 2019-VII-26/ Xiu-Min Li & Zhao Pan leg.

Description. Male (Fig. 7, 8A–C). Body length 10.5–11.3 mm, width 4.9–
5.2 mm; shiny, black or brownish; antennae, palpi, and tarsi brown.

Figure 6. Habitus of Pseudognaptorina himalayana X.-M. Li, sp. nov., male, holotype. A dorsal view B lateral view C ventral 
view. Scale bar: 2.0 mm.
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Head (Fig. 7A, B). Anterior margin of clypeus slightly sinuate. Head widest 
at eye level. Lateral margin of head with pair of projections between antennal 
base and oculus, brownish red. Genal margin arcuately converging before eyes. 
Eyes barely protruding beyond contour of head. Vertex flat or slightly convex, 
with uniform punctures. Antennae (Fig. 7D) slender and long, reaching pronotal 
base when posteriorly extended, antennomere III very long, 2.4 times as long as 
antennomeres II, antennomeres VIII–X oval, XI spindle-shaped. Length (width) 
ratio of antennomeres II–XI as follows: 11.8(10.0): 28.1(10.0): 14.5(10.0): 
14.5(10.0): 14.5(10.0): 14.5(10.0): 13.3(12.0): 13.3(13.0): 13.3(14.0): 19.5(14.0).

Prothorax. Pronotum (Fig. 7C) transverse, 1.34 times as wide as long, widest in 
middle, 1.71 times as wide as head. Ratio of width on anterior margin to its maxi-
mum width and posterior margin 0.52: 1.00: 0.92. Lateral margins of pronotum ar-
cuately narrowing to anterior margin, bordered along entire length; posterior margin 
straight; anterior margin slightly emarginate; anterior angles widely, obtusely angled; 
posterior angles almost rectangular. Surface of pronotum slightly convex between 
lateral margins, covered with fine, dense punctation. Hypomera covered shallow, 
longitudinal wrinkles and granules. Prosternum before procoxae gently sloping. 
Prosternal process gently sloping behind procoxae, forming obtuse projection.

Pterothorax. Elytra oblong-oval and convex, 1.38–1.40 times as long as wide, 
1.35–1.37 times as wide as pronotum, widest in apical third. Dorsal surface of elytra 
passing into outer (deflexed) surface without traces of humeral carina. Outer mar-
gin of epipleura visible in dorsal view at basal third and apex. Surface of elytra with 
dense, rather smooth punctation and wrinkles almost vanishing on apical declivity.

Figure 7. Pseudognaptorina migana X.-M. Li, sp. nov., male A head, dorsal view B head, ventral view C pronotum D anten-
na E protibia F mesotibia G metatibia H protarsus I mesotarsus J metatarsus K spiculum gastrale L–N aedeagus L dorsal 
view M lateral view N ventral view O abdominal sternite VIII. Scale bars: 0.5 mm.
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Legs (Fig. 7E–J). Femora and tibiae moderately thickened. Ratio of length 
(width) pro-, meso-, and metatibiae: 56.2(9.1): 55.8(9.5): 94.1(11.0). Protibiae 
straight with shorter spurs, inner surface of protibiae slightly widened at basal 
third; mesotibiae slightly arcuately curved; metatibiae arcuately curved, narrow. 
Ventral surface of protarsomeres I–III with hairy brush; ventral surface of me-
sotarsomeres I–II with hairy brush. Ratio of length (width) of metatarsomeres 
I–IV: 29.9(10.0): 19.5(10.0): 17.1(10.0): 29.4(7.9).

Abdomen. Abdominal ventrites rather sparsely covered with minute, pale, re-
cumbent setae.

Aedeagus (Fig. 7K–O). Length of aedeagus 2.34 mm, width 0.46 mm; length 
of parameres 0.89 mm, width 0.35 mm. Slightly curved to ventral side apically 
in lateral view. Parameres strongly elongate, widest at base, regularly narrowing 
towards apex; outer margins slightly curved to ventral side apically in lateral 
view. Spiculum gastrale as in Fig. 7K. Posterior margin of abdominal sternite 
VIII sinuate (Fig. 7O).

Female (Figs 8A, B, 9D–F). Body larger and wider than male, length 12.1–
12.7 mm, width 6.0–6.4 mm. Antennae shorter than male, not posteriorly reaching 
base of pronotum when posteriorly extended. Pronotum 1.5 times as wide as long, 
widest in middle, lateral margins subparallel from base to middle and narrowing to-
ward anterior angles curved, sides of pronotum slightly convex; 1.73 times as wide 
as head; with very dense punctation. Elytra oval, more convex than male, 1.37 times 
as long as wide. Protibial spurs with small, pointed at apex. Distal gonocoxite (Fig. 
8A) rounded apically, densely covered with setae; spiculum ventrale as in Fig. 8B.

Diagnosis. This new species is morphologically similar to P. himalayana, but 
can be distinguished from it by the following male character states: pronotum 
1.29 times as wide as long, lateral margins of pronotum regularly arcuate (pro-
notum 1.34 times as wide as long, lateral margins arcuately narrowed at basal 
2/3 in P. himalayana); mesotarsomeres I–II with hair brushes, mesotarsomere 
III with small hairy tuft (ventral surface of mesotarsomeres I–III with hair 

Figure 8. Pseudognaptorina migana X.-M. Li, sp. nov., female A ovipositor B spiculum ventrale. Scale bars: 0.5 mm.
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brushes in P. himalayana); parameres strongly elongate, widest at base, regu-
larly narrowing towards apex, more acute from basal half to apex (parameres 
moderately elongate, regularly narrowing towards apex, more obtuse from bas-
al half to apex in P. himalayana).

Etymology. This species is named after the type locality, Miga Pass.
Distribution. Gongbogyamda County, Xizang, China.

Figure 9. Habitus of Pseudognaptorina migana X.-M. Li, sp. nov. A–C male, holotype D–F female, paratype A, D dorsal 
views B, E lateral views C, F ventral views. Scale bars: 2.0 mm.
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Pseudognaptorina oblonga X.-M. Li, sp. nov.
https://zoobank.org/460ECFD4-85F7-410A-9D6D-D74A2A6DD9CD

Type materials. Holotype: China • ♂ (MHBU HBU(E)339912): Lhari County, Xizang 
/ 2013-VII-22/ Xing-Long Bai & Jun-Sheng Shan leg. Paratypes: China • 2♂♂, 4♀♀ 
(MHBU HBU(E)339913–339918): same data as holotype; China • 4♂♂, 5♀♀ (MHBU 
HBU(E)339919–339927): Arza Township, Lhari County, Xizang/ 30°37.104'N, 
93°24.307'E/ Alt. 4300 m/ 2019-VIII-9/ Guo-Dong Ren, Ya-Lin Li & Xing-Long 
Bai leg.; China • 1♂ (MHBU HBU(E)339928): Lhari County, Xizang/ 30°45.225'N, 
93°13.162'E/ Alt. 4762 m/ 2023-VII-17/ Xiu-Min Li & Tong-Yang Guo leg.

Description. Male (Figs 10, 11A–C). Body length 10.8–11.3 mm, width 5.0–
5.1 mm; shiny, black or brownish; antennae, palpi, and tarsi brown.

Head (Fig. 10A, B). Anterior margin of clypeus slightly sinuate. Head widest 
at eye level. Lateral margin of head with pair of projections between antennal 
base and oculus, brownish red. Genal margin arcuately converging before eyes. 
Eyes barely protruding beyond contour of head. Vertex flat or slightly convex, 
with uniform punctures. Antennae (Fig. 10D) slender and long, reaching beyond 
pronotal base when posteriorly extended, antennomere III very long, 3.1 times 
as long as antennomere II, antennomeres VIII–X oval, XI spindle-shaped. Length 
(width) ratio of antennomeres II–XI as follows: 10.0(10.0): 31.3(10.0): 15.9(10.0): 
15.1(10.0): 16.2(10.0): 16.2(10.3): 15.3(12.5): 15.3(12.5): 14.8(12.5): 19.8(13.8).

Prothorax. Pronotum (Fig. 10C) transverse, 1.40 times as wide as long, wid-
est in middle, 1.67 times as wide as head. Ratio of width on anterior margin to 
its maximum width and posterior margin 0.57: 1.00: 0.96. Lateral margins of 
pronotum arcuately narrowing to anterior margin, bordered along entire length; 
posterior margin straight; anterior margin slightly emarginate; anterior angles 
widely, obtusely angled; posterior angles almost rectangular. Surface of prono-
tum very narrowly flattened along lateral margins from base nearly to anterior 
angles, covered with dense punctation. Hypomera covered shallow longitudinal 
wrinkles and granules. Prosternum before procoxae gently sloping. Prosternal 
process gently sloping behind procoxae, forming obtuse projection.

Pterothorax. Elytra oblong-oval and convex, 1.45–1.49 times as long as wide, 
1.44–1.46 times as wide as pronotum, widest at apical third. Dorsal surface of 
elytra passing into outer (deflexed) surface without traces of humeral carina. 
Outer margin of epipleura visible in dorsal view at basal third and apex. Surface 
of elytra with dense, rather smooth punctation and wrinkle almost vanishing 
on apical declivity.

Legs (Fig. 10E–J). Femora and tibiae moderately thickened. Ratio of 
length(width) of pro-, meso-, and metatibiae: 46.8(6.5): 64.6(7.5): 94.1(8.0). 
Protibiae straight with shorter spur, inner surface of protibiae slightly widen in 
basal 1/3; mesotibiae slightly arcuately curved; metatibiae arcuately curved, 
narrow. Ventral surface of protarsomeres I–III with hairy brush; ventral surface 
of mesotarsomere I–III with hairy brush. Ratio of length(width) of metatar-
someres I–IV segments:27.5(9.9): 25.0(9.1): 17.5(8.6): 37.5(9.3).

Abdomen. Abdominal ventrites rather sparsely covered with minute, pale, re-
cumbent setae.

Aedeagus (Fig. 10K–O). Length of aedeagus 2.77 mm, width 0.53 mm; length 
of parameres 0.88 mm, width 0.32 mm. Slightly curved to ventral side apically 
in lateral view. Parameres strongly elongate, widest at base, regularly narrowing 
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towards apex; outer margins slightly curved to ventral side apically in lateral 
view. Spiculum gastrale as in Fig. 10K. Posterior margin of abdominal sternite 
VIII sinuate (Fig. 10O).

Female (Fig. 11A, B, 12D–F). Body larger and wider than male, length 
12.1–12.5 mm, width 5.9–6.1 mm. Outer margin of head above base of 
antennae with widely, obtusely angled emargination, less sharp than in male. 
Antennae shorter than in male, not posteriorly reaching base of pronotum when 

Figure 10. Pseudognaptorina oblonga X.-M. Li, sp. nov., male A head, dorsal view B head, ventral view C pronotum 
D antenna E protibia F mesotibia G metatibia H protarsus I mesotarsus J metatarsus K spiculum gastrale L–N aedeagus 
L dorsal view M lateral view N ventral view O abdominal sternite VIII. Scale bars: 0.5 mm.

Figure 11. Pseudognaptorina oblonga X.-M. Li, sp. nov., female. A ovipositor B spiculum ventrale. Scale bars: 0.5 mm.
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posteriorly extended. Pronotum 1.45 times as wide as long, widest in middle, 
lateral margins subparallel from base to middle and narrowing toward anterior 
angles arcuately, sides of pronotum slightly convex; 1.72 times as wide as head; 
with very dense punctation. Elytra oval, more convex than male, 1.32 times as 
long as wide. Protibial spurs small, pointed at apex. Distal gonocoxite (Fig. 11A) 
rounded apically, densely covered with setae; spiculum ventrale as in Fig. 11B.

Figure 12. Habitus of Pseudognaptorina oblonga X.-M. Li, sp. nov. A–C male, holotype D–F female, paratype A, D dorsal 
views B, E lateral views C, F ventral views. Scale bars: 2.0 mm.
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Diagnosis. This new species is morphologically similar to P. banbari-
ca, but can be distinguished from it by the following male character states: 
ventral surface of mesotarsomeres I–III with hairy brush (ventral surface of 
mesotarsomeres I–II with hair brushes, mesotarsomere III with small hairy tuft 
in P. banbarica); surface of elytra with fine punctures and irregular wrinkles (sur-
face of elytra with dense, rather smooth punctation and wrinkle in P. banbarica).

Etymology. This species is named from the Latin adjective “oblonga”, in ref-
erence to its elongate aedeagus.

Distribution. Lhari County, Xizang, China.

Pseudognaptorina rectangularis X.-M. Li, sp. nov.
https://zoobank.org/2AF10B93-D9D1-4DE2-AEA5-480ABF9D4098

Type materials. Holotype: China • ♂ (MHBU HBU(E)339929): Hongyuan Coun-
ty, Sichuan/ 32°01.96'N, 102°01.99'E/ Alt. 3451 m/ 2021-VII-20/ Xiu-Min Li leg.

Description. Male (Figs 13, 14A–C). Body length 12.6 mm, width 6.2 mm; 
shiny, black; antennae, palpi, and tarsi brown.

Head (Fig. 13A, B). Anterior margin of clypeus slightly sinuate. Head widest at 
eye level. Lateral margin of head with pair of projections between antennal base 
and oculus, brownish red. Genal margin arcuately converging before eyes. Eyes 
barely protruding beyond contour of head. Vertex flat or slightly convex, with uni-
form punctures. Antennae (Fig. 13D) slender, long, and reaching pronotal base 
when posteriorly extended; antennomere III very long, 2.9 times as long as an-
tennomere II; antennomeres VIII–X oval; XI spindle-shaped. Length (width) ratio 
of antennomeres II–XI as follows: 10.9(9.4): 27.1(10.7): 14.8(10.0): 16.2(10.0): 
15.5(10.0): 18.9(10.0): 15.1(11.5): 13.9(13.3): 13.9(13.3): 15.2(13.9).

Prothorax. Pronotum (Fig. 13C) transverse, 1.52 times as wide as long, wid-
est in middle, 1.84 times as wide as head. Ratio of width on anterior margin to 
its maximum width and posterior margin 0.55: 1.00: 0.97. Lateral margins of 
pronotum arcuately narrowing to anterior margin, bordered along entire length; 
posterior margin straight; anterior margin slightly emarginate; anterior angles 
widely, obtusely angled; posterior angles almost rectangular. Surface of prono-
tum very narrowly flattened along lateral margins from base nearly to anterior 
angles, covered with dense punctation. Hypomera covered shallow longitudinal 
wrinkles and granules; inner part covered with longitudinal rugae. Prosternum 
gently sloping before procoxae. Prosternal process gently sloping behind pro-
coxae, forming obtuse projection.

Pterothorax. Elytra oblong-oval and convex, 1.31 times as long as wide, 1.43 
times as wide as pronotum, widest at apical third. Dorsal surface of elytra pass-
ing into outer (deflexed) surface without traces of humeral carina. Outer margin of 
epipleura visible in dorsal view at basal third and apex. Surface of elytra with dense, 
rather smooth punctation and wrinkles almost vanishing on apical declivity.

Legs (Fig. 13E–J). Femora and tibiae moderately thickened. Ratio of length 
(width) of pro-, meso-, and metatibiae: 57.2(9.2): 59.1(9.4): 77.9(10.3). Protib-
iae straight with shorter spur, inner surface of protibiae nearly flat; mesotibiae 
slightly curved; metatibiae slightly curved. Ventral surface of protarsomeres I–III 
with hairy brush; ventral surface of mesotarsomeres I–II with hairy brush. Ratio of 
length(width) of metatarsomeres I–IV: 34.5(9.7): 22.5(10.0): 22.8(10.0): 31.9(7.7).
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Figure 13. Pseudognaptorina rectangularis X.-M. Li, sp. nov., male A head, dorsal view B head, ventral view C pronotum 
D antenna E protibia F mesotibia G metatibia H protarsus I mesotarsus J metatarsus K spiculum gastrale L–N aedeagus 
L dorsal view M lateral view N ventral view O abdominal sternite VIII. Scale bars: 0.5 mm.

Figure 14. Habitus of Pseudognaptorina rectangularis X.-M. Li, sp. nov., male, holotype A dorsal view B lateral view 
C ventral view. Scale bar: 2.0 mm.
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Aedeagus (Fig. 13K–O). Length of aedeagus 2.18 mm, width 0.46 mm; length of 
parameres 0.79 mm, width 0.31 mm. Slightly curved to ventral side apically in later-
al view. Parameres strongly elongate, widest at base, regularly narrowing towards 
apex; outer margins slightly curved to ventral side apically in lateral view. Spiculum 
gastrale as in Fig. 13K. Posterior margin of abdominal sternite VIII sinuate (Fig. 13O).

Diagnosis. This new species is morphologically similar to P. flata, but can be 
distinguished from it by the following male character states: pronotum trans-
verse, 1.52 times as wide as long, surface flatted, posterior angles nearly rect-
angular (pronotum transverse, 1.36 times as wide as long, surface explanate 
and slightly concave, posterior angles obtusely rounded in P. flata); ventral sur-
face of mesotarsomeres I–II with hair brushes, mesotarsomere III with small 
hairy tuft (ventral surface of mesotarsomeres I–III with hair brushes in P. flata).

Etymology. This species is named from the Latin adjective “rectangularis”, in 
reference to its sub-rectangular prothorax.

Distribution. Hongyuan County, Sichuan, China.

Pseudognaptorina reni X.-M. Li, sp. nov.
https://zoobank.org/62A03392-4ADE-414F-9E21-00E41A071DAA

Type materials. Holotype: China • ♂ (MHBU HBU(E)339930): Vajra Mountain 
pass, Zadowa County, Qinghai/ 32°47.98' N, 95°09.26' E/ Alt. 4718 m/ 2019-VII-
26/ Guo-Dong Ren & Yi-Ping Niu leg. Paratypes: China • 10♂♂, 20♀♀ (MHBU 
HBU(E)339931–339960): same data as holotype; China • 3♂♂, 10♀♀ (MHBU 
HBU(E)339961–339973): Konge township, Bachen County, Xizang/ 32°31.50' N, 
94°43.31' E/ Alt. 4556 m/ 2022-VII-4/ Guo-Dong Ren & Yi-Ping Niu leg.

Description. Male (Figs 15, 16A–C). Body length 13.6–14.1 mm, width 6.30–
6.58 mm; black, slightly shiny, oval-oblong.

Head (Fig. 15A, B). Anterior margin of clypeus slightly sinuate. Head wid-
est at eye level. Lateral margin of head with pair of projections between 
antennal base and oculus, brownish red. Genal margin arcuately converg-
ing before eyes. Eyes barely protruding beyond contour of head. Vertex flat 
or slightly convex, with uniform punctures. Antennae (Fig. 15D) slender 
and long, reaching pronotal base when posteriorly extended, antennom-
ere III very long, 2.7 times as long as antennomere II, antennomeres VIII–X 
oval, XI spindle-shaped. Length (width) ratio of antennomeres II–XI as fol-
lows: 12.5(10.0): 33.4(10.0): 16.6(10.0): 15.7(10.0): 14.8(10.0): 16.4(10.0): 
14.1(12.9): 14.1(14.1): 14.1(14.7): 18.8(15.5).

Prothorax. Pronotum (Fig. 15C) transverse, 1.50 times as wide as long, wid-
est in middle, 1.72 times as wide as head. Ratio of width on anterior margin to 
its maximum width and posterior margin 0.54: 1.00: 0.95. Lateral margins of 
pronotum arcuately narrowing to anterior margin, bordered along entire length; 
posterior margin straight; anterior margin slightly emarginate; anterior angles 
widely, obtusely angled; posterior angles almost rectangular. Surface of pro-
notum slightly convex between lateral margins, very narrowly flattened along 
lateral margins from base nearly to anterior angles, covered with fine, dense 
punctation. Hypomera covered shallow, longitudinal wrinkles and granules. 
Prosternum before procoxae gently sloping. Prosternal process gently sloping 
behind procoxae, forming obtuse projection.
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Pterothorax. Elytra oblong-oval and convex, 1.43–1.48 times as long as wide, 
1.39–1.41 times as wide as pronotum, widest at apical third. Dorsal surface of elytra 
passing into outer (deflexed) surface without traces of humeral carina. Outer mar-
gin of epipleura visible in dorsal view at basal third and apex. Surface of elytra with 
dense, rather smooth punctation and wrinkles almost vanishing on apical declivity.

Legs (Fig. 15E–J). Femora and tibiae moderately thickened. Ratio of length 
(width) of pro-, meso-, and metatibiae: 56.0(8.6): 49.6(7.6): 68.0(8.6). Protibiae 
straight with shorter spur, inner surface of protibiae slightly widened at basal 

Figure 15. Pseudognaptorina reni X.-M. Li, sp. nov., male A head, dorsal view B head, ventral view C pronotum D antenna 
E protibia F mesotibia G metatibia H protarsus I mesotarsus J metatarsus K spiculum gastrale L–N aedeagus L dorsal 
view M lateral view N ventral view O abdominal sternite VIII. Scale bars: 0.5 mm.

Figure 16. Pseudognaptorina reni X.-M. Li, sp. nov., female. A ovipositor B spiculum ventrale. Scale bars: 0.5 mm.
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third; mesotibiae slightly arcuately curved; metatibiae curved, narrow. Ventral 
surface of protarsomeres I–III with hairy brush; ventral surface of mesotar-
someres I–II with hairy brush. Ratio of length (width) of metatarsomeres I–IV: 
38.7(11.5): 21.1(10.0): 19.6(10.0): 31.1(10.0).

Abdomen. Abdominal ventrites rather sparsely covered with minute, pale, re-
cumbent setae.

Aedeagus (Fig. 15K–O). Length of aedeagus 2.31 mm, width 0.51 mm; length 
of parameres 0.76 mm, width 0.33 mm. Slightly curved to ventral side apically 
in lateral view. Parameres strongly elongate, widest at base, regularly narrowing 
towards apex; outer margins slightly curved to ventral side apically in lateral 
view. Spiculum gastrale as in Fig. 15K. Posterior margin of abdominal sternite 
VIII sinuate (Fig. 15O).

Female (Figs 16A, B, 17D–F). Body larger and wider than male, length 14.1–
15.0 mm, width 7.0–7.7 mm. Antennae shorter than in male, reaching base of 
pronotum when posteriorly extended. Pronotum 1.56 times as wide as long, 
widest in middle, lateral margins subparallel from base to middle and arcuate-
ly narrowing toward anterior angles, sides of pronotum slightly convex; 1.83 
times as wide as head, with very dense punctation. Elytra oval, more convex 
than in male, 1.37 times as long as wide. Protibial spurs small, pointed at apex. 
Distal gonocoxite (Fig. 16A) rounded apically, densely covered with setae; spic-
ulum ventrale as in Fig. 16B.

Diagnosis. This new species is morphologically similar to P. exsertogena, 
but can be distinguished from it by the following male character states: pro-
notum 1.50 times as wide as long (pronotum 1.28 times as wide as long in P. 
exsertogena); surface of elytra with fine punctures and without regular wrinkles 
(surface of elytra with fine punctures and irregular wrinkles in P. exsertogena).

Etymology. This species is named after Prof. Guo-Dong Ren, in recognition 
to his contributions in collecting specimens of Pseudognaptorina.

Distribution. Zadowa and Bachen Counties, Xizang, China.

Phylogenetic relationships

The preliminary phylogenetic relationships were hypothesized from 147 sam-
ples of four genera (Agnaptoria, 31 samples; Asidoblaps, 22 samples; Pseudo-
gnaptorina, 17 samples; Gnaptorina, 77 samples) (Fig. 18). The ML tree exhibit-
ed a satisfactory correlation between these major clades and the current four 
genera. The individuals were grouped into four well-supported clades: clade 
C1 (Gnaptorina, uBV = 98), clade C2 (Pseudognaptorina, uBV = 98), clade C3 
(Agnaptoria, uBV = 99), and clade C4 (Asidoblaps, uBV = 100).

Geographical distribution and bionomics

Species of Pseudognaptorina exhibit distinctive distribution patterns within the 
geographical range of the genus. The genus has a wide distribution, mainly in Xi-
zang, Sichuan, and Qinghai, China, except P. nepalica occurring in Nepal (Fig. 19).

All Pseudognaptorina species were found on the Qinghai-Xizang Plateau. Inter-
estingly, these species have a narrow range on hillsides in subhumid environments. 
They were often found around the roots of underbrush and under stones or clods, 
and they probably feed on decaying plant roots or leaves (Fig. 20).
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Figure 17. Habitus of Pseudognaptorina reni X.-M. Li, sp. nov. A–C male, holotype D–F female, paratype A, D dorsal views 
B, E lateral views C, F ventral views. Scale bar: 2.0 mm.

Discussion

Gnaptorinina is a species-rich subtribe of Blaptini consisting of 189 species 
in 12 genera. These species are primarily distributed in deserts, semi-des-
erts, grasslands, meadows, woodlands, and high-elevation environments 
across the Qinghai-Xizang Plateau. We constructed the phylogenetic rela-
tionships of four genera within the subtribe Gnaptorinina based on COI gene 
sequences. Our analyses provide the first phylogenetic tree for the genus 
Pseudognaptorina, which is confirmed to be monophyletic. The distribution 



42ZooKeys 1234: 19–46 (2025), DOI: 10.3897/zookeys.1234.137739

Xiu-Min Li et al.: Systematic review of the genus Pseudognaptorina Kaszab, 1977

range of all available specimens reveals that four known species and six 
new species are widely and continuously distributed across the Qinghai-Xi-
zang Plateau. Their habitat differs significantly from that of Gnaptorina and 
Agnaptoria. Gnaptorina and Agnaptoria are mainly distributed in the high-el-
evation areas with relatively arid environments (Shi et al. 2005; Li et al. 

Figure 18. Maximum-likelihood phylogenetic tree based on mitochondrial COI gene sequences within four genera of the 
subtribe Gnaptorinina. Support for each node is represented by ultrafast bootstrap values (uBV).
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Figure 19. Geographical distribution of ten Pseudognaptorina species in this study.

Figure 20. Habitat for P. migana X.-M. Li, sp. nov. Photographed by Xiu-Min Li, at Miga Mountain pass, Gongbogyamda 
County, Xizang, China, on June 26, 2019 and July 18, 2023.
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2021), whereas Pseudognaptorina primarily inhabits more humid valley 
environments traversed by the Yarlung Tsangpo, Lancang, and Nujiang riv-
ers. We hypothesize that these species dispersed along river systems and 
formed their current geographical distribution patterns during the uplift of 
the Qinghai-Xizang Plateau. What is the relationship between species dis-
persal and the uplift of the Qinghai-Xizang Plateau? We will provide a com-
prehensive analysis and discussion of this issue in a forthcoming paper 
based on genomic data.
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Abstract

The Asian king vulture (Sarcogyps calvus), also known as the red-headed vulture, is an 
Old World vulture (Gypini) facing severe population declines. This study aimed to as-
semble the complete mitogenome of S. calvus, explore its phylogenetic relationships, 
estimate divergence times, and examine genetic distances and amino acid substitu-
tions. The mitogenome was de novo assembled from genomic DNA extracted from 
the blood of a female S. calvus. Phylogenetic and pairwise genetic distance analyses 
were conducted, comparing S. calvus with other members of Gypini, New World vultures 
(Cathartidae) and various other birds. The assembled mitogenome was 17,750 base 
pairs in length, comprising 13 protein-coding genes (PCGs), 22 transfer RNA genes, two 
ribosomal RNA genes and two control regions. Most PCGs used the ATG start codon, 
except for cytochrome c oxidase subunit 1 (COX1), which employed GTG. Phylogenetic 
analysis revealed a close genetic relationship between S. calvus and other members of 
Gypini, with an estimated divergence time of 16.7 million years ago. Genetic distance 
analysis indicated that S. calvus was more closely related to other Gypini, as well as to 
Spilornis cheela and Circaetus pectoralis (Circaetini)), than to Cathartidae. Conserved 
amino acid substitutions between Gypini and Cathartidae were primarily observed in 
the NADH-ubiquinone oxidoreductase chain 1 (ND1) gene. This study provided the first 
complete mitogenome of S. calvus, offering new insights into its genomic structure, 
evolutionary history, and genetic relationships.

Key words: Asian king vulture, comparative analysis, evolution, mitogenome, Sarcogyps 
calvus
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Introduction

The Asian king vulture (Sarcogyps calvus Scopoli, 1786), also known as the 
red-headed vulture, belongs to the Old World vulture group (tribe Gypini) within 
the order Accipitriformes and the family Accipitridae. Classified as Critically 
Endangered by the International Union for Conservation of Nature (IUCN) Red 
List of Threatened Species, S. calvus is also listed under Appendix II of the Con-
vention on International Trade in Endangered Species of Wild Fauna and Flora 
(CITES) (BirdLife International 2021; CITES 2024). Additionally, the species is 
protected under Thailand’s Wild Animal Conservation and Protection Act, B.E. 
2562 (2019) (FAOLEX Database 2019). Gypini are distributed across Africa, 
Asia, and Europe, while New World vultures (Cathartidae) inhabit the Ameri-
cas. Currently, the global population of S. calvus in the wild is estimated to be 
between 2,500 and 9,999 individuals, while in Thailand, the species is possibly 
extinct in the wild and only seven individuals remain in captivity (BirdLife Inter-
national 2021; Buthasane et al. 2024).

The mitogenome (mitochondrial genome) is a valuable tool for investigat-
ing phylogenetic relationships, molecular identification, and adaptive evolution 
(De Panis et al. 2021; Kong et al. 2024). Mitogenomes of four species of Gyp-
ini have been reported, i.e., those of the Eurasian griffon (Gyps fulvus Hablizl, 
1783), cape vulture (Gyps coprotheres Forster, 1798), cinereous vulture (Aegypi-
us monachus Linnaeus, 1766) and Himalayan griffon (Gyps himalayensis Hume, 
1869) (Li et al. 2015; Mereu et al. 2017; Jiang et al. 2019; Adawaren et al. 2020). 
For Cathartidae, seven mitogenomes from six species have been documented, 
i.e. the Andean condor (Vultur gryphus Linnaeus, 1758), king vulture (Sarcoram-
phus papa Linnaeus, 1758), California condor (Gymnogyps californianus Shaw, 
1797), lesser yellow-headed vulture (Cathartes burrovianus Cassin, 1845), tur-
key vulture (Cathartes aura Linnaeus, 1758) and black vulture (Coragyps atra-
tus Bechstein, 1793) (Slack et al. 2007; De Panis et al. 2021; Urantówka et al. 
2021). In addition, 11 mitogenomes from other species in the family Accipitri-
dae have been reported, including those of the golden eagle (Aquila chrysaetos 
Linnaeus, 1758), common buzzard (Buteo buteo Linnaeus, 1758) and black kite 
(Milvus migrans Boddaert, 1783) (Haring et al. 2001; Jeon et al. 2018; Mead et 
al. 2021). The genome of S. calvus has recently been published (Buthasane et 
al. 2024). However, no mitogenomic data are currently available for S. calvus, 
and its mitochondrial features remain understudied. This study aimed to eluci-
date the complete mitogenome of S. calvus and provide a comprehensive anal-
ysis of its structure, phylogenetic position, and the divergence time from other 
vultures. This research offers valuable insights into the mitochondrial profiles, 
evolutionary relationships, and population genetics of S. calvus in relation to 
other Gypini, Cathartidae and related species.

Materials and methods

Whole blood samples were obtained from a female S. calvus, approximately 
25 years old, at Nakhon Ratchasima Zoo, the Zoological Park Organization 
of Thailand (ZPOT). Sampling was conducted in compliance with the ethical 
guidelines under the Chulalongkorn University Animal Care and Use Committee 
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(CU-ACUC), Thailand (approval number 2131005). Total DNA was extract-
ed from the whole blood sample using the Wizard HMW DNA Extraction Kit 
(Promega, Madison, WI, USA). The DNA concentration was determined using 
a NanoDrop One Microvolume UV-Vis Spectrophotometer (Thermo Fisher 
Scientific, Waltham, MA, USA).

The mitochondrial genome was sequenced using the short-read MGIS-
EQ-2000 platform (MGI Tech, Shenzhen, China) and assembled with NOVOPlas-
ty v. 3.8.2 (Dierckxsens et al. 2017). Annotation was carried out using the MI-
TOS WebServer (Bernt et al. 2013). Protein-coding, rRNA and tRNA genes were 
further identified using the NCBI Basic Local Alignment Search Tool (BLAST) 
(Altschul et al. 1990). The circular structure of the mitogenome was visualized 
with OrganellarGenomeDRAW (OGDRAW) v. 1.3.122 (Greiner et al. 2019). Anal-
yses of nucleotide and amino acid composition were conducted using MEGA X 
(Kumar et al. 2018). Simple sequence repeats (SSRs) of 1–6 bp in length were 
identified using the Microsatellite identification tool (Beier et al. 2017).

Mitogenomes from 39 bird species, representing the orders Accipitriformes 
(Old World vultures, hawks, eagles, and kites), Cathartiformes (New World 
vultures), Falconiformes (falcons), Strigiformes (owls), Anseriformes (ducks 
and relatives) and Galliformes (chickens and relatives), were used for phylog-
eny reconstruction, comparative codon usage analyses (Table 1) and diver-
gence time estimation. These mitogenomes, along with the newly sequenced 
mitogenome of S. calvus, were analyzed. Multiple sequence alignments of 13 
conserved protein-coding genes (PCGs)−cytochrome B (CYTB), NADH dehy-
drogenase subunits 1 (ND1), ND2, ND3, ND4, ND4L, ND5, ND6, cytochrome c 
oxidase subunits 1 (COX1), COX2, COX3, ATP synthase F0 subunit 6 (ATP6) 
and ATP8−were performed using PRANK v170427. The best-fit model, mt-
Ver+I+R4, was selected using ModelFinder, and maximum likelihood phyloge-
nies were constructed using IQ-TREE v. 2.2.0.3 with 1,000 ultrafast bootstrap 
replications (Nguyen LT et al. 2014; Hoang et al. 2017). The phylogenetic tree 
was visualized with Figtree v. 1.4.4 (Rambaut 2018). Several species of An-
seriformes and Galliformes were used as outgroups. Divergence times were 
estimated using MCMCTree in the PAML 4.9j package, with the Hessian ma-
trix computed via CODEML and a burn-in of 2,000 iterations. Fossil calibration 
times were obtained from the TimeTree database (Kumar et al. 2022). Ge-
netic distance analyses were conducted using MEGA X and visualized using 
ggplot2 and ggtree in R (Wickham 2016; Yu et al. 2017; Kumar et al. 2018). 
The nomenclature for higher taxa follows Gregory et al. (2024).

Relative synonymous codon usage (RSCU) values for S. calvus mitochon-
drial protein-coding genes were calculated using MEGA X (Kumar et al. 2018). 
RSCU values reflect codon bias, with values greater than one indicating positive 
codon bias, values less than one indicating a negative codon bias, and values 
equal to one indicating random codon usage (Wong et al. 2010).

Amino acid sequences from 13 mitochondrial protein-coding genes in the 
mitogenomes of Gypini (Aegypius monachus, Gyps coprotheres, Gyps fulvus, 
Gyps himalayensis, S. calvus) and Cathartidae (Cathartes aura, Cathartes bur-
rovianus, Coragyps atratus, Gymnogyps californianus, Sarcoramphus papa, 
Vultur gryphus) were aligned using the Unipro UGENE Multiple Alignment 
Editor (Okonechnikov et al. 2012).
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Table 1. List of 39 avian species employed for comparative mitogenome analyses in this study, along with their corre-
sponding GenBank accession numbers.

Scientific name Order Family Accesion number Sequence 
length (bp) Reference

Accipiter gentilis Accipitriformes Accipitridae NC_011818.1 18,266 Unpublished
Accipiter virgatus Accipitriformes Accipitridae NC_026082.1 17,952 Song et al. 2015
Aegypius monachus Accipitriformes Accipitridae KF682364.1 17,811 Li et al. 2015
Aquila chrysaetos Accipitriformes Accipitridae NC_024087.1 17,332 Doyle et al. 2014
Buteo buteo Accipitriformes Accipitridae NC_003128.3 18,674 Haring et al. 2001
Circaetus pectoralis Accipitriformes Accipitridae NC_052805.1 17,473 Feng et al. 2020
Circus melanoleucos Accipitriformes Accipitridae NC_035801.1 17,749 Unpublished
Gyps coprotheres Accipitriformes Accipitridae MF683387.1 16,908 Adawaren et al. 2020
Gyps fulvus Accipitriformes Accipitridae NC_036050.1 18,094 Mereu et al. 2017
Gyps himalayensis Accipitriformes Accipitridae KY594709.1 17,381 Jiang et al. 2019
Haliaeetus albicilla Accipitriformes Accipitridae NC_040858.1 17,719 Kim et al. 2019
Haliastur indus Accipitriformes Accipitridae NC_066800.1 19,055 Sonongbua et al. 2024
Milvus migrans Accipitriformes Accipitridae NC_038195.1 18,016 Jeon et al. 2018
Spilornis cheela Accipitriformes Accipitridae NC_015887.1 18,291 Unpublished
Spizaetus tyrannus Accipitriformes Accipitridae NC_052803.1 17,479 Feng et al. 2020
Pandion haliaetus Accipitriformes Pandionidae NC_008550.1 19,285 Gibb et al. 2007
Sagittarius serpentarius Accipitriformes Sagittariidae NC_023788.1 19,329 Mahmood et al. 2014
Anser cygnoides Anseriformes Anatidae NC_023832.1 19,302 Mu et al. 2014
Branta canadensis Anseriformes Anatidae NC_007011.1 16,808 Snyder et al. 2015
Anseranas semipalmata Anseriformes Anseranatidae NC_005933.1 16,870 Harrison et al. 2004
Cathartes aura Cathartiformes Cathartidae NC_007628.1 16,870 Slack et al. 2007
Cathartes burrovianus Cathartiformes Cathartidae NC_063526.1 16,779 Urantówka et al. 2021
Coragyps atratus Cathartiformes Cathartidae NC_063525.1 17,864 Urantówka et al. 2021
Gymnogyps californianus Cathartiformes Cathartidae BK059163.1 16,760 De Panis et al. 2021
Sarcoramphus papa Cathartiformes Cathartidae NC_063527.1 16,773 Urantówka et al. 2021
Vultur gryphus Cathartiformes Cathartidae NC_058600.1 16,739 De Panis et al. 2021
Caracara plancus Falconiformes Falconidae NC_044672.1 17,077 Oswald et al. 2019
Falco peregrinus Falconiformes Falconidae NC_000878.1 18,068 Mindell et al. 1997
Alectura lathami Galliformes Megapodiidae NC_007227.1 16,698 Slack et al. 2007
Crax rubra Galliformes Cracidae NC_024618.1 16,666 Meiklejohn et al. 2014
Callipepla squamata Galliformes Odontophoridae NC_029340.1 16,701 Halley et al. 2015
Gallus gallus Galliformes Phasianidae NC_053523.1 16,784 Unpublished
Numida meleagris Galliformes Numididae NC_034374.1 16,785 Unpublished
Asio otus Strigiformes Strigidae NC_039736.1 17,555 Lee et al. 2018
Bubo bubo Strigiformes Strigidae NC_038219.1 18,952 Kang et al. 2018
Glaucidium cuculoides Strigiformes Strigidae NC_034296.1 17,392 Unpublished
Otus sunia Strigiformes Strigidae NC_041422.1 17,835 Zhou et al. 2019
Strix uralensis Strigiformes Strigidae NC_038218.1 18,708 Kang et al. 2018
Phodilus badius Strigiformes Tytonidae NC_023787.1 17,086 Mahmood et al. 2014

Results

The complete mitogenome of S. calvus was determined to be 17,750 base 
pairs (bp) in length and was assigned GenBank accession number OR896160. 
The circular structure of the mitogenome of S. calvus is illustrated in Fig. 1. 
This mitogenome contained 13 PCGs, 22 transfer RNA genes (tRNAs), two ri-
bosomal RNA genes and two putative control regions (CRs), also referred to 
as D-loop regions (Table 2). The nucleotide composition was characterized by 
54.1% adenine and thymine (AT) and 45.9% guanine and cytosine (GC).

The protein-coding regions spanned 11,407 bp, accounting for 64.26% of the 
length of the complete mitogenome of S. calvus. All PCGs, except for ND6, were 
transcribed on the plus strand. The predominant start codon for most PCGs 



51ZooKeys 1234: 47–65 (2025), DOI: 10.3897/zookeys.1234.138722

Wannapol Buthasane et al.: Mitogenome assembly of the Asian king vulture

was ATG, except for COX1, which utilized GTG as the start codon (Table 2). 
A detailed overview of the RSCU and codon distribution in the protein-coding 
genes of the mitogenome of S. calvus is provided. The codons CUA (L), CCU 
(P), and CUC (L) exhibited the highest frequency of occurrence (Fig. 2). A to-
tal of 1,257 SSRs were identified in the mitogenome, comprising 314 (24.98%) 
mono-, 529 (42.08%) di-, 301 (23.95%) tri-, 78 (6.21%) tetra-, 24 (1.91%) penta- 
and 11 (0.88%) hexanucleotide repeats. The ND5 gene contained the highest 
number of SSRs with 135 repeats (Table 3).

The mitogenome of S. calvus was aligned with 39 previously published mi-
togenomes of bird species from the orders Accipitriformes, Cathartiformes, 
Falconiformes, Strigiformes, Anseriformes and Galliformes. Maximum likeli-
hood phylogenies are illustrated in Fig. 3. The mitogenome of S. calvus was 
part of a clade formed by the tribe Gypini (Gyps fulvus, Gyps coprotheres, Gyps 
himalayensis and Aegypius monachus). Gypini formed a sister group with the 
serpent-eagles of the tribe Circaetini (Spilornis cheela Latham, 1790 and Cir-
caetus pectoralis Smith, 1829). Gypini and Circaetini formed the sister-group 
of a clade comprising the subfamilies Accipitrinae and Aquilinae. The subfam-
ily Aquilinae included the species Spizaetus tyrannus Wied, 1820 and Aquila 
chrysaetos, whereas the subfamily Accipitrinae included the tribe Accipitrini 

Figure 1. Circular mitogenome map of Asian king vulture. The complex I (NADH dehydrogenase), complex IV (cyto-
chrome c oxidase), ATP synthase, ribosomal RNAs, transfer RNAs, cytochrome b and control region (D-loop) are anno-
tated. Genes located outside the circle are transcribed in a clockwise direction, whilefig. genes inside are transcribed 
counterclockwise. The inner ring shadow denotes the GC content of the genome.
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(Accipiter virgatus Temminck, 1822, Accipiter gentilis and Circus melanoleucos 
Forster, 1795) and the tribe Buteonini (Milvus migrans, Haliastur indus Bod-
daert, 1783, Haliaeetus albicilla and Buteo buteo) (Fig. 3A). The estimated evo-
lutionary divergence time between S. calvus and its sister taxa, based on mito-
chondrial data, was approximately 22.2 million years ago (Mya) (95% highest 
posterior density (HPD): 2.8–43.8 Mya) (Fig. 3B). Fossil calibration constraints 
were applied to several groups, including Accipitriformes and Falconiformes, 
as well as Accipitriformes and Galliformes, among others. The estimated diver-
gence times for these groups ranged from 6.2 to 101.5 Mya. Genetic distance 
analysis showed that the genetic distance between S. calvus and other Gypini 
ranged from 4.02% to 5.17%, while the distance between S. calvus and Cathar-
tidae ranged from 10.90% to 12.26% (Suppl. material 1: table S1).

A total of 138 conserved amino acid substitution sites were observed be-
tween Old World vulture (Gypini) and New World vulture (Cathartidae) groups. 
The largest number of substitutions was found in the ND5 gene (23 sites), 
whereas the smallest number occurred in ATP6 (3 sites) (Suppl. material 1: ta-
ble S2). Among these, 67 sites displayed substitutions between different amino 
acid chemical groups, with ND1 showing the highest number of such substitu-
tions (11 sites). Special case amino acid substitutions were found in ATP8 (1 
site), COX1 (1 site), COX2 (1 site), CYTB (2 sites), ND1 (2 sites), ND3 (2 sites), 

Figure 2. The relative synonymous codon usage (RSCU) and codon distribution of the Asian king vulture mitogenome. 
The different colors in the column chart symbolize distinct codon families associated with the amino acids listed be-
low. Consistent coloring is applied to maintain representation uniformity across the same codon families. Bar chart 
showed-relative synonymous codon usage in all protein-coding genes of the mitogenome of S. calvus.
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Table 2. Characteristics of the mitogenome of Sarcogyps calvus.

Start End Length 
(bp)

Direction Type Gene 
name

Gene product Anti-codon Start codon Stop 
codon

1 987 987 + control region - - – – –

988 1058 71 + tRNA trnE(uuc) tRNA-Glu TTC – –

1059 1577 519 + CDS ND6 NADH dehydrogenase 
subunit 6

– ATG TAG

1599 1668 70 + tRNA trnP(ugg) tRNA-Pro TGG – –

1669 2863 1195 + control region

2931 2864 68 – tRNA trnT(ugu) tRNA-Thr TGT

4076 2934 1143 – CDS CYTB cytochrome b – ATG TAA

5903 4089 1815 – CDS ND5 NADH dehydrogenase 
subunit 5

– ATG TAA

5974 5904 71 – tRNA trnL(uag) tRNA-Leu TAG – –

6039 5975 65 – tRNA trnS(gcu) tRNA-Ser GCT – –

6110 6041 70 – tRNA trnH(gug) tRNA-His GTG – –

7488 6106 1383 – CDS ND4 NADH dehydrogenase 
subunit 4

– ATG AGG

7778 7482 297 – CDS ND4L NADH dehydrogenase 
subunit 4L

– ATG TAA

7848 7780 69 – tRNA trnR(ucg) tRNA-Arg TCG – –

8204 7854 354 – CDS ND3 NADH dehydrogenase 
subunit 3

– ATG AGG

8273 8205 69 – tRNA trnG(ucc) tRNA-Gly TCC – –

9057 8274 784 – CDS COX3 cytochrome c oxidase 
subunit III

– ATG CCT

9740 9057 684 – CDS ATP6 ATP synthase F0 subunit 6 – ATG TAA

9898 9731 168 – CDS ATP8 ATP synthase F0 subunit 8 – ATG TAA

9970 9900 71 – tRNA trnK(uuu) tRNA-Lys TTT – –

10655 9972 684 – CDS COX2 cytochrome c oxidase 
subunit II

– ATG TAA

10726 10658 69 – tRNA trnD(guc) tRNA-Asp GTC – –

10731 10802 72 + tRNA trnS(uga) tRNA-Ser TGA – –

12344 10794 1551 – CDS COX1 cytochrome c oxidase 
subunit I

– GTG AGG

12346 12415 70 + tRNA trnY(gua) tRNA-Tyr GTA – –

12416 12482 67 + tRNA trnC(gca) tRNA-Cys GCA – –

12485 12557 73 + tRNA trnN(guu) tRNA-Asn GTT – –

12560 12628 69 + tRNA trnA(ugc) tRNA-Ala TGC – –

12702 12630 73 – tRNA trnW(uca) tRNA-Trp TCA – –

13747 12701 1047 – CDS ND2 NADH dehydrogenase 
subunit 2

– ATG TAG

13816 13748 69 – tRNA trnM(cau) tRNA-Met CAT – –

13816 13886 71 + tRNA trnQ(uug) tRNA-Gln TTG – –

13971 13900 72 – tRNA trnI(gau) tRNA-Ile GAU – –

14947 13970 978 – CDS ND1 NADH dehydrogenase 
subunit 1

– ATG AGG

15030 14957 74 – tRNA trnL(uaa) tRNA-Leu TAA – –

16634 15030 1605 – rRNA l-rRNA 16S ribosomal RNA – – –

16706 16635 72 – tRNA trnV(uac) tRNA-Val TAC – –

17681 16706 976 – rRNA s-rRNA 12S ribosomal RNA – – –

17750 17681 70 – tRNA trnF(gaa) tRNA-Phe GAA – –
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Table 3. Number of short sequence repeats in mitochondrial genome of Sarcogyps calvus. Abbreviations: MRS, mono-
meric repeated sequences; DRS, dinomeric repeated sequences; TriRS, trimeric repeated sequences; TetRS, tetrameric 
repeated sequences.

Region MRS DRS TriRS TetRS Microsatellite sequences Total
(unidentified region) 7 0 4 0 2 13
ATP6 7 18 14 3 3 45
ATP8 4 4 5 1 0 14
COX1 11 56 28 7 2 104
COX2 7 15 14 4 1 41
COX3 10 27 16 2 1 56
CR1 22 46 15 3 2 88
CR2 24 44 16 2 4 90
CYTB 18 37 16 6 3 80
l-rRNA 43 49 18 5 0 115
ND1 17 38 15 2 3 75
ND2 18 28 20 4 5 75
ND3 3 9 3 2 0 17
ND4 27 41 34 2 1 105
ND4L 1 10 3 2 0 16
ND5 32 53 41 7 2 135
ND6 14 10 12 5 5 46
s-rRNA 20 22 10 3 1 56
trnA 1 1 0 1 0 3
trnC 0 3 0 0 0 3
trnD 1 1 0 0 0 2
trnE(uuc) 2 1 1 0 0 4
trnG 2 5 2 0 0 9
trnH(gug) 1 1 0 2 0 4
trnI 0 4 0 0 0 4
trnK 1 2 4 0 0 7
trnL 1 3 0 0 0 4
trnL(uag) 1 0 0 0 0 1
trnM 2 0 2 0 0 4
trnN 1 0 0 1 0 2
trnP(ugg) 2 2 0 0 0 4
trnQ 2 3 2 0 0 7
trnR 0 1 0 1 0 2
trnS 0 1 1 2 0 4
trnS(gcu) 2 1 0 0 0 3
trnT(ugu) 2 4 0 0 0 6
trnV 0 1 3 2 0 6
trnW 1 2 0 0 0 3
trnY 4 0 0 0 0 4
Total 311 543 299 69 35 1257

ND4 (1 site), ND4L (1 site) and ND6 (5 sites). Among these, Pro was the most 
frequently substituted amino acid, with 7 substitutions across ATP8, CYTB, 
ND1, ND3 and ND6, followed by Cys (5 sites) and Gly (4 sites) (Table 4). In 
the Old World vulture clade, 43 amino acid substitution sites were identified 
between S. calvus and other Gypini. The largest number of substitutions was 
found in CYTB (9 sites), while the smallest number occurred in COX1, COX2 and 
ND4L (1 site each) (Table 5). Unique amino acid chemical groups were found at 
15 sites in S. calvus, with the largest number located in ND5 (5 sites). Pro was 
the most frequently substituted amino acid in this group (3 sites in ATP8, CYTB 
and ND4), with Gly ranking second (1 site in ND5) (Table 5).
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Figure 3. Maximum-likelihood phylogenetic trees based on amino acid alignments of 13 conserved protein-coding genes 
from the mitochondrial genomes of Sarcogyps calvus and 39 other bird species, with species from the orders Galliformes 
and Anseriformes used as outgroups A phylogram indicating bootstrap support values based on 1,000 replicates at each 
node B time calibrated phylogeny with the estimated minimum and maximum divergence times (millions of years ago, 
Mya) are indicated at each node. Sarcogyps calvus is in red.

A

B
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Table 4. Amino acid substitution with different side chain property between Old World vultures (OWVs) and New World 
vultures (NWVs).

Gene Position OWV NWV
Side chain property

OWV NWV

ATP8 7 A N Hydrophobic Polar uncharged

30 P S Special case Polar uncharged

COX1 1 G A Special case Hydrophobic

3 S F Polar uncharged Hydrophobic

COX2 4 H N Positive Polar uncharged

43 A T Hydrophobic Polar uncharged

90 N D Polar uncharged Negative

156 N G Polar uncharged Special case

161 A S Hydrophobic Polar uncharged

166 A T Hydrophobic Polar uncharged

COX3 152 M T Hydrophobic Polar uncharged

224 N K Polar uncharged Positive

CYTB 5 P I Special case Hydrophobic

376 M T Hydrophobic Polar uncharged

378 C Y Special case Hydrophobic

381 T K Polar uncharged Positive

ND1 9 H Y Positive Hydrophobic

79 T I Polar uncharged Hydrophobic

81 M T Hydrophobic Polar uncharged

160 V T Hydrophobic Polar uncharged

171 A T Hydrophobic Polar uncharged

173 T A Polar uncharged Hydrophobic

189 T A Polar uncharged Hydrophobic

260 Q E Polar uncharged Negative

263 T P Polar uncharged Special case

312 I T Hydrophobic Polar uncharged

323 C Y Special case Hydrophobic

ND2 5 T A Polar uncharged Hydrophobic

56 T A Polar uncharged Hydrophobic

65 T A Polar uncharged Hydrophobic

140 V T Hydrophobic Polar uncharged

185 A S Hydrophobic Polar uncharged

229 T M Polar uncharged Hydrophobic

299 H Y Positive Hydrophobic

ND3 7 T M Polar uncharged Hydrophobic

19 I T Hydrophobic Polar uncharged

64 L P Hydrophobic Special case

77 T P Polar uncharged Special case

ND4 8 T M Polar uncharged Hydrophobic

40 H Q Positive Polar uncharged

57 C G Special case Special case

63 S A Polar uncharged Hydrophobic

112 A T Hydrophobic Polar uncharged

170 H Q Positive Polar uncharged
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Gene Position OWV NWV
Side chain property

OWV NWV

171 I T Hydrophobic Polar uncharged

195 L S Hydrophobic Polar uncharged

201 M T Hydrophobic Polar uncharged

ND4L 11 S A Polar uncharged Hydrophobic

16 C S Special case Polar uncharged

43 T A Polar uncharged Hydrophobic

ND5 16 A T Hydrophobic Polar uncharged

61 S M Polar uncharged Hydrophobic

71 I T Hydrophobic Polar uncharged

332 T M Polar uncharged Hydrophobic

350 A N Hydrophobic Polar uncharged

382 M T Hydrophobic Polar uncharged

407 A T Hydrophobic Polar uncharged

438 M T Hydrophobic Polar uncharged

597 T I Polar uncharged Hydrophobic

ND6 36 G A Special case Hydrophobic

50 P S Special case Polar uncharged

53 A S Hydrophobic Polar uncharged

73 C S Special case Polar uncharged

78 L P Hydrophobic Special case

107 E G Negative Special case

126 V S Hydrophobic Polar uncharged

140 W R Hydrophobic Positive

Discussion

The present study has, for the first time, characterized the complete mitog-
enome of S. calvus and compared it with 39 other avian mitogenomes. The 
mitogenome of S. calvus included 13 PCGs, 22 tRNA genes, two rRNA genes 
and two putative CR regions, consistent with the mitogenomes of the Gyps hi-
malayensis and Aepygius cinereus (Li et al. 2015; Jiang et al. 2019). The total 
length of the PCG region of S. calvus was 11,407 base pairs (bp), which fell 
within the range observed in other members of Accipitriformes (11,377–11,920 
bp). We observed that mitogenomes are subject to weaker translational selec-
tion compared to nuclear genomes (dos Reis et al. 2004). Regarding the GTG 
initiation codon of COX1, a previous study has reported the utilization of GTG 
as a start codon in the ribosomal protein L16 (rpl16) gene in some plant mito-
chondria (Bock et al. 1994). Additionally, RNA editing could also be a factor, as 
it has been observed in chicken mitochondria (Yokobori and Pääbo 1997). In 
the context of RSCU values, we identified AGG and AGA as the preferred stop 
codons in the mitogenome of S. calvus, with the RSCU values of 1.7 and 1.52, 
respectively. AGG has been identified as a stop codon for the NADH dehydroge-
nase 1 (ND1) and cytochrome c oxidase subunit 1(COX1) mitochondrial genes 
in the cinereous vulture and Himalayan griffon (Li et al. 2015; Jiang et al. 2019). 
Similarly, AGA has been shown to function as a stop codon for the NADH de-
hydrogenase subunit 3 (NADH3) and NADH dehydrogenase subunit 5 (NADH5) 
mitochondrial genes in the ostrich (Härlid et al. 1997). In contrast, UAA and 
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Table 5. Amino acid substitution with different side chain property between Old World vultures (OWVs) and New World 
vultures (NWVs).

Gene Position OWV NWV
Side chain property 

OWV NWV

ATP6 31 F I Hydrophobic Hydrophobic

83 I I Hydrophobic Hydrophobic

139 I I Hydrophobic Hydrophobic

ATP8
 

24 I I Hydrophobic Hydrophobic

50 S P Polar uncharged Special case

COX1 468 M M Hydrophobic Hydrophobic

COX2 70 I I Hydrophobic Hydrophobic

CYTB 15 I I Hydrophobic Hydrophobic

26 P S Special case Polar uncharged

47 L L Hydrophobic Hydrophobic

213 I V Hydrophobic Hydrophobic

220 P P Special case Special case

307 F F Hydrophobic Hydrophobic

310 K K Positive Positive

321 L L Hydrophobic Hydrophobic

370 T L Polar uncharged Hydrophobic

ND1 15 S S Polar uncharged Polar uncharged

179 L L Hydrophobic Hydrophobic

ND2 19 I I Hydrophobic Hydrophobic

22 S S Polar uncharged Polar uncharged

122 S S Polar uncharged Polar uncharged

325 T T Polar uncharged Polar uncharged

327 I T Hydrophobic Polar uncharged

335 I L Hydrophobic Hydrophobic

ND3 1 I I Hydrophobic Hydrophobic

108 T N Hydrophobic Polar uncharged

ND4 43 L L Hydrophobic Hydrophobic

90 A T Hydrophobic Polar uncharged

183 H P Positive Special case

263 T T Polar uncharged Polar uncharged

357 T T Polar uncharged Polar uncharged

394 I I Hydrophobic Hydrophobic

418 T T Polar uncharged Polar uncharged

ND4L 73 T T Polar uncharged Polar uncharged

ND5 30 T T Polar uncharged Polar uncharged

74 M T Hydrophobic Polar uncharged

291 T T Polar uncharged Polar uncharged

404 Y Y Hydrophobic Hydrophobic

434 E G Negative Special case

600 I I Hydrophobic Hydrophobic

ND6
 

3 A T Hydrophobic Polar uncharged

142 A A Hydrophobic Hydrophobic

166 M L Hydrophobic Hydrophobic
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UAG stop codons exhibited a negative bias, with RSCU values of 0.64 and 0.14, 
respectively. Additionally, we detected a negative bias against guanine at the 
third codon position across all 13 PCGs, consistent with findings in the cinere-
ous vulture and Himalayan griffon (Li et al. 2015; Jiang et al. 2019).

Our results corroborate the position of S. calvus within the Old World vulture 
clade (Gypini), consistent with previous studies (Seibold and Helbig 1995; Le-
rner and Mindell 2005; Mindell et al. 2018; Khatri et al. 2019; Catanach et al. 
2024). We estimated that S. calvus diverged from its sister clade (Gyps and 
Aegypius) approximately 22 Mya, while the divergence between Gypini and 
Cathartidae was estimated to have occurred around 74.1 Mya. This estimate 
closely aligns with previous findings (De Panis et al. 2021). Our analysis of ami-
no acid substitutions, particularly those involving different chemical groups, 
suggests that these changes could potentially influence protein structure and 
function (Teng et al. 2010). Substitutions involving Cys, Pro, and Gly are partic-
ularly significant due to their unique roles in protein structure and stability. In 
this study, we observed transitions from Cys, which forms disulfide bonds crit-
ical for protein stability, to hydrophobic residues, potentially affecting protein 
folding and stability (Zavodszky et al. 2001; Alvares et al. 2013). Additionally, 
we detected changes involving Pro, known to restrict backbone flexibility, and 
Gly, which contributes to protein folding due to its small size, and may disrupt 
protein dynamics (Wilman et al. 2014; Senthil et al. 2019). We also noticed sub-
stitutions from hydrophobic to polar uncharged residues, such as Ser and Thr, 
across mitochondrial genes. These residues enhance hydrogen bonding and 
stability in aqueous environments, although transitions between similar resi-
dues (e.g., Ser to Thr) likely have minimal structural impact (Saeki et al. 2013). 
The observed amino acid changes may reflect functional adaptations and di-
vergence within Gypini, with implications for mitochondrial function and the 
conservation of S. calvus. Future studies should explore these findings using 
structural modeling to better understand their impact.

Conclusions

Our study documents the characteristics of the complete mitogenome of 
S. calvus. Phylogenetic analysis corroborated its evolutionary relationships 
within Accipitriformes. S. calvus was most closely related to a clade formed 
by Aegypius monachus and species of Gyps. Additionally, we identified con-
served amino acid changes between Gypini and Cathartidae, as well as 
unique amino acid substitutions specific to the S. calvus. These findings 
enhance our understanding of the evolutionary history and functional ge-
nomics of this critically endangered species.
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Abstract

Rhysipolinae is a small cosmopolitan cyclostome subfamily of braconid wasps, currently 
comprising 10 genera and more than 80 species. The two species of the subfamily 
whose biology has been confirmed are koinobiont ectoparasitoids of lepidopteran 
larvae, deviating from the two common parasitoid strategies in Braconidae (koinobiont-
endoparasitoid, idiobiont-ectoparasitoid). Defining the limits of Rhysipolinae has been 
challenging due to the lack of exclusive morphological features and difficulties in 
resolving its phylogenetic relationships based on both morphological and Sanger DNA 
sequence data. However, recent phylogenomic studies using nuclear ultraconserved 
elements (UCEs) and mitochondrial genome sequences have begun to clarify its 
relationships, although various generic boundaries remain unclear. Here a phylogenomic 
analysis based on UCE data was performed including 32 species of nine rhysipoline 
genera to assess the monophyly of the subfamily as well as its generic limits. Our 
phylogenetic analysis confirmed the monophyly of Rhysipolinae, but no unique external 
morphological features were found for its diagnosis. Most genera were recovered as 
monophyletic except Rhysipolis Förster, 1863, whose clade included Cerophanes Tobias, 
1971 and Troporhysipolis Quicke, Belokobylskij & Butcher, 2016. Based on our molecular 
and morphological evidence, we synonymise Cerophanes syn. nov. with Rhysipolis 
and describe the new genus and species Rogapolis nomai García-Acosta, Shimbori, 
Castañeda-Osorio & Zaldívar-Riverón gen. et sp. nov., which is mainly characterised by 
a median longitudinal carina on the second metasomal tergum, a feature previously 
predominantly occurring in Rogadinae. Moreover, Pseudavga Tobias, 1964 syn. nov. 
is proposed as a subgenus of Pachystigmus Hellén, 1927. A taxonomic diagnosis for 
Rhysipolinae and a key to its currently valid genera are also provided.
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elements
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Introduction

Rhysipolinae Belokobylskij, 1984 is a small cosmopolitan cyclostome subfamily 
of braconid wasps, currently comprising 10 genera and over 80 extant species (Yu 
et al. 2016; Quicke et al. 2016; Jasso-Martínez et al. 2021, 2022a). Its type genus, 
Rhysipolis Förster, 1863, is the most widespread and speciose, comprising 22 
valid species distributed across the Palaearctic, Nearctic, Neotropical, Oriental, 
and Australasian regions (Yu et al. 2016). While the biology of most rhysipoline 
species remains unknown, two species with well-documented strategies, Rh. 
decorator (Haliday, 1836) and Pseudavga flavicoxa Tobias, 1964, are known to be 
koinobiont ectoparasitoids of lepidopteran larvae from the families Crambidae, 
Gelechiidae, Gracillariidae, Momphidae, and Bucculatricidae (Shaw 1983; Shaw 
and Sims 2015; Yu et al. 2016; Shaw 2017). This parasitoid strategy represents 
a notable deviation from the typical koinobiont-endoparasitoid and idiobiont-
ectoparasitoid strategies observed in Braconidae (Shaw 1983). It has been 
proposed that this behaviour might constitute an evolutionary intermediate 
stage between ectoparasitoid idiobiosis and endoparasitoid koinobiosis (Gauld 
1988). Additionally, the biology of three species from other rhysipoline genera, 
Cantharoctonus Viereck, 1912, Pachystigmus Hellén, 1927, and Parachremylus 
Granger, 1949 is partially known, with all being reported as ectoparasitoids 
of lepidopteran larvae (Belokobylskij and Tobias 1986; Whitfield and Wagner 
1991; Belokobylskij and Maeto 2006).

The taxonomic definition of Rhysipolinae has historically been challenging 
due to the absence of exclusive morphological features and the difficulty in 
consistently delineating its generic limits, composition, and phylogenetic rela-
tionships among its genera based on external morphology (Whitfield and van 
Achterberg 1987; Whitfield 1992; Wharton 1993; Spencer and Whitfield 1999; 
Scatolini et al. 2002; Quicke 2015) and Sanger DNA sequence data (Sharanows-
ki et al. 2011; Zaldívar-Riverón et al. 2006). Recent studies using genomic-scale 
data, including nuclear ultraconserved elements (UCEs; Jasso-Martínez et al. 
2021, 2022a) and mitochondrial genome sequences (Jasso-Martínez et al. 
2022b), have significantly advanced the understanding of the generic compo-
sition and phylogenetic relationships within this group. These phylogenomic 
analyses consistently place Rhysipolinae as sister to the Hormiinae + Rogadi-
nae clade, incorporating the taxonomically problematic genera Allobracon Ga-
han, 1915 and Parachremylus Granger, 1949, which were previously classified 
within the subfamily Hormiinae (Hormiini) due to their unsclerotised terga (Be-
lokobylskij 1993; Wharton 1993).

Currently, Rhysipolinae lacks exclusive external morphological features 
that reliably distinguish it from other braconid subfamilies, and instead it 
is diagnosed by a combination of plesiomorphic and partly apomorphic 
features (Spencer and Whitfield 1999). For instance, Rhysipolinae shares 
with Hormiinae, Exothecinae, and Rogadinae several features, including an 
occipital carina that does not join the hypostomal carina ventrally, the pres-
ence of epicnemial carina, and sometimes costate sculpture on the second 
metasomal tergum (Sharkey 1997; Whitfield and Wharton 1997). However, 
these features vary considerably among rhysipoline genera and their sister 
groups (van Achterberg 1995; Quicke 2015).
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In this study, we employed nuclear ultraconserved element (UCE) data for nine 
of the ten currently recognised rhysipoline genera, representing the first phyloge-
netic study specifically focused on this subfamily. Using the reconstructed phy-
logenetic framework and external morphological features, we evaluated the va-
lidity of the examined genera and proposed corresponding taxonomic changes. 
Moreover, the integration of phylogenetic and morphological evidence led to the 
description of a new rhysipoline genus and species, Rogapolis nomai gen. et sp. 
nov., characterised by a distinctive feature mainly known in the cyclostome sub-
family Rogadinae: a median longitudinal carina on the second metasomal ter-
gum. Finally, we provide an identification key to the valid genera of Rhysipolinae.

Materials and methods

Taxon sampling

We analysed UCE data from 29 species representing nine of the 11 rhysipolinae 
genera: Rhysipolis, 15 spp.; Cantharoctonus, 1 sp.; Pachystigmus, 2 spp., Pseu-
davga Tobias, 1964, 2 spp., Parachremylus, 2 spp.; Allobracon, 3 spp.; Pseudo-
rhysipolis Scatolini, Penteado-Dias & van Achterberg, 2002, 2 spp.; Cerophanes 
Tobias, 1971, 1 sp.; and Troporhysipolis Quicke, Belokobylskij & Butcher, 2023, 1 
sp. As outgroups, we included 28 species belonging to 23 genera of the subfam-
ilies Hormiinae and Rogadinae, as these groups have consistently been recov-
ered as sisters to Rhysipolinae in previous UCE-based studies (Jasso-Martínez 
et al. 2021; Jasso-Martínez et al. 2022a, b). We also included one specimen with 
uncertain generic assignment (DNA sample voucher: USNMENT01322932).

New UCE data were generated for 24 ingroup and outgroup species, while data 
for the remaining species were obtained from four previously published studies 
(Jasso-Martínez et al. 2021, 2022a, b; Shimbori et al. 2024). Detailed information 
of the specimens examined in this study, their species assignment, locality, DNA 
voucher, and SRA accession numbers are available in the Suppl. material 1.

Morphological examination

We examined the external morphology of the sequenced and additional speci-
mens, all of which are deposited in the following collections: Colección Nacio-
nal de Insectos del Instituto de Biología de la Universidad Nacional Autónoma 
de México (CNIN IB-UNAM); Zoological Institute of the Russian Academy of 
Sciences, St Petersburg, Russia (ZISP); and Coleção Entomológica, Departa-
mento de Ecologia e Biologia Evolutiva, Universidade Federal de São Carlos, 
São Carlos, SP, Brazil (DCBU). Morphological terminology follows van Achter-
berg (1988), except for wing venation and microsculpture features, which fol-
low Sharkey and Wharton (1997) and Harris (1979), respectively. Digital images 
of representative species from various rhysipoline genera were taken at the 
Zoological Institute of the Russian Academy of Sciences using a Canon EOS 
70D digital camera mounted on an Olympus SZX10 microscope, and at the 
Laboratorio Nacional de Biodiversidad (LANABIO) at IBUNAM using a ZEISS® 
AXIO ZoomV16 stereoscopic microscope, an AxioCam MRc5 (5 megapixels) 
camera, and the ZEN 2012 (Blue Edition) software.
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DNA extraction protocol and library preparation

Genomic DNA was extracted from ethanol-preserved and pinned specimens us-
ing a non-destructive technique (Ceccarelli et al. 2012) with the EZ-10 Spin Col-
umn Genomic DNA minipreps Kit (BIOBasic, Toronto, ON, Canada). Specimens 
were digested overnight, and subsequently removed from digestion, washed with 
distiller water, and remounted. DNA quantification was performed using a Qubit 
4.0 fluorometer (v.4.0, Invitrogen, Life Technologies, Carlsbad, CA, USA) and the 
High Sensitivity Kit (Invitrogen, Life Technologies, Carlsbad, CA, USA).

Twenty-two genomic libraries were prepared following the protocol described 
by Branstetter et al. (2017), using the Kapa Hyper Prep Kit (Kapa Biosystems Inc., 
Wilmington, MA, USA) and custom TruSeq-style dual-indexing barcodes adapt-
ers (Glenn et al. 2019) for in silico demultiplexing. For library preparation, up to 
150 ng of input DNA per sample was resuspended in 100 μl of ultrapure water. 
DNA was sheared into ~ 200–600 bp fragments using a BioRuptor Pico sonica-
tor, applying one to three cycles of 15–90-second on/off pulses, depending on 
the collection date and condition of each specimen. Samples were pooled at 
equimolar concentrations in groups of 7–10 libraries for enrichment, with a total 
input of 2,000 ng of DNA per enrichment reaction. The UCE enrichment was per-
formed using the RNA probe set Hym v.2 designed for Hymenoptera (Branstetter 
et al. 2017), which includes 31,829 baits targeting 2,590 UCE loci, following the 
standard enrichment protocol (www.ultraconserved.org). Post-enrichment DNA 
pools were quantified using the Qubit 4.0 fluorometer with the Broad Range Kit 
(Invitrogen, Life Technologies, Carlsbad, CA, USA), combined at equimolar ratios, 
and sent for sequencing to Admera Health BioPharma Services (South Plainfield, 
NJ, USA) employing an Illumina NovaSeqX instrument (PE150, v4 chemistry). 
Sequenced libraries produced 150-bp paired-end reads.

Two additional libraries belonging to two species of Pseudorhysipolis were 
generated using the NEBNext Ultra II FS DNA Library Prep kit (New England 
Biolabs, Ipswich, MA, USA) according to the manufacturer’s protocol, scaled to 
a 1:15 ratio. Up to 10 ng of DNA, resuspended in 2.6 µL of ultrapure water, was 
used as input. DNA was fragmented for 5 minutes to achieve a mean fragment 
size of 200–500 bp. Amplified and purified libraries were quantified using Qubit, 
pooled at equimolar concentrations, and sent for sequencing to Admera Health 
BioPharma Services (South Plainfield, NJ, USA). Sequencing was performed on 
an Illumina NovaSeqX instrument (PE150, v4 chemistry). Sequenced libraries 
produced 150-bp paired-end reads. Raw sequence data for all newly generated 
samples are available in the NCBI Sequence Read Archive (NCBI-SRA) under 
BioProject accession number PRJNA1228065.

UCE data processing

Bioinformatic processing was performed using the Beagle HPC supercom-
puter at the Instituto de Biología, Universidad Nacional Autónoma de México 
(IB-UNAM). Raw reads were cleaned of adapters, and low-quality sequences 
were filtered using Trimmomatic v. 0.39 (Bolger et al. 2014). Reads assembly 
was performed on the web server Galaxy (usegalaxy.org) using either SPAdes 
or RNAspades (Bankevich et al. 2012; Bushmanova et al. 2019). Contigs were 
processed following the Phyluce v. 1.7.1 pipeline (Faircloth 2016).
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UCE contigs were identified using the Hymenoptera-v2 probe set (Branstetter 
et al. 2017) and subsequently extracted. Individual UCE loci were aligned using 
MAFFT (Katoh and Toh 2008) implemented in Phyluce, and poorly aligned regions 
were removed using GBLOCKS v. 0.91 (Talavera and Castresana 2007) with re-
laxed stringency values (0.5, 0.5, 12, and 7 for the b1-b4 parameters, respectively). 
This bioinformatic pipeline was applied to both target and non-target enrichment 
samples. Finally, we built completeness matrices with thresholds of 50, 60, 70%.

Phylogenetic analyses

We used the SWSC-EN algorithm (Tagliacollo and Lanfear 2018) to define par-
titions within each UCE locus. The optimal partition scheme and appropriate 
evolutionary model for each partition was determined using ModelFinder in 
IQTREE v2.2.0 (Minh et al. 2020) with the -rclusterf option, which is suitable for 
our data matrices (Lanfear et al. 2017) and the -TESTMERGEONLY command, 
which implements the greedy algorithm of PartitionFinder. We also used the 
Bayesian information criterion (BIC) to identify the best partition scheme. Max-
imum likelihood (ML) analyses were conducted using IQTREE v. 2.2.0 (Minh 
et al. 2020) with 1,000 ultra-fast bootstrap replicates (Hoang et al. 2018) to 
assess clade support and generate a consensus tree (Soltis and Soltis 2003).

All completeness matrices with their respective partition schemes and their 
derived phylogenetic trees are available in the FigShare repository (10.6084/
m9.figshare.28489664).

Results

UCE performance and alignment statistics

An average of 1,618,742 reads were obtained for the newly processed sam-
ples prior to filtering and trimming. After trimming, an average of 1,290,498 
clean reads were obtained. The cleaned reads produced an average of 95,360 
assembled contigs (min. 33,351 – max. 470,913). We recovered a total of 
2,460 UCE loci from the 2,590 available loci in the Hymenoptera-v2 probe set 
across all samples, including outgroups. The recovered loci had a mean length 
of 333.60 bp after aligning and trimming. The average number of UCE loci re-
covered was 1,192.1. Parachremylus sp. and Soraya alencarae had the lowest 
(99) and highest (1898) number of loci, respectively, across all samples. The 
alignment summary for each completeness matrix is provided in Table 1.

Phylogenetic relationships

The ML phylograms derived from the analyses conducted with the 50%, 60% 
and 70% completeness matrices are provided in Fig. 1 and Suppl. material 2. 
We recovered similar topologies for the analyses across the three complete-
ness matrices, with topological differences primarily observed among species 
of the Rhysipolis + Cerophanes + Troporhysipolis clade. The topology from the 
50% completeness matrix had the highest number of nodes supported by boot-
strap (BTP) values of 100 (all but one node within the ingroup), and we thus 
only describe its relationships.
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The subfamily Rhysipolinae and most of its genera were recovered as mono-
phyletic, except for Rhysipolis, which was paraphyletic with respect to the only 
species of Cerophanes and Troporhysipolis: C. kerzhneri Tobias and T. antefur-
calis (Granger). The Rhysipolis clade was divided into two main subclades. The 
first included C. kerzhneri deeply nested along with most Rhysipolis species 
from the Palaearctic and one from the Nearctic regions. The second subclade 
comprised Rhysipolis species from the Palaearctic, Oriental, and Neotropical 
regions, with the Afrotropical T. antefurcalis placed as sister to all of them.

The species with problematic assignment was recovered as sister to the 
Pseudorhysipolis + Allobracon clade, with these three taxa being sister to the 
remaining rhysipoline genera. Parachremylus was also recovered as monophy-
letic and sister to the Cantharoctonus + (Pseudavga + Pachystigmus) and the 
Rhysipolis + Cerophanes + Troporhysipolis clades. Cantharoctonus, on the other 
hand, was sister to the Pseudavga + Pachystigmus clade.

Taxonomic inferences

Our taxon sampling confirmed the monophyly of Rhysipolinae and of most of 
its genera. However, Rhysipolis was recovered as paraphyletic with respect to 
Cerophanes Tobias and Troporhysipolis. These two genera are morphologically 
similar to Rhysipolis, sharing all the diagnostic features of this genus, including 
a complete occipital carina not joining the hypostomal carina, epicnemial carina 
complete, and first to third terga never striated. Cerophanes is distinguished from 
Rhysipolis by the presence of a large inner horn-like process on the scapus (absent 
in Rhysipolis) (Tobias 1971; Belokobylskij and Tobias 1986; Whitfield and Wagner 
1991), whereas Troporhysipolis is distinguished by the vein 1cu-a antefurcal to the 
veins 1M and 2CUb arising distinctly before the middle of distal margin of second 
subdiscal cell (vein 1cu-a postfurcal to vein 1M and vein 2CUb usually arrising be-
hind or in the middle of distal margin of second subdiscal cell in Rhysipolis) (Quicke 
et al. 2016). Our best-supported phylogenetic estimate placed Cerophanes deeply 
nested within Rhysipolis, whereas Troporhysipolis appeared at the base of one of 
the two main subclades of Rhysipolis. Based on these relationships and on the 
aforementioned morphological features, we propose Cerophanes syn. nov. as a 
junior synonym of Rhysipolis. Further molecular phylogenetic studies including ad-
ditional species of Troporhysipolis are needed to confirm its generic status.

Our best phylogenetic estimate recovered the members of Pachystigmus and 
Pseudavga as reciprocally monophyletic, which is congruent with their morpholo-
gy. Species of both genera share several features, including a short first metaso-
mal tergum, typically not longer than its posterior width, basal sternal plate not 
longer than its posterior width, vein CU1a of fore wing arising from middle of dis-
tal margin of second subdiscal cell, and vein m-cu of hind wing usually present. 
Tobias (1964) described Pseudavga and distinguishing it from Avga Nixon, 1940 

Table 1. Alignments summary for the matrices with different completeness percentages.

Matrix No. of taxa UCE loci Loci mean length (bp) [min-max] Matrix length (bp) Informative sites Nucleotide positions

50% 61 1,232 371.07 [172-614] 457,160 218,966 15,871,303

60% 61 827 379.36 [200-614] 313,727 160,106 12,249,152

70% 61 642 388.45 [200-614] 249,388 132,562 10,357,365
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Figure 1. ML phylogram derived from the 50% completeness matrix. Coloured clades correspond to the different 
rhysipoline genera, except for the Rhysipolis (violet), Cerophanes (red) and Troporhysipolis (red) clade. Asterisks (*) near 
branches indicate bootstrap support values < 100. Nodes without labels are supported by BTP support values of 100.

and Hormius Nees, 1919, though overlooked the genus Noserus Foerster, 1863 
(= Pachystigmus Hellén, 1927), whose status was unclear at that time. A sub-
sequent study of the type material and additional specimens of the genotype 
Noserus facialis Förster, 1863 (Belokobylskij and Tobias 1986) revealed that this 
genus and Pseudavga did not have external morphological differences, and thus 
the former was regarded a synonym of the second. Recently, the restoration of 
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the generic status of Pseudavga was proposed after studying its biology and 
subtle morphological features (Shaw and Sims 2015). However, based on our re-
covered relationships, molecular evidence, and on the consistent morphological 
similarity of these two taxa, we propose Pseudavga syn. nov. to be treated as a 
synonym of Pachystigmus and consider it a subgenus within the latter.

Based on the recovered phylogenetic relationships and the morphological exam-
ination of the studied specimens, we propose that the specimen with problematic 
assignment, which is sister to Allobracon + Pseudorhysipolis, represents an unde-
scribed genus and species. Below, we describe this genus, provide a diagnosis for 
Rhysipolinae, and a key to the currently valid genera of this subfamily. Digital pic-
tures of representative species belonging to all the rhysipoline genera recognised 
in this study except Rogapolis gen. nov. are provided in the Suppl. material 3.

Systematic accounts

Family Braconidae Nees, 1811

Subfamily Rhysipolinae Belokobylskij, 1984

Diagnosis. Head with subcircular or weakly oval hypoclypeal cavity; occipital 
carina usually present (except Allobracon), complete, not joining hypostomal 
carina ventrally, distinctly removed from it and separately reaching lower margin 
of head capsule near mandible, or sometimes incomplete ventrally; postgenal 
bridge always absent; maxillary palpus 6-segmented, labial palpus 4-segment-
ed, third segment of labial palpus never shortened. Antenna often setiform, 
sometimes curled into ring apically in dried specimens; first flagellar segment 
not shorter than second segment. Mesosoma: notauli on mesoscutum com-
plete or often absent in posterior half of mesoscutum, usually without longi-
tudinal furrow medio-posteriorly; prepectal carina and precoxal sulcus present 
and distinct, but sometimes some of these structures absent (Allobracon and 
Parachremylus); propodeum often without areola, but sometimes with mid-lon-
gitudinal carina or with relatively several distinct areas (at least posteriorly) de-
lineated by rather distinct carinae. Fore wing with marginal cell always closed 
distally, usually not shortened and reaching wing apex. Vein m-cu usually an-
tefurcal to vein 2-SR; veins 2SR and r-m present; discal cell petiolate anteriorly; 
second subbasal cell always closed distally by vein CU1b; vein CU1a never in-
terstitial; vein a always absent. Hind wing with three hamuli; vein m-cu usually 
present, but sometimes short, or absent; vein cu-a always present and closing 
subbasal cell. Subbasal cell medium-sized or short. Fore tibia without spines; 
hind coxa suboval, without basoventral corner and tubercle; hind femur long and 
narrow; claws simple and small. First metasomal tergum always with dorsope, 
though sometimes small; acrosternite (basal sternal plate) of first segment 
predominantly short, rarely (Cantharoctonus) elongated; dorsal carinae usually 
distinct at least in basal half, fused or not fused subbasally. Following terga 
usually relatively soft, mainly smooth, but sometimes second and third terga 
rather distinctly sclerotised, shagreened, granulate or even partly striate (Afro-
rhysipolis, Rogapolis and Pseudorhysipolis); laterotergites of second tergum 
often not separated, but usually with inflection and crease; spiracles of second 
and third terga situated dorso-laterally, slightly above crease; suture between 
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second and third terga usually present, distinct, or almost indistinct. Ovipositor 
short, distinctly shorter than metasoma, usually slightly widened subapically, 
with dorsal node, often without serration ventro-apically.

Included genera. Afrorhysipolis, Allobracon, Cantharoctonus, Pachystig-
mus (= Pseudavga, Noserus), Parachremylus, Pseudorhysipolis, Rhysipolis 
(= Cerophanes), Rogapolis, Troporhysipolis (Table 2).

Comments. The genus Neoavga Belokobylskij, 1989 was originally included 
within Hormiinae (Hormiini; Belokobylskij 1989) and it was subsequently trans-
ferred to Rhysipolinae (van Achterberg 1995; Yu et al. 2016), though Wharton 
(1993) previously suggested that this genus belonged to Exothecini. More recent-
ly, in the redefinition of the Mesostoinae (Shimbori et al. 2017), Neoavga was pro-
posed to belong to this subfamily mainly based on the presence of the crossvein 
a in the fore wing, and the epicnemial carina present only laterally and absent ven-
trally. This placement was later confirmed by Quicke et al. (2020) in a molecular 
phylogenetic study that focused on the cyclostome braconid subfamilies.

Rogapolis García-Acosta, Shimbori, Castañeda-Osorio & Zaldívar-Riverón, 
gen. nov.
https://zoobank.org/499133C5-4432-4361-B0FE-1296986DCA14

Type species. Rogapolis nomai sp. nov.
Diagnosis. Rogapolis can be morphologically distinguished from the remaining 

members of Rhysipolinae by having the second metasomal terga with a basal trian-
gular median area followed by a longitudinal carina, a feature that had been mainly 
observed in most members of the subfamily Rogadinae and some Braconinae.

Description. Head: Antenna with at least 45 flagellomeres. Basal flagel-
lomeres long, distal flagellomeres shorter. Distal margin of scapus strongly 
oblique (ventral length of pedicellus as long as ventral length of scapus). Frons, 
vertex, temple, and gena smooth and polished. Eyes glabrous, large, and oval-
shaped. Malar space relatively short, distinctly shorter than eye. Face consid-
erably pilose, with long setae. Hypoclypeal depression small and rounded. Ma-
lar suture present. Frons depressed, flat, with an indistinct median transversal 
carina. Ocelli small. Occipital carina incomplete medio-dorsally, ventrally not 
joining hypostomal carina.

Mesosoma: Mostly smooth and polished, except metapleuron and propodeum, 
which are rugose areolate. Propleuron with posterior flange. Notauli deep, wide, 
not joining posteriorly, finishing in the middle of mesoscutum. Mid pit absent. 
Scutellar sulcus with six complete carinae. Epicnemial carina present. Precoxal 
sulcus deep, scrobiculate, extended at least two thirds length of mesopleuron. 
Metanotum with complete mid-longitudinal carina, posterior margin not protrud-
ing. Propodeum angled in lateral view, with median longitudinal carina present.

Wings: Forewing vein r as long as vein (RS+M)a, inserted in the proximal 
part of the pterostigma, slightly oblique; second submarginal cell moderately 
large, rectangular, distinctly narrowing proximally, vein r-m present but spec-
tral; vein 1RS short; vein (RS+M)a slightly sinuate; vein M+CU completely tu-
bular and almost straight; 1cu-a postfurcal; vein 2cu-a present and long. Hind-
wing veins RS and M present; vein M+CU as long as vein 1-M; second subdiscal 
cell long and closed distally; vein m-cu present and distinctly sclerotised.
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Legs: Coxae mostly smooth, with long setae. Hind tibial spurs slightly curved 
and with few setae. Claws simple, without distinct basal lobe or pecten.

Metasoma: First and second terga longitudinally costate; first tergum with 
a median longitudinal carina; second tergum with a basal triangular median 
area followed by median longitudinal carina. Exposed part of ovipositor sheath 
short, 0.5× as long as hind tibia.

Biology. Unknown.
Geographic distribution. This genus is known only from the type locality, a 

cloud forest region in the state of Acre, northern Brazil.
Etymology. The genus name Rogapolis is formed by combining Rogadinae, a 

subfamily that includes morphologically similar genera, and Rhysipolis, a genus 
within Rhysipolinae, the subfamily to which this new genus belongs. The gen-
der of the genus is feminine, following the grammatical treatment of taxonomic 
names ending in -polis.

Rogapolis nomai García-Acosta, Shimbori, Castañeda-Osorio & Zaldívar-
Riverón, sp. nov.
https://zoobank.org/9AC078D0-A04E-4004-B2B1-39CF12AD842C
Fig. 2A–I

Type material. Holotype, female (USNMENT01322932) “BRAZIL, Mâncio Lima, 
AC / 20.IV.2006 / Menezes col” (DCBU 22093).

Description. Female, body length 4 mm, fore wing 4 mm; antenna 6.1 mm.
Head. Face without mid-longitudinal ridge, smooth and polished. Frons, oc-

ciput, temples, and malar space smooth and polished. Frons depressed behind 
antennal sockets, flat, with a an almost indistinct median transversal carina. 
Occipital carina medio-dorsally incomplete, ventrally present, and not joining 
hypostomal carina above the base of mandible. Temple narrow and receding 
(dorsal view), about as long as eyes. Head in dorsal view 1.25× wider than me-
soscutum height. POL 0.57× OD, 0.238× OOL. Face width 1.51× longer than 
hight. Hypoclypeal cavity nearly round. Diameter of hypoclypeal cavity 0.69× 
shorter than distance between cavity and eye margin. Hypoclypeal cavity mod-
erate to strongly convex dorsally. Antenna 1.5× longer than body. Flagellum 
with 45 flagellomeres (one broken). Apical (lighter) flagellomeres somewhat 

Table 2. List of valid rhysipoline genera after this study, including author, geographic distribution, and number of their 
described species (Yu et al. 2016; Jasso-Martínez et al. 2021, 2022a, b).

Genera Author and year Geographic distribution No. described species
Afrorhysipolis Belokobylskij, 1999 Afrotropical 1
Allobracon Gahan, 1915 Nearctic, Neotropical 24
Cantharoctonus Viereck, 1912 Nearctic, Neotropical 9
Pachystigmus (Pseudavga syn. nov.) Hellén, 1927 Afrotropical, Palaearctic 6
Parachremylus Granger, 1949 Afrotropical, Oriental 4
Pseudorhysipolis Scatolini, Penteado-Dias & van 

Achterberg, 2002
Neotropical 10

Rhysipolis (Cerophanes syn. nov.) Förster, 1863 Neotropical, Nearctic, 
Oriental, Palaearctic

24

Rogapolis gen. nov. Neotropical
Troporhysipolis Quicke, Belokobylskij & Butcher, 2016 Afrotropical, Australasian 4
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Figure 2. Rogapolis nomai García-Acosta, Shimbori, Castañeda-Osorio & Zaldívar-Riverón, gen. et sp. nov. Holotype, fe-
male A habitus, lateral view B head, posterolateral view (shown hypostomal carina not reaching occipital carina) C head, 
front view D head, dorsal view E head and mesosoma, dorsal view F head and mesosoma, lateral view G metasoma, 
dorsal view H metasoma, lateral view I wings.

widening in comparison with basal ones. First flagellomere 3.4× longer than 
wide, 1.55× longer than the second and 1.65× third.

Mesosoma. Pronotal collar forming a distinct neck. Pronotum smooth and 
polished. Pronope and subpronopes present. Pronope forming a wide concave 
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area. Mesosoma 1.79× longer than high, 2.2× longer than width in dorsal view. 
Mesoscutum and scutellum smooth and polished. Mesoscutum 0.97× longer 
than high. Scutellum 1.9× wider than long. Scutellar sulcus 0.4× as long as wide.

Wings. Forewing: pterostigma relatively small, 5.4× longer than maximum width. 
Vein 2RS 1.4× longer than vein r. Vein 3RSa 1.17× longer than 2RS. Vein 3RSb 2.3× 
longer than 3RSa; vein 1CUa around same size than vein 1cu-a; vein (RS+M)a 
straight. Hind wing: vein 1M 1.31× longer than M+CU. Vein 1M 3.2× longer than m-cu.

Legs. Mid and hind coxae smooth and polished. Hind legs with tarsi broken. 
Ventral margin of hind tibia without dense comb of setae. Hind tibial spurs 
slightly curved with few setae.

Metasoma. First metasomal tergum short, 2.1× longer than subbasal width, 
0.8× as long as distal width. First and second terga longitudinally costate. Third 
tergum longitudinally costate anteriorly. Ovipositor sheaths uniformly setose, 
short, 0.5× as long as hind tibia.

Colour. Head, mesoscutum, scutellum, and mesopleuron honey yellow, 
propodeum and metasoma dark brown to black. Antenna, fore and mid coxae, 
and tibiae honey yellow. Hind leg and fore and middle tarsi dark brown to black. 
Wings dusky; veins and pterostigma brown to dark brown. Ovipositor sheaths 
dark brown. Ovipositor honey yellow.

Male. Unknown.
Etymology. This species was named after a fictional alien race called Nomai, 

from the ‘Outer Wilds’ video game.

Key to Rhysipolinae genera

1 Prepectal carina present and complete. Occipital carina usually complete, 
sometimes reduced ventrally. First metasomal tergum entirely coarsely 
sclerotised, without membranous areas in posterior half. Mesoscutum 
usually mostly smooth ..................................................................................2

– Prepectal carina absent. Occipital carina incomplete, reduced dorsal-
ly and ventrally, or sometimes entirely absent. First metasomal tergum 
with two large, membranous areas in posterior half. Mesoscutum densely 
finely granulate ..............................................................................................8

2 Vein m-cu of fore wing distinctly postfurcal to vein 2-SR. Mesoscutum densely 
granulate. Second and third metasomal terga distinctly sclerotised and main-
ly rugose-striate. Afrotropical region ...........Afrorhysipolis Belokobylskij, 1999

– Vein m-cu of fore wing distinctly antefurcal to vein 2-SR. Other characters 
variable ...........................................................................................................3

3 First and second metasomal terga with posteriorly acuminate subtriangu-
lar basal areas and with high medial carinae prolonged to posterior mar-
gins of terga. First and second metasomal terga entirely and third tergum 
in basal half distinctly striate with reticulation between striae. Neotropical 
region ..............................................................................Rogapolis gen. nov.

– First and second metasomal terga usually without acuminate subtrian-
gular basal areas and usually without high medial carinae prolonged to 
posterior margins of terga. First to third metasomal terga never striate, 
usually smooth and often weakly sclerotised, but sometimes shagreened 
or granulate (some Pseudorhysipolis species) ...........................................4
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4 Vein cu-a of fore wing distinctly antefurcal to vein 1-M. Second subdiscal 
cell of fore wing concave, widened medially. Vein 2-CU1 thickened. Vein 
CU1 of fore wing arising before or from middle of distal margin of second 
subdiscal cell. Afrotropical region ..................................................................
 .............................. Troporhysipolis Quicke, Belokobylskij & Butcher, 2016

– Vein cu-a of fore wing distinctly postfurcal to vein 1-M (basal). Second 
subdiscal (brachial) cell of fore wing not widened medially. Vein 2-CU1 not 
thickened. Vein CU1 of fore wing variable ...................................................5

5 Inner apex of hind tibia with conspicuous comb of setae. Vertex, mesoscu-
tum and propodeum antero-dorsally granulate. Vein 1-M of hind wing 
1.5–2.2× as long as vein M+CU. Second metasomal terga often entirely 
and most part of third tergum strongly sclerotised and densely granulate. 
Neotropical region ...........................................................................................
 ......... Pseudorhysipolis Scatolini, Penteado-Dias & van Achterberg, 2002

– Inner apex of hind tibia without comb or with a comparatively narrow comb 
of setae. Vertex, mesoscutum and propodeum without granulation. Vein 
1-M of hind wing 1.3× as long as vein M+CU or less. Second and third terga 
always weakly sclerotised and smooth or faintly shagreened ......................6

6 Setose part of ovipositor sheath longer than half of metasoma. Second 
subdiscal cell of fore wing wide. Vein CU1a of fore wing arising from 
posterior 0.3 of distal margin of second subdiscal cell. Occipital carina 
present and complete, not fused below with hypostomal carina, removed 
from it and separately reaching lower margin of head capsule near mandi-
ble. Vein r of fore wing arising near middle of pterostigma. Rarely scapus 
of antenna modified, with distinct and acuminate inner lateral process. 
Nearctic, Neotropical, Oriental, and Palaearctic regions ..............................
 ..................Rhysipolis Foerster, 1863 [Cerophanes Tobias, 1960, syn. nov.]

– Setose part of ovipositor sheath short or very short, not or only slightly 
longer than first metasomal tergum. Second subdiscal cell of fore wing 
narrow. Vein CU1a arising from or before middle of distal margin of 
second subdiscal cell. Occipital carina present, fused with hypostomal 
carina, or not fused, removed from it and separately reaching lower 
margin of head capsule near mandible. Vein r of fore wing usually aris-
ing distal to middle of pterostigma, often from its distal 0.3–0.4. Sca-
pus never modified ................................................................................7

7 Propodeum with wide, transverse groove anteriorly. First metasomal ter-
gum long, 1.5–1.8× longer than its posterior width; basal sternal plate 
elongated. Vein CU1a of fore wing often arising before middle of distal 
margin of second subdiscal cell. Vein m-cu of hind wing absent. Pterostig-
ma of male never enlarged. Nearctic and Neotropical regions ....................
 .......................................................................Cantharoctonus Viereck, 1912

– Propodeum usually without transverse groove anteriorly, sometimes only 
with narrow sulcus. First metasomal tergum short, usually not longer than its 
posterior width; basal sternal plate never elongated. Vein CU1a of fore wing 
always arising from middle of distal margin of second subdiscal cell. Vein 
m-cu of hind wing usually present. Pterostigma of male sometimes enlarged. 
Afrotropical and Palaearctic regions .....................................................................
 Pachystigmus Hellen, 1927 [including Pseudavga Tobias, 1964 as subgenus]
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8 Occipital carina completely absent. Vertex smooth. Precoxal sulcus ab-
sent. Propodeum without areola, with distinct and almost complete lon-
gitudinal keel. Second and third metasomal terga without longitudinal 
carina, rarely second tergum basally with short carina. Nearctic and Neo-
tropical regions ....................................................... Allobracon Gahan, 1915

– Occipital carina present laterally, absent dorsally and sometimes ventral-
ly. Vertex densely granulate-coriaceous. Precoxal sulcus present. Propo-
deum with large areola delineated by distinct carinae, longitudinal carina 
absent or, if present, short basally. Second and third metasomal terga with 
distinct median longitudinal carina. Afrotropical and Oriental regions .......
 ........................................................................Parachremylus Granger, 1949

Discussion

This study represents the first effort to delineate the limits of the subfamily 
Rhysipolinae using nuclear genome-wide data. As a small and historically 
overlooked braconid subfamily with a global distribution, our findings also 
provide a phylogenetic framework to assess the validity of its genera. Our 
best phylogenetic estimate consistently supports the monophyly of the 
subfamily with the inclusion of the newly described genus Rogapolis. How-
ever, our morphological revision failed to identify any diagnostic morpho-
logical feature exclusive to Rhysipolinae, leaving its monophyly currently 
supported solely by molecular data.

A putative synapomorphy of Rhysipolinae is their biology as koinobiont ec-
toparasitoids of leaf-miners and leaf-rollers. However, evidence supporting this 
trait is scarce and limited to only two of the nine genera (Shaw 1983; Shaw 
and Sims 2015; Shaw 2017). While host associations are documented for Allo-
bracon, Parachremylus, and Troporhysipolis, the available information is incom-
plete. Allobracon is associated with leaf-miners, but its parasitism strategy re-
mains unknown (Muesebeck 1958; Belokobylskij and Maeto 2006; Quicke et al. 
2016). Similarly, Troporhysipolis has hosts among leaf-tying Lepidoptera rather 
than leaf-miners, and no further details on its biology are available (Quicke et 
al. 2016). A second putative synapomorphy of this subfamily is the presence 
of large abdominal exocrine glands in males, a feature originally described by 
Buckingham and Sharkey (1988) in Rhysipolis (though not examined in other 
rhysipoline genera). These glands are morphologically similar to the so-called 
Hagen’s glands observed in the subfamilies Opiinae, Alysiinae, and Telengaiinae 
(formerly Gnamptodontinae), and thus their presence was interpreted as indic-
ative of a phylogenetic affinity between Rhysipolinae and the latter three sub-
families (Buckingham and Sharkey 1988). However, this hypothesis has been 
refuted based on recent molecular-phylogenetic evidence (Jasso-Martínez et 
al. 2022a, b). Notably, Buckingham and Sharkey (1988) highlighted key anatom-
ical differences, particularly in the position of the gland openings, underscoring 
their morphological significance. Given the potential phylogenetic relevance 
of this structure, further investigation into its prevalence within Rhysipolinae 
could provide additional insights into the evolutionary history of this group.

Despite the absence of known exclusive diagnostic morphological 
features, a combination of previously proposed characters can help distin-
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guish Rhysipolinae from its closely related subfamilies Hormiinae, Exothe-
cinae and Rogadinae (Belokobylskij 1993; Wharton 1993; van Achterberg 
1995). These characters include the occipital carina not merging with hy-
postomal carina, complete epicnemial carina, vein m-cu of fore wing usu-
ally antefurcal to vein 2-SR, vein cu-a of fore wing usually postfurcal to 
vein 1-M, submedian vein of forewing not strongly decurved, and a weakly 
developed forewing SR.

Following the taxonomic changes proposed in this study, we recognise 
nine genera within Rhysipolinae (Table 2), several of which possess dis-
tinctive diagnostic features. For example, Rogapolis is mainly defined by 
a median longitudinal carina on the second metasomal tergum, a feature 
that is present in most rogadine genera (Sharkey 1997), but that within 
Rhysipolinae is only shared with Parachremylus. Pseudorhysipolis, on the 
other hand, is distinguished by a conspicuous comb of modified bristles on 
the hind tibia and an often granulate sculpture of mesosoma (Scatolini et 
al. 2002), while Allobracon is characterised by the complete absence of an 
occipital carina and a partially unsclerotised first metasomal tergum (as in 
Parachremylus) (Belokobylskij 1993; Wharton 1993).

Our phylogenetic reconstruction revealed geographic patterns in the dis-
tribution of some clades within Rhysipolinae. Two main clades can be distin-
guished within the subfamily. The first only includes genera with a New World 
(Neotropical and Nearctic) distribution—Rogapolis, Pseudorhysipolis, and Allo-
bracon—, whereas the second consists of genera primarily distributed across 
the Afrotropical, Oriental, and Palaearctic regions—Pachystigmus, Parachremy-
lus, Rhysipolis, and Troporhysipolis— though it also contains the Neotropical 
and Nearctic genus Cantharoctonus.

The fossil subgenus of Rhysipolis, Rhysipolis (Granulopolis) simutniki Be-
lokobylskij, 2024, was recently described from inclusion of the late Eocene 
Baltic amber, revealing that this genus was already extant during the late Eo-
cene, 37-34 Mya (Belokobylskij and Manukyan 2024). All previous records of 
rhysipoline (in current sense) fossil taxa from the Baltic amber, amber from the 
Tarkeshwar lignite mine in Gujarat, India, and imprints of Rott am Siebengebirge. 
Mount and Aix-en-Provence in France, are unconfirmed and therefore doubtful 
(Belokobylskij and Manukyan 2024). Further UCE-based phylogenomic studies 
incorporating more rhysipoline species from different continents are therefore 
necessary to evaluate the origin and subsequent diversification of Rhysipolinae 
across the New and Old Worlds.
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Research Article

Abstract

The mayflies of the genus Epeorus Eaton, 1881 subgenus Caucasiron Kluge, 1997 are 
distributed from the eastern Mediterranean to the mountains of south-west China. 
In contrast to the Caucasus, the Mediterranean and Irano-Anatolian regions, where 
E. (Caucasiron) represents one of the most extensively studied mayfly taxa, the species 
diversity in the more eastern mountains of Asia has been studied only sporadically. In this 
study, the species diversity of E. (Caucasiron) from the mountains of Central Asia (Pamir, 
Tian Shan) and the western part of the Himalayas was analysed using DNA barcoding 
and the morphology of larvae and adults. The distance- and phylogenetic tree-based 
molecular species delimitation analyses revealed five E. (Caucasiron) species occurring 
in the study area. Three of them did not correspond morphologically to any known spe-
cies of the genus Epeorus. These species were described herein as E. (C.) himalayensis 
Hrivniak & Sroka, sp. nov., E. (C.) lanceolatus Hrivniak & Sroka, sp. nov. and E. (C.) lineatus 
Hrivniak & Sroka, sp. nov. All new species were compared with other representatives of 
the subgenus and other related species of the genus Epeorus, and appropriate morpho-
logical diagnostic characters were provided. Morphological revision, main diagnostic 
characters, and information on the distribution of E. (C.) guttatus Braasch & Soldán, 
1979 and two other potentially related Epeorus species from the area, E. psi Eaton, 1885 
and E. suspicatus (Braasch, 2006), are also given.

Key words: Aquatic insects, integrative taxonomy, mountains, species delimitation

Introduction

The genus Epeorus Eaton, 1881, subgenus Caucasiron Kluge, 1997, represents a 
charismatic group of mountain mayflies distributed in the Palaearctic (Hrivniak 
et al. 2020a). Its highest diversity is to be found in the Caucasus region, where 
it represents one of the most species-rich groups of mayflies (Hrivniak et al. 
2024). Its larvae inhabit rapids of montane and submontane streams, as well 
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as rivers with stony substrates, and are among the most important indicators 
of high water quality (Türkmen 2023). The distribution range of E. (Caucasiron) 
can be divided into two separate areas. The western part includes the Eastern 
Mediterranean (Samos and Cyprus Islands), the Caucasus and the Irano-Ana-
tolian mountain ranges (Hrivniak et al. 2020b), while the eastern part includes 
the mountains of Central Asia, the Himalayas, and the mountains of south-west 
China (Fig. 1). The species diversity of the western part of the area was already 
intensively studied from 1938 to 1981 (Tshernova 1938; Sinitshenkova 1976; 
Braasch 1978, 1979, 1980a, 1983a; Braasch and Soldán 1979; Braasch and Zim-
merman 1979) and altogether ten species were described based on morphol-
ogy. Since 2017, a further eight species have been described using an integra-
tive taxonomic approach (Hrivniak et al. 2017, 2019, 2020a, 2021, 2022, 2024), 
when the analysis of morphological traits proposed by Braasch and Soldán 
(1979) and Hrivniak et al. (2020b) were combined with the DNA barcoding (se-
quences of cytochrome c oxidase subunit I; hereafter COI) and molecular spe-
cies delimitation (e.g. Fujisawa and Barraclough 2013; Puillandre et al. 2021). 
To date, the research has resulted in 18 described species (listed in Hrivniak et 
al. 2020b, 2024), a comprehensive DNA barcoding dataset of all species (de-
posited in NCBI GenBank, https://www.ncbi.nlm.nih.gov/genbank) and a guide 
for the identification of larvae to the species level (Hrivniak et al. 2020b, 2024).

In contrast to the western part of the area, only two species reliably at-
tributed to E. (Caucasiron) are known from the eastern part of the area, 
namely E. (C.) guttatus (Braasch & Soldán, 1979) distributed in the mountains of 
Central Asia (Tian Shan and Pamir) (Braasch and Soldán 1979; Kluge 2015) and 
E. (C.) extraordinarius Chen, Wang & Zhou, 2010 known from south-west China 
(Yunnan-Guizhou Plateau) (Chen et al. 2010; Ma and Zhou 2022) (Fig. 1). The re-
cent study by Vasanth et al. (2021) summarised the diversity and distribution of 
the genus Epeorus in India and placed three additional species in the subgenus 
E. (Caucasiron). These included E. psi Eaton, 1885 distributed in the Himalayas 
and Mountains of south-west China (Braasch 1980b, 1981; Vasanth et al. 2021; 
Ma and Zhou 2022), and E. kapurkripalanorum (Braasch, 1983) and E. suspica-
tus (Braasch, 2006), both of which are known from the Himalayas (Kapur and 
Kripalani 1963; Braasch 2006a) (Fig. 1). However, this was based solely on larval 
morphology or on original descriptions of larvae, but not on the analysis of mo-
lecular data or the examination of adults, which are essential for the assignment 
of species to species groups/subgenera (Braasch 2006a). Therefore, the subge-
neric classification of these species within the genus Epeorus remains uncertain 
(Kluge 2004; Braasch 2006a) and a reliable taxonomic revision is required to 
clarify their systematic position. In this study, we retain the assignment of E. psi, 
E. kapurkripalanorum and E. suspicatus to the genus level, while we consider the 
assignment to the subgenus E. (Caucasiron) to be uncertain.

Considering the geographical extent and topographical complexity of the 
eastern part of the area, more species of E. (Caucasiron) can be expected 
there. Therefore, we aim to investigate its species diversity in Central Asia 
and the Himalayas using an integrative taxonomic approach that has prov-
en successful in the species delimitation of E. (Caucasiron) mayflies in the 
western part of the area. Since species identification based on the original 
descriptions is often complicated and inaccurate, we also aim to revise the 
morphology of insufficiently described species.
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This study summarises the recent knowledge on E. (Caucasiron) from the 
eastern part of its range, focusing on the mountains of Central Asia (Tian Shan 
and Pamir) and the western part of the Himalayas (Fig. 1). The main objectives 
are (i) to study the species diversity of the subgenus in Central Asia and the 
Himalayas using molecular species delimitation tools and morphology, (ii) to 
describe the morphology of new species and provide their key diagnostic char-
acters, and (iii) to provide basic information on their distribution and habitat re-
quirements. In addition, we provide information on larval morphology, diagnos-
tic characters, and distribution of three species of the genus Epeorus known 
from the area, E. (C.) guttatus, E. suspicatus, and E. psi.

Figure 1. Distribution of studied Epeorus spp. across Asian mountains. Triangles refer to localities in the literature; our 
sampling sites are marked with red dots. A species name marked with an asterisk indicates the unclear systematic posi-
tion of the species within the genus Epeorus. Dashed line represents the frame of the detailed map in Fig. 2. Boundaries 
of mountain ranges were adopted from Snethlage et al. (2022).

Materials and methods

The specimens of E. (Caucasiron) examined in this study were collected in Ta-
jikistan, Kyrgyzstan, and India in 2016–2018. The larvae were collected by hand 
net and the winged stages were reared from larvae in the field. The material 
was preserved in 96% EtOH and stored in the laboratory at -20 °C. The col-
lection is deposited at the Zoological Survey of India (ZSI), Kolkata (The Min-
istry of Environment, Forest and Climate Change, India), Biology Centre of the 
Czech Academy of Sciences, Institute of Entomology, České Budějovice, Czech 
Republic (IECA) and National Museum of Natural History, National Academy 
of Sciences of Ukraine (NMNH NASU). Other species used for morphological 
comparison were obtained from the IECA. These included all species from the 
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Caucasus, the Mediterranean region and Irano-Anatolian region, E. psi and the 
type material (paratype) of E. (C.) guttatus (Braasch & Soldán, 1979). The type 
material (holotype and paratypes) of E. suspicatus (Braasch, 2006) was ob-
tained from the State Museum of Natural History, Stuttgart, Germany (SMNS).

Morphological examination and terminology

Parts of specimens were mounted on microscopic slides using HydroMatrix (Mi-
croTech Lab, Graz, Austria) mounting medium. To remove the muscle tissue for 
an investigation of the cuticular structures, specimens were left overnight in a 
10% solution of NaOH prior to slide mounting. Drawings were made using a ste-
reomicroscope Olympus SZX7 and a microscope Olympus BX41, both equipped 
with a drawing tube. Photographs were obtained using Leica DFC450 camera 
fitted with macroscope Leica Z16 APO. Photographs were stacked in Helicon 
Focus v. 5.3. All photographs were subsequently enhanced with Adobe Photo-
shop v. CS5. Specimens assignable to already described species were identified 
using original descriptions/redescriptions of individual species (Kapur and Kri-
palani 1963; Braasch 1980b, 2006a; Chen et al. 2010; Kluge 2015; Vasanth et al. 
2021) and comparative material. Adults were associated with larvae by rearing 
in the field and analyses of COI. Morphological traits for the description of larvae 
and adults were adopted from Braasch (1980a) and Hrivniak et al. (2020).

A term “late instar larva“ refers to the larva with well-developed wing pads (as 
on Fig. 3A) or the larva with body length exceeding 10 mm without cerci. A term 
“extralimital species” used in sections “Affinities” includes species from the 
western part of E. (Caucasiron) range (i.e., the Caucasus, Mediterranean and Ira-
no-Anatolian regions). The systematic classification follows the concept of Kluge 
(1997, 2015), where several subgenera within the genus Epeorus are recognised. 
Species with unclear subgeneric position are classified to the genus level only.

DNA extraction, PCR, sequencing, and alignment

Total genomic DNA of 25 specimens was extracted from legs using the DEP-
25 DNA Extraction Kit (Top-Bio) or DNeasy Blood & Tissue Kit (QIAGEN). COI 
was sequenced according to Hrivniak et al. (2017). COI sequences of other E. 
(Caucasiron) species used in the species delimitation analyses were obtained 
from Hrivniak et al. (2020a, 2021, 2022, 2024) and Ma and Zhou (2022). The 
final dataset contained 123 specimens, all species from the Caucasus, Medi-
terranean, and Irano-Anatolian regions, and a single species from south-west 
China (E. (C.) extraordinarius). Sequences were assembled in Jalview v. 2 (Wa-
terhouse et al. 2009) and aligned in the same software using the Mafft v. 7 
plugin (Katoh and Standley 2013). Newly obtained sequences are deposited in 
GenBank with accession numbers PV330270–PV330294.

Molecular species delimitation

Molecular delimitation of individual species was performed using the single 
threshold General Mixed Yule Coalescent model (GMYC, Pons et al. 2006; Fujisa-
wa and Barraclough 2013) and the Assemble Species by Automatic Partitioning 
(ASAP; Puillandre et al. 2021). The COI gene tree for GMYC model was recon-
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structed using BEAST v. 2.6.7. (Bouckaert et al. 2019) with settings described in 
Hrivniak et al. (2020a). Two analyses were run on CIPRES Science Gateway (Mill-
er et al. 2010) for 100 million generations sampled every 10,000 generations. 
Convergence and effective sample size (ESS > 200) were verified using Tracer v. 
1.7. (Rambaut et al. 2018). The first 10% of trees from each run were discarded 
as burn-in. Files from both independent runs were combined using LogCombin-
er v. 2.6.7. The maximum clade credibility tree was constructed from 18,000 
trees using TreeAnnotator v. 1.8.4. with default settings. GMYC model was per-
formed at https://species.h-its.org/gmyc/. ASAP was performed at https://bio-
info.mnhn.fr/abi/public/asap/. The input dataset was the aligned fasta file and 
a simple pairwise genetic distances were selected. Inter- and intraspecific pair-
wise genetic distances were calculated in MEGA X (Kumar et al. 2018).

Results and discussion

Molecular and morphological species delimitation

The final alignment contained 631 base pairs and 226 variable positions, from 
which 211 were parsimony informative. The GMYC model revealed 26 spe-
cies units (confidence interval: 23–31). The most probable scenario of ASAP 
species delimitation (ASAP score of partition 1: 1.50; threshold distance: 
0.043582) was congruent with GMYC model (Fig. 2). All species clusters 
were supported by posterior probability (> 0.95) from BEAST 2. Specimens 
from Central Asia and the Himalayas were delimited into five species units. 
Two of them morphologically corresponded to E. (C.) guttatus and E. psi. The 
remaining three species units did not correspond to any previously known 
E. (Caucasiron) species. They also differed from similar species with unclear 
subgeneric attribution occurring in the same area, E. kapurkripalanorum and 
E. suspicatus. Therefore, we have named the three new species E. (C.) hima-
layensis sp. nov., E. (C.) lanceolatus sp. nov., and E. (C.) lineatus sp. nov. and 
their morphology is described below.

Interspecific pairwise genetic distances of the dataset restricted to species 
from Central Asia, the Himalayas and south-west China ranged from 5.07 to 
18.07% and maximum intraspecific distances reached 1.59%. Interspecific 
pairwise genetic distances of morphologically well-defined species distributed 
in the Caucasus, Mediterranean and Irano-Anatolian region ranged from 5.24 to 
16.03% and maximum intraspecific distances reached 3.53%.

The newly proposed species E. (C.) himalayensis sp. nov. differed from all 
other species included in the analysis by 6.25–17.49% (E. (C.) lanceolatus sp. 
nov.: 6.25–6.83% and E. psi: 16.51–17.49%), E. (C.) lineatus sp. nov. differed 
by 5.07–18.07% (E. (C.) guttatus: 5.07–5.71% and E. psi: 16.83–18.07%), and 
E. (C.) lanceolatus sp. nov. differed by 6.25–17.27% (E. (C.) himalayensis sp. 
nov.: 6.25–6.83% and E. psi: 16.32–17.27%).

Descriptions of the new species

All species described below were assigned to the subgenus Caucasiron within the 
genus Epeorus based on the following morphological characters: larva: i) pres-
ence of a projection on the costal margin of gill plates II–VII, and ii) mediodorsal 
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directed hair-like setae along the anterior margin of the head; male imago: iii) pe-
nis lobes cylindrical, without latero-apical spines, and iv) median titillators well de-
veloped. The holotypes are deposited in ZSI, paratypes in IECA and NMNH NASU.

Epeorus (Caucasiron) himalayensis Hrivniak & Sroka, sp. nov.
https://zoobank.org/8A4B0D7A-B2FD-42B8-85DB-87FCFC1D2140
Figs 3–6

Type material. Holotype: • male larva: India: Uttarakhand Pradesh, vicinity of Pan-
dukeshwar village, left tributary of Alakananda River, 2099 m a.s.l., 30°38.901'N, 
79°32.108'E (codes: IND2018/7; 39Gang); 9–11.05.2018, Martynov A.V., Pala-
tov D.M. leg. Paratypes: • 12 larvae (barcoded specimens: IN1, SP11 - labrum 
and mandibular incisors mounted on slide, SP12), 4 male imagoes (reared from 
larvae; barcoded specimens: IN7 - genitalia and larval exuvia mounted on slide, 
IN8, IN9), 3 female imagoes (reared from larva; two larval exuviae mounted on 
slide), 1 male subimago (reared from larva): same data as holotype. • 2 lar-
vae (barcoded specimens: SP13, SP22): India: Uttarakhand Pradesh, vicinity of 

Figure 2. A COI gene tree generated in BEAST 2 and results of GMYC and ASAP species delimitation analyses. Numbers 
on the tree branches refer to the posterior probability. Species delimited from our sampling sites in Central Asia and the 
Himalayas are highlighted and colored B occurrence of delimited species in the study area (colors correspond to A).
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Lambagad village, Alaknanda River, 1998 m a.s.l.; 30°38.64198'N, 79°32.02500'E 
(codes: IND2018/8; 40Gang); 9–11.05.2018, Martynov A.V., Palatov D.M. leg.

Etymology. The species name himalayensis (Latin) refers to the distribution 
in the Himalayas.

Description of larva. General coloration yellowish brown with dark brown mac-
ulation (Fig. 3). Body length (BL) of late-instar larvae: 15.0 mm (female; n = 1), 
11.8–13.1 mm (male; n = 3). Length of cerci approximately 1.2 × body length.

Head. Shape trapezoidal, slightly rounded (Fig. 3D, E). Head dimensions of 
late-instar larvae: length 3.3 mm, width 5.0 mm in female; length 2.5–2.6 mm, 
width 4.0–4.1 mm in male. Width/length ratio: 1.48–1.57 (female; n = 8), 1.48–
1.64 (male; n = 8). Coloration pattern of dorsal surface consists of: i) paired 
stripe-like and rounded maculae along epicranial suture, ii) pair of triangular (or 
blurred) macula near inner edges of eyes, iii) pair of rounded maculae ventrally 
to lateral ocelli, iv) pale stripes extending from lateral ocelli to lateral edges of 
head, v) rectangular macula between ocelli, vi) stripe-like and rounded maculae 
ventrally to median ocellus. Antennae yellowish brown, scapus and pedicellus 
darkened (Fig. 3D, E). Dorsal surface covered with short rounded spatulate se-
tae (as on abdominal terga; Fig. 4E), fine hair-like setae and stick-like setae. 
Sparse longer and fine hair-like setae located posteriorly to eyes.

Mouthparts. Labrum (Fig. 4A) widened anteriorly; anterior margin slightly 
rounded or nearly straight. Lateral angles rounded. Dorsal surface covered with 
setae of different size, 4–6 longer bristle-like setae located antero-medially and 
two bristles antero-laterally (Fig. 4A, left half). Epipharynx with longer, slightly 
plumose bristles situated along lateral to anterior margin, cluster of fine, hair-
like setae medially (not figured), and group of 6–12 setae of various size (Fig. 
4A, right half). Outer incisors of both mandibles with three apical teeth; outer 
tooth blunt in both mandibles. Inner incisor of left mandible with three apical 
teeth (Fig. 4B), right inner incisor bifurcated (Fig. 4C).

Thorax. Prothorax anteriorly narrowed, lateral edges slightly rounded. Meta-
notum with small blunt posterior-median projection. Dorsal surface covered 
with hair-like setae, stick-like setae and short rounded spatulate setae (as on 
abdominal terga and head). Sparse longer, hair-like setae along pro-, meso- 
and metanotal suture.

Legs. Coloration on Fig. 3H, I. Femora with median hypodermal spot, of-
ten transversely extended. Base and apex of femora darkened; patella-tibial 
suture darkened; tarsi proximally and distally darkened. Dorsal surface of 
femora covered by short rounded spatulate setae (Fig. 4D), hair-like setae 
and sparsely distributed stick-like setae. Dorsal edge of femora with blade-
like setae. Dorsal margin of tibiae and tarsi with row of dense hair-like se-
tae; ventral margin with irregular row of distally accumulated spines. Tarsal 
claws with two or three denticles.

Abdominal terga. Color pattern of abdominal terga consists of transversal 
stripe along anterior margin of terga I–IX (X), medially extending to: i) trian-
gular or blurred macula on terga II–IV and ii) triangular or T-shaped macula 
on terga V–IX (median macula on terga VIII and IX widened) (Fig. 3F, G). Pair 
of short stripes or spots present antero-laterally to median maculae. Lateral 
margins with oblique stripe-like maculae on terga I–IX (often dorso-posteriorly 
extended). Denticles along posterior margin of terga dense, irregular, and point-
ed (Fig. 4F). Surface of terga covered with hair-like setae, stick-like setae and 
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Figure 3. Epeorus (Caucasiron) himalayensis sp. nov., larva A habitus in dorsal view B habitus in ventral view C habitus in 
lateral view D head of male in dorsal view E head of female in dorsal view F, G coloration of abdominal terga H, I middle 
leg in dorsal view J distal part of abdomen in ventral view K–M coloration of abdominal sterna.

rounded spatulate setae (Fig. 4E, F). Tergum X with short posterolateral pro-
jections (Fig. 4L, arrow). Terga with longitudinal median row of hair-like setae.

More or less developed posteromedian spine (best expressed on terga VII–IX as 
on Fig. 11M, N) were observed in larvae of BL 6.0–8.2 mm (barcoded specimens 
SP12, SP13, SP22). Tergal spines were not observed in late instar larvae and last 
instar larval exuvia from reared adults (barcoded specimens: IN1, IN7, IN8, IN9).

Abdominal sterna. Yellowish, with a pattern consisting of more or less defined 
triangular maculae (Fig. 3K–N). Nerve ganglia darkened. Sternum IX of female 
with V-shaped median emargination and numerous hair-like setae (Fig. 4M).
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Figure 4. Epeorus (Caucasiron) himalayensis sp. nov., larva A labrum, left half in dorsal view, right half in ventral view 
(black dots correspond to setae along antero-lateral margin) B incisors of left mandible C incisors of right mandible (both 
flattened on slide; dashed polygons correspond to area covered by setae) D setae on dorsal surface of femora E setae 
on surface of tergum VII F surface and posterior margin of abdominal tergum VII G gill I H gill III (arrow shows projection 
on costal margin) I gill plate VI in dorsal view J gill plate VII in ventral view K gill VII (flattened on slide) L abdominal 
segments VIII–X in lateral view (arrow shows posterolateral projection of tergum X) M sternum IX of female. Drawn from 
late instar larvae and last instar larval exuvium.

Gills. Dorsal surface of gill plate I yellowish and of gill plates II–VII greyish on 
anterior half, brownish on posterior half. Ventral margin of all gill plates yellow-
ish brown, sometimes pinkish. Projection on gill plate III well developed (Fig. 4H, 
arrow). Gill plate VII narrow (in natural position of ventral view, Figs 3J, 4J). 
Dorsal margin of gill plates IV–VII with more or less developed papillae; best 
expressed on gill plates VI–VII (Fig. 4I).
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Figure 5. Epeorus (Caucasiron) himalayensis sp. nov., male imago A habitus in lateral view B head in dorsal view C head 
in lateral view D abdomen in dorsal view E abdomen in lateral view F abdomen in ventral view G middle leg in dorsal view 
H penis in ventral view I titillators J male genitalia in ventral view (arrow points on shallow medio-apical emargination) 
K penis in dorsal view.

Cerci. Yellowish brown, basally darkened.
Description of male imago. General coloration yellowish brown with dark 

brown maculation (Fig. 5A). Body length 11.5–13.0 mm (n = 2); length of cerci 
approximately 2 × body length. Length of fore wings 14.0–15.3 mm, hind wings 
4.5–5.1 mm.

Head. Frons yellowish brown; frontal fold dark brown. Antennae yellowish; 
scapus and pedicellus darkened. Ocelli basally blackish, apically whitish. Com-
pound eyes greyish brown, basally darkened (Fig. 5B, C). Compound eyes not 
touching each other (distance between eyes 0.10–0.66 of median ocellus; 
n = 3) or touching each other (n = 1).

Thorax. Pronotum dark brown; meso- and metathorax yellowish brown with 
dark brown maculation. Dorsal surface of mesothorax yellowish brown, medi-
an longitudinal suture darkened. Mesothoratic fucasternum yellowish brown to 
brown. Metathorax with blunt posteromedian projection.
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Wing membrane colorless. Veins dark brown, basally paler. Pterostigmatic 
area cloudy, with simple cross veins. Costal brace dark brown (Fig. 5A). Hind 
wings with short triangular costal projection.

Femora basally and apically darkened, median spot present. Tibiae basally 
darkened; claws dark brown (Fig. 5A, G). Fore legs darker than middle and hind 
legs. One claw blunt, one claw pointed.

Abdomen. Color pattern of abdominal terga as described in larva. Tergum X 
with median macula (Fig. 5D). Lateral margins with oblique stripe-like maculae 
on terga I–IX extending dorso-posteriorly, forming transversal stripe-like mac-
ula along posterior margin of terga (Fig. 5D, E). Abdominal sterna with narrow 
triangular maculae (Fig. 5F). Styliger yellowish brown; medially slightly convex 
and sparsely covered by hair-like setae (Fig. 5H, J). Forceps brown or yellowish, 
apically paler. Penis lobes brown and basally paler or yellowish, with shallow 
medio-apical notch (Fig. 5H, J, arrow), and short spine-like setae on interior 
edges. Titillators well developed and apically serrated (Fig. 5H, I). Titillators 
reach 0.30–0.44 of respective penis lobe length.

Cerci. Yellowish, basally darkened.
Description of female imago. General coloration yellowish brown with dark 

brown maculation (Fig. 6A). Body length 13.0–15.5 mm (n = 2); length of cerci 
2.3 × body length. Length of fore wings 18.2–19.5 mm, hind wings 5.6–6.3 mm.

Head. Frons yellowish brown; frontal fold brownish. Antennae yellowish; 
scapus and pedicellus darkened. Ocelli basally blackish, apically whitish. Eyes 
greyish (Fig. 6B, C).

Thorax. Coloration as described in male imago. Wing membrane colorless 
(area around bullae sometimes darkened; Fig. 6A). Veins dark brown, basally 
paler. Pterostigmatic area cloudy, with mostly simple cross veins. Costal brace 
dark brown. Hind wings with short triangular costal projection. Coloration of 
legs as in male imago.

Abdomen. Coloration pattern of abdominal terga and sterna as in male 
imago (Fig. 6D–F). Subgenital plate apically narrowed, posterior margin 
rounded or slightly concave (Fig. 6G–I). Subanal plate with shallow U-shaped 
median emargination.

Description of eggs. Oval shaped, dimensions approximately 188 × 101 μm 
(average values from 6 eggs). Chorionic surface slightly granulated (Fig. 6K), 
without distinct structures. One or two visible micropyle, shallow and rounded, 
located in subequatorial position (~ 12.5 μm in width) (Fig. 6J, K).

Main morphological diagnostics of larva. i) abdominal sterna with more or 
less defined triangular maculae (Fig. 3K–N), ii) coloration of abdominal terga 
as on Fig. 3F, G, iii) femora with median spot (Fig. 3H, I), iv) gill plates VII narrow 
(in natural position from ventral view; Figs 3J, 4J), v) tergum X with short pos-
terolateral projections (Fig. 4L, arrow), vi) abdominal terga and dorsal surface 
of femora with rounded spatulate setae (Fig. 4D–F); denticles along posterior 
margin of abdominal terga dense, irregular and pointed (Fig. 4F).

Main morphological diagnostics of imago. i) abdominal sterna with narrow 
triangular maculae (Figs 5F, 6F), ii) coloration of abdominal terga as on Figs 
5D, E, 6D, E, iii) femora with median spot (Fig. 5G), iv) wing membrane colour-
less (Figs 5A, 6A) (area of bullae sometimes darkened in female), v) subgenital 
plate of female rounded or slightly concave (Fig. 6G–I), vi) subanal plate with 
shallow median emargination (Fig. 6H, I), vii) penis lobes not apically widened, 
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Figure 6. Epeorus (Caucasiron) himalayensis sp. nov., female imago and egg A habitus in lateral view B head in dorsal 
view C head in lateral view D abdomen in dorsal view E abdomen in lateral view F abdomen in ventral view G–I subgenital 
and subanal plates J egg K detail of micropyle. Scale bars: 5 μm (K); 50 μm (J).

with shallow medio-apical notch (Fig. 5J, arrow), viii) titillators well developed, 
apically serrated, reaching to 0.30–0.44 of penis lobes in length (Fig. 5H, J).

Morphological affinities. Larva. Epeorus (C.) himalayensis sp. nov. is char-
acterised by more or less defined triangular maculae on the abdominal ster-
na (Fig. 3K–M). This feature distinguishes E. (C.) himalayensis sp. nov. from 
E. (C.) guttatus, with a pair of oblique stripes and a large median macula 
(Fig. 13H), and E. (C.) extraordinarius, with a longitudinal reddish-brown medi-
an macula (Chen et al. 2010). The triangular maculae on abdominal sterna of 
E. (C.) himalayensis sp. nov. may be narrowed (Fig. 3N). Similar oblique stripes 
are present in E. (C.) lanceolatus sp. nov. (Fig. 7F) and E. (C.) lineatus sp. nov. 
(Fig. 10Q). E. (C.) himalayensis sp. nov. can be distinguished from these species 
based on rounded spatulate setae on abdominal terga, which are lanceolate in 
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E. (C.) lanceolatus sp. nov. (Fig. 8E, F) and elongated spatulate in E. (C.) lineatus 
sp. nov. (Fig. 11E, F). In addition, E. (C.) himalayensis sp. nov. differs from the 
latter species by the absence of a median longitudinal line on abdominal sterna 
(or posteromedian macula; Fig. 10N–Q). The combination of all morphological 
characters that distinguish E. (C.) himalayensis sp. nov. from both related spe-
cies are given in the section “Main morphological diagnostics of the larva”.

Three other species occur within the eastern part of (E.) Caucasiron range 
(Fig. 1), which may belong to E. (Caucasiron) based on the morphology of lar-
vae. Of these, E. suspicatus possess oblique stripes on abdominal sterna (Fig. 
15I). However, this species has sparse larger denticles separated by shorter 
denticles along the posterior margin of abdominal terga (Fig. 16F), in contrast 
to dense, irregular, and pointed denticles (Fig. 4F) in E. (C.) himalayensis sp. 
nov. Denticulation along abdominal terga separates E. (C.) himalayensis sp. 
nov. also from E. psi, with basally denticulate spines and shorter denticles (Fig. 
18F). Additionally, E. (C.) himalayensis sp. nov. differs by a short dorso-apical 
projection on femora (Fig. 3H, I) from E. psi with an elongate and pointed dor-
so-apical projection on femora (Figs 17F, 18M).

Morphological characters separating E. kapurkripalanorum from E. (C.) hima-
layensis sp. nov. are given in the section “Remarks on Iron paraguttatus (Braasch, 
1983) and E. kapurkripalanorum (Braasch, 1983)”. Considering E. (Caucasiron) 
species from the western part of the area, E. (C.) himalayensis sp. nov. can be 
easily distinguished by the shape of setae on abdominal terga. It is charac-
terised by rounded spatulate setae, while the extralimital species have fine or 
basally widened hair-like setae (Hrivniak et al. 2020b).

Imago. In the eastern part of E. (Caucasiron) area, adults of four species have 
been described so far, namely E. (C.) guttatus (male and female), E. (C.) extraor-
dinarius (male and female), E. psi (male and female) and E. (C.) lanceolatus 
sp. nov. (female). E. (C.) himalayensis sp. nov. can be distinguished from them 
by the colouration pattern of abdominal sterna, each consisting of a narrow 
triangular macula (Fig. 6F). This is in contrast to E. (C.) guttatus with a pair 
of oblique stripes and large median macula (Kluge 2015), E. (C.) extraordinari-
us with a longitudinal reddish-brown median macula (Chen et al. 2010) and 
E. (C.) lanceolatus sp. nov. with fine, slightly curved oblique stripes (Fig. 9F). 
From the latter species, E. (C.) himalayensis sp. nov. can be separated also by a 
shallow emargination on the posterior margin of subanal plate in female imago 
(Fig. 6G–I), which contrasts with the straight posterior margin in E. (C.) lanceo-
latus sp. nov. (Fig. 9H, I).

Based on male genitalia, E. (C.) himalayensis sp. nov. differs from 
E. (C.) guttatus by longer titillators, reaching at least 1/3 of the penis lobes 
(Fig. 5H, J), in contrast to short titillators not exceeding styliger in E. (C.) gut-
tatus (Kluge 2015). The shape of penis lobes with a shallow medio-apical 
notch allows E. (C.) himalayensis sp. nov. to be distinguished from E. psi, 
which has apically bifurcated penis lobes with extended latero-apical tip (Ea-
ton 1883–1888; Braasch 2006b).

Among the extralimital species, E. (C.) nigripilosus and E. (C.) caucasicus 
show similar coloration pattern of abdominal sterna. Epeorus (C.) himalayensis 
sp. nov. can be distinguished from them by relatively narrow penis lobes with a 
shallow medio-apical notch, because both species have apically widened penis 
lobes and a deeper medio-apical notch (Braasch 1979).
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Epeorus (Caucasiron) lanceolatus Hrivniak & Sroka, sp. nov.
https://zoobank.org/4DFD1C17-701E-4BEF-9793-00F79F574355
Figs 7–9

Type material. Holotype: • female larva (barcoded specimen: IN6 - labrum, leg 
and tergum VII mounted on slide): India Uttarakhand Pradesh, vicinity of Lam-
bagad village, Alaknanda River, 1998 m a.s.l.; 30°38.64198'N, 79°32.02500'E 
(codes: IND2018/8; 40Gang); 9–11.05.2018, Martynov A.V., Palatov D. M. leg. 
Paratypes: • 1 larva (barcoded specimen: IN2 - labrum, mandibular incisors and 
tergum VII mounted on slide), 1 female imago (reared from larva; barcoded 
specimen: L38 - larval exuvium mounted on slide): same data as holotype.

Etymology. The species name lanceolatus (Latin) refers to lanceolate setae 
on abdominal terga and dorsal surface of femora characteristic for larvae.

Description of larva. General coloration yellowish brown with dark brown to 
blackish maculation (Fig. 7). BL of late-instar larva 13.87 mm (female; n = 1); 
male unknown. Length of cerci unknown.

Head. Shape oval to trapezoidal (Fig. 7A). Head dimensions of late-instar 
larva: length 3.5 mm, width 5.7 mm (female; n = 1), male unknown. Head width/
length ratio: 1.53 (female; n = 1), male unknown. Coloration pattern of dorsal 
surface consists of: i) paired stripe-like and rounded maculae along epicranial 
suture, ii) pair of triangular (or blurred) maculae near inner edges of eyes, iii) 
pair of rounded maculae ventrally to lateral ocelli, iv) pale stripes extending 
from lateral ocelli to lateral edges of head, v) blurred or rectangular maculae 
between ocelli, vi) scattered maculae ventrally to median ocellus. Antennae yel-
lowish brown, scapus and pedicellus darkened. Dorsal surface of head densely 
covered with elongated lanceolate setae (as on abdominal terga; Fig. 8E, F), 
fine hair-like setae and stick-like setae. Sparse longer and fine hair-like setae 
located posteriorly to eyes.

Mouthparts. Labrum (Fig. 8A) widened anteriorly; anterior margin slightly 
rounded or straight. Lateral angles rounded. Dorsal surface sparsely covered 
with setae of different size, five or six longer bristle-like setae located ante-
ro-medially, and two bristles antero-laterally (Fig. 8A, left half). Epipharynx with 
longer, slightly plumose bristles situated along lateral to anterior margin, clus-
ter of fine, hair-like setae medially (not figured), and group of 4–6 setae of vari-
ous size (Fig. 8A, right half). Outer incisors of both mandibles with three apical 
teeth; outer tooth blunt in both mandibles. Inner incisor of left mandible with 
three apical teeth (Fig. 8B), right inner incisor bifurcated (Fig. 8C).

Thorax. Prothorax anteriorly narrowed, lateral edges slightly rounded. Metano-
tum with small blunt posteromedian projection. Dorsal surface covered with hair-
like setae, stick-like setae, and lanceolate setae (as on abdominal terga and head, 
Fig. 8E, F); sparse longer, hair-like setae along pro-, meso- and metanotal suture.

Legs. Coloration on Fig. 7B. Femora with medial hypodermal spot, often 
transversely extended. Base and apex of femora darkened; patella-tibial suture 
darkened; tarsi proximally and distally darkened. Dorsal surface of femora cov-
ered by lanceolate setae, hair-like setae, and sparsely distributed stick-like se-
tae (Fig. 8E; drawn from late-instar larvae and last instar larval exuvium). Dorsal 
edge of femora with blade-like setae. Dorsal margin of tibiae and tarsi with row 
of dense hair-like setae; ventral margin with irregular row of distally accumulat-
ed spines. Tarsal claws with 3–4 denticles.
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Figure 7. Epeorus (Caucasiron) lanceolatus sp. nov., larva A head of female in dorsal view (holotype) B fore leg in dorsal view 
C coloration of abdominal terga D distal part of abdomen in ventral view E, F coloration of abdominal sterna II–VI (E holotype).

Abdominal terga. Colour pattern of abdominal terga consists of trans-
versal stripe along anterior margin of terga I–IX (X) medially extending to: 
i) triangular macula on terga II–IV, ii) T-shaped macula on terga V–VI (VII), 
and iii) triangular macula on terga (VII) VIII–IX (Fig. 7C). Pair of short stripes 
sometimes present antero-laterally to median macula. Lateral margins with 
oblique stripe-like maculae on terga I–IX. Denticles along posterior margin 
on terga dense, relatively narrow, irregular, and pointed (Fig. 8F). Surface of 
terga covered with hair-like setae, stick-like setae, and lanceolate (sporadi-
cally narrow spatulate) setae (Fig. 8E, F; drawn from late-instar larvae and 
last instar larval exuvium). Tergum X with well-developed posterolateral pro-
jections (Fig. 8L, M, arrow). Terga with longitudinal median row of hair-like 
setae. Tergal spines not observed in late-instar larvae and larval exuvium 
from reared adult.
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Figure 8. Epeorus (Caucasiron) lanceolatus sp. nov., larva A labrum, left half in dorsal view, right half in ventral view 
(black dots correspond to setae along antero-lateral margin) B incisors of left mandible C incisors of right mandible 
(both flattened on slide; dashed polygons correspond to area covered by setae) D setae on dorsal surface of femora 
E setae on surface of tergum VII F surface and posterior margin of abdominal tergum VII (holotype) G gill I H gill III (ar-
row shows projection on costal margin) I gill plate VI in dorsal view J gill VII (flattened on slide) K gill plate VII in ventral 
view L, M abdominal segments VIII–X in lateral view (arrow shows posterolateral projection of tergum X) N sternum IX 
of female. Drawn from late instar larva and last instar larval exuvium.
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Abdominal sterna. Yellowish, with fine oblique stripes (slightly curved in 
late-instar larvae; Fig. 7E, F). Nerve ganglia darkened. Sternum IX of female 
with V-shaped median emargination and numerous hair-like setae (Fig. 8N).

Gills. Dorsal surface of gill plate I yellowish; of gill plates II–VII brownish 
on anterior half, greyish to brownish on posterior half. Ventral margin of all 
gill plates yellowish. Projection of gill plate III well developed (Fig. 8H, arrow). 
Gill plate VII narrow (in natural position of ventral view, Figs 7D, 8K). Dorsal mar-
gin of gill plates IV–VII with more or less developed papillae; best expressed on 
gill plates VI and VII (Fig. 8I).

Cerci. Yellowish brown, basally darkened.
Description of female imago. General coloration yellowish brown with 

dark brown to blackish maculation (Fig. 9A–F). Body length 14.0 mm (n = 1); 
length of cerci unknown. Length of fore wings 17.5 mm, length of hind wings 
unknown (broken).

Head. Frons brownish; frontal fold dark brown (Fig. 9B, C). Antennae yellow-
ish brown; scapus and pedicellus darkened. Eyes greyish, ocelli basally black-
ish, apically whitish.

Thorax. Prothorax dark brown. Mesothorax yellowish brown; median longi-
tudinal suture darkened. Metathorax with short posterior-median blunt projec-
tion. Furcasternum dark brown. Wing membrane of fore wings in subimago 
cloudy, cross veins darkened (Fig. 9A); hind wings unknown. Femora apically 
and basally darkened; median spot present (Fig. 9G). Tibiae apically and basal-
ly darkened, tarsi brownish. One claw blunt, one claw pointed.

Abdomen. Coloration pattern of abdominal terga similar as in late-instar lar-
vae (Fig. 9 D–F). Tergum X with medial macula. Lateral margins with oblique 
stripe-like maculae on terga I–IX extending dorso-posteriorly, forming transver-
sal stripe-like macula along posterior margin of terga (Fig. 9D, E). Abdominal 
sterna with fine, slightly curved oblique stripes (Fig. 9F). Nerve ganglia dark-
ened. Subgenital plate posteriorly narrowed, posterior margin slightly rounded. 
Subanal plate posteriorly narrowed; posterior margin straight (Fig. 9I).

Cerci. Unknown.
Description of eggs. Oval shaped, dimensions approximately 186 × 110 μm 

(average values from 7 eggs). Chorionic surface with texture as on Fig. 9L. One 
to three visible micropyle shallow and rounded, located in subequatorial posi-
tion (~ 12.5 μm in width) (Fig. 9J, K).

Male imago. Unknown.
Main morphological diagnostics of larva. i) abdominal sterna with fine oblique 

stripes (slightly curved in late-instar larvae; Fig. 7E, F), ii) coloration of abdominal 
terga as on Fig. 7C, iii) femora with femur spot (Fig. 7B), iv) dorsal surface of 
femora with lanceolate setae (Fig. 8D), v) abdominal terga with lanceolate (spo-
radically narrow spatulate) setae (Fig. 8E, F), vi) tergum X with well-developed 
posterolateral projections (Fig. 8L, M, arrow), vii) gill plates VII narrow (in natural 
position from ventral view; Figs 7D, 8K), viii) denticles along posterior margin of 
abdominal terga dense, relatively narrow, irregular and pointed (Fig. 8F).

Main morphological diagnostics of imago (female). i) abdominal sterna 
with fine, slightly curved oblique stripes (Fig. 9F), ii) femora with a median spot 
(Fig. 9G), iii) wing membrane colourless, iv) subgenital plate posteriorly slightly 
rounded, iv) subanal plate posteriorly straight (Fig. 9H, I).
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Figure 9. Epeorus (Caucasiron) lanceolatus sp. nov., female imago (wing and head not fully molted from subimago) 
A habitus in dorsal view B head in dorsal view C head in lateral view D abdomen in dorsal view E abdomen in lateral view 
F abdomen in ventral view G middle leg H, I subgenital and subanal plates J egg K detail of micropyle L texture on the 
surface of egg. Scale bars: 50 μm (J); 5 μm (K, L).

Morphological affinities. Larva. Epeorus (C.) lanceolatus sp. nov. is char-
acterised by lanceolate setae on the dorsal surface of femora and abdominal 
terga (Fig. 8D, E). This trait, together with the remaining seven traits, given 
above distinguishes the species from all E. (Caucasiron) species described 
so far and also from E. suspicatus, whose attribution to the subgenus Cauca-
siron is uncertain (Figs 15, 16). Similar lanceolate setae on the dorsal surface 
of femora are present in E. psi (Fig. 18D). Epeorus (C.) lanceolatus sp. nov. 
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differs from this species by dense, relatively narrow, irregular, and pointed den-
ticles along the posterior margin of abdominal terga (Fig. 8F) and by a short 
dorso-apical projection of femora (Fig. 7B), in contrast to E. psi with basally 
denticulate spines and shorter denticles along abdominal terga (Fig. 18F) and 
an elongated pointed dorso-apical projection of femora (Figs 17F, 18M). The 
characters distinguishing E. kapurkripalanorum from E. (C.) lanceolatus sp. 
nov. are given in the section “Remarks on Iron paraguttatus (Braasch, 1983) 
and E. kapurkripalanorum (Braasch, 1983)”.

Female imago. The presence of the fine, slightly curved oblique stripes on ab-
dominal sterna (Fig. 9F) separates E. (C.) lanceolatus sp. nov. from E. (C.) gut-
tatus, with a pair of oblique stripes and a large median macula on abdominal 
sterna (Kluge 2015), E. (C.) extraordinarius, with an longitudinal reddish brown 
median macula on abdominal sterna (Chen et al. 2010), E. (C.) himalayensis sp. 
nov., with narrow triangular maculae (Fig. 6F) and E. psi, with a fine longitudinal 
median line (sometimes reduced anteriorly) and a pair of oblique stripes on 
abdominal sterna (Eaton 1883–1888). In addition, E. (C.) lanceolatus sp. nov. 
can be distinguished from E. (C.) himalayensis sp. nov. by the straight posterior 
margin of subanal plate (Fig. 9H, I), in contrast to E. (C.) himalayensis sp. nov. 
with a shallow emargination (Fig. 6G–I).

Among the extralimital species, E. (C.) caucasicus and E. (C.) nigripilosus 
show similar coloration pattern on abdominal sterna (Braasch 1979). How-
ever, the female imagoes of both species have not been described, thus fe-
male genitalia cannot be compared with E. (C.) lanceolatus sp. nov. Epeorus 
(C.) lanceolatus sp. nov. can be separated by fine and slightly curved oblique 
stripes on abdominal sterna (Fig. 9F), in contrast to E. (C.) caucasicus and 
E. (C.) nigripilosus with well pigmented pattern (Braasch 1979). Moreover, 
both species are geographically restricted to the western part of the E. (Cau-
casiron) range (Hrivniak et al. 2020b).

Epeorus (Caucasiron) lineatus Hrivniak & Sroka, sp. nov.
https://zoobank.org/6698815A-1AEE-4174-9573-91B5747B3DD8
Figs 10, 11

Type material. Holotype: • female larva: India: Uttarakhand Pradesh, vicin-
ity of Badrinath town, Rishi Ganga River, right tributary of Alaknanda River, 
3141 m a.s.l.; 30°44.44800'N, 79°29.34600'E; (codes: IND2018/9; 41Gang); 
12–13.05.2018, Martynov A.V., Palatov D.M. leg. Paratypes: • 27 larvae 
(barcoded specimens: L39, SP31, SP32; three larvae mounted on slide): 
same data as holotype. • 5 larvae (barcoded specimens: IN5 - mounted 
on slide, SP21, SP23): India: Uttarakhand Pradesh, vicinity of Lambagad 
village, Alaknanda River, 1998 m a.s.l.; 30°38.64198'N, 79°32.02500'E 
(codes: IND2018/8, 40Gang); 9–11.05.2018, Martynov A.V., Palatov D.M. 
leg. • 1 larva (barcoded specimen: GU2 - mounted on slide): Tajikistan: 
Gorno-Badakhshan Autonomous Region, Roshtqal’a District, left tributary 
of Badamdara River, 3070 m a.s.l.; 37°07.70617N’, 071°50.52000'E (code: 
252Tj); 30.06.2016, Palatov D.M. leg.

Etymology. The species name lineatus (Latin) refers to a median line on ab-
dominal sterna characteristic for larvae.
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Figure 10. Epeorus (Caucasiron) lineatus sp. nov., larva A habitus in dorsal view B habitus in ventral view C habitus in 
lateral view D head of male in dorsal view E head of female in dorsal view F middle leg in dorsal view G, H distal part of 
abdomen in ventral view I–M coloration of abdominal terga N–Q coloration of abdominal sterna II–VI.

Description of larva. General coloration yellowish brown with dark brown 
to blackish maculation (Fig. 10). Body length of late-instar larva unknown. 
Maximum body length of examined larvae 14.0 mm (female), 9.30 mm (male). 
Length of cerci ~ 1.2 × body length.

Head. Shape trapezoidal (Fig. 10D, E). Head width/length ratio: 1.49–1.56 (fe-
male; n = 6), 1.50–1.57 (male; n = 2). Coloration pattern of dorsal surface con-
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sists of: i) paired stripe-like and rounded maculae along epicranial suture, ii) pair 
of triangular (or blurred) maculae near inner edges of eyes, iii) pair of rounded 
maculae ventrally to lateral ocelli, iv) pale stripes extending from lateral ocelli to 
lateral edges of head, v) rectangular or blurred macula between ocelli, vi) scat-
tered smaller maculae ventrally to median ocellus. Antennae yellowish brown, 
scapus and pedicellus darkened. Dorsal surface covered with elongated spat-
ulate setae (as on abdominal terga; Fig. 11E), fine hair-like setae and stick-like 
setae. Sparse longer and fine hair-like setae located posteriorly to eyes.

Mouthparts. Labrum (Fig. 11A) widened anteriorly; anterior margin slightly 
rounded or nearly straight. Lateral angles rounded. Dorsal surface sparsely 
covered with setae of different size, 5–6 longer bristle-like setae located an-
tero-medially, and two bristles antero-laterally (Fig. 11A, left half). Epipharynx 
with longer, slightly plumose bristles situated along lateral to anterior margin, 
cluster of fine hair-like setae medially (not figured), and 5–9 setae of various 
size (Fig. 11A, right half). Outer incisors of both mandibles with three apical 
teeth; outer tooth blunt in both mandibles. Inner incisor of left mandible with 
three apical teeth (Fig. 11B), right inner incisor bifurcated (Fig. 11C).

Thorax. Prothorax anteriorly narrowed, lateral edges slightly rounded. Metano-
tum with small blunt posteromedian projection. Dorsal surface covered with hair-
like setae, stick-like setae and elongated spatulate setae (as on abdominal terga 
and head); sparse longer, hair-like setae along pro-, meso-, and metanotal suture.

Legs. Coloration as on Fig. 10F. Femora with medial hypodermal spot, often 
transversely extended. Base and apex of femora darkened; patella-tibial suture 
darkened; tarsi proximally and distally darkened. Dorsal surface of femora cov-
ered by rounded (sporadically apically narrowed) spatulate setae (Fig. 11D), 
hair-like setae, and sparsely distributed stick-like setae. Dorsal edge of femora 
with blade-like setae. Dorsal margin of tibiae and tarsi with row of dense hair-
like setae; ventral margin with irregular row of distally accumulated spines. Tar-
sal claws with 2–3 denticles.

Abdominal terga. Colour pattern of abdominal terga consists of transversal 
stripe along anterior margin of terga I–IX (X) medially extending to: i) triangular, 
rounded, or anteriorly and posteriorly widened macula on terga II–IV; and ii) 
triangular or T-shaped macula on terga V–IX (Fig. 10I–M). Lateral margins with 
oblique stripe-like maculae on terga I–IX, sometimes dorso-posteriorly extend-
ed. Denticles along posterior margin on terga dense, irregular, and pointed (Fig. 
11F). Surface of terga covered with hair-like setae, stick-like setae, and elon-
gated (sporadically rounded) spatulate setae (Fig. 11E, F) (dominantly rounded 
spatulate setae can be present in younger instars). Tergum X with well-devel-
oped posterolateral projections (Fig. 11L, arrow). Terga with longitudinal medi-
an row of hair-like setae. More or less developed posteromedian spine (most 
expressed on terga VII–IX (Fig. 11M, N). Posteromedian tergal spine observed 
only in larvae of BL 4.6–11.2 mm (n = 22; barcoded specimens SP21, SP31, 
L39, SP23, IN5), not observed in larger larvae of BL 11.2–14.0 (n = 5; barcoded 
specimens: GU2, SP32).

Abdominal sterna. Yellowish, with a pattern consisting of oblique stripes and 
median line extending from anterior to posterior margin (Fig. 10N–Q). Median 
line often posteriorly widened (Fig. 11N) or reduced to posteromedian macula 
Fig. 11P, Q, arrows). Sternum IX of female apically narrowed, with V-shaped 
median emargination, and numerous hair-like setae (Fig. 11O).
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Figure 11. Epeorus (Caucasiron) lineatus sp. nov., larva A labrum, left half in dorsal view, right half in ventral view (black dots 
correspond to setae along antero-lateral margin) B incisors of left mandible C incisors of right mandible (both flattened on 
slide; dashed polygons correspond to area covered by setae) D setae on dorsal surface of femora E setae on surface of tergum 
VII (drawn from late-instar larva) F surface and posterior margin of abdominal tergum VII G gill I H gill III (arrow shows projec-
tion on costal margin) I gill plate VI in dorsal view J gill plate VII (flattened on slide) K gill plate VII in ventral view L abdominal 
segments VIII–X in lateral view (arrow shows posterolateral projection of tergum X) M abdominal terga VIII–X with short 
spines (arrows) N abdominal terga VIII–X with well-developed spines O sternum IX of female. Drawn from late instar larvae.
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Gills. Dorsal surface of gill plate I yellowish; of gill plates II–VII brownish. 
Ventral margin of all gill plates yellowish. Projection of gill plate III well-devel-
oped (Fig. 11H, arrow). Gill plate VII wide (in natural position of ventral view, 
Figs 10G, H, 11K). Dorsal margin of gill plates (III) IV–VII with more or less de-
veloped papillae; best expressed on gill plates VI and VII (Fig. 11I).

Cerci. Yellowish brown, basally darkened.
Imagoes and eggs. Unknown.
Main morphological diagnostics of the larva. i) abdominal sterna with 

oblique stripes and more or less developed median line (Fig. 10N–Q), ii) 
coloration of abdominal terga as on Fig. 10I–M, iii) femora with median spot 
(Fig. 10F), iv) gill plates VII wide (in natural position from ventral view; Figs 
10G, H, 11K), v) tergum X with well-developed posterolateral projections 
(Fig. 11L, arrow), vi) abdominal terga with elongated (sporadically round-
ed) spatulate setae (Fig. 11E, F), vii) dorsal surface of femora with rounded 
spatulate setae (Fig. 11D), viii) denticles along posterior margin on terga 
dense, irregular and pointed (Fig. 11F).

Morphological affinities. Larva. Based on the coloration pattern of abdomi-
nal sterna consisting of oblique stripes and more or less developed longitudinal 
median line, E. (C.) lineatus sp. nov. can be distinguished from E. (C.) extraor-
dinarius, with a longitudinal reddish brown median macula (Chen et al. 2010) 
and E. (C.) himalayensis sp. nov., with more or less defined triangular maculae 
(Fig. 3K–N). In addition, E. (C.) lineatus sp. nov. differs from the latter species 
by elongated spatulate setae on abdominal terga (Fig. 11E, F) and wide shape 
of gill plates VII (Figs 10G, H, 11K), in contrast to rounded spatulate setae and 
narrow gill plates VII in E. (C.) himalayensis sp. nov. (Figs 3J, 4J).

Elongated spatulate setae on abdominal terga separate E. (C.) lineatus sp. 
nov. from E. (C.) lanceolatus sp. nov., with lanceolate setae on abdominal terga 
(Fig. 8E). Other characters distinguishing E. (C.) lineatus sp. nov. from E. (C.) hi-
malayensis sp. nov. and E. (C.) lanceolatus sp. nov. are given in the section 
“Main morphological diagnostics of the larva”.

Epeorus (C.) lineatus sp. nov. is most similar to Central Asian E. (C.) guttatus. 
Both species possess elongated spatulate setae on the dorsal margin of abdom-
inal terga, well-developed posterolateral projection on tergum X, wide gill plates 
VII and similar coloration of abdominal terga and legs. Epeorus (C.) lineatus sp. 
nov. can be distinguished by the presence of more or less developed longitudi-
nal median line on abdominal sterna (Fig. 10N–Q), in contrast to E. (C.) guttatus 
with large median macula (Fig. 13H). A longitudinal median line in E. (C.) lineatus 
sp. nov. is sometimes posteriorly widened (Fig. 10N). When it is pronounced, 
reaching oblique stripes, the pattern may resemble that of E. (C.) guttatus. This 
was observed in a specimen collected in Tajikistan (barcoded specimen: GU2).

Epeorus (C.) lineatus sp. nov. differs from other Epeorus species, which could 
represent the subgenus Caucasiron based on larval morphology (Fig. 1), by 
dense, irregular, and pointed denticles along posterior margin of abdominal ter-
ga (Fig. 11F). Epeorus suspicatus possesses sparse larger denticles separated 
by shorter denticles (Fig. 16F) and E. psi basally denticulate spines and short 
denticles (Fig. 18F). The latter species additionally differs by a long and pointed 
dorso-apical projection of femora (Figs 17F, 18M). Morphological diagnostics 
of E. kapurkripalanorum are given in the section “Remarks on Iron paraguttatus 
(Braasch, 1983) and E. kapurkripalanorum (Braasch, 1983)”.
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Epeorus (C.) lineatus sp. nov. differs from all extralimital species of the sub-
genus Caucasiron by the presence of spatulate setae on abdominal terga, in 
contrast to fine or basally widened hair-like setae present in E. (Caucasiron) 
from the western part of its range (Hrivniak et al. 2020b).

Distribution and habitat of the new Epeorus (Caucasiron) species

Epeorus (C.) himalayensis sp. nov. and E. (C.) lanceolatus sp. nov. are cur-
rently known only from the western part of the Himalayas in north-west In-
dia (Fig. 2). Epeorus (C.) lineatus sp. nov. was recorded in the Himalayas 
(north-west India) and in the Pamir Mountains in Central Asia (Tajikistan; 
Fig. 2). All species inhabit mountain streams and rivers with stony bed sub-
strate and predominant riffles with turbulent flow. Epeorus (C.) himalayensis 
sp. nov. was found between 1998 and 2099 m a. s. l. (Fig. 12A, B), while 
E. (C.) lineatus sp. nov. occurred in India at altitudes of 1998 and 3141 m a. 
s. l. and in Tajikistan at 3070 m a. s. l. (Fig. 12B–D). Epeorus (C.) lanceolatus 
sp. nov. was only found in one river at an altitude of 1998 m a. s. l. (Fig. 12B) 
and was absent from the smaller streams investigated in the area. Adults 
of E. (C.) himalayensis sp. nov. and E. (C.) lanceolatus sp. nov. were reared 
in the field in May.

Figure 12. Streams and rivers inhabited by Epeorus (Caucasiron) spp. in the Himalayas (A–C) and the Pamir Mountains 
(D) A the type locality of E. (C.) himalayensis sp. nov. B locality of E. (C.) himalayensis sp. nov., E. (C.) lineatus sp. nov. and 
E. (C.) lanceolatus sp. nov. (type locality) C, D localities of E. (C.) lineatus sp. nov. (C type locality).
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Morphological revisions

In this section, we provide the list of main diagnostic characters, drawings, and 
photographs of previously described species attributable to E. (Caucasiron) from 
our study area (Central Asian mountains and the Himalayas). The subgeneric 
attribution is regarded as uncertain for E. suspicatus and E. psi (see below). 
The purpose of this chapter is to facilitate the direct comparison of all potential 
E. (Caucasiron) species from our study area based on the same set of characters.

Epeorus (Caucasiron) guttatus (Braasch & Soldán, 1979)
Figs 13, 14

Iron guttatus Braasch & Soldán, 1979.
Epeorus (Iron) guttatus (Braasch & Soldán, 1979): Kluge 1988: 296.
Epeorus (Caucasiron) guttatus (Braasch & Soldán, 1979): Kluge 1997: 234.
Iron (Caucasiron) guttatus (Braasch & Soldán, 1979): Braasch 2006b: 87.

Type locality. Kazakhstan: Issyk River near Alma-Ata.

Figure 13. Epeorus (Caucasiron) guttatus, larva A habitus in dorsal view B habitus in ventral view C habitus in lateral view 
D head of male in dorsal view E head of female in dorsal view F, G coloration of abdominal terga H coloration of abdom-
inal sterna II–VI I middle leg in dorsal view J distal part of abdomen in ventral view.
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Figure 14. Epeorus (Caucasiron) guttatus, larva A labrum, left half in dorsal view, right half in ventral view (black dots 
correspond to setae along antero-lateral margin) B incisors of left mandible C incisors of right mandible (both flat-
tened on slide; dashed polygons correspond to area covered by setae) D setae on dorsal surface of femora E setae 
on surface of tergum VII F surface and posterior margin of abdominal tergum VII (paratype) G gill I H gill III (arrow 
shows projection on costal margin) I gill plate VI in dorsal view J gill plate VII in ventral view K gill VII (flattened on 
slide) L abdominal segments VIII–X in lateral view (arrow shows posterolateral projection of tergum X) M sternum IX 
of female. Drawn from late instar larvae.

Examined material (deposited in IECA). • 1 larva: paratype from type locality. 
• 1 larva (barcoded specimen: GU3): Kyrgyzstan: Chuy Region, left tributary of 
Ala-Archa River, 1717 m a. s. l., 42°37.743'N, 74°29.293'E (code: 1Kyrgyz), 26. 05. 
2016, Palatov D.M. leg. • 6 larvae (barcoded specimen: GU71K): Kyrgyzstan: 
Osh Region, right tributary of Kulun River, 2060 m a. s. l., 40°29.516'N, 74°09.077'E 
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(code: 71Kyrgyz), 01. 05. 2017, Palatov D.M. leg. • 3 larvae (barcoded specimen: 
GU1): Kyrgyzstan: Osh Region Kara-Bel River, 2135 m. a. s. l., 40°30.300'N, 
74°10.621'E (code: 73Kyrgyz), 01. 05. 2017, Palatov D. M. leg.

Distribution, habitat, and biology. Tian Shan: Kazakhstan (Braasch and 
Soldán 1979; Kluge 2015), Kyrgyzstan; Pamir: Tajikistan (Kluge 2015) (Fig. 1). 
The species inhabits mountain streams with rapid turbulent flow and bed sub-
strate formed by stones and boulders (Kluge 2015). The altitude of our sam-
pling sites ranged between 1717 and 2135 m a.s.l. Adults were recorded from 
May to September (Kluge 2015).

Main morphological diagnostics of the larva. i) femora with a median 
spot (Fig. 13I), ii) abdominal sterna with a pair of oblique stripes and a large 
median macula (Fig. 13H), iii) coloration of abdominal terga as on Fig. 13F, 
G, iv) tergum X with a well-developed posterolateral projection (Fig. 14L, ar-
row), v) dorsal surface of femora with rounded spatulate setae (Fig. 14D), 
vi) abdominal terga with elongated (sporadically rounded) spatulate setae 
(Fig. 14E, F), vii) gill plates VII wide (in natural position from ventral view) 
(Figs 13J, 14J), viii) projection on gill plates III well-developed (Fig. 14H), 
ix) denticles along posterior margin of abdominal terga dense, irregular, 
and pointed (Fig. 14F).

Remarks. Morphology. Description of adult stages in Kluge (2015).

Epeorus (Caucasiron?) suspicatus (Braasch, 2006)
Figs 15, 16

Iron suspicatus Braasch, 2006.
Epeorus (Caucasiron) suspicatus (Braasch, 2006): Vasanth et al. 2021: 519.

Type locality. Nepal: Tal, Marshyangdi River (orig. Marsyandi-Tal, Thangja) 
(2400 m a. s. l.).

Examined material (deposited in SMNS). • 2 larvae: holotype and paratype 
from type locality. • 1 larva (paratype): Nepal: Marsyandi-Tal, Bagarchap, ca. 
2100 m a. s. l., 21.05.1980, leg. Sivec.

Distribution, habitat, and biology. Himalayas: Nepal and India (Fig. 1). The 
species inhabits rhithral zones of mountain streams. The altitude of the sam-
pling sites ranged between 2000 and 2400 m a. s. l. Late-instar larvae were 
recorded in May (Braasch 2006a).

Main morphological diagnostics of the larva. i) abdominal sterna with a 
pair of oblique stripes and a posterio-median macula (Fig. 15I), ii) coloration 
of abdominal terga as on Fig. 15G, H, iii) posterior margin of abdominal 
terga with sparse larger denticles separated by shorter denticles (Fig. 16F), 
iv) tergum X with a short posterolateral projection (Fig. 16L, arrow), v) gill 
plates VII narrow (in natural position from ventral view) (Figs 15K, L, 16K), 
vi) projection on gill plates III well-developed (Fig. 16H, arrow), vii) femora 
with a median spot (Fig. 15F), viii) dorsal surface of femora with rounded 
spatulate setae (Fig. 16D), ix) abdominal terga with elongated (oval) and 
rounded spatulate setae (Fig. 16E, F).

Remarks. Morphology. Adult stages undescribed.
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Figure 15. Epeorus (Caucasiron?) suspicatus, larva A habitus in dorsal view B habitus in ventral view C habitus in lateral 
view D head of male in dorsal view (holotype) E head of female in dorsal view F middle leg in dorsal view G, H coloration 
of abdominal terga (G holotype) I–J coloration of abdominal sterna II–VI (I holotype) K, L distal part of abdomen in ven-
tral view (K holotype).

Taxonomy. The attribution of the species to the subgenus E. (Caucasiron) by 
Vasanth et al. (2021) was not confirmed by male genitalia or molecular data 
and hence remains unclear.
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Figure 16. Epeorus (Caucasiron?) suspicatus, larva A labrum, left half in dorsal view, right half in ventral view (black 
dots correspond to setae along antero-lateral margin) B incisors of left mandible C incisors of right mandible (both 
flattened on slide; dashed polygons correspond to area covered by setae) D setae on dorsal surface of femora E setae 
on surface of tergum VII F surface and posterior margin of abdominal tergum VII G gill I H gill III (arrow shows pro-
jection on costal margin) I gill plate VI in dorsal view J gill plate VII (flattened on slide) K gill plate VII in ventral view 
L abdominal segments VIII–X in lateral view (arrow shows indistinct posterolateral projection of tergum X) M sternum 
IX of female. Drawn from late instar larvae.

Epeorus (Caucasiron?) psi (Eaton, 1885)
Figs 17, 18

Iron psi? (Eaton, 1885): Braasch 1980b: 58.
Epeorus (Belovius) psi (Eaton, 1885): Tshernova 1981: 332.
Epeorus (Caucasiron) psi (Eaton, 1885): Vasanth et al. 2021: 516-519.

Type locality. India: Kullu district (orig. Kooloo, Himalaya) (Eaton 1883–1888).
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Figure 17. Epeorus (Caucasiron?) psi, larva A habitus in dorsal view B habitus in ventral view C habitus in lateral view D head of 
male in dorsal view E head of female in dorsal view F legs in dorsal view (arrows point to elongated and pointed dorso-apical 
projections) G coloration of abdominal terga H coloration of abdominal sterna II–VI I distal part of abdomen in ventral view.

Examined material (deposited in IECA and NMNH NASU). • 20 larvae (bar-
coded specimens: IN4, IN42 - both mounted on slide), 2 male subimagoes 
(barcoded specimen: IN44 - genitalia mounted on slide): India: Uttarakhand 
state, vicinity of Guptkashi town, Madhyamaheshwar Ganga Mandahishvar 
River – left tributary of Mandakini River, 30°32.27700'N, 79°05.95698'E, 1102 
m a.s.l., 15.–16.5.2018, Martynov A.V. leg. (code: IND2018/11). • 5 larvae 
(barcoded specimen: IN43 - mounted on slide): India: Uttarakhand Pradesh, 
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Figure 18. Epeorus (Caucasiron?) psi, larva A labrum, left half in dorsal view, right half in ventral view (black dots corre-
spond to setae along antero-lateral margin) B incisors of left mandible C incisors of right mandible (both flattened on 
slide; dashed polygons correspond to area covered by setae) D setae on dorsal surface of femora E setae on surface 
of tergum VII F surface and posterior margin of abdominal tergum VII G gill I H gill III (arrow shows projection on costal 
margin) I gill plate VI in dorsal view J gill plate VII in ventral view K gill plate VII (flattened on slide) L abdominal segments 
VIII–X in lateral view (arrow shows posterolateral projection of tergum X) M detail of dorso-apical projection of femora 
(middle leg) N sternum IX of female. Drawn from late instar larvae.

vicinity of Guptkashi village, Mandakini River, 1087 m a.s.l., 30°32.24700'N, 
79°05.73900'E, 16.05.2018, Martynov A.V. leg. (code: IND 2018/12).

Distribution, habitat, and biology. Himalayas: India (Eaton 1883–1888; Vas-
anth et al. 2021), Nepal (Braasch 1980b, 1981), south-east Tibet (Ma and Zhou 
2022); Hengduan Shan and Yunnan-Guizhou Plateau: China (Ma and Zhou 
2022) (Fig. 1). The species inhabits mountain streams and rivers in relatively 
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wide altitudinal range. The altitude of the sampling sites ranged between 488 
and 2100 m a.s.l. (our data; Braasch 1980b, 1981; Vasanth et al. 2021). Adults 
were recorded in May (Braasch 1980b).

Main morphological diagnostics of the larva. i) abdominal sterna with a pair 
of oblique stripes and a longitudinal median line (sometimes reduced anterior-
ly) (Fig. 17H), ii) coloration of abdominal terga as on Fig. 17G), posterior margin 
of abdominal terga with basally denticulate spines and shorter denticles (Fig. 
18F), iv) tergum X with a short posterolateral projection (Fig. 18L, arrow), v) 
gill plates VII narrow (in natural position from ventral view) (Figs 17I, 18J), vi) 
projection on gill plates III well-developed (Fig. 18H, arrow), vii) femora with 
median femur spot (Fig. 17F), viii) dorsal surface of femora with lanceolate 
(sporadically elongated spatulate) setae (Fig. 18D), ix) abdominal terga with 
elongated spatulate and lanceolate setae (Fig. 18E), femora with an extended 
and pointed dorso-apical projection (Figs 17F, 18M).

Remarks. Morphology. The species was originally described by Eaton 
(1883–1888) based on male and female imago. The larva and the male sub-
imago were later described by Braasch (1980b) from Nepal. Association with 
imagoes of E. psi was based on the specific pattern of colouration on abdomen 
and the shape of penis lobes.

Taxonomy. The species was attributed to the subgenus Iron within its own 
species group “Iron psi-Gruppe” (Braasch 1980b, 2006b). Vasanth et al. (2021) 
examined the morphology of larvae and assigned the species to the subgenus 
Caucasiron based on “the shape of gills II–VII with an outer thumb-like projec-
tion”. Although the shape of gill plates II–VII is similar to those of E. (Cauca-
siron), male genitalia with bifurcated penis lobes and extended latero-apical tip, 
as figured by Eaton (1883–1888) and described by Braasch (1980b, 2006b), are 
not consistent with the diagnosis of E. (Caucasiron) as given by Kluge (1997, 
2015). Therefore, the systematic position of E. psi remains unclear until the 
systematic revision based on molecular data is available.

Distribution. Specimens from Taiwan identified as E. psi by Ulmer (1912) 
were later described as E. erratus Braasch, 1981.

Remarks on E. paraguttatus (Braasch, 1983) and E. kapurkripalanorum 
(Braasch, 1983)

Two other species from our study area have been assigned to E. (Caucasiron) 
in the literature; however, their systematic position is rather doubtful. Braasch 
(1981) attributed a single larva, a male and a female imago as well as two fe-
male subimagoes from Nepal to E. (C.) guttatus. Later, Braasch (1983b) re-eval-
uated these specimens as a new species that he described as Iron paraguttatus 
Braasch, 1983. The gill plate III of I. paraguttatus larvae bears a projection on the 
costal margin (Braasch 1983b: 196, fig. 2), which corresponds to the diagnosis 
of the subgenus Epeorus (Caucasiron). Therefore, the species was classified 
as Iron (Caucasiron?) paraguttatus in Braasch (2006b). However, its subgeneric 
attribution was marked as uncertain (Kluge 2015), because the male genitalia 
of the holotype (Braasch 1981: 106, fig. 1r, s, t) possesses penis lobes with a 
latero-apical spine, which is not consistent with the definition of E. (Caucasiron) 
according to Kluge (1997, 2015). For this reason, we assume that I. paragutta-
tus does not belong to E. (Caucasiron) and was excluded from our study.
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Assuming from the shape of genitalia as figured in Braasch (1981), I. para-
guttatus can most likely be attributed to the montanus species group within the 
subgenus E. (Iron) (Brodsky 1930; Kluge 2015). Importantly, the larva assigned 
to I. paraguttatus does not belong to the type series of this species. It was 
collected in different locality than the adults and was associated with them 
only based on the similarity in the coloration pattern of the abdomen. We as-
sume that the larva represents a different species than the adults described as 
I. paraguttatus. According to the description of Braasch (1981, 1983b), the larva 
is characterised by: the absence of coloration pattern on abdominal sterna, the 
presence of a triangular median macula on terga VI–VIII, the shape of the gill 
plate VII, and the shape of tarsal claws. These larval morphological characters 
are not consistent with any of the species described herein and it may indicate 
that another unnamed species of E. (Caucasiron) occurs in the Himalayas.

Another problematic species, Epeorus kapurkripalanorum, was originally de-
scribed from the western Himalayas (Spiti Valley) as Ironopsis sp. 1. (Kapur 
and Kripalani 1963). Braasch (1983b) assigned these specimens to the name 
Iron kapurkripalanorum Braasch, 1983, relying solely on the original description 
and figures from Kapur and Kripalani (1963), but not on the investigation of 
the material. Vasanth et al. (2021) attributed this species to E. (Caucasiron) 
based on the presence of a projection on the costal margin of gill plates II 
figured in the original description (Kapur and Kripalani 1969: 213, fig. 14b, c). 
Epeorus kapurkripalanorum was not included in our molecular analyses and 
morphological investigation due to the lack of available material. As the adult 
stages are not known, its systematic position in E. (Caucasiron) remains un-
clear. Moreover, the larva was insufficiently described and significant morpho-
logical traits necessary for species identification, such as the coloration of 
abdominal sterna or the shape of setae on the surface of femora and abdom-
inal terga, were not provided. Nevertheless, based on the original description 
by Kapur and Kripalani (1963) and the statements of other authors (Braasch 
2006a; Vasanth et al. 2021), the larva of E. kapurkripalanorum differs from all 
species described here by the absence of a median spot on the dorsal surface 
of femora, the presence of a median longitudinal dense row of long hair-like 
setae and distinctly “over-bent” tarsal claw of fore legs (Kapur and Kripalani 
1963: 215, fig. 16a, d). The median longitudinal dense row of long hair-like 
setae and a shallow convexity on the costal margin of gill plates II–VII are 
characteristic of E. rheophilus, which is distributed in Central Asia (Kluge 2015) 
and the Himalayas (unpublished data). Therefore, it cannot be ruled out that 
E. kapurkripalanorum is related to E. rheophilus, rather than to E. (Caucasiron).

Conclusions

Our study confirms that the diversity of E. (Caucasiron) in the Central Asian 
mountains and the Himalayas is higher than previously known. This is support-
ed by the descriptions of three new species, namely E. (C.) himalayensis sp. nov., 
E. (C.) lanceolatus sp. nov. and E. (C.) lineatus sp. nov., discovered in relatively 
restricted area in Pamir and the western part of the Himalayas. In addition to the 
morphological descriptions and DNA barcoding of the new species, we present 
the main larval diagnostic characters of the already known E. (C.) guttatus and 
two other species, E. psi and E. suspicatus, possibly related to E. (Caucasiron). 
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The DNA barcodes for E. (C.) guttatus and E. psi are provided, which may facili-
tate direct comparison between the species and the discovery of greater diversi-
ty of this mayfly lineage in Central Asia and the Himalayas. The literature review 
of dubious species indicates that E. paraguttatus does not belong to E. (Cauca-
siron). The systematic position of E. kapurkripalanorum remains unclear.
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Research Article

Abstract

Six new species of the genus Sudesna are described from South China: S. cangshan 
sp. nov. (♀, Yunnan), S. dali sp. nov. (♂♀, Yunnan), S. haiboi sp. nov. (♂♀, Yunnan), 
S. hainan sp. nov. (♂♀, Hainan), S. shangrila sp. nov. (♂♀, Yunnan) and S. yangi sp. nov. 
(♂♀, Yunnan). Dictyna yongshun Yin, Bao & Kim, 2001 is proposed here as a junior syn-
onym of S. hedini (Schenkel, 1936). Detailed descriptions, photographs, along with illus-
trations of genital organs, somatic features, and a distribution map of Sudesna species 
in China are provided.

Key words: Description, Dictyninae, morphology, taxonomy

Introduction

The mesh-web spider genus Sudesna Lehtinen, 1967 was established 
by Lehtinen (1967) based on the type species, S. hedini (Schenkel, 1936) 
(both sexes), from China and three other species, S. anaulax (Simon, 1908) 
(male only) from Australia, S. grammica (Simon, 1893) (female only) from 
Philippines, and S. grossa (Simon, 1906) (female only) from India. These spe-
cies’ distributions indicate that Sudesna may be endemic to Australia, South 
and Southeast Asia. Additional exploration should be done to find the other 
sex of the aforementioned three species, and likely more species will also 
be found. Zhang and Li (2011) described two species from Xishuangbanna, 
Yunnan, China, a small tropical area, indicating that Sudesna has a relatively 
high diversity in South China. Esyunin and Sozontov (2016) transferred a sev-
enth species to Sudesna, S. flavipes (Hu, 2001) (female only), after their anal-
ysis of the morphological characters of some Palearctic Dictyna Sundevall, 
1833 species.

Based on newly collected material from China, we propose six new species 
and suggest a new synonym of the type species, S. hedini from Hunan Prov-
ince. Thus, the genus Sudesna contains 13 species from Australia and South, 
Southeast and East Asia. Except for the type species, which has been recorded 
from China and South Korea, each Sudesna species is known only from their 
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type locality. Our field observations indicate that Sudesna species prefer to live 
in small mesh-webs on the underside of leaves, and they have been collected 
by beating leaves (Zhang and Wang 2017).

Materials and methods

All specimens are preserved in 75% ethanol and were examined, illustrated, 
photographed, and measured using a Leica M205A stereomicroscope equipped 
with a drawing tube, a Leica DFC450 Camera, and LAS v. 4.6 software. Male 
palps and epigynes were examined and illustrated after dissection. Epigynes 
were cleared by immersing them in a pancreatin solution (Álvarez-Padilla and 
Hormiga 2007). Eye sizes were measured as the maximum dorsal diameter. Leg 
measurements are shown as: total length (femur, patella and tibia, metatarsus, 
tarsus). All measurements are in millimetres. Specimens examined here are 
deposited in the Collection of Spiders, School of Life Sciences, Southwest Uni-
versity, Chongqing, China (SWUC) and in the Hunan Normal University (HNU).

Abbreviations used in the text: ALE, anterior lateral eye; AME, anterior me-
dian eye; MOA, median ocular area; PLE, posterior lateral eye; PME, posterior 
median eye.

Taxonomy

Family Dictynidae O. Pickard-Cambridge, 1871 (卷叶蛛科)
Subfamily Dictyninae O. Pickard-Cambridge, 1871 (卷叶蛛亚科)

Genus Sudesna Lehtinen, 1967
(苏蛛属)

Type species. Dictyna hedini Schenkel, 1936.
Diagnosis. Sudesna can be distinguished from Dictyna by the reduced or 

absent spur of the male palpal tibia, the anteriorly located, widely separated 
epigynal copulatory openings, the tube-like copulatory ducts, and the laterally 
located spermathecal heads (Zhang and Li 2011).

Description. Diminutive in size (1.60–4.57). Dorsum of prosoma pale darker to 
brown, with high cephalic area. Fovea absent. Cervical groove distinct, radial fur-
rows indistinct. Eight eyes in 2 rows; eyes located on eye tubercles; eye tubercles 
coloured same as carapace. Chelicerae stout, yellowish to brown, with small yellow 
lateral condyles, 3–4 promarginal and 1–3 retromarginal teeth. Endites yellow, lon-
ger than wide. Labium yellow-brown, as long as wide. Sternum yellow-brown, with 
truncated anterior margin and blunt posterior margin. Legs yellowish to brown, 
patella with a small protrusion. Opisthosoma oval. Dorsum pale to darker brown, 
with some small, white, scale-like markings near midline. Venter of abdomen yel-
low-brown, with small, undivided cribellum. Spinnerets short and yellowish brown.

Palp with droplet-shaped cymbium. Tibia dorsally with two ctenidia or absent 
(S. circularis Zhang & Li, 2011 and S. yangi sp. nov.). Retrolateral tibial apoph-
ysis triangular or hook-shaped. Embolus semicircular and originating at about 
8:00 to 11:30 o’clock position. Anterior arm of conductor (AA) short and mem-
branous; posterior arm (PA) finger-shaped or twisted, usually with scaly tip.
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Epigyne with widely separated copulatory openings. Copulatory openings 
with pronounced inner margins. Copulatory ducts short or long, usually twisted, 
and membranous or slightly sclerotized. Spermathecae sclerotized, irregularly 
shaped. Spermathecal heads spherical or oval. Fertilization ducts thin, long, ex-
tending from the anterior parts of spermathecae, curving and pointing laterally.

Key to species

1 Male ................................................................................................................2
– Female............................................................................................................7
2 Tibia without ctenidia ...........................................................S. yangi sp. nov.
– Tibia with ctenidia .........................................................................................3
3 Posterior arm of conductor straight ...................................... S. dali sp. nov.
– Posterior arm of conductor twisted .............................................................4
4 Embolus originating at about the 11:30 o’clock position ...S. hainan sp. nov.
– Embolus originating at about the 8:30 to 10:00 o’clock position ...............5
5 Opisthosoma dark .............................................................. S. haiboi sp. nov.
– Opisthosoma pale .........................................................................................6
6 Posterior arm of the conductor strongly curved ...S. hedini (Schenkel, 1936)
– Posterior arm of the conductor slightly curved ........... S. shangrila sp. nov.
7 Spermatheca bifurcate ................................................ S. cangshan sp. nov.
– Spermatheca simple .....................................................................................8
8 Spermathecal heads oval; spermatheca spiral ................ S. haiboi sp. nov.
– Spermathecal heads spherical; spermatheca not spiral ............................9
9 Copulatory ducts short, slightly curved .....................................................10
– Copulatory ducts long, strongly curved .....................................................12
10 Edges of spermatheca tuberculate ....................................... S. dali sp. nov.
– Edges of spermatheca smooth ..................................................................11
11 Diameter of spermathecal heads equal to width of copulatory openings ....

 .............................................................................................. S. hainan sp. nov.
– Diameter of spermathecal heads greater than width of copulatory open-

ings ................................................................................. S. shangrila sp. nov.
12 Diameter of spermathecal heads equal to width of spermatheca ...............

 ...............................................................................................S. yangi sp. nov.
– Diameter of spermathecal heads less than width of spermatheca .............

 ............................................................................. S. hedini (Schenkel, 1936)

Sudesna cangshan sp. nov.
https://zoobank.org/D8657831-FABF-41DE-9754-3350542064DF
Figs 1, 2, 15
(苍山苏蛛)

Type material. Holotype: China • ♀ (SWUC-T-DI-14-01); Yunnan Province; Dali 
City, Mount Cangshan, Dapoqing; 25°34′38″N, 100°07′51″E; elev. 2043 m; 30 
August 2009; Z.Z. Yang leg.

Etymology. The specific name is derived from the county where the type lo-
cality is located; used as a noun in apposition.
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Figure 1. Sudesna cangshan sp. nov. holotype female A epigyne, ventral view B vulva, dorsal view. Abbreviations: CD = 
copulatory duct; CO = copulatory opening; FD = fertilization duct; S = spermatheca; SH = spermathecal head.

Figure 2. Sudesna cangshan sp. nov. holotype female A habitus, dorsal view B epigyne, ventral view C vulva, dorsal view.

Diagnosis. The female of this new species is similar to S. yangi sp. nov. (Figs 
13, 14) in having a pale body and 9-shaped copulatory openings, but it can 
be distinguished by having copulatory openings as large as the spermathecal 
head (vs twice as large), gently curved copulatory ducts (vs abruptly bent at an 
acute angle), and bifurcate spermatheca (vs clavate) (Figs 1, 2B, C).

Description. Female holotype (Fig. 2A) total length 3.31. Prosoma 1.27 long, 
1.16 wide; Opisthosoma 2.23 long, 1.65 wide. Dorsum of prosoma pale, with 
high cephalic area. Eye sizes and interdistances: AME 0.05, ALE 0.08, PME 
0.08, PLE 0.07; AME–AME 0.11, AME–ALE 0.09, PME–PME 0.13, PME–PLE 
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0.12, ALE–PLE 0.02. MOA 0.20 long, anterior width 0.20, posterior width 0.27. 
Clypeus height 0.12. Chelicerae stout, yellowish brown, with 3 promarginal and 
3 retromarginal teeth. Legs yellowish. Leg measurements: I 3.73 (1.04, 1.58, 
0.70, 0.41); II 3.28 (1.04, 1.17, 0.68, 0.39), III 2.72 (0.92, 0.91, 0.58, 0.31), IV 3.20 
(1.02, 1.12, 0.75, 0.31). Leg formula: 1243. Opisthosoma oval. Dorsum and ven-
ter pale. Spinnerets short and yellowish brown.

Epigyne (Figs 1, 2B, C). Copulatory openings somewhat 9-shaped and fac-
ing away from each other, separated by about 6 times their width. Copulatory 
ducts membranous, gently curved, longer than spermathecal length. Sperma-
theca bifurcate, spermathecal heads spherical. Fertilization ducts thin, curved, 
directed laterally.

Male unknown.
Distribution. Known only from the type locality, Yunnan, China (Fig. 15).

Sudesna dali sp. nov.
https://zoobank.org/CE4698DA-3BB0-4BFF-8815-C8C8F84B0AF9
Figs 3, 4, 15
(大理苏蛛)

Type material. Holotype ♂ (SWUC-T-DI-15-01); Yunnan Province; Dali City, 
Mount Cangshan, Dapoqing; 25°34′59″N, 100°08′09″E; elev. 2500 m; 8 Novem-
ber 2009; T.B. Yang leg. Paratypes: 1 ♂ 3 ♀ (SWUC-T-DI-15-02 to 05); same 
data as for holotype • 3 ♂ 2 ♀ (SWUC-T-DI-15-06 to 10); Mount Cangshan, Yu-
jufeng; 25°42′14″N, 100°07′09″E; elev. 2700 m; 10 April 2011; L. Yang leg. • 2 
♀ (SWUC-T-DI-15-11 to 12); Mount Cangshan; elev. 2500 m; 15 January 2009; 
Z.Z. Yang leg. • 4 ♂ 16 ♀ (SWUC-T-DI-15-13 to 32); Mount Cangshan, Xieyang-
feng; 25°36′04″N, 100°11′11″E; elev. 2559 m; 14 June 2011; K.C. Zhang leg. • 1 
♂ (SWUC-T-DI-15-33); Mount Cangshan, Xieyangfeng; 25°35′54″N, 100°11′13″E; 
elev. 2700 m; 14 June 2011; Z.X. Bao leg. • 1 ♂ (SWUC-T-DI-15-34); Mount 
Cangshan; Xieyangfeng; 25°35′58″N, 100°11′7″E; elev. 2500 m; 10 April 2011; 
N.J. Li leg. • 1 ♂ 1 ♀ (SWUC-T-DI-15-35 to 36); Mount Cangshan, Xieyangfeng; 
25°35′54″N, 100°11′13″E; elev. 2615 m; 15 January 2009; Z.Z. Yang leg.

Etymology. The specific name is derived from the county where the type lo-
cality is located; used as a noun in apposition.

Diagnosis. This new species is similar to S. hainan sp. nov. (Figs 7, 8) in 
having a semicircular embolus and short copulatory ducts, but it can be dis-
tinguished by the triangular (dorsal view) retrolateral tibial apophysis (vs semi-
circular, lamellate), the finger-shaped and untwisted posterior arm (PA) of the 
conductor (vs somewhat S-shaped) (Figs 3A–C, 4C–E), and the absence of a 
stem of the spermathecal head (vs present) (Figs 3E, 4G).

Description. Male holotype (Fig. 4A) total length 2.00. Prosoma 0.86 long, 
0.78 wide; Opisthosoma 1.20 long, 0.75 wide. Dorsum of prosoma brown, with 
high cephalic area. Eye sizes and interdistances: AME 0.03, ALE 0.04, PME 
0.04, PLE, 0.04; AME–AME 0.09, AME–ALE 0.06, PME–PME 0.08, PME–PLE 
0.10, ALE–PLE 0.02. MOA 0.14 long, anterior width 0.14, posterior width 0.16. 
Clypeus height 0.09. Chelicerae stout, yellow-brown, with 3 promarginal teeth 
and 1 retromarginal tooth. Legs yellowish. Leg measurements: I 2.76 (0.84, 
0.95, 0.59, 0.38); II 2.56 (0.78, 0.88, 0.50, 0.40); III 2.03 (0.62, 0.65, 0.46, 0.30); 
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Figure 3. Sudesna dali sp. nov. holotype male (A–C) and paratype female (D, E). A Left male palp, ventral view B same, 
retrolateral view C same, dorsal view D epigyne, ventral view E vulva, dorsal view. Abbreviations: AA = anterior arm of con-
ductor; CD = copulatory duct; CO = copulatory opening; Ct = ctenidia; Em = embolus; FD = fertilization duct; PA = posterior 
arm of conductor; RTA = retrolateral tibial apophysis; S = spermathecal; SH = spermathecal head.

IV 2.28 (0.73, 0.69, 0.55, 0.31). Leg formula: 1243. Opisthosoma oval. Dorsum 
with black and white markings. Venter yellow brown. Spinnerets short and yel-
low-brown, with black markings.

Palp (Figs 3A, B, 4C–E). Tibia dorsally with 2 ctenidia, located at 1/3 length of 
tibia from the distal-most part. Retrolateral tibial apophysis triangular in dorsal 
view. Embolus semicircular and originating at about the 10:00 o’clock position 
and terminating at about the 4:30 o’clock position. Anterior arm of conductor (AA) 
short and membranous; posterior arm (PA) finger-shaped with sharply pointed tip.

Female paratype (SWUC-T-DI-15-02, Fig. 4B) total length 2.46. Prosoma 0.86 
long, 0.81 wide; opisthosoma 1.64 long, 1.30 wide. Dorsum of prosoma yel-
low-brown, with high cephalic area. Eye sizes and interdistances: AME 0.04, ALE 
0.04, PME 0.04, PLE, 0.04; AME–AME 0.07, AME–ALE 0.06, PME–PME 0.08, PME–
PLE 0.08, ALE–PLE 0.02. MOA 0.13 long, anterior width 0.14, posterior width 0.16. 
Clypeus height 0.06. Leg measurements: I 2.41 (0.75, 0.81, 0.49, 0.36); II 2.32 (0.71, 
0.79, 0.48, 0.34); III 1.98 (0.62, 0.63, 0.46, 0.27); IV 2.29 (0.72, 0.78, 0.51, 0.28). Legs 
yellowish. Leg formula: 1243. Opisthosoma oval. Dorsum yellow-brown, with white 
scaly markings. Venter yellow-brown. Spinnerets short and yellow brown.
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Figure 4. Sudesna dali sp. nov. holotype male (A, C–E) and paratype female (B, F, G). A Male habitus, dorsal view B female 
habitus, dorsal view C left male palp, ventral view D same, retrolateral view E same, dorsal view F epigyne, ventral view 
G vulva, dorsal view.

Epigyne (Figs 3C, D, 4F, G). Copulatory openings semicircular, facing each 
other, separated by about 4 times their width. Copulatory ducts membranous, 
short, as long as width. Spermatheca peanut-shaped, spermathecal heads 
somewhat ball-shaped. Fertilization ducts semicircular, directed laterally, the 
length is 2.5 times the width of the copulatory openings.
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Variation. Male (n = 12) total length 1.87–2.13; female (n = 24) total length 
2.18–2.71.

Distribution. Known only from the type locality, Yunnan, China (Fig. 14).

Sudesna haiboi sp. nov.
https://zoobank.org/823D83E1-E618-4AB5-9A32-DD970521E5C4
Figs 5, 6, 15
(海波苏蛛)

Type materials. Holotype ♂ (SWUC-T-DI-16-01); Yunnan Province; Dali City, 
Mount Cangshan, Southern Slopes; 25°34′27″N, 100°7′49″E; elev. 2320 m; May 
2010; H.B. Pu and Z.Z. Yang leg. Paratypes: 9 ♂ 10 ♀ (SWUC-T-DI-16-02 to 20); 
same data as holotype.

Etymology. The specific name honours Mr Haibo Pu, who was of tremen-
dous assistance in the field; a noun in genitive case.

Diagnosis. This species is similar to S. shangrila sp. nov. (Figs 11, 12) in 
having a hook-shaped retrolateral tibial apophysis, a long anterior arm of 

Figure 5. Sudesna haiboi sp. nov. holotype male (A–C) and paratype female (D, E). A Left male palp, ventral view B same, 
retrolateral view C same, dorsal view D epigyne, ventral view E vulva, dorsal view. Abbreviations: AA = anterior arm of con-
ductor; CD = copulatory duct; CO = copulatory opening; Ct = ctenidia; Em = embolus; FD = fertilization duct; PA = posterior 
arm of conductor; RTA = retrolateral tibial apophysis; S = spermathecal; SH = spermathecal head.
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Figure 6. Sudesna haiboi sp. nov. holotype male (A, C–E) and paratype female (B, F, G). A Male habitus, dorsal view 
B female habitus, dorsal view C left male palp, ventral view D same, retrolateral view E same, dorsal view F epigyne, ven-
tral view G vulva, dorsal view.

conductor, and cylindrical spermatheca, but it can be distinguished by the em-
bolus originating at about the 8:30 o’clock position (vs 9:30), the lack of a scaly 
tip on the posterior arm of the conductor (vs present) (Figs 5A–C, 6C–E), and 
long, curved copulatory ducts (vs short and straight) (Figs 5E, 6G).

Description. Male holotype (Fig. 6A) total length 2.01. Prosoma 0.94 long, 
0.87 wide; opisthosoma 1.14 long, 0.76 wide. Dorsum of prosoma brown, with 
high cephalic area. Eye sizes and interdistances: AME 0.05, ALE 0.05, PME 
0.06, PLE, 0.07; AME–AME 0.08, AME–ALE 0.07, PME–PME 0.09, PME–PLE 
0.08, ALE–PLE 0.01. MOA 0.16 long, anterior width 0.16, posterior width 0.19. 
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Clypeus height 0.12. Chelicerae stout, brown, with 3 promarginal teeth and 1 
retromarginal tooth. Legs yellow-brown. Leg measurements: I 3.45 (1.09, 1.12, 
0.80, 0.44), II 3.34 (1.05, 1.08, 0.78, 0.44), III 2.51 (0.79, 0.77, 0.60, 0.35), IV 
2.72 (0.83, 0.87, 0.67, 0.35). Leg formula: 1243. Opisthosoma oval. Dorsum yel-
lowish brown, with black and white markings. Venter yellow-brown. Spinnerets 
short and yellow-brown, with black markings.

Palp (Figs 5A, B, 6C–E). Tibia dorsally with two ctenidia, located 1/3 from dis-
tal-most portion of tibia. Retrolateral tibia apophysis hook-shaped. Embolus some-
what O-shaped, originating at about the 8:30 o’clock position and terminating at 
about the 5:30 o’clock position. Anterior arm of conductor (AA) tapering and ter-
minating at about the 1:00 o’clock position; posterior arm (PA) spiral, with blunt tip.

Female paratype (SWUC-T-DI-16-02, Fig. 6B) total length 2.27. Prosoma 0.82 
long, 0.83 wide; opisthosoma 1.54 long, 1.27 wide. Dorsum of prosoma yel-
low-brown, with high cephalic area. Eye sizes and interdistances: AME 0.04, ALE 
0.06, PME 0.05, PLE 0.05; AME–AME 0.08, AME–ALE 0.05, PME–PME 0.08, 
PME–PLE 0.09, ALE–PLE 0.02. MOA 0.14 long, anterior width 0.14, posterior 
width 0.16. Clypeus height 0.06. Legs yellow-brown. Leg measurements: I 2.96 
(0.95, 0.95, 0.67, 0.39), II 2.86 (0.92, 0.92, 0.64, 0.38), III 2.39 (0.77, 0.75, 0.55, 
0.32), IV 2.62 (0.82, 0.86, 0.63, 0.31). Leg formula: 1243. Opisthosoma oval. Dor-
sum yellowish brown, with a few black markings and lots of white scaly markings. 
Venter yellowish brown. Spinnerets short and yellow-brown, with black markings.

Epigyne (Figs 5C, D, 6F, G). Copulatory openings nearly 9-shaped, facing 
away from each other, separated by about 2.5 times their width. Copulatory 
ducts long, membranous, semicircular. Spermatheca spiral; spermathecal 
heads oval. Fertilization ducts semicircular, laterally directed and as long as 
width of copulatory openings.

Variation. Male (n = 10) total length 1.92–2.10; female (n = 10) total length 
2.15–2.35.

Distribution. Known only from the type locality, Yunnan, China (Fig. 15).

Sudesna hainan sp. nov.
https://zoobank.org/C7C6A794-7C79-4A8D-85CF-A17C4EF6694D
Figs 7, 8, 15
(海南苏蛛)

Type materials. Holotype ♂ (SWUC-T-DI-17-01); Hainan Province; Changjiang 
County, Bawangling; 19°07′51″N, 109°03′22″E; elev. 739 m; 21 May 2009; G.X. 
Han leg. Paratypes: 1 ♂ 13 ♀ (SWUC-T-DI-17-02 to 15); same data as holo-
type • 2 ♀ (SWUC-T-DI-17-16 to 17); Bawangling, Yajia; 19°04′46″N, 109°07′35″E; 
elev. 624 m; 19 May 2009; G.X. Han leg. • 2 ♀ (SWUC-T-DI-17-18 to 19); Diaolu-
oshan National Nature Reserve; 18°40′08″N, 109°53′53″E; elev. 2225 m; June 
2009; G.X. Han leg. • 3 ♀ (SWUC-T-DI-17-20 to 22); Jianfengling National Na-
ture Reserve, Zhufeng; 18°42′35″N, 108°52′35″E; elev. 960 m; 31 May 20009; 
G.X. Han leg. • 5 ♀ (SWUC-T-DI-17-23 to 27); Jianfengling National Nature Re-
serve, Tianchi; 18°44′38″N, 108°51′43″E; elev. 811 m; 29 May 20009; G.X. Han 
leg. • 2 ♂ 7 ♀ (SWUC-T-DI-17-28 to 36); Jianfengling National Nature Reserve, 
Yulingu; 18°44′59″N, 108°55′16″E; elev. 680 m; 1 June 2009; G.X. Han leg. • 2 
♂ 4 ♀ (SWUC-T-DI-17-37 to 42); Tunchang County, Xichang Town; 19°25′55″N, 
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Figure 7. Sudesna hainan sp. nov. holotype male (A–C) and paratype female (D, E). A Left male palp, ventral view B same, 
retrolateral view C same, dorsal view D epigyne, ventral view E vulva, dorsal view. Abbreviations: AA = anterior arm of con-
ductor; CD = copulatory duct; CO = copulatory opening; Ct = ctenidia; Em = embolus; FD = fertilization duct; PA = posterior 
arm of conductor; RTA = retrolateral tibial apophysis; S = spermathecal; SH = spermathecal head.

110°2′48″E; elev. 124 m; 11 June 2009; G.X. Han leg. • 1 ♂ 1 ♀ (SWUC-T-DI-17-43 
to 44); Wuzhishan City, Shuiman Township, Wuzhishan National Nature Re-
serve; 18°54′23″N, 109°40′51″E; elev. 747 m; Q.L. Lu leg.

Etymology. The specific name is derived from the county where the type lo-
cality is located; used as a noun in apposition.

Diagnosis. See the diagnosis of S. dali sp. nov.
Description. Male holotype (Fig. 8A) total length 2.30. Prosoma 0.91 long, 

0.84 wide; opisthosoma 1.48 long, 0.98 wide. Dorsum of prosoma brown, with 
white high cephalic area. Eye sizes and interdistances: AME 0.04, ALE 0.10, 
PME 0.08, PLE, 0.09; AME–AME 0.07, AME–ALE 0.04, PME–PME 0.06, PME–
PLE 0.10, ALE–PLE 0.02. MOA 0.20 long, anterior width 0.15, posterior width 
0.22. Clypeus height 0.04. Chelicerae stout, brown, with 3 promarginal teeth 
and 1 retromarginal tooth. Legs yellow-brown (femur I brown). Leg measure-
ments: I 3.27 (1.04, 1.16, 0.62, 0.45); II 3.05 (1.03, 1.02, 0.57, 0.43); III 2.35 (0.75, 
0.74, 0.50, 0.36); IV 2.59 (0.81, 0.85, 0.54, 0.39). Leg formula: 1243. Opistho-
soma almost pyriform. Dorsum white, with a few short, strong spines. Venter 
yellowish brown. Spinnerets short and yellowish brown with black markings.
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Figure 8. Sudesna hainan sp. nov. holotype male (A, C–E) and paratype female (B, F, G). A Male habitus, dorsal view 
B female habitus, dorsal view C left male palp, ventral view D same, retrolateral view E same, dorsal view F epigyne, ven-
tral view G vulva, dorsal view.

Palp (Figs 7A, B, 8C–E). Tibia dorsally with 2 ctenidia, located at middle. Retro-
lateral tibia apophysis lamellate. Embolus semicircular and originating at about the 
11:30 o’clock position, terminating at about the 4:00 o’clock position. Anterior arm 
of conductor (AA) membranous, terminating at about the 1:30 o’clock position; 
posterior arm (PA) backwards S-shaped in retrolateral view, with a blunt, scaly tip.

Female paratype (SWUC-T-DI-17-02, Fig. 8B) total length 2.42. Prosoma 
0.85 long, 0.79 wide; opisthosoma 1.58 long, 1.24 wide. Dorsum of prosoma 
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yellowish brown, with white high cephalic area. Eye sizes and interdistances: 
AME 0.03, ALE 0.08, PME 0.07, PLE, 0.08; AME–AME 0.06, AME–ALE 0.03, 
PME–PME 0.05, PME–PLE 0.07, ALE–PLE 0.02. MOA 0.17 long, anterior width 
0.11, posterior width 0.17. Clypeus height 0.04. Legs yellowish brown, with 
black markings. Leg measurements: I 2.87 (0.87, 1.00, 0.60, 0.40); II 2.85 (0.93, 
0.94, 0.57, 0.41); III 2.25 (0.70, 0.70, 0.51, 0.34); IV 2.55 (0.77, 0.84, 0.54, 0.40). 
Leg formula: 1243. Opisthosoma oval. Dorsum yellowish brown, with a few 
black markings and many white scaly markings. Venter yellowish brown. Spin-
nerets short and yellow-brown with black markings.

Epigyne (Figs 7C, D, 8F, G). Copulatory openings nearly 9-shaped, facing 
away from each other, separated by about 4.5 times their width. Copulatory 
ducts slightly sclerotized, short, slightly curved. Spermatheca curved, sperma-
thecal heads round. Fertilization ducts thin, semicircular, and directed laterally.

Variation. Male (n = 5) total length 1.91–2.30; female (n = 37) total length 
2.24–2.42.

Distribution. China (Hainan) (Fig. 15).

Sudesna hedini (Schenkel, 1936)
Figs 9, 10, 15
(赫氏苏蛛)

Dictyna hedini Schenkel, 1936: 14, f. 2 (♂♀); Paik 1979: 423, figs 11–21 (♂♀); 
Zhu and Shi 1985: 57, figs 46a–c (♀).

Sudesna hedini: Lehtinen, 1967: 265, figs 305, 318 (♂♀); Song and Lu 1985: 80, 
fig. 4A, B (♀); Song 1987: 79, fig. 43 (♀); Feng 1990: 37, fig. 12 (♀); Song et al. 
1999: 365, fig. 216D, E (♀); Song et al. 2001: 288, fig. 182A, B (♀); Namkung 
2002: 385, fig. 27.10a, b (♂♀); Namkung 2003: 387, fig. 27.10a, b (♂♀); Marusik 
et al. 2006: 355, fig. 5 (♂); Zhang and Li 2011: 30, fig. 7A–H (♂♀); Esyunin and 
Sozontov 2016: 204, fig. 13 (♀); Kim and Lee 2017: 49, fig. 28A, B (♀).

Dictyna yongshun Yin, Bao & Kim, 2001: 170, figs 1–4 (♂); Yin et al. 2012: 976, 
fig. 496a–d (♂). syn. nov.

Material examined. Hunan: 1 ♂ (holotype of Dictyna yongshun Yin, Bao & Kim, 
2001), Yongshun County, Buermen; 12 September 1996; C.M. Yin leg. (HNU) 
• Guizhou: 1 ♀ (SWUC-DI-SH-01); Guiyang City, Qianling Park; 26°35′55″N, 
106°41′35″E; elev. 1172 m; 8 October 2012; L.Y. Wang, X.K. Jiang leg. • 1 ♂ 
(SWUC-DI-SH-02), Guiding County, Yanxia Town; 26°23′00″N, 107°18′13″E; elev. 
1173 m; 8 August 2007; Z.S. Zhang leg; • 2 ♂ (SWUC-DI-SH-03 to 04); Xishiu 
County, Tucheng Town; 28°16′40″N, 105°59′48″E; elev. 307 m; 17 September 
2016; Z.Z. Yang leg. • 6 ♀ (SWUC-DI-SH-05 to 10); Kaili City, Leishan County, 
Leigongshan National Nature Reserve, Xiaodanjiang; 26°21′21″N, 108°09′30″E; 
elev. 1409 m; 17 September 2005; Z.S. Zhang, H.M. Chen leg. • Hebei: 1 ♀ 
(SWUC-DI-SH-11); Xiaowutai Mountain, Yangjiaping, 39°56'10"N, 114°56'43"E; 
elev. 1440 m; 30 July 2012; F. Zhang leg. • Hubei: 1 ♀ (SWUC-DI-SH-12); Shen-
nongjia, Muyuping; 31°27′54″N, 110°23′53″E; elev. 1207m; 24 September 2001; 
M.S. Zhu leg. • Liaoning: 1 ♂ (SWUC-DI-SH-13); Dandong City, Jinjiangshan Park; 
40°08′02″N, 124°22′32″E; elev. 84 m; 16 August 2009; H.M. Chen, Z. Li, H.P. Wang 
leg. • 1 ♀ (SWUC-DI-SH-14); Benxi City, Huanren County, Wunvshan; 41°19′38″N, 
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Figure 9. Sudesna hedini (Schenkel, 1936) male (SWUC-DI-SH-56, A, C–E) and female (SWUC-DI-SH-57, B, F, G). A Male 
habitus, dorsal view B female habitus, dorsal view C left male palp, ventral view D same, retrolateral view E same, dorsal 
view F epigyne, ventral view G vulva, dorsal view.

125°25′01″E; elev. 627 m; 21 August 2009; H.M. Chen, Z. Li, H.P. Wang leg. • 4 ♂ 
14 ♀ (SWUC-DI-SH-15 to 32); Benxi City, Huanren County, Wangtiandong Scenic 
Spot; 41°11′24″N, 125°16′04″E; elev. 280 m; 20 August 2009; H.M. Chen, Z. Li, 
H.P. Wang leg. • 1 ♂ (SWUC-DI-SH-33); Kuandian County, Tianhuashan Scenic 
Spot; 41°05′06″N, 124°34′50″E; elev. 724 m; 17 August 2009; H.M. Chen, Z. Li, 
H.P. Wang leg. • Shaanxi: 1 ♂ (SWUC-DI-SH-34); Mei County, Tangyu, Taibaishan; 
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Figure 10. Sudesna hedini (Schenkel, 1936) (holotype of Dictyna yongshun Yin, Bao & Kim, 2001). A Left male palp, ventral 
view B same, retrolateral view.

34°07′46″N, 107°53′50″E; elev. 703 m; 10 September 2004; Z.S. Zhang, H.M. Chen 
leg. • 2 ♀ (SWUC-DI-SH-35 to 36); Zhouzhi County, Houzhenzi Town; 33°50′49″N, 
107°50′01″E; elev. 1305 m; 14 September 2011; L.Y. Wang, Z. Li, D. Wang leg. 
• Sichuan: 8 ♂ 11 ♀ (SWUC-DI-SH-37 to 55); Jiulong County, Wanba Town; 
29°04′16″N, 102°03′09″E; elev. 2078 m; 28 September 2008; H.M. Chen leg. • 1 ♂ 
2 ♀ (SWUC-DI-SH-56 to 58); Luding County, Moxi Town; 29°39′04″N, 102°06′53″E; 
elev. 1572 m; 12 November 2019; Z.S. Zhang, L.Y. Wang leg.

Diagnosis. This species is similar to S. shangrila sp. nov. (Figs 11, 12) in hav-
ing a hook-shaped retrolateral tibial apophysis and spiraled copulatory open-
ings, but it can be distinguished by the spiral posterior arm of the conductor (vs 
slightly twisted), the curved copulatory duct (vs columnar), and the bud-shaped 
spermathecal head (vs round).

Distribution. China (Beijing, Gansu, Guizhou, Hebei, Hubei, Hunan, Liaoning, 
Shanxi, Shaanxi, Sichuan, Zhejiang) (Fig. 15).

Remarks. Although we did not examine the type of S. hedini, the published 
figures of it (Schenkel 1936; Lehtinen 1967) are clear enough. We carefully com-
pared D. yongshun (type examined, Fig. 10) and S. hedini (Fig. 9), and found that 
these two species share the same structures, such as the helical posterior arm 
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of conductor, the semicircular embolus originating at about the 9:00 o’clock 
position, and two ctenidia located dorso-medially on the tibia. Therefore, we 
consider D. yongshun to be a junior synonym of S. hedini (Schenkel, 1936).

Sudesna shangrila sp. nov.
https://zoobank.org/6CB767CD-9CBC-4E37-B45E-73F1B9FF087D
Figs 11, 12, 15
(香格里拉苏蛛)

Type material. Holotype ♂ (SWUC-T-DI-18-01); Yunnan Province; Shangrila, 
Tianshengqiao, Geothermal park; 27°47′53″N, 99°48′46″E; elev. 3406 m; 21 Au-
gust 2009; Z.X. Li and L.Y. Wang leg. Paratypes: 1 ♂ 7 ♀, (SWUC-T-DI-18-02 to 
09); same data as holotype.

Figure 11. Sudesna shangrila sp. nov. holotype male (A–C) and paratype female (D, E). A Left male palp, ventral view 
B same, retrolateral view C same, dorsal view D epigyne, ventral view E vulva, dorsal view. Abbreviations: AA = anterior 
arm of conductor; CD = copulatory duct; CO = copulatory opening; Ct = ctenidia; Em = embolus; FD = fertilization duct; PA 
= posterior arm of conductor; RTA = retrolateral tibial apophysis; S = spermathecal; SH = spermathecal head.
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Figure 12. Sudesna shangrila sp. nov. holotype male (A, C–E) and paratype female (B, F, G). A Male habitus, dorsal view 
B female habitus, dorsal view C left male palp, ventral view D same, retrolateral view E same, dorsal view F epigyne, ven-
tral view G vulva, dorsal view.

Etymology. The specific name is derived from the county where the type lo-
cality is located; used as a noun in apposition.

Diagnosis. See the diagnosis of S. haiboi sp. nov.
Description. Male holotype (Fig. 12A) total length 2.30. Prosoma 1.04 long, 

0.90 wide; opisthosoma 1.38 long, 0.86 wide. Dorsum of prosoma brown, with 



144ZooKeys 1234: 127–149 (2025), DOI: 10.3897/zookeys.1234.145300

Lu-Yu Wang et al.: Six new Sudesna species from China, with point out a new synonym

white high cephalic area. Eye sizes and interdistances: AME 0.05, ALE 0.07, 
PME 0.05, PLE, 0.07; AME–AME 0.12, AME–ALE 0.08, PME–PME 0.13, PME–
PLE 0.13, ALE–PLE 0.03. MOA 0.18 long, anterior width 0.19, posterior width 
0.24. Clypeus height 0.11. Chelicerae stout, yellow-brown, with 3 promarginal 
and 2 retromarginal teeth. Legs yellow brown. Leg measurements: I 2.94 (0.92, 
0.99, 0.62, 0.41), II 2.83 (0.87, 0.95, 0.60, 0.41), III 2.25 (0.74, 0.72, 0.48, 0.31), IV 
2.49 (0.77, 0.85, 0.58, 0.29). Leg formula: 1243. Opisthosoma oval. Dorsum yel-
lowish brown, with white markings. Venter yellowish brown. Spinnerets short 
and yellowish brown.

Palp (Figs 11A, B, 12C–E). Tibia dorsally with 2 ctenidia, located 1/3 from 
distalmost part of tibia. Retrolateral tibia apophysis hook-shaped. Embolus 
semicircular, originating near the 9:30 o’clock position, terminating at about the 
4:00 o’clock position. Anterior arm of conductor (AA) membranous and termi-
nating near the 12:00 o’clock position; posterior arm (PA) slightly twisted with 
a pointed, scaly tip.

Female paratype (SWUC-T-DI-18-02, Fig. 12B) total length 3.76. Prosoma 
1.36 long, 1.13 wide; opisthosoma 2.64 long, 1.97 wide. Dorsum of prosoma 
yellowish brown, with white high cephalic area. Eye sizes and interdistances: 
AME 0.06, ALE 0.07, PME 0.06, PLE, 0.07; AME–AME 0.16, AME–ALE 0.12, 
PME–PME 0.17, PME–PLE 0.16, ALE–PLE 0.04. MOA 0.21 long, anterior width 
0.25, posterior width 0.29. Clypeus height 0.12. Legs yellowish brown. Leg 
measurements: I 3.48 (1.09, 1.16, 0.75, 0.48), II 3.47 (1.05, 1.15, 0.70, 0.47), III 
2.90 (0.94, 0.98, 0.64, 0.34), IV 3.51 (1.12, 1.25, 0.80, 0.34). Leg formula: 1243. 
Opisthosoma oval. Dorsum yellowish brown, with white scaly markings. Venter 
yellowish brown. Spinnerets short and yellowish brown.

Epigyne (Figs 11C, D, 12F, G). Copulatory openings nearly spiral, facing away 
from each other, separated by about 4 times their width. Copulatory ducts 
short, slightly sclerotized. Spermatheca cylindrical; spermathecal heads round. 
Fertilization ducts thin, semicircular, and directed laterally.

Variation. Male (n = 2) total length 2.06–2.30; female (n = 7) total length 
2.65–3.76.

Distribution. Known only from the type locality, Yunnan, China (Fig. 15).

Sudesna yangi sp. nov.
https://zoobank.org/8D303C1E-237D-4A68-8EB3-7EED0A0B6413
Figs 13, 14, 15
(杨氏苏蛛)

Type material. Holotype ♂ (SWUC-T-DI-19-01); Yunnan Province; Dali City, Mount 
Cangshan, Xieyangfeng; 25°35′39″N, 100°11′23″E; elev. 2573 m; 11 September 2011; 
Z.Z. Yang leg. Paratypes: 3 ♂ 6 ♀ (SWUC-T-DI-19-02 to 10); same data as holotype. • 
1 ♀ (SWUC-T-DI-19-11); Mount Cangshan, Dapoqing; 25°34′38″N, 100°07′51″E; elev. 
2043 m; 30 August 2009; Z.Z. Yang leg. • 6 ♂ 4 ♀ (SWUC-T-DI-19-12 to 21); Mount 
Cangshan, Yujufeng; 25°42′21″N, 100°7′7″E; elev. 2600 m; 13 September 2009; Z.Z. 
Yang leg. • 1 ♂ (SWUC-T-DI-19-22); Mount Cangshan, Xieyangfeng; 25°35′24″N, 
100°11′47″E; elev. 2500 m; 22 November 2011; P. Feng leg. • 2 ♀ (SWUC-T-DI-19-23 
to 24); Mount Cangshan, Xieyangfeng; 5°35′40″N, 100°11′21″E; elev. 2500 m; 14 
June 2011; Y. He leg. • 3 ♀ (SWUC-T-DI-19-25 to 27); Eyuan County, Cibi Township, 
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Figure 13. Sudesna yangi sp. nov. holotype male (A–C) and paratype female (D, E). A Left male palp, ventral view B same, 
retrolateral view C same, dorsal view D epigyne, ventral view E vulva, dorsal view. Abbreviations: AA = anterior arm of con-
ductor; CD = copulatory duct; CO = copulatory opening; Ct = ctenidia; Em = embolus; FD = fertilization duct; PA = posterior 
arm of conductor; RTA = retrolateral tibial apophysis; S = spermathecal; SH = spermathecal head.

Biaoshan; 26°09′41″N, 99°54′21″E; elev. 2310 m; 17 August 2009; Z.X. Li and L.Y. 
Wang leg. • 1 ♂ (SWUC-T-DI-19-28); Kunming City, Mount Xishan, Maomaoqing; 
24°57′20″N, 102°37′54″E; elev. 2204 m; 13 October 2016; G.Q. Huang, X.B. Guo and 
Y.C. Wang leg. • 1 ♀ (SWUC-T-DI-19-29); Baoshan City, Longyang District, Mangkuan 
Township, Mount Gaoligong; 25°18′27″N, 98°47′42″E; elev. 1496 m; 6 October 2015; 
T. Lu and Y.C. Zhou leg. • 2 ♀ (SWUC-T-DI-19-30 to 31); Baoshan City, Longyang Dis-
trict, Mangkuan Township, Mount Gaoligong; 25°18′05″N, 98°47′24″E; elev. 1793 m; 
8 October 2015; T. Lu and Y.C. Zhou leg.

Etymology. This species is named after the collector of the holotype and 
some paratype material; a noun in genitive case.

Diagnosis. The male of this new species is similar to S. circularis Zhang & Li, 
2011 (Zhang and Li 2011: 30, figs 8A–C, 9A–F) in having a long embolus and 
lacking tibial ctenidia, but it can be distinguished by the pale opisthosoma (vs 
yellow-brown with black markings) (Fig. 14A) and the embolus originating at 
the 9:00 o’clock position (vs 8:30) (Figs 13A–C, 14C–E). For the diagnosis of 
the female of S. yangi, see S. cangshan sp. nov. part.
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Figure 14. Sudesna shangrila sp. nov. holotype male (A, C–E) and paratype female (B, F, G). A Male habitus, dorsal view 
B female habitus, dorsal view C left male palp, ventral view D same, retrolateral view E same, dorsal view F epigyne, ven-
tral view G vulva, dorsal view.
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Figure 15. Distribution of Sudesna species in China.

Description. Male holotype (Fig. 14A) total length 3.76. Prosoma 1.70 long, 
1.42 wide; opisthosoma 2.13 long, 1.48 wide. Dorsum of prosoma brown, with 
high cephalic area. Eye sizes and interdistances: AME 0.07, ALE 0.11, PME 
0.10, PLE, 0.11; AME–AME 0.14, AME–ALE 0.11, PME–PME 0.15, PME–PLE 
0.16, ALE–PLE 0.02. MOA 0.29 long, anterior width 0.26, posterior width 0.32. 
Clypeus height 0.16. Chelicerae stout, brown, with 4 promarginal and 3 retro-
marginal teeth. Legs yellow-brown. Leg measurements: I 6.08 (1.86, 2.18, 1.28, 
0.76); II 6.34 (1.72, 2.02, 1.90, 0.70); III 4.02 (1.27, 1.28, 0.93, 0.54); IV 4.48 
(1.36, 1.54, 1.08, 0.50). Leg formula: 1243. Opisthosoma oval. Dorsum and ven-
ter pale. Spinnerets short and yellowish brown.

Palp (Figs 13A, B, 14C–E). Tibia without ctenidia. Retrolateral tibial apoph-
ysis hook-shaped in retrolateral view. Embolus somewhat O-shaped and origi-
nating at about the 9:00 o’clock position, terminating at about the 5:00 o’clock 
position. Anterior arm of conductor (AA) tapering and distally reaching the 
12:30 o’clock position; posterior arm (PA) spiral, with a pointed, scaly tip.
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Female paratype (SWUC-T-DI-19-02, Fig. 14B) total length 3.78. Prosoma 
1.36 long, 1.13 wide; opisthosoma 2.67 long, 1.99 wide. Dorsum of prosoma 
yellowish brown, with high cephalic area. Eye sizes and interdistances: AME 
0.05, ALE 0.10, PME 0.09, PLE, 0.09; AME–AME 0.13, AME–ALE 0.10, PME–
PME 0.14, PME–PLE 0.15, ALE–PLE 0.05. MOA 0.25 long, anterior width 0.23, 
posterior width 0.31. Clypeus height 0.14. Legs yellow-brown. Leg measure-
ments: I 5.14 (1.61, 1.75, 1.07, 0.71); II 4.66 (1.52, 1.52, 1.00, 0.62); III 3.81 (1.20, 
1.24, 0.85, 0.52); IV 4.58 (1.41, 1.59, 1.06, 0.52). Leg formula: 1243. Opisthoso-
ma oval. Dorsum and venter pale. Spinnerets short and yellowish brown.

Epigyne (Figs 13C, D, 14F, G). Copulatory openings large, 9-shaped, facing 
away from each other, separated by about 1.7 times their width. Copulatory 
ducts slightly sclerotized, long and abruptly bent. Spermatheca clavate, sper-
mathecal heads round. Fertilization ducts semicircular, directed laterally.

Variation. Male (n = 12) total length 3.76–4.15; female (n = 16) total length 
3.78–4.57.

Distribution. China (Yunnan) (Fig. 15).
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Abstract

The parvorder Caprellidira includes 1,244 described species in 17 families. The diverse 
morphology of caprellidiran amphipods ranges from thread-like to more typical laterally 
compressed body forms. Caprellidiran amphipods are associated with coral rubble, sea-
grasses, sponges, algae, and sand and typically feed on detritus from the water column. 
Twenty species from five families within the parvorder are documented from Bocas del 
Toro, Panama. Five species are new to science and a range extension is documented for 
15 species. All species are diagnosed, new species are described, and an identification 
key to the Caprellidira amphipods of Panama is provided herein.

Resumen

El parvorden Caprellidira incluye 1,244 especies descritas, distribuidas en 17 famili-
as, con una morfología que varía desde formas corporales filiformes hasta las típica-
mente comprimidas lateralmente. Estas especies están asociadas a hábitats como 
escombros de coral, pastos marinos, esponjas, algas y sedimentos arenosos, donde 
suelen alimentarse de detritos en la columna de agua. En Bocas del Toro, Panamá, 
se han registrado 20 especies pertenecientes a cinco familias, de las cuales cinco 
representan descubrimientos nuevos para la ciencia, y se ha documentado una ex-
pansión del rango de distribución para 15 especies. Se diagnostican todas las espe-
cies, se describen nuevas especies y se proporciona una clave de identificación de 
los anfípodos Caprellidiran de Panamá.

Key words: Bocas del Toro, Caprellidae, Caprellidira, identification key, Ischyroceridae, 
Neomegamphopidae, Photidae, Podoceridae

Introduction

Caprellidira Leach, 1814 (sensu Lowry and Myers 2013) is a parvorder con-
sisting of 1,224 species distributed in a cosmopolitan manner (Horton et al. 
2024). The parvorder Caprellidira was originally classified as infraorder Ca-
prellida (Myers and Lowry 2003) based on the hypothesis that ancestors of 
these species consumed suspended matter found in the water column. This 
feeding behavior is reflected in several families such as Caprellidae which hold 
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on to substrate with pereopods 5–7 and catch suspended matter as it drifts 
by. Amphipods in the genus Cerapus have a thick article 1 on antenna 1, which 
may provide extra strength to collect suspended matter with their antennae. 
Morphology varies drastically in the Caprellidira, with members of Caprellidae 
exhibiting threadlike bodies and other families with laterally compressed or 
subcylindrical bodies. Caprellida was reclassified as the parvorder Caprellidira 
by Lowry and Myers (2013).

The Caprellidira comprises 17 families: Aetiopedesidae Myers & Lowry, 
2003 (one sp.); Australomicroprotopidae Myers, Lowry & Billingham, 2016 
(one sp.); Caprellidae Leach 1814 (452 spp.); Caprogammaridae Kudrja-
schov & Vassilenko, 1966 (two spp.); Cyamidae Rafinesque, 1815 (29 spp.); 
Dulichiidae Dana, 1849 (30 spp.); Isaeidae Dana, 1852 (seven spp.); Ischy-
roceridae Stebbing, 1899 (293 spp.); Kamakidae Myers & Lowry, 2003 (43 
spp.); Microprotopidae Myers & Lowry, 2003 (five spp.); Neomegamphopi-
dae Myers, 1981 (22 spp.); Paragammaropsidae Myers & Lowry, 2003 (two 
spp.); Photidae Boeck, 1871 (238 spp.); Podoceridae Leach, 1814 (93 spp.); 
Priscomilitaridae Hirayama, 1988 (three spp.); Protodulichiidae Ariyama, 
2019, in Ariyama and Hoshino 2019 (one sp.); Rakiroidae Myers & Lowry, 
2003 (one sp.).

Prior to this study, 70 caprellidiran species in six families were document-
ed from Caribbean waters: Caprellidae, Ischyroceridae, Kamakidae, Neome-
gamphopidae, Photidae, and Podoceridae (LeCroy et al. 2009; Miloslavich et 
al. 2010; Martín et al. 2013). Paracaprella barnardi (McCain, 1967) is the only 
species previously documented from Caribbean Panama and Posophotis seri 
Barnard, 1979 was previously documented from the canal zone on the Pacif-
ic side of Panama (Barnard 1979). Twenty Caprellidira species were collected 
during this study, including five species new to science.

Materials and methods

Coral rubble, algae, sand, seagrass, hydroids, sponges, and buoy scrapings 
were collected at 13 sites around Bocas del Toro, Panama at depths of 0.2–15 
m. Substrates were elutriated with freshwater and amphipods were sorted into 
morphospecies while alive. Live specimens were placed in clove oil for imaging 
and preserved in 99.5% EtOH. Preserved specimens were examined in glycerol 
after being measured from the tip of the rostrum to the base of the telson. 
Amphipods were dissected using a stereomicroscope and illustrated using an 
Olympus BH2 differential interference contrast microscope with an Olympus 
BH2-DA drawing tube attached. Pencil drawings were digitally inked using a 
Wacom® Intuos Pro Pen tablet following the methods of Coleman (2003) in 
Adobe Illustrator 2020. Abbreviations used in figures are as follows: H, habitus; 
Hd, head; A, antenna; Mx, maxilla; Md, mandible; UL, upper lip; LL, lower lip; 
Xpd, maxilliped; C, coxa; G, gnathopod; P, pereopod; E, epimeron; Pl, pleopod; U, 
uropod; T, telson; R, right; L, left. Size ranges of each species collected from Bo-
cas del Toro, Panama are provided at the beginning of each material examined 
section. Specimens are deposited in the Smithsonian Institution, U.S. National 
Museum of Natural History (USNM) and the Gulf Coast Research Laboratory 
Museum (GCRL).
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Results

Taxonomic account

Parvorder Caprellidira Leach, 1814 (sensu Lowry & Myers, 2013)
Superfamily Caprelloidea Leach, 1814
Family Caprellidae Leach, 1814

Genus Deutella Mayer, 1890

Diagnosis. Antenna 2 flagellum bi-articulate, lacking swimming setae. Mandib-
ular palp tri-articulate. Maxilliped inner lobe shorter than outer lobe. Pereopod 5 
with six articles, distinctly thinner than pereopods 6 and 7. Male abdomen with 
two appendages.

Deutella caribensis Guerra-García, Krapp-Schickel & Müller, 2006
Figs 1, 31A

Deutella caribensis Guerra-García, Krapp-Schickel & Müller, 2006: 161–164, 
figs 7, 8.

Material examined. Panama • 3.5 mm • 1 ♀; Bocas del Toro, Bocas del Drago; 
9.4134°N, 82.3334°W; depth 1–3 m, among coral rubble, 23 June 2023; K.N. 
White leg.; USNM 1743942.

Diagnosis. Head with paired dorsal projections. Body without lateral projec-
tions; pereonites 2–4 with dorsal projections. Pereopods 3 and 4 uni-articulate. 
Pereopod 5 longer than pereonite 5.

Distribution. Colombia: Bahía Concha (Guerra-García et al. 2006); Panama: 
Bocas del Toro (present study).

Ecology and remarks. This species occurs among algae and coral rubble 
at depths of 1–3 m. Panamanian specimens agree closely with the original 
description of this species. This is the first record of this species since the 
original description suggesting that the range of this species is much larger 
than previously known. Live specimens are yellow-brown in color with a red eye.

Deutella cf. pseudoincerta Winfield & Guerra-García, 2021
Figs 2, 31B

Deutella pseudoincerta Winfield & Guerra-García, 2021: 4–8, figs 2–6.

Material examined. Panama • 2.2–2.8 mm • 3 ♂, 1 ♀; Bocas del Toro, Crawl 
Caye; 9.2459°N, 82.1369°W; depth 1–4 m, among coral rubble, 25 June 2023; 
K.N. White leg.; USNM 174393.

Diagnosis. Head and pereonites 2 and 3 with dorsal projections; pereonite 
4 with posterodorsal hump; pereonites with minute setae. Male gnathopod 
2 propodus with distinct excavation and single grasping spine proximally. 
Pereopods 3 and 4 minute, bi-articulate, ~ 0.3 × length of gills. Pereopod 5 
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Figure 1. Deutella caribensis, female, 3.5 mm, habitus, gnathopod 2 lateral, and pereopod 3. Scale bars: 0.5 mm.

H
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Figure 2. Deutella cf. pseudoincerta, male, 2.8 mm, habitus, gnathopod 2 medial, pereopod 3, and pereopod 5 dactylus. 
Scale bars: 0.5 mm.
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dactylus reduced to minute article. Male abdomen with two setose lobes and 
two setose appendages.

Distribution. Mexico: Veracruz State (Winfield and Guerra-García 2021); Pan-
ama: Bocas del Toro (present study).

Ecology and remarks. This species occurs among coral rubble at depths of 
1–4 m. Panamanian specimens agree closely with previous descriptions of the 
species except for having five flagellar segments on antenna 1 (8 in original 
description) and more apically rounded pereopods 3 and 4 (triangular in orig-
inal description). The size of pereopod 5 in illustrated specimen seems to be 
an anomaly, as all other specimens were missing pereopod 5. Variation among 
specimens collected in Panama includes differences in dorsal projections on 
body and proximal projections on gnathopod 2 and pereopods 6 and 7. Due 
to the morphological variation in specimens, comparison with type material is 
necessary to confirm the species identification. Live specimens are white in 
color with purple-brown splotches and a red eye.

Genus Paracaprella Mayer, 1890

Diagnosis. Pereopods 3 and 4 bi-articulate. Maxilliped outer lobes significantly 
larger than inner lobes, not fused, bearing few setae. Mandibular palp reduced.

Paracaprella pusilla Mayer, 1890
Figs 3, 31C

Caprella nigra: Reid 1951: 283–284, 289, fig. 58.
Paracaprella pusilla Mayer, 1890: 41, taf. 1, figs 28–30, taf. 3, figs 45–47, taf. 

5, fig. 48–49, taf. 6, fig. 10; Mayer 1903: 67, taf. 2, figs 36, 37, taf 7, fig. 52; 
Steinberg and Dougherty 1957: 283–284, figs 16, 19, 24, 30; McCain 1968: 
82–86, figs 41, 42; Wakabara et al. 1991: 73; Guerra-García et al. 2006: 175, 
figs 17–19; Díaz et al. 2005: 6, 7, 22, fig. 13; Ros and Guerra-García 2012: 
137; Ros et al. 2013: 677, fig. 2.

Material examined. Panama • 3.2–3.8 mm • 2 ♂, 2 ♀; Bocas del Toro, Hospital 
Point; 9.3333°N, 82.2185°W; depth 11 m; from buoy scrapings, 26 June 2023; 
K.N. White leg; USNM 1743944.

Diagnosis. Body lacking dorsal projections. Male pereonite 2 with large, 
triangular anteroventral projection. Gnathopod 1 dactylus reaching ~ 1/2 of 
propodus length. Male gnathopod 2 basis with posteroproximal bump.

Distribution. Africa: West Africa (Reid 1951); Brazil: Rio de Janerio (Wakabara 
et al. 1991); Chile: Coquimbo (Guerra-García and Thiel 2001); Colombia: Mag-
dalena (Guerra-García et al. 2006); Mediterranean Sea: Balearic Islands (Ros et 
al. 2013); Mexico: Gulf of Mexico (Steinberg and Dougherty 1957; Winfield et al. 
2006); U.S.A.: Florida (Camp 1998); Venezuela: Falcón, Carabobo, Aragua, Sucre, 
Nueva Esparta (Díaz et al. 2005); Western North Atlantic (McCain 1968); Spain: 
Cadiz (Ros and Guerra-García 2012); Panama: Bocas del Toro (present study).

Ecology and remarks. This species occurs among mangrove roots, sea-
grasses, hydroids, ascidians, gravel bottoms, ropes, mussels, oysters, and 
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shallow waters (McCain 1968; Díaz et al. 2005; Guerra-García et al. 2006). 
In Bocas del Toro, this species was collected from buoy scrapings at 11 m 
depth. Panamanian specimens agree closely with the original description 
of the species; however, several descriptions show variation in the shape of 
the male gnathopod 2 propodus. This species has recently been document-
ed as spreading in several non-indigenous regions (Ros and Guerra-García 
2012; Ros et al. 2013). Live specimens are yellow-brown in color with brown 
spots and a brown eye.

Family Ischyroceridae Stebbing, 1899

Genus Caribboecetes Just, 1983

Diagnosis. Body subcylindrical. Rostrum pointed. Gnathopods 1 and 2 simple. 
Coxae 3 and 4 distal margins dentate, setose. Pereopods 5–7 lacking accesso-
ry tooth. Urosomite 3 fused to telson. Uropod 1 biramous, inner ramus shorter 
than outer ramus. Uropod 2 absent. Uropod 3 rami absent.

Caribboecetes intermedius Just, 1984
Figs 4, 31D

Caribboecetes intermedius Just, 1984: 48, 49, figs 9, 10.
Caribboecetes sp.: Ortiz and Lemaitre 1994: 124.
Caribboecetes justi: Ortiz and Lemaitre 1997: 82–85, figs 10–14.

Material examined. Panama • 1.1–4 mm • 7 ♂, 11 ♀, 12 juveniles; Bocas del 
Toro, Crawl Caye, 9.2449°N, 82.1383°W; depth 1.5–2.4 m, in sand; 11 Aug 2021; 
K.N. White leg.; USNM 1743945 • 3 ♂, 3 ♀, 7 juveniles; Bocas del Toro, Crawl 
Caye; 9.2475°N, 82.1290°W; depth 4.6 m, in sand; 12 Aug 2021; K.N. White leg.; 
USNM 1743946 • 1 ♀; Bocas del Toro, Bocas del Drago; 9.4134°N, 82.3334°W; 
depth 1–3 m, in sand; 23 June 2023; K.N. White leg.; USNM 1743947 • 3 ♂, 7 ♀; 
Bocas del Toro, Drago Beach; 9.4171°N, 82.3248°W; 0–1 m, in sand; 27 June 
2023; K.N. White leg.; USNM 1743948.

Diagnosis. Rostrum acute, reaching beyond eye lobes. Coxae 1–4 ventral 
margin with long setae; coxa 2 with plumose setae; coxae 3 and 4 anterodistal 
margins subtruncate. Gnathopod 2 propodus posterior margin with 1–3 robust 
setae. Pereopod 7 anterior and posterior margins with long, plumose setae.

Distribution. Barbados: Bath (Just 1984); Colombia: Barú, Islas del Rosario, 
Gulf of Morrosquillo (Ortiz and Lemaitre 1997); Panama: Bocas del Toro (pres-
ent study).

Ecology and remarks. Caribboecetes intermedius is a tube dwelling species 
that occurs in sand at depths of 1–3 m. Gnathopod 2, propodus posterior mar-
gin with robust setae (number of robust setae varying with size). After observing 
the type specimens for Caribboecetes justi and Caribboecetes intermedius, we 
believe that they are the same species. Panamanian specimens agree closely 
with previous descriptions of both species. Live specimens are yellow-white in 
color with brown markings on head and antennae.
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H

G2

P3

G1

Figure 3. Paracaprella pusilla, male, 3.8 mm, habitus, gnathopod 2 lateral, gnathopod 1 lateral, and pereopod 3. Scale 
bars: 0.5 mm.

G2b

P3a

G1a
P7a

Hd G2a G2c

Figure 4. Caribboecetes intermedius, male “a” 3.0 mm, pereopod 7, pereopod 3, gnathopod 1 lateral, gnathopod 2 medial; female 
2.4 mm, head; male “b” 1.4 mm, gnathopod 2 propodus and dactylus; male “c” 2.1 mm, gnathopod 2 propodus and dactylus. 
Scale bars: 0.5 mm.
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Genus Cerapus Say, 1817

Diagnosis. Body subcylindrical. Rostrum produced. Antenna 1 peduncle article 
1 expanded, wider than articles 2–3. Mandibular palp reaching beyond incisor 
process, tri-articulate. Coxae 1–4 discontinuous. Gnathopod 1 subchelate. Male 
gnathopod 2 carpochelate. Female gnathopod 2 subchelate, lacking stout setae. 
Pereopod 5 geniculate at merus; merus posteroventral margin produced. Pereopod 
7 longer than pereopod 6. Pleopods 2 and 3 inner ramus shorter than outer. Uropod 
1 inner ramus shorter than outer ramus. Uropods 2 and 3 uniramous. Telson cleft.

Cerapus benthophilus Thomas & Heard, 1979
Figs 5, 31E

Cerapus sp.: Thomas 1976: 92, 93.
Cerapus benthophilus Thomas & Heard, 1979: 98–104, figs 1–4; LeCroy 2007: 

552, fig. 475.

Material examined. Panama • 5.4 mm • 1 ♀; Bocas del Toro, Chiriqui Grande, 
Laguna de Chiriqui; 8.9396°N, 82.1105°W; depth 0.2–1.5 m, among Thalassia; 
10 Aug 2005; S. LeCroy leg.; GCRL 6661.

P5Hd

Pl2

TU1

P3

Figure 5. Cerapus benthophilus, female, 5.4 mm, head, uropod 1, telson, pereopod 5, pereopod 3, and pleopod 2. Scale 
bars: 0.5 mm.
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Diagnosis. Head ocular lobe posteriorly upturned; rostrum slightly produced. 
Antenna 1 flagellum 6-articulate. Pleopod 2 outer ramus unsegmented; inner 
ramus with marginal plumose setae. Uropod 1 outer ramus wide, apical margin 
not narrowing distally; inner ramus with apical robust seta, distal margin of seta 
narrowing unevenly.

Distribution. U.S.A.: Ocean Springs, Mississippi (Thomas and Heard 1979), 
Indian River Lagoon, St. Lucie River, Biscayne Bay, southeastern Gulf of Mexico 
between Cape Sable and Cape Romano, Estero Bay and Cocohatchee River, 
Withalacoochee Bay, Florida panhandle to Louisiana, Florida (Nelson 1995; 
Thomas 1993; LeCroy 2007); Mexico: Laguna de Alvarado, Veracruz (Winfield 
et al. 1997, 2001), Laguna de Términos, Campeche (Ledoyer 1986); Panama: 
Chiriqui Grande, Laguna de Chiriqui (present study).

Ecology and remarks. This species occurs among Thalassia at depths of 
0.2–1.5 m. This species can be difficult to identify with only female speci-
mens. Previously, male specimens have been identified based on the follow-
ing characteristics: coxa 3 with small anterior lobe, reaching body lengths 
longer than most Cerapus species, ranging from 4–13 mm, male pereon 
segment 1 with lateral keel, male gnathopod 2 basis, anterodorsal margin 
with numerous, long setae, antennae 1 and 2, 7–12 segmented (LeCroy 
2007; Thomas and Heard 1979). The number of antennae segments seems 
variable based on size, as seen with the specimens described herein and 
by Drumm (2018). Panamanian specimens agree closely with the original 
description of Cerapus benthophilus Thomas & Heard, 1979. Ethanol-pre-
served specimens retained purple coloration on most of the body, especially 
on the head.

Cerapus slayeri Drumm, 2018
Figs 6, 31F

Cerapus sp B.: LeCroy 2007: 556, fig. 481.
Cerapus slayeri Drumm, 2018: 496–503, figs 1–6.

Material examined. Panama • 1.4–2 mm • 3 juvenile ♀; Bocas del Toro, Pidgeon 
Key Reef; 9.2693°N, 82.2489°W, depth 0.5–1 m, among Halimeda, Thalassia; 
9 August 2005; S. LeCroy leg.; GCRL 6662.

Diagnosis. Head ocular lobe posterior margin even, reaching ~ 1/2 of head 
length; rostrum short, acute. Antennae 1 and 2 flagella tri-articulate. Pereopod 
7 basis posterior margin with spinules; carpus antero- and posterodistal mar-
gins with long, plumose setae. Pleopod 2 outer ramus tri-articulate; inner ramus 
with marginal setules. Uropod 1 inner ramus with apical robust seta, distal mar-
gin of seta narrowing evenly; both rami with marginal setules.

Distribution. USA: Delaware Bay, Delaware and Great South Bay, New York 
(Drumm 2018); Florida (LeCroy 2007); Panama: Bocas del Toro (present study).

Ecology and remarks. This species occurs among Halimeda, Thalassia, and 
mangrove roots at depths of 0.5–1 m. Panamanian specimens agree closely 
with previous descriptions of Cerapus slayeri, despite being juveniles. Notable 
exceptions include female uropod 1 peduncle with distoventral robust seta 
and pleopod 2 with plumose setae (simple in original description). We did not 
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collect male specimens of C. slayeri, but diagnostic characters described pre-
viously include: antenna 1 peduncle 3 × as long as flagellum, peduncle arti-
cles 2 and 3 slender, subequal; flagellum 3- or 4-articulate. Antenna 2 flagellum 
tri-articulate. Pereonite 1 lateral keel absent. Gnathopod 2 carpus with process 
where the dactylus closes on propodus. Uropod 1 peduncle with large distoven-
tral hook. Ethanol-preserved specimens retained purple coloration on most of 
the body, especially stripes on antennae.

Cerapus thomasi Ortiz & Lemaitre, 1997
Figs 7, 31G

Cerapus sp.: Ortiz and Lemaitre 1994: 124.
Cerapus thomasi Ortiz & Lemaitre, 1997: 86–90, figs 15–20.

Material examined. Panama • 1.6–2.7 mm • 1 ♀; Bocas del Toro, Crawl Caye; 
9.2376°N, 82.1438°W, depth 1.5–3 m, among Halimeda, 11 Aug 2021; K.N. 
White leg.; USNM 1743949 • 1 ♀; Bocas del Drago; 9.4180°N, 82.3375°W; depth 
2–3 m, among red algae, 9 Aug 2021; K.N. White leg.; USNM 1743950.

Diagnosis. Head ocular lobe posterior margin even, reaching ~ 1/3 head 
length; rostrum slightly produced. Antenna 1 and 2 flagella bi- and tri-articulate. 

P7

Hd

Pl2 U1

Figure 6. Cerapus slayeri, female, 2.0 mm, head, pleopod 2, pereopod 7, uropod 1. Scale bars: 0.5 mm.
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Pereopod 3 basis anteroproximal corner rectangular. Pleopod 2 outer ramus 
uni-articulate; inner ramus with two apical setae. Telson partially cleft. Etha-
nol-preserved specimens retained brown coloration on most of body, especially 
stripes on antennae.

Distribution. Colombia: Barú, Bahía de Cispatá, Gulf of Morrosquillo, South 
of Punta Comisario (Ortiz and Lemaitre 1994, 1997); Panama: Bocas del Toro 
(present study).

Ecology and remarks. This species occurs among Halimeda and red algae 
at depths of 1.5–3 m. Panamanian specimens agree closely with previous de-
scriptions of Cerapus thomasi with the following exceptions: antenna 2 number 
of flagellar articles and antennae color pattern.

Genus Ericthonius H. Milne Edwards, 1830

Diagnosis. Body subcylindrical. Antennae 1 and 2 peduncular articles 1–3 not 
broadly expanded, similar in width; antenna 1 accessory flagellum minute. Male 
coxa 2 distinctly separate from coxa 3; longer than wide in hyperadults. Gnatho-
pod 1 subchelate, smaller than gnathopod 2. Male gnathopod 2 carpochelate. 
Pereopod 5 not geniculate. Pleopods 1–3 outer ramus thin; pleopods 2–3 rami 
not reduced, subequal. Uropod 2 bi-ramous. Uropod 3 uniramous, ramus with 
distal hook. Telson entire with dorsal recurved spines.

Figure 7. Cerapus thomasi, female, 1.6 mm, pereopod 3, head, uropod 1, pleopod 2, telson. Scale bars: 0.5 mm.
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Ericthonius brasiliensis (Dana, 1853)
Figs 8, 31H

Pyctilus brasiliensis Dana, 1853: 976, fig. 5a–h.
Erichthonius brasiliensis: Bousfield 1973: 195, pl 59, fig. 2; Myers 1982: 200, 

201, figs 136, 137; Myers and McGrath 1984: 382–385, figs 1, 2; Thomas 
1993: 49, fig. 6; LeCroy 2007: 561, fig. 483.

Material examined. Panama • 1.8–5.7 mm • 1 ♂; Bocas del Toro, Crawl Caye; 
9.2504°N, 82.1316°W; depth 10 m, among coral rubble and red sponge; 7 Aug 
2005; S. DeGrave, M. Salazar leg.; GCRL 6663 • 3 ♂, 2 ♀; Bocas del Toro, Hos-
pital Point; 9.3048°N, 82.1316°W; depth 1.5 m, among sponges, coral rubble, 
and sand; 7 Aug 2005; T.A. Haney leg.; GCRL 6664 • 1 ♂, 5 ♀; Bocas del Toro, 
100 m west of STRI dock; 14 m; 8 Aug 2005; T.A. Haney leg.; GCRL 6665 • 1 ♂, 1 
♀; Bocas del Toro, Isla San Cristobal; 9.2625°N, 82.1897°W; depth 0.2 m, 9 Aug 
2005; S. LeCroy leg.; GCRL 6666 • 6 ♀; Bocas del Toro, Crawl Caye; 9.2376°N, 
82.1438°W; depth 1.5–3 m, among Halimeda, 11 Aug 2021; K.N. White leg.; 
USNM 1743951 • 1 ♂, 1 ♀; Bocas del Toro, Crawl Caye; 9.2459°N, 82.1369°W; 
depth 1–4 m; 25 June 2023; K.N. White leg.; USNM 1743952 • 11 ♂, 17 ♀; Bocas 
del Toro, Hospital Point; 9.3333°N, 82.2185°W; depth 11 m, from buoy scrap-
ings, 26 June 2023; K.N. White leg.; USNM 1743955 • 1 ♀; Bocas del Toro, Swan 
Cay; 9.4536°N, 82.3000°W; 27 June 2023; K.N. White leg.; USNM 1743956 • 3 
♀; Bocas del Toro, Cayo Zapatilla; 9.2699°N, 82.0587°W; depth 10–11 m; 28 

U3

H

P7♀

Figure 8. Ericthonius brasiliensis, female, 5.3 mm, pereopod 7; male 5.5 mm, habitus (in part); uropod 3. Scale bars: 0.5 mm.
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June 2023; K.N. White leg.; USNM 1743953 • 4 ♂, 6 ♀; Cayo Zapatilla, Bocas del 
Toro; 9.2699°N, 82.0587°W; depth 0 m, in sand; 29 June 2023; K.N. White leg.; 
USNM 1743954 • 1 ♂; Crawl Caye, Bocas del Toro; 9.2502°N, 82.1318°W; depth 
5–13 m, among coral rubble; 29 June 2023; K.N. White leg.; USNM 1743957.

Diagnosis. Male gnathopod 1 basis widely expanded posterodistally. Coxa 
2 anteroventral margin rounded, with vertical stridulating ridges, without long 
plumose setae. Male gnathopod 2 carpus anterodistal margin with two large 
distal projections. Coxa 3 evenly rounded distally, basis strongly expanded an-
terodistally. Pereopod 4 basis strongly expanded. Male pereopod 5 basis not 
produced into wing-like projection. Uropod 3 ramus slender.

Distribution. Brazil: Rio De Janeiro (Dana 1853); U.S.A.: Cape Cod to Chesapeake 
Bay, Florida, Gulf states (Bousfield 1973); Italy: Thau, Napoli, Venezia, Lipari-Castel-
lo, Messina, Bosporus (Myers 1982); France: Banyuls-sur-Mer (Myers 1982); Cos-
mopolitan (Thomas 1993; LeCroy 2007); Panama: Bocas del Toro (present study).

Ecology and remarks. This species occurs among coral rubble, red sponges, 
sand, and from buoy scrapings at depths of 0–11 m. Variation between Pana-
manian specimens has been seen in the following characters: size of posteri-
or hump on basis; male gnathopod 2 basis posterior margin with fewer setae 
than previously described; uropod 3 more setose than previously described; 
color pattern (possibly due to differences in preservation). Variation within this 
species is further discussed in Myers and McGrath (1984). Panamanian speci-
mens agree closely with specimens described by Bousfield (1973). Live speci-
mens have brown stripes covering entire body with a red eye.

Family Neomegamphopidae Myers, 1981

Genus Konatopus Barnard, 1970

Diagnosis. Antenna 1 accessory flagellum short, bi-articulate. Eye slightly small-
er than ocular lobe. Mandibular palp article 3 stout, clavate. Coxae overlapping. 
Male coxa 1 subovate, larger than remaining coxae. Female coxa 1 equally long as 
broad. Male gnathopod 1 carpus elongate with posterodistal tooth. Gnathopod 2 
smaller than gnathopod 1, carpus longer than propodus. Uropod 1 peduncle with 
interramal spine. Uropod 3 biramous, rami slightly longer than peduncle, outer ra-
mus with small barrel-shaped article. Telson broader than long, slightly concave.

Konatopus tridens sp. nov.
https://zoobank.org/EF59C1A6-B4A2-4E59-86C5-0C3E1DFC968A
Figs 9–11, 32A

Type locality. Bocas del Toro, Panama: Crawl Caye, 9.2459°N, 82.1369°W, 
depth 1–4 m, in sand.

Distribution. Panama: Bocas del Toro (present study).
Material examined. Holotype: Panama • 1 ♂, 4.2 mm; Bocas del Toro, Crawl 

Caye; 9.2459°N, 82.1369°W; depth 1–4 m, in sand; 25 June 2023; K.N. White 
leg.; USNM 1743958. Paratype: Panama • 1 ♀, 4.7 mm; same station data as 
for preceding; USNM 1743959. Other material: Panama • 1 ♂ juvenile, 3.0 mm; 
same station data as for preceding; USNM 1743960.
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Figure 9. Konatopus tridens sp. nov., male holotype, 4.2 mm, habitus, antenna 1 accessory flagellum, uropod 3, pereopod 
5, gnathopod 1 medial. Scale bars: 0.5 mm.
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Figure 10. Konatopus tridens sp. nov., female paratype, 4.7 mm, maxilla 1, lower lip, right mandibular palp; male holotype, 
4.2 mm, maxilla 2, maxilliped, telson, gnathopod 2 lateral, uropod 1, uropod 2 (broken). Scale bars: 0.5 mm.
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Diagnosis. Male gnathopod 1 basis stout, merus with large anterodistal 
U-shaped excavation, carpus with three triangular anterodistal processes in-
creasing in size distally, with deep U-shaped excavation between two lower pro-
cesses, propodus subovate with large proximal notch. Pereopod 5 basis length 
2.7 × width. Uropod 3 peduncle ~ 0.5 × length of outer ramus.

Description. Male (holotype, 4.2 mm). Head. Ocular lobe rounded, eye ovate 
with many small ommatidia. Antenna 1 shorter than antenna 2, peduncle arti-
cle 2 1.9 × length of article 1 and 3; flagellum setose with aesthetascs. Antenna 
2 ~ 1.4 × length of antenna 1, flagellum moderately setose. Maxilliped inner 
plate with nine apical plumose setae, outer plate lined with long thin setae and 
six stout setae. Maxilla 1 missing. Maxilla 2 inner plate with row of facial setae, 
margin lined with dense setae. Upper lip missing. Lower lip rounded, apically 
setose. Mandibles similar; palp article 3 stout, clavate.

Pereon. Coxae 1 large, subovate; coxae 2–4 subrectangular. Gnathopod 1 
carpochelate; basis stout, with row of long facial setae; merus with large an-
terodistal U-shaped excavation, carpus with three triangular anterodistal pro-
cesses increasing in size, with deep U-shaped excavation between two lower 
processes, propodus subovate with large proximal notch; dactylus thick, clos-
ing on carpus, marginally setose. Gnathopod 2 subchelate, much smaller than 
gnathopod 1; basis widened distally, anterior margin with sparse setae, carpus 
distally setose with one robust anterodistal seta, propodus distally setose with 
one distal robust seta. Pereopods 3–7 basis and propodus narrow, elongate. 
Pereopods 3 and 4 dactylus narrow, elongate. Pereopod 5 dactylus short, stout. 
Pereopods 6 and 7 much longer than pereopod 5; dactylus long, narrow.

Pleon. Epimera 1–3 rounded, with few distal setae. Uropod 1 with interramal 
spine, peduncle subequal in length with inner ramus, both margins lined with ro-
bust setae, with facial row of robust setae; inner ramus 1.1 × length of outer ra-
mus, lined with robust setae, medial margin lined with fine setae, apical margin 
with three robust setae; outer ramus both margins lined with robust setae, apical 
margin with four robust setae. Uropod 2 peduncle broken, with several robust se-
tae, medio-distal margin with acute point; inner ramus 1.2 × length of outer ramus, 
both margins lined with robust setae, medial margin lined with fine setae, apical 
margin with three robust setae; outer ramus both margins lined with robust setae, 
apical margin with three. Uropod 3 peduncle 0.5 × length of inner ramus, with two 
distal robust setae, medio-distal margin with acute point; inner ramus 1.1 × length 
of outer ramus, both margins with few robust setae, lateral margin lined with fine 
setae, apical margin with three robust setae; outer ramus bi-articulate, article 1 
margins with few robust setae, apical margin with four robust setae, article 2 with 
one long seta. Telson apical margin slightly concave with acute lateral points, 
each point surrounded by four robust setae, lateral margins each with two setae.

Female (paratype, 4.7 mm). Similar in all aspects to the male with the excep-
tion of the following: Lower lip outer lobes lined with setae; mandibular lobes 
long, pointed. Maxilla 1 inner plate apical margin lined with bifurcate setae; palp 
bi-articulate, article 2 apical margin with four bifurcate robust setae and one 
serrate robust seta, outer margin with fine setules. Gnathopod 1 weakly sub-
chelate, merus, carpus, propodus, and dactylus densely setose, propodus and 
dactylus lateral margins lined with fine setae. Gnathopod 2 missing.

Etymology. After the Latin tridens, meaning fork with three tines and referring to 
the three triangular process on the gnathopod 2 carpus of males of this species.
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G1♀
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Figure 11. Konatopus tridens sp. nov., female paratype, 4.7 mm, gnathopod 1 lateral, pereopod 6, pereopod 7. Scale bars: 
0.5 mm.

Ecology and remarks. This species occurs among sand at depths of 1–4 m. 
This species most closely resembles Konatopus tulearensis Ledoyer, 1982 in 
sharing the male gnathopod 1 stout basis with a subovate propodus with prox-
imal notch. The new species can be distinguished from K. tulearensis based 
on male gnathopod 1 merus with short acute distal lobe (vs large lobe), carpus 
with three triangular anterodistal processes increasing in size, lowest process 
with deep U-shaped excavation (vs 1 process and small excavation), propodus 
subovate with large proximal notch (vs subrectangular with small proximal 
notch), and pereopod 5 basis length 2.7 × width (vs 1.3 × width). The new spe-
cies can be distinguished from all other described Konatopus species based on 
the shape of the gnathopod 1 carpus: with one large distal subacute process in 
Konatopus latipalmus Ledoyer, 1979; with one slight distal process in Konatopus 
paao J.L. Barnard, 1970; and produced into a rounded lobe distally in Konatopus 
storeyae Myers, 2002. Live specimens are white in color with brown splotches.

Genus Varohios J.L. Barnard, 1979

Diagnosis. Male coxa 1 subquadrate. Male gnathopod 1 chelate, carpus and 
propodus fused, dactylus with posteroproximal tooth. Gnathopod 2 smaller 
than gnathopod 1, propodus longer than carpus. Uropod 1 with large interramal 
spine. Uropod 3 rami subequal in length with peduncle, outer ramus with small 
barrel-shaped article 2.
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Varohios topianus Barnard, 1979
Figs 12, 32B

Varohios topianus Barnard, 1979: 35–37, figs 13, 14.

Material examined. Panama • 2.3 mm • 1 ♂; Bocas del Toro, Crawl Caye; 9.2699°N, 
82.0587°W, depth 1–4 m, among coral rubble; K.N. White leg.; USNM 1743961.

Diagnosis. Gnathopod 1 basis with rows of anterior, posterior, and facial se-
tae; dactylus posteroproximal tooth longer than wide. Male pereopod 5 basis 
length 1.4 × width. Uropod 1 interramal spine subequal in length with peduncle; 
inner ramus with robust setae on both margins, lateral margin lined with small 
setae; outer ramus with two robust setae on lateral margin. Uropod 3 rami sub-
equal, rami subequal to peduncle, outer ramus with small barrel shaped arti-
cle 2. Telson apex convex, dorsal surface with excavation. Live specimens are 
white in color with brown splotches.

Distribution. U.S.A.: Gulf of California (Barnard 1979); Ecuador: Galápagos 
Islands (Barnard 1979); Panama: Bocas del Toro (present study).

Ecology and remarks. This species occurs among coral rubble at depths of 
1–4 m. Panamanian specimen agrees closely with specimens described by 
Barnard (1979) with the exception of fewer setae on the gnathopod 1 basis and 
carpus/propodus, fewer robust setae on uropod 1 rami; both of which could be 
variation based on size. This species has previously only been collected from 
the Pacific Ocean.
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Figure 12. Varohios topianus, male, 2.3 mm, gnathopod 1 medial, telson, uropod 1, pereopod 5, head, gnathopod 2 medial. 
Scale bars: 0.5 mm.
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Family Photidae Boeck, 1871

Genus Audulla Chevreux, 1901

Diagnosis. Head ocular lobe narrowly rounded anteriorly, inferior antennal sinus 
deeply recessed for insertion of antenna 2. Antenna 1 peduncle article 3 subequal 
to article 1 in length, accessory flagellum 5- or 6-articulate. Male antenna 2 flagel-
lum dorsoventrally flattened. Male gnathopod 2 minutely chelate, propodus sub-
rectangular, palm uncurving, with distal margin extending anteriorly. Female gna-
thopod 2 larger than gnathopod 1; propodus anterior margin with dense rows of 
setae. Uropod 3 biramous, rami subequal in length, peduncle longer than telson.

Audulla chelifera (Chevreux, 1901)
Figs 13, 33C

Gammaropsis chelifera Chevreux, 1901: 432–436, figs 56–65.
Eurystheus lina: Kunkel 1910: 81–83, fig. 31.
Eurystheus semichelatus: K.H. Barnard 1957: 8, fig. 5.
Gammaropsis lina: Lazo-Wasem and Gable 1987: 331–335, figs 7–9.
Audulla chelifera: Thomas and Barnard 1987: 364–369, figs 1–4; LeCroy 2000: 

125, fig. 163.
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Figure 13. Audulla chelifera, female, 4.8 mm, gnathopod 1 medial, gnathopod 2 medial; male, 4.9 mm, antenna 2, uropod 
3, gnathopod 2lateral. Scale bars: 0.5 mm.
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Material examined. Panama • 4.2–5. 8 mm • 7 ♂, 5 ♀ • Bocas del Toro, Lime 
Point; 9.414°N, 82.3323°W; depth 0.2–0.5 m, among coral rubble and red algae; 
5 Aug 2005; S. DeGrave, M. Salazar leg.; GCRL 6667.

Diagnosis. Male antenna 2 flagellum dorsoventrally flattened. Male gnatho-
pod 2 minutely chelate, basis anterior and posterior margins with long setae; 
propodus subrectangular with rounded projection at palmar angle, densely se-
tose. Female gnathopod 1 smaller than gnathopod 2; ischium, merus, carpus, 
with plumose setae. Gnathopod 2 propodus anterior margin densely setose. 
Uropod 3 rami subequal in length.

Distribution. South Africa: St. Helena Bay (K.H. Barnard 1957); Bermuda: ex-
act location unknown (Kunkel 1910, Lazo-Wasem and Gable 1987); USA: Flori-
da (LeCroy 2000), Gulf of Mexico (LeCroy et al. 2009); Caribbean Sea (Barnard 
and Karaman 1991); Belize: Curlew Cay (Thomas and Barnard 1987); Mexico: 
Yucatan (McKinney 1977); Seychelles Islands: La Digue (Chevreux 1901; Ledoy-
er 1982; Barnard and Karaman 1991); Panama: Bocas del Toro (present study).

Ecology and remarks. This species occurs among coral rubble and red algae 
at depths of 0.2–5.8 m. Panamanian specimens agree closely with previous 
descriptions of Audulla chelifera.

Genus Latigammaropsis Myers, 2009

Diagnosis. Head cephalic lobes rounded, anteroventral margin surpassing pos-
terior margin of eye; eyes at least partially situated within cephalic lobe. Anten-
na 2 flagellum longer than peduncle article 5. Uropod 3 peduncle stout; outer 
ramus bi-articulate, second article vestigial, subtruncate with two fine setae; 
inner ramus subequal to or shorter than outer ramus, narrowing distally, with 
one stout apical seta.

Latigammaropsis atlantica (Stebbing, 1888)
Figs 14, 32D

Gammaropsis atlantica Stebbing, 1888: 1101, fig. 114; Myers 1985: 80, fig. 60; 
LeCroy 2000: 135, fig. 176.

Gammaropsis zeylanicus: Walker 1904: 282, 283, fig. 41.
Gammaropsis gardineri: Walker 1905: 929, 930, figs 11–14, 16–17.
Eurystheus atlantica: Stebbing 1906: 611.
Latigammaropsis atlantica: Myers 2009: 777.

Material examined. Panama • 2.4–3 mm • 3 ♂; Bocas del Toro, Hospital Point, 
Cayo Solarte; 9.3336°N, 82.2188°W; depth 15 m, among coral rubble and Hal-
imeda; 6 Aug 2005; S. DeGrave leg.; GCRL 6668 • 2 ♂; Bocas del Toro, Crawl 
Caye, 9.2459°N, 82.1369°W; depth 1–4 m, among coral rubble; 25 Jun 2023; 
K.N. White leg.; USNM 1743962.

Diagnosis. Male gnathopod 2 propodus distinctly longer than carpus, robust 
seta present at palmar angle; dactylus subequal in length with propodus palm. 
Coxae 3 and 4 subquadrate. Epimera 2 and 3 posteroventral margins subquad-
rate with weak notches.
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Figure 14. Latigammaropsis atlantica, male, 4.9 mm, coxa 3, coxa 4, gnathopod 2 medial, epimera 2 and 3; male, 2.3 mm, 
antenna 1. Scale bars: 0.5 mm.
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Distribution. Cape Verde Islands: Saint Vincent (Stebbing 1888); Sri Lanka 
(Walker 1904); Maldives: Hulule, Fadifolu, Mahlosmadulu Atoll, Minikoi (Walk-
er 1905); Cape Verde Islands: St. Vincent (Stebbing 1906); Fiji: Momi Bay, 
Mburelevu, Nananui Ra (Myers 1985); USA: Florida (LeCroy 2000); Panama: Bo-
cas del Toro (present study).

Ecology and remarks. This species occurs among coral rubble and Halimeda 
at depths of 1–15 m. Panamanian specimens agree closely with LeCroy (2000) 
with the exception of antenna 1, accessory flagellum tri-articulate (vs 5- or 6-ar-
ticulate). The smaller size of our specimen suggests this character is variable 
based on size. No females were collected in this study, but LeCroy (2000) re-
ported a convex gnathopod 2 palmar margin of the propodus in females. Etha-
nol-preserved specimens retained brown coloration on head and pereon. There 
are many reports of this species worldwide, but they most likely represent a 
species-group and material from around the world needs to be examined.

Genus Photis Krøyer, 1842

Diagnosis. Antenna 1 accessory flagellum vestigial or absent. Coxae 1 and 2 
subequal in length with coxae 3 and 4. Gnathopod 2 sexually dimorphic. Male 
gnathopod 2 subchelate; dactylus slender. Female gnathopod 2 propodus ante-
rior margin sparsely to moderately setose. Female pereopods 3 and 4 oostegit-
es broadly expanded, longer than basis. Urosomites separate. Uropods 1 and 2 
inner ramus lanceolate with apical robust setae. Uropod 3 inner ramus minute.
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Photis butalus sp. nov.
https://zoobank.org/2C9CC06A-324D-4E52-A321-E016006F291E
Figs 15–17, 32E

Type locality. Bocas del Toro, Panama: Swan Cay; 9.4533°N, 82.2983°W, depth 
3 m, among brown algae, hydroids, and filamentous algae.

Material examined. Holotype: Panama • 1 ♂, 2.1 mm; Bocas del Toro, Swan 
Cay; 9.4533°N, 82.2983°W; depth 3 m, among brown algae, hydroids, and fila-
mentous algae; 4 Aug 2005; T.A. Haney leg.; USNM 1743981. Paratype: Panama 
• 1 ♀, 2.3 mm; same station data as for preceding; GCRL 6669. Other material: 
Panama • 1 ♂,1.8 mm; 4 ♀, 2–2.6 mm; 1 juvenile, mm; same station data as for 
preceding; GCRL 6670.

Diagnosis. Eye well developed, not touching outer margin of ocular lobe. 
Gnathopod 1 propodus palm entire. Pereopod 6 of adult male greatly enlarged; 
merus ovate; propodus thick, width 0.4 × length, palmar margin minutely serrate 
with short setae, one short subtriangular seta present; dactylus apical margin 
subacute. Pereopod 7 dactylus with posterior and anterior accessory claws.

Description. Male (holotype, 2.1 mm). Head. Eye well developed, not touch-
ing outer margin of ocular lobe. Antenna 2 flagellum 5-articulate. Maxilliped 
inner plate lined with setae along inner margin, two rows of apical setae pres-
ent, outer plate with row of four thick setae, and six sagittate-shaped setae. 
Lower lip inner lobes rounded, outer lobes with large gape, apically setose, with 
few thick bifurcate setae; inner plate length 0.8 × length of outer plate, apically 
setose. Maxilla 1 inner plate small, bare; outer plate with two rows of five apical 
bifurcated robust setae; palp bi-articulate, article 2 lined with marginal setules, 
apical margin with three bifurcated robust setae. Maxilla 2 inner lobe with two 
rows of marginal setae; outer lobe with two rows of apical setae. Mandibles 
similar, molar small; palp tri-articulate, article 3 lined with fine setules.

Pereon. Coxae sparsely setose. Coxa 1–4 subrectangular, longer than wide. 
Gnathopod 1 subchelate; basis anterior and posterior margins with few long 
setae; merus with posterodistal cluster of setae; carpus subequal in length to 
propodus, densely setose; propodus palm convex, serrate, proximal margin 
with one large robust seta; dactylus lined with minute stout setae, with one 
serration at distal end. Gnathopod 2 subchelate; basis anterior and posterior 
margins each with one long seta and one short distal seta; merus with pos-
terodistal bunch of long setae, posterodistal margin with fine setules; carpus 
subtriangular, with posterodistal cluster of fine setae; propodus palm with weak 
excavation, palmar robust seta present; dactylus extending past excavation of 
propodus palm, lined with minute stout setae, with one distal serration. Pereo-
pods 3 and 4 bases thick, posterodistal margin with few long setae; dactylus 
apically subacute. Pereopod 3 merus anterodistal margin densely setose. 
Pereopod 5 basis nearly circular, sparsely setose; propodus with two postero-
distal robust setae; dactylus stout with accessory claw. Pereopod 6 of adult 
male greatly enlarged; merus ovate; propodus thick, width 0.4 × length, palmar 
margin minutely serrate with short setae, one short subtriangular robust seta 
present; dactylus apical margin subacute. Pereopod 7 basis narrowing distal-
ly; remaining articles slender; propodus distal margin sparsely lined with short 
setae and one short subtriangular robust seta; dactylus with posterior and an-
terior accessory claws.



173ZooKeys 1234: 151–205 (2025), DOI: 10.3897/zookeys.1234.145826

Sally J. Sir & Kristine N. White: Caprellidira of Panama

H

G1

G2

P7

Figure 15. Photis butalus sp. nov., male holotype, 2.1 mm, habitus, pereopod 7 dactylus, gnathopod 1 medial, gnathopod 
2 medial. Scale bars: 0.5 mm.
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Figure 16. Photis butalus sp. nov., female paratype, 2.3 mm, antenna 1, pereopod 6; male holotype, 2.1 mm, uropod 1, 
uropod 2, uropod 3, pereopod 5, pereopod 4, pereopod 3, pereopod 6. Scale bars: 0.5 mm.
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Figure 17. Photis butalus sp. nov., male holotype, 2.1 mm, lower lip, maxilla 2, maxilla 1, right mandible, telson, maxilliped. 
Scale bars: 0.5 mm.
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Pleon. Uropod 1 peduncle 1.3 × length of inner ramus, with three marginal 
robust setae and lined with fine setules; inner ramus 1.1 × length of outer ramus, 
with one marginal stout seta, lined with marginal setules, apex with two robust 
setae; lined with marginal setules, apex with three robust setae. Uropod 2 pe-
duncle with two distal robust setae, subequal in length with inner ramus; inner 
ramus 1.2 × length of outer ramus, one marginal robust setae, inner margin 
lined with setules, apex with two robust setae; outer ramus outer margin lined 
with setules, with one marginal robust setae, apex with two robust setae. Uro-
pod 3 peduncle 3.9 × length of inner ramus, with two distal setae; inner ramus 
0.4–0.5 × length of outer ramus, bare; outer ramus bi-articulate, first article out-
er margin lined with setules, with three long distal setae; second article with one 
distal seta. Telson narrowing distally, apically rounded with four dorsal setae.

Female (paratype, 2.3 mm). Similar in all aspects to the male with the ex-
ception of the following: pereopod 6 merus not enlarged, propodus width 0.2 × 
length, smooth; dactylus apically acute with accessory claws.

Etymology. After the Latin bu, meaning large and talus, meaning ankle, heel, 
die and referring to the greatly enlarged pereopod 6, specifically the thickened 
propodus, of males of this species.

Distribution. Panama: Bocas del Toro (present study).
Ecology and remarks. This species occurs among brown algae, hydroids, 

and filamentous algae at a depth of three meters.
Photis butalus sp. nov. is similar to Photis trapherus Thomas & Barnard, 1991 

and Photis elephantis Barnard, 1962 based on the enlarged male pereopod 6. 
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The new species differs from P. trapherus in the following characters: eye not 
touching outer margin of ocular lobe (vs touching); entire gnathopod 1 propodus 
palm (vs slightly excavate); male pereopod 6 merus ovate (vs subrectangular), 
and propodus thick, posterior margin serrate (vs thin, smooth). The new species 
differs from P. elephantis in the following characters: ocular lobe pronounced, 
rounded (vs small, subquadrate); male pereopod 6 basis posteriorly rounded (vs 
posterior margin with acute distal point), merus posteriorly rounded (vs postero-
distal margin produced into lobe), and propodus posterior margin serrate (vs 
smooth). This species is also similar to Photis sp. E LeCroy, 2000 but differs in 
the following characters: eye well developed (vs poorly developed); male pereo-
pod 6 greatly enlarged (vs slightly enlarged), merus ovate (vs subrectangular 
with large posterodistal projection). This species is easily distinguishable from 
all remaining described Photis species based on the enlarged male pereopod 6. 
Ethanol-preserved specimens retained brown specks of color.

Photis bulla sp. nov.
https://zoobank.org/E0C60C56-2A5F-402C-B5C5-07CA6F32BF35
Figs 18–20, 32F

Photis sp. C: LeCroy 2000: 157, fig. 185.

Type locality. Bocas del Toro, Panama: Crawl Caye, 9.2475°N, 82.1290°W, depth 
1.5–3 m, among Halimeda.

Material examined. Holotype: Panama • 1 ♀, 2.4 mm; Bocas del Toro, Crawl 
Caye; 9.2475°N, 82.1290°W; depth 1.5–3 m, among coral rubble; 11 Aug 2021; 
K.N. White leg.; USNM 1743963. Paratype: Panama • 1 ♂, 1.2 mm; Bocas del 
Toro, Crawl Caye; 9.2376°N, 82.1438°W; depth 5 m, among Halimeda; 12 Aug 
2021; K.N. White leg; USNM 1743964. Other material: Panama • 2 ♀, 1.8–
2.2 mm; Bocas del Toro, Crawl Caye; 9.2376°N, 82.1438°W; depth 4.6 m, among 
coral rubble; 11 Aug 2021; K.N. White leg.; USNM 1743966 • 1 juvenile, 1.2 mm; 
Bocas del Toro, Crawl Caye; 9.2475°N, 82.1290°W; depth 5 m, among Halimeda; 
12 Aug 2021; K.N. White leg; USNM 1743965.

Diagnosis. Head ocular lobe rounded distally. Coxae 1–4 ventral margins 
lined with long setae; coxa 1 anteroventral margin slightly produced with gap in 
marginal setae. Gnathopod 1 carpus slightly shorter than propodus in length, 
anterior margin subquadrate proximally. Gnathopod 2 propodus with stout ro-
bust seta at palmar angle, dactyl, flexor margin serrate. Pereopods 5–7 basis 
anterior margin with row of long submarginal plumose setae. Pereopods 6 and 
7 propodus each with posterodistal cluster of setae surpassing length of dac-
tylus. Uropod 3 inner ramus with minute spinule.

Description. (Female 2.4 mm). Head. Head, ocular lobe rounded distally. Max-
illiped, inner plate apical margin lined with plumose robust setae; outer plate with 
row of marginal sagittate-shaped robust setae and row of submarginal simple 
setae; palp 4-articulate, articles 1–3 inner margins lined long thin setae, article 4 
with stout setae. Upper lip apically setose. Lower lip inner and outer lobes round-
ed, apically setose; outer lobe with few thick bifurcate setae. Maxilla 1 outer plate 
with four apical robust setae and four slender setae; inner plate with nine apical 
robust setae. Maxilla 2 inner plate outer margin lined with setae, submarginal row 
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Figure 18. Photis bulla sp. nov., female holotype, 2.4 mm, pereopod 5, habitus, gnathopod 1 medial, gnathopod 2 medial; 
male paratype, 1.2 mm, gnathopod 1 medial, gnathopod 2 medial. Scale bars: 0.5 mm.
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of long setae; outer plate apical margin lined with long plumose setae. Mandibles 
similar, molar small; palp tri-articulate, articles 2 and 3 with plumose setae.

Pereon. Coxae 1–4 lined with long ventral setae; coxa 1 anteroventral margin 
slightly produced with gap in marginal setae. Gnathopod 1 subchelate; basis 
unexpanded, margins lined with long setae; carpus slightly shorter than propo-
dus; propodus palm serrate with one robust seta at proximal margin; dactylus 
serrate. Gnathopod 2 similar to gnathopod 1 with deep palmer excavation just 
before robust seta at palmar angle. Pereopods 3 and 4 posterior margins of ar-
ticles 2–4 lined with long plumose setae. Pereopod 5 basis length 1.2 × width; 
dactylus stout. Pereopods 5–7 basis with row of submarginal plumose setae. 
Pereopods 6 and 7 propodus each with posterodistal cluster of setae surpass-
ing length of dactylus; dactylus with accessory claw.

Pleon. Epimera 1–3 distal margins rounded. Uropod 1 peduncle subequal in 
length with inner ramus; inner ramus 1.1 × length of outer ramus, both rami with 
marginal and apical robust setae. Uropod 2 peduncle 1.1 × length to inner ramus, 
peduncle with two strong distomedial robust setae; inner ramus 1.3 × length of 
outer ramus, each ramus with one marginal robust seta and two or three apical 
robust setae. Uropod 3 peduncle 5.3 × length of inner ramus; inner ramus 0.3 × 
length of outer ramus, with small apical spinule; outer ramus bi-articulate, termi-
nal article with many long setae. Telson apex rounded, subtriangular.

Male (paratype 1.2 mm). Similar in all aspects to the female with the excep-
tion of the following: Gnathopod 1 propodus palm with excavation. Gnathopod 
2 with process near insertion of dactylus. Pereopods 3, 5, and 7 missing. Pereo-
pod 4 sparsely setose. Pereopod 6 lacking plumose setae on basis.

Etymology. After the Latin bulla, meaning knob, boss, stud, bubble and re-
ferring to the anteroventral projection on the anteroventral margin of coxa 1 of 
this species.

Distribution. U.S.A.: Florida: Hutchinson Island to the Florida Keys, Florida 
Bay to Perdido Key (LeCroy 2000); Panama: Bocas del Toro (present study).

Ecology and remarks. This species occurs among coral rubble and Halimeda 
at depths of 1.5–3 m. Panamanian specimens agree closely with the description 
of Photis sp. C of LeCroy (2000) with the exception of unequal rami on uropod 1 
and a more rounded telson apex. Panamanian specimens have a small spinule 
on the inner ramus of uropod 3, which LeCroy noted as variable. Photis bulla sp. 
nov. most closely resembles Photis spinicarpa Shoemaker, 1942 based on gna-
thopod 1 carpus subquadrate proximally, gnathopod 2 with stout seta at palmar 
angle, gnathopod 2 dactyl flexor margin serrate, and pereopod 5 basis anterior 
margin with plumose setae but can be distinguished based on the absence of 
robust setae on upper proximal margin of gnathopod 1 carpus, male gnathopod 
2 basis and carpus without anterodistal process, and pereopod 3 merus unex-
panded. Photis bulla sp. nov. differs from Photis probolion sp. nov. in the follow-
ing characters: coxa 1 with setae; male coxae 3 and 4 without stridulating ridg-
es; female pereopod 5 with submarginal plumose setae; uropods 1 and 2 outer 
ramus with marginal setae. Photis bulla sp. nov. differs from all remaining de-
scribed Photis species in having coxa 1 anteroventral margin slightly produced 
with gap in marginal setae. Additionally, the new species differs from Photis 
melanica and Photis butalus sp. nov. in having a posterodistal cluster of setae 
surpassing length of dactylus on pereopods 6 and 7. Live specimens are a mot-
tled purple-brown color with purple-brown stripes on distal ends of antennae.
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Figure 19. Photis bulla sp. nov., female holotype, 2.4 mm, uropod 1, uropod 2, uropod 3, pereopod 7, pereopod 3, pereo-
pod 4; male paratype, 1.2 mm, telson. Scale bars: 0.5 mm.
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Figure 20. Photis bulla sp. nov., female holotype, 2.4 mm, upper lip, lower lip, mandible, maxilla 1, maxilla 2; male para-
type, 1.2 mm, maxilliped. Scale bars: 0.5 mm.

Photis probolion sp. nov.
https://zoobank.org/7428F59B-F31A-49AA-B069-60CEC6B3C3AF
Figs 21–23, 32G

Photis sp. D: LeCroy 2000: 158, fig. 193.

Type locality. Bocas del Toro, Panama: Crawl Caye, 9.2502°N, 82.1318°W, depth 
5–13 m, among coral rubble.

Material examined. Holotype: Panama • 1 ♂, 1.4 mm; Bocas del Toro, Crawl 
Caye; 9.2502°N, 82.1318°W; depth 10–13 m, among coral rubble; 29 June 
2023; K.N. White leg; USNM 1743967. Paratypes: Panama • 1 ♂, 1.6 mm; same 
station data as for preceding; USNM 1743968 • 1 ♀, 1.68 mm; same station 
data as for preceding; USNM 1743969. Other material: Panama • 5 ♂, 2 ♀; same 
station data as for preceding; USNM 1743971 • 2 ♂, 4 ♀; Bocas del Toro, Crawl 
Caye; 9.2502°N, 82.1318°W; depth 5 m, among coral rubble; 29 June 2023; K.N. 
White leg; USNM 1743970.

Diagnosis. Male coxa 1 anteroventral angle rounded, without setae. Male 
gnathopod 2 basis with large anterodistal lobe, lined with stridulating ridges; 
propodus process at palmar angle long, slender, curved. Male coxae 3 and 4 
with stridulating ridges. Uropods 1–3 rami without marginal robust setae. Uro-
pod 3 inner ramus lanceolate, inner ramus 0.2 × length of outer ramus, outer 
ramus, bi-articulate, article 2 with at least one apical seta.
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Description. Male (holotype, 1.7 mm). Head. Eyes round, circle of dark om-
matidia surrounded by light ommatidia, touching anterior margin of ocular 
lobe. Antenna 1 broken; peduncle article 2 2.3 × length of article 1. Antenna 
2 flagellum 7-articulate. Maxilliped inner plate apical margin with two rows of 
plumose setae; outer plate with four robust setae, lined with submarginal setae; 
palp 4-articulate. Lower lip inner and outer lobes rounded, lined with fine setae. 
Maxilla 1 inner plate small with one apical seta; outer plate with eight bifurcate 
robust setae; palp bi-articulate with three apical robust setae and two marginal 
setae. Maxilla 2 outer plate with eight apical setae; inner plate with five apical 
and five marginal setae. Mandibles similar, incisors dentate; palp tri-articulate, 
articles 2 and 3 setose, with some plumose setae. Upper lip rounded with in-
dentation, apically setose on either side of indentation.

Pereon. Coxae sparsely setose, setae short; coxae 1–4 longer than wide; 
coxae 3–4 with stridulating ridges. Gnathopod 1 subchelate; basis unexpand-
ed, margins with tufts of long setae; carpus 0.1× length of propodus; propodus 
palm serrate, lacking robust setae; dactylus minutely serrate. Gnathopod 2 ba-
sis with large anterodistal lobe, lined with stridulating ridges; propodus process 
at palmar angle long, slender, curved. Pereopod 3 merus minutely expanded an-
teriorly. Pereopod 4 anterodistal margin of carpus with pointed projection, with 
few setae. Pereopods 5–7 bases rounded, narrowing sequentially. Pereopod 7 
significantly longer than pereopods 5 and 6.

Pleon. Epimeron 3 posteroventral corner subquadrate without notch. Uropod 
1 peduncle with one distal robust seta, 1.3 × length of inner ramus; inner ra-
mus 1.3 × length of outer ramus, rami lined with minute setules, lacking robust 
setae. Uropod 2 peduncle 0.8 × length of inner ramus, with one distal robust 
seta; inner ramus 1.2 × length of outer ramus, lined with minute setules, lacking 
robust setae. Uropod 3 peduncle 2.0 × length of inner ramus with one apical 
seta; inner ramus lanceolate, 0.2 × length of outer ramus, bare; outer ramus 
bi-articulate, article 2 with two apical setae.

Male (paratype, 1.6 mm). Head. Antenna 1 shorter than antenna 2, distal 
margins with sparse, long setae, flagellum tri-articulate, terminal article minute. 
Antenna 2 flagellum 4-articulate, terminal article minute. Pleon. Telson entire, 
apex subtriangular, with two setae, lateral margins with subacute points.

Female (paratype, 1.7 mm). Similar in all aspects to the male with the excep-
tion of the following: antenna 1 5-articulate; antenna 2 8-articulate; coxae with-
out stridulating ridges; coxa 1 ventral margin with few short setae; gnathopod 
2 basis anterodistal margin unexpanded, without lobe; propodus with reduced 
distal thumb, lacking triangular process near insertion of dactylus; pereopod 
4 basis anterior and posterior margins with long plumose setae, anterodistal 
margin of carpus without pointed projection.

Etymology. After the Latin probolos, meaning any projecting or jutting object 
or prominence and referring to large anterodistal lobe on the basis of the gna-
thopod 2 of males of this species.

Distribution. U.S.A.: Florida: Biscayne Bay, Florida Bay (LeCroy 2000); Pana-
ma: Bocas del Toro (present study).

Ecology and remarks. This species occurs among coral rubble at depths of 
1.6–13 m. Panamanian specimens closely resemble Photis sp. D LeCroy, 2000 
with the exception of male gnathopod 2 propodus having a small, rounded pro-
cess near palmar angle and a smaller thumb at palmar angle, which is most 
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Figure 21. Photis probolion sp. nov., male holotype, 1.4 mm, habitus, coxa 1, gnathopod 1 medial, gnathopod 2 medial, 
uropod 1, uropod 2, uropod 3; female paratype, 1.7 mm, telson, coxa 1. Scale bars: 0.5 mm.
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Figure 22. Photis probolion sp. nov., female paratype, 1.7 mm, pereopod 4, gnathopod 2 medial; male paratype “w”, 
1.6 mm, pereopod 4. Scale bars: 0.5 mm.
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Figure 23. Photis probolion sp. nov., male holotype, 1.4 mm, upper lip, lower lip, right mandible, maxilla 1, maxilla 2; fe-
male paratype, 1.7 mm, maxilliped. Scale bars: 0.5 mm.

likely due to the small size of the Panamanian specimens. Photis probolion sp. 
nov. most closely resembles Photis longicaudata (Bate & Westwood, 1862) and 
Photis bronca Jung et al., 2019 in sharing the rounded anteroventral angle on 
coxa 1 and the large anterodistal lobe with stridulating ridges on gnathopod 2 
basis. The new species differs from P. longicaudata in having stridulating ridges 
on male coxa 4 and in lacking robust setae on uropods 1 and 2 outer rami. The 
new species differs from P. bronca in lacking setae on coxa 1 and in having 
uropod 3 peduncle shorter than the inner ramus (vs peduncle longer than inner 
ramus). Photis probolion sp. nov. can be easily distinguished from all other de-
scribed Photis species in having a large anterodistal lobe lined with stridulating 
ridges on the male gnathopod 2 basis, the general shape of the gnathopod 2 
propodus, stridulating ridges on male coxae 3 and 4, and in lacking marginal 
robust setae on uropods 1–3 rami. Live specimens are white, sometimes with 
faint brown stripes and pink markings, especially on the antennae.

Photis melanica McKinney, 1980
Figs 24, 32H

Photis melanicus McKinney, 1980: 57–61, fig. 1.
Photis melanica: LeCroy 2000: 154, fig. 187; LeCroy et al. 2009: 941–972.
Photis sp. B: McKinney 1977: 112, fig. 19.

Material examined. Panama • 1.7 mm • 1 ♀; Bocas del Toro, Laboratory Dock; 
9.4159°N, 82.2489°W; depth 14 m, in light trap; 8 Aug 2005; T.A. Haney leg.; 
GCRL 6671.
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Figure 24. Photis melanica, female, 1.7 mm, pereopod 3, pereopod 5, pereopod 6 dactylus, head and coxae 1-4; uropod 1, 
uropod 3, gnathopod 2 medial. Scale bars: 0.5 mm.
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Diagnosis. Ocular lobe distal margin subacute. Coxae 1–4 ventral margins 
lined with long setae. Coxa 1 anteroventral margin evenly rounded. Female gna-
thopod 2 propodus palmar margin lacking process. Pereopod 3 merus with 
long plumose setae. Pereopod 5 basis bare. Pereopods 6 and 7 propodus with 
few setae shorter than dactylus; dactylus with accessory claw. Uropod 1 inner 
ramus 1.2 × length of outer ramus. Uropod 3 peduncle with plumose distoven-
tral seta; inner ramus 0.2 × length of outer ramus, apical margin with setae.

Distribution. U.S.A.: Florida Bay, Tampa Bay, Florida (LeCroy 2000), South of 
Galveston, Texas (McKinney 1977, 1980), Gulf of Mexico (LeCroy et al. 2009); 
Venezuela: exact location unspecified (Martín and Diaz 2003; LeCroy et al. 
2009). Panama: Bocas del Toro (present study).

Ecology and remarks. This species was collected with light traps at a depth 
of 14 m. Panamanian specimens agree closely with previous descriptions. Eth-
anol-preserved specimens retained faint brown coloration on most of body.

Genus Posophotis Barnard, 1979

Diagnosis. Antenna 1 accessory flagellum 2- or 3-articulate (possibly with tiny 
additional article). Head cephalic lobe subacute. Coxae elongate, large, and over-
lapping. Dactylus of maxilliped short, stubby, setose apically. Gnathopod 1 small, 
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weakly subchelate, carpus slightly longer than propodus. Gnathopod 2 broad, 
subchelate, posterior margin of propodus broadly lobate, anterior margin of 
propodus slightly longer than posterior margin, palm oblique, sculptured. Uropod 
3 peduncle elongate, rami styliform, slightly shorter than peduncle, one-articulate.

Posophotis seri Barnard, 1979
Figs 25, 33A

Posophotis seri Barnard, 1979: 31–34, figs 11, 12.

Material examined. Panama • 2.3–4.7 mm • 2 ♀; Bocas del Toro, Bocas del 
Drago, 9.4180°N, 82.3375°W, depth 2.4 m, among red algae; 9 Aug 2021; K.N. 
White leg.; USNM 1743972.

Diagnosis. Eye round. Gnathopod 1 propodus without projections. Female 
gnathopod 2 propodus with mid-palmar excavation, large robust seta at palmar 
angle; dactylus longer than palm. Uropod 3 peduncle elongate, rami styliform, 
lined with minute setae, each ramus with one marginal robust seta.

Distribution. Mexico: Puerto Peñasco (Barnard 1979); Ecuador: Galapagos 
Islands (Barnard 1979); Panama: unspecified (Barnard 1979), Bocas del Toro 
(present study).

Ecology and remarks. This species occurs among red algae at a depth of 
2.4 m. Panamanian specimens closely resemble specimens described in Bar-
nard, 1979. Ethanol-preserved specimens retained brown coloration on pereon.

U3

Xpd 

H

Figure 25. Posophotis seri, female, 4.7 mm, maxilliped palp (in part), habitus (in part), uropod 3. Scale bars: 0.5 mm.
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Family Podoceridae Leach, 1814

Genus Podocerus Leach, 1814

Diagnosis. Body often with dorsal elevations or carinate, pereon segments 2 
and 3 fused. Antenna 2 longer than antenna 1, stout. Head not globular, buccal 
mass similar in size to head. Coxae discontiguous. Urosomites separate, uroso-
mite 1 elongate. Uropods 1–3 dissimilar in structure; uropod 3 greatly reduced.

Podocerus offucia sp. nov.
https://zoobank.org/B828F2DD-0E9C-49EE-A0E4-580D7F3D6E9E
Figs 26–28, 33B

Type locality. Bocas del Toro, Panama: Swan Cay, 9.4536°N, 82.3000°W, among 
coral rubble.

Material examined. Holotype: Panama • 2.8 mm • 1 ♂; Bocas del Toro, Pan-
ama: Swan Cay, 9.4536°N, 82.3000°W, depth 1–3 m; among coral rubble; 27 
June 2023; K.N. White leg; USNM 1743973. Paratype: Panama • 2.8 mm • 1 ♀; 
station data same as holotype; USNM 1743974.

Diagnosis. Pereon segments 5–7 dorsally setose. Male antenna 1 flagellum 
4-articulate; accessory flagellum uni-articulate. Coxa 1 with four marginal setae. 
Gnathopod 1 basis slender. Male gnathopod 2 propodus palm serrate with one 
large, rounded projection, posteriorly concave. Pereopods 3–7 propodus with 
posterodistal notch. Uropods 1 and 2 each with distoventral interramal spine.

Description. Male (holotype, 2.8 mm). Head. Eyes round, bulging. Antenna 
1 densely setose, flagellar article 1 shorter than flagellar article 2; accessory 
flagellum uni-articulate. Antenna 2 densely setose; flagellum 4-articulate. Maxil-
liped inner plate with seven plumose apical setae, outer plate lined with ten mar-
ginal robust setae and many facial setae, palp 4-articulate. Lower lip missing. 
Maxilla 1 inner plate absent; outer plate with six apical robust setae; palp bi-artic-
ulate, apical margin with four bifurcate setae and three slender setae. Maxilla 2 
inner and outer plate apical margins lined with setae; outer plate with two rows. 
Mandibular palp tri-articulate, lined with plumose setae. Upper lip missing.

Pereon. Pereon segments with posterodorsal processes. Pereonites 5–8 
with dorsal robust setae. Coxae sparsely setose, discontiguous. Coxa 1 rhom-
boidal. Gnathopod 1 subchelate; basis slender; ischium posterior margin with 
two long setae; merus posterior margin with long plumose setae; carpus longer 
than wide, posterior margin lined with plumose setae, with two plumose facial 
setae; propodus subequal in length with carpus, posterior margin with many 
simple and plumose setae, anterolateral margin with facial setae; dactylus in-
ner margin serrate. Gnathopod 2 subchelate, much larger than gnathopod 1; 
basis expanded anteriorly into rounded process, posterior margin with short 
setae; ischium posteriodistal margin with sparse short setae; merus ventral 
margin lined with long slender plumose setae and two short, stout setae; car-
pus reduced, ventral margin lined with long slender plumose setae; propodus 
palm serrate with one large, rounded projection, posteriorly concave; dactylus 
closing on concavity. Pereopods 3–6 missing. Pereopod 7 basis ovate; ischium 
short; merus posteriorly expanded; propodus with posterodistal notch.
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Figure 26. Podocerus offucia sp. nov., male holotype, 2.8 mm, habitus, gnathopod 2 medial, gnathopod 2 medial. Scale 
bars: 0.5 mm.
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Figure 27. Podocerus offucia sp. nov., female paratype, 2.8 mm, pereopod 5, gnathopod 2 medial, pereopod 6; male ho-
lotype, 2.8 mm, uropod 1, uropod 2, uropod 3. Scale bars: 0.5 mm.
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Figure 28. Podocerus offucia sp. nov., male holotype, 2.8 mm, left mandible, maxilla 1, maxilla 2, maxilliped; female para-
type, 2.8 mm, lower lip. Scale bars: 0.5 mm.

Pleon. Epimera 1–3 with posterodorsal processes; posteroventral margins 
smooth, rounded. Uropod 1 1.4 × length of uropod 2; peduncle with distoventral 
interramal spine, apical margin with one slender seta; inner ramus 2.3 × length 
of peduncle, outer margin lined with robust setae and fine setules, apical margin 
with one long seta; outer ramus outer margin with few robust setae, apical margin 
with one long seta. Uropod 2 peduncle with distoventral interramal spine, apical 
margin with one slender seta; inner ramus 2.9 × length of peduncle, outer margin 
lined with robust setae and fine setules, apical margin with one long seta; outer ra-
mus outer margin with one robust seta, apical margin with one long seta. Uropod 
3 vestigial, rounded. Telson dorsally produced, with two long and two short setae.

Female (paratype, 2.8 mm). Similar in all aspects to the male with the excep-
tion of the following: Antenna 1 flagellum tri-articulate. Lower lip outer lobes 
rounded, setose; mandibular lobes acutely pointed. Gnathopod 2 basis stout, 
without rounded process, posterodistal margin with one seta; merus rounded 
posteriorly, with distal robust seta and several slender setae; carpus subtrian-
gular; propodus enlarged, rounded, palmar margin smooth, moderately setose, 
with two large setae; dactylus inner margin with short setae. Pereopods 5 and 
6 anterior and posterior margins of most articles with plumose setae; propodus 
posterodistal margin with notch.

Etymology. After the Latin offucia, meaning paint or wash for face and refer-
ring to dark pigment on the head of this species.
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Distribution. Panama: Bocas del Toro (present study).
Ecology and remarks. These amphipods occur among coral rubble, occur-

ring with other Podocerus species at depths of 1–3 m. Podocerus offucia sp. 
nov. is most similar to Podocerus lazowaemi Baldinger & Gable, 1994 in sharing 
the following characters: male antenna 1 flagellum 4-articulate, accessory fla-
gellum uni-articulate; gnathopod 1 basis slender; and uropods 1–2 each with 
distoventral interramal spine. The new species differs in the following charac-
ters: antenna 2 flagellum 4-articulate (vs 5-articulate), coxae 1 with four setae 
(vs 1 robust seta), coxa 2 bare (vs 1 robust seta), pereopods 3–7 propodus 
with posterodistal notch (vs lacking). Podocerus offucia sp. nov. is also similar 
to Podocerus kleidus Thomas & Barnard, 1992 in the presence of interramal 
spines on uropod 1 and 2 but differs in the following characters: antenna 1 
flagellum 3 or 4-articulate (vs 6-articulate), coxa 1 entire (vs cleft), and four 
robust setae on telson (vs 9 robust setae). Podocerus offucia sp. nov. can be 
easily distinguished from all remaining described Podocerus species based on 
having dorsal setae only on pereon segments 5–7, the shape of male gnatho-
pod 2 propodus, and having uropods 1 and 2 each with distoventral interramal 
spine. Ethanol-preserved specimens of the new species retained purple-brown 
coloration on the head with faint coloration on the pereon.

Podocerus fissipes Serejo, 1995
Figs 29, 33C

Podocerus fissipes Serejo, 1995[1996]: 49–55, figs 1–3; Baldinger and Gable 
2002: 11–19, figs 6–12; LeCroy 2011: 702, fig. 560.

Material examined. Panama • 3–5.1 mm • 2 ♂, 5 ♀; Bocas del Toro, Hospital Bight, 
9.3044°N, 82.1316°W, depth 1.5 m, among coral rubble; 7 Aug 2005; S. LeCroy 
leg.; GCRL 6672 • 3 ♂, 8 ♀, 2 juveniles; Bocas del Toro, Hospital Point, 9.3333°N, 
82.2185°W, depth 11 m, from buoy scrapings; 26 June 2023; K.N. White leg.; USNM 
1743975 • 9 ♂, 7 ♀, 1 juvenile; Bocas del Toro, Crawl Caye, 9.2475°N, 82.1290°W, 
depth 0–1 m, from buoy scrapings; 28 June 2023; K.N. White leg.; USNM 1743976.

Diagnosis. Maxilla 2 inner and outer plates each with two rows of apical se-
tae. Gnathopod 2 merus without robust setae; propodus with two robust setae 
at palmar angle. Uropods 1 and 2 without interramal spines. Telson apex trun-
cate with two long and two short setae.

Distribution. Brazil: Prainha in Arraial do Cabo, Rio de Janeiro; Santo Aleixo 
Island, Serinhaém, Pernambuco (Serejo 1995); British Virgin Islands: Guana 
(Baldinger and Gable 2002); U.S.A.: Biscayne Bay, Florida (LeCroy 2011); Bocas 
del Toro (present study).

Ecology and remarks. Panamanian specimens agree with previous descrip-
tions of Podocerus fissipes with the following exceptions: variation in dorsal 
carinae; gnathopod 2 with two robust setae (vs one robust seta in Serejo 1995 
and LeCroy 2011). Baldinger and Gable (2002), however, also describe two ro-
bust setae on the gnathopod 2 propodus. The variation may be due to the size 
difference (Panama = 4.6 mm, B.V.I. = 3.0 mm, Brazil = 2.3 mm) or due to re-
gional variation. Live specimens have orange coloration lining pereonites and 
are covered with orange speckles.
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Figure 29. Podocerus fissipes, male, 4.6 mm, uropod 1, uropod 2, maxilla 2, gnathopod 2 lateral, telson apex. Scale bars: 
0.5 mm.

Podocerus jareckii Baldinger & Gable, 2002
Figs 30, 33D

Podocerus jareckii Baldinger & Gable, 2002: 3–11, figs 1–5.

Material examined. Panama • 2.4 mm • 1 ♂, 1 ♀; Bocas del Toro, Swan Cay, 
9.4536°N, 82.3000°W, among coral rubble; 27 June 2023; K.N. White leg; USNM 
1743977.

Diagnosis. Maxilla 2 inner and outer plates each with one row of apical se-
tae. Gnathopod 2 propodus with proximal robust seta, dactylus bent at angle. 
Uropod 1 interramal spine present. Uropod 2 interramal spine absent.

Distribution. British Virgin Islands: Guana Island (Baldinger and Gable 2002); 
Panama: Bocas del Toro (present study).

Ecology and remarks. This species occurs among coral rubble at a depth of 
2.3–2.4 m. Panamanian specimens closely resemble the original description 
with the following exceptions: male dorsal robust setae starting on pereonite 
5–7 (vs pereonite 2–7); gnathopod 2 merus with two robust setae (vs 1); tel-
son with four apical setae (vs 5). Live specimens are orange, purple-red, and 
white in color.
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Figure 30. Podocerus jareckii, male, 2.4 mm, uropod 1, uropod 2, maxilla 2, coxa 1, telson, gnathopod 2 medial. Scale 
bars: 0.5 mm.
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Identification Key to the Caribbean Caprellidira of Panama

1 Head anteroventral margin entire, rounded; pereonite 1 fused to head; 
body skeletal, segments tubular; gills not exceeding 3 pairs; oostegites 
not exceeding 2 pairs; abdomen vestigial (Fig. 1).......................................2

– Head anteroventral margin recessed, excavate; head free from pereonite 
1; body compressed or flattened; gills exceeding 3 pairs; oostegites ex-
ceeding 2 pairs; abdomen well developed (Figs 26, 27) .............................4

2 Body without dorsal projections; male pereonite 2 with sharp projection 
on anteroventral margin; male gnathopod 2 basis posterior margin with 
proximal bump (Fig. 3) ...................................................Paracaprella pusilla

– Body with dorsal projections; male pereonite 2 without projection on antero-
ventral margin; male gnathopod 2 basis posterior margin smooth (Fig. 1) ... 3

3 Pereopods 3 and 4 are bi-articulate (Fig. 2) ......Deutella cf. pseudoincerta
– Pereopods 3 and 4 are uni-articulate (Fig. 1) ................Deutella caribensis
4 Antenna 2 distinctly longer than antenna 1, antenna 1 not reaching past 

antenna 2 peduncle (Fig. 26); urosome segment 1 longer than deep, dis-
tinctly longer than segment 2 (Fig. 26) ........................................................5

– Antenna 2 slightly longer than antenna 1, antenna 1 usually reaching past 
antenna 2 peduncle (Fig. 5); urosome segment 1 at least as deep as long, 
not distinctly longer than segment 2 (Fig. 9) ...............................................7
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5 Maxilla 2 inner and outer plates each with one row of apical setae (Fig. 28); 
gnathopod 2 merus with robust setae; uropod 1 interramal spine present 
(Fig. 27) ..........................................................................................................6

– Maxilla 2 inner and outer plates each with two rows of apical setae; gna-
thopod 2 merus without robust setae; uropod 1 interramal spine absent 
(Fig. 29) ............................................................................Podocerus fissipes

6 Male gnathopod 2 propodus posterior margin straight; dactylus bent at 
angle; uropod 2 without interramal spine (Fig. 30) ........Podocerus jareckii

– Male gnathopod 2 propodus posterior margin concave; dactylus evenly 
curved (Fig. 26); uropod 2 with interramal spine (Fig. 27) ............................
 ............................................................................. Podocerus offucia sp. nov.

7 Gnathopod 1 subequal or larger than gnathopod 2, carpus longer than or 
subequal to propodus (Fig. 9) ......................................................................8

– Gnathopod 1 smaller than gnathopod 2, carpus shorter than or subequal 
to propodus (Fig. 8) .......................................................................................9

8 Male coxa 1 subquadrate, not significantly larger than coxa 2; male gna-
thopod 1 chelate, carpus and propodus fused, dactylus with elongate 
tooth along posteroproximal margin; male pereopod 5 basis length 1.4 × 
width; telson apex convex (Fig. 12) ..................................Varohios topianus

– Male coxa 1 subovate, significantly larger than coxa 2; male gnathopod 1 
carpochelate, 7-articulate, dactylus lacking elongate tooth along postero-
proximal margin; male pereopod 5 basis length 2.6 × width; telson apex 
concave (Figs 9, 10) ........................................... Konatopus tridens sp. nov.

9 Coxae not overlapping (Fig. 8); pereopods 3 and 4 distinctly expanded 
(Figs 4, 8); uropod 3 uniramous (Fig. 8) or lacking rami (Fig. 4) ..............10

– Coxae overlapping; pereopods 3 and 4 bases slightly or not expanded; uro-
pod 3 biramous (one ramus may be much smaller than other) (Fig. 21) ....14

10 Gnathopod 1 simple; gnathopod 2 propodus palm lined with stout setae; uro-
pod 2 absent; uropod 3 lacking rami (Fig. 4) ..........Caribboecetes intermedius

– Gnathopod 1 subchelate; gnathopod 2 propodus palm not lined with stout 
setae; uropod 2 present; uropod 3 uniramous or biramous (Fig. 8) .........11

11 Uropod 1 inner ramus subequal in length with outer ramus; pereopod 5 not 
geniculate; uropod 2 biramous; telson entire (Fig. 8) ...................................
 ...................................................................................Ericthonius brasiliensis

– Uropod 1 inner ramus shorter than outer ramus; pereopod 5 geniculate 
(Fig. 5); uropod 2 uniramous (Fig. 7); telson cleft (Figs 5, 7) ...................12

12 Female pereopod 3 basis at right angle posteriorly; telson partially cleft 
(Fig. 7) ..................................................................................Cerapus thomasi

– Female pereopod 3 basis not at right angle posteriorly; telson entirely cleft 
(Fig. 5) ..........................................................................................................13

13 Antennae 1 and 2 with > 3 flagellar segments; uropod 1 inner ramus with 
apical robust seta, distal margin of seta narrowing unevenly (Fig. 5) .........
 ..................................................................................... Cerapus benthophilus

– Antennae 1 and 2 with 3 flagellar segments; uropod 1 inner ramus with 
apical robust seta, distal margin of seta narrowing evenly (Fig. 6) .............
 ................................................................................................ Cerapus slayeri

14 Male antenna 2 flagellum dorsoventrally flattened; female gnathopod 1 
merus and carpus with ventral setae, all setae plumose; female gnathopod 
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2 propodus anterior margin with dense rows of setae; male uropod 3 rami 
subequal in length (Fig. 13) ................................................Audulla chelifera

– Male antenna 2 flagellum not dorsoventrally flattened; female gnathopod 
1 merus and carpus with or without ventral setae, if present none or few 
setae plumose; female gnathopod 2 propodus anterior margin without 
dense rows of setae; male uropod 3 rami unequal in length (Fig. 6) .......15

15 Antenna 1, accessory flagellum vestigial or absent; uropod 3, inner ramus 
minute (Fig. 21) ...........................................................................................16

– Antenna 1, accessory flagellum present, composed of > 1 article; uropod 
3, inner ramus not minute (Fig. 6) ..............................................................17

16 Eye touching margin of ocular lobe; pereopod 5 basis length 1.5 × width; 
uropods 1 and 2 outer ramus without marginal robust setae (Fig. 21) .......
 ................................................................................ Photis probolion sp. nov.

– Eye not touching margin of ocular lobe; pereopod 5 basis length < 1.5 × 
width (Fig. 18); uropods 1 and 2 outer ramus with marginal robust setae 
(Fig. 19) ........................................................................................................18

17 Coxa 1 anteroventral margin slightly produced with gap in marginal setae 
(Fig. 18); pereopods 6 and 7 propodus each with posterodistal cluster of 
setae surpassing length of dactylus (Fig. 19) ............. Photis bulla sp. nov.

– Coxa 1 anteroventral margin not produced without gap in marginal setae; 
pereopods 6 and 7 propodus posterodistal cluster of setae, if present, no 
longer than length of dactylus (Fig. 24) .....................................................19

18 Ocular lobe distal margin subacute; pereopod 3 merus posterior margin 
with several long, plumose setae; male pereopod 6 normal (based on liter-
ature); uropod 1 rami unequal in length; uropod 3 peduncle with plumose 
distoventral seta (Fig. 24) .................................................... Photis melanica

– Ocular lobe distal margin rounded; pereopod 3 merus posterior margin 
without plumose setae; male pereopod 6 greatly enlarged; uropod 1 rami 
subequal in length; uropod 3 peduncle without plumose distoventral seta 
(Fig. 11) ......................................................................Photis butalus sp. nov.

19 Head cephalic lobe subacute; coxa 2 length 1.5 × width (Fig. 25) ...............
 ................................................................................................Posophotis seri

– Head cephalic lobe rounded; coxa 2 length subequal to width (Fig. 14) .....
 ............................................................................. Latigammaropsis atlantica

Discussion

This study describes five new species and includes a range extension for 15 
caprellidiran amphipods to include the Caribbean waters of Panama. Five 
species have a distribution pattern including the Pacific and Caribbean (Aud-
ulla chelifera, Ericthonius brasiliensis, Latigammaropsis atlantica, Paracaprella 
pusilla, Posophotis seri). These distribution patterns indicate that these five 
species were likely established before the isthmus of Panama closed, more 
than three million years ago. Examination of specimens has clarified that 
several characters vary and should not be used for species determination. 
Body spination should not be used as a diagnostic character among species 
of Deutella based on McCain (1968), Guerra-García et al. (2006), and Win-
field and Guerra-García (2021). The number of antennae segments is also 
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Figure 31. Photographs of live specimens unless noted. A Deutella caribensis B Deutella cf. pseudoincerta C Paracaprella 
pusilla D Caribboecetes intermedius E Cerapus benthophilus (ethanol-preserved specimen) F Cerapus slayeri (ethanol-pre-
served specimen) G Cerapus thomasi (ethanol-preserved specimen) H Ericthonius brasiliensis. Scale bars: 1.0 mm.
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Figure 32. Photographs of live specimens unless noted. A Konatopus tridens sp. nov. B Variohos topianus C Audulla che-
lifera (ethanol-preserved specimen) D Latigammaropsis atlantica (ethanol-preserved specimen) E Photis butalus sp. nov. 
(ethanol-preserved specimen) F Photis bulla sp. nov. G Photis probolion sp. nov. H Photis melanica (ethanol-preserved 
specimen). Scale bars: 1.0 mm.



198ZooKeys 1234: 151–205 (2025), DOI: 10.3897/zookeys.1234.145826

Sally J. Sir & Kristine N. White: Caprellidira of Panama

Figure 33. Photographs of live specimens unless noted. A Posophotis seri (ethanol-preserved specimen) B Podocerus 
offucia sp. nov. (ethanol-preserved specimen) C Podocerus fissipes D Podocerus jareckii. Scale bars: 1.0 mm.

variable based on comparison of Panama material to original descriptions 
in the literature for Deutella cf. pseudoincerta, Cerapus benthophilus, Cera-
pus thomasi, and Latigammaropsis atlantica. This study increases the known 
number of caprellidiran amphipods from Caribbean Panama from one to 21 
species. The Caribbean Amphipoda of Panama identification key is available 
online (https://www.invertebase.org/portal/ident/key.php?clid=58&pid=4&-
dynclid=0&taxon=All+Species).
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Research Article

Abstract

Scolomus Townes & Townes, 1950 is a genus in Ichneumonidae, with six species occur-
ring in the Holarctic and Neotropical regions. In this study, a new species is described 
from Chile, Scolomus valenzuelai Araujo, Pádua & Silva-Santos, sp. nov. Also, the female 
of S. magellanicus Walkley, 1962 is described for the first time and new occurrences of 
S. maculatus Araujo & Vivallo, 2018, and S. magellanicus are reported from Chile, includ-
ing the northernmost record of this genus in South America. Additionally, we provide an 
updated identification key for all known species of the genus.

Key words: Andean Region, Chile, Darwin wasps, Maulean Coastal Forest, parasitoid 
wasps, South America

Introduction

Metopiinae Förster, 1869 is widely distributed and comprises 26 genera and 
more than 860 species (Yu et al. 2016; Ranjith and Priyadarsanan 2022). Mem-
bers of this subfamily are koinobiont endoparasitoids that oviposit in lepidopter-
an larvae and emerge from the host pupa as adults (Broad and Shaw 2005; 
Bennett 2008). They can be distinguished by their strongly convex face, broad 
pronotum, relatively thick antennae, and shortened tarsal segments, which are 
adaptations believed to facilitate movement through semi-resistant substrates, 
such as partially silken host retreats or rolled-up leaves (Broad and Shaw 2005).

Scolomus Townes & Townes, 1950, is a small, widely distributed genus with-
in Metopiinae, comprising six species: S. borealis (Townes, 1971), S. clypeatus 
Araujo & Santos, 2018, S. maculatus Araujo & Vivallo, 2018, S. magellanicus Walk-
ley, 1962, S. talamanca (Gauld & Sithole, 2002), and S. viridis Townes & Townes, 
1950. Little is known about the biology of this genus, except for a record of 
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S. borealis as a parasitoid of the immature stages of Schreckensteinia festaliella 
(Hübner, 1819) (Lepidoptera, Schreckensteiniidae) (Broad and Shaw 2005).

The genus was initially described in Tryphoninae (Townes and Townes 
1949) but was later transferred to Pionini (Ctenopelmatinae) without justifica-
tion (Townes and Townes 1966). Subsequently, Gauld and Wahl (2006) syn-
onymized Apolophus Townes, 1917 under Scolomus based on morphological 
similarities. Apolophus and Scolomus exhibit several shared apomorphic fea-
tures, including an elongated head with an extended malar space, a flat face 
with a weak supraclypeal suture, and a hind wing with a strongly curved basal 
abscissa of vein M+Cu1, where the distal abscissa of vein Cu1 joins vein cu-a 
closer to vein 1A than to vein M. Based on these characteristics, Scolomus was 
placed in Metopiinae, although its definitive position requires a detailed phylo-
genetic analysis of the Ophioniformes clade (sensu Wahl 1991, 1993) (Broad 
and Shaw 2005; Bennett et al. 2019).

In this study, we describe a new species of Scolomus from Chile and provide 
the first taxonomic description of the female of S. magellanicus. Additionally, 
we expand the knowledge about distribution range of both S. magellanicus and 
S. maculatus. As the new species rendered the initial steps of the identification 
key proposed by Araujo et al. (2018) unfeasible, we provide an adapted identifi-
cation key for all known species of the genus.

Materials and methods

The specimens were studied from the following institutions (curators in paren-
theses): LEGA-UCM: Laboratorio de Entomología General y Aplicada, Universidad 
Católica del Maule, Chile (Rodrigo Araujo); MNNC: Museo Nacional de Historia 
Natural, Chile (Mario Elgueta); NMNH: National Museum of Natural History, USA 
(Sean Brady); UACh: Colección de Insectos Ernesto Krahmer, Universidad Austral 
de Chile, Chile (Cristian Montalva).

The holotype of Scolomus maculatus (MNNC) was examined, while the fol-
lowing holotypes were studied through high-resolution photographs: S. magel-
lanicus (NMNH), S. viridis (NMNH), and S. clypeatus (lost). Regarding the last 
species, the holotype was destroyed in the fire that consumed the Museu Nacio-
nal do Rio de Janeiro, Brazil, and we relied on the photographs provided by Arau-
jo et al. (2018), which we consider sufficiently detailed for study. The holotype of 
S. valenzuelai Araujo, Pádua & Silva-Santos, sp. nov. is deposited in the MNNC.

The type specimen of the new species was recently collected within rem-
nants of the coastal Maulino forest (Escobedo et al. 2024), an endemic vege-
tation formation dominated by deciduous species such as Nothofagus glauca 
(Phil.) Krasser (Nothofagaceae). This forest type is highly threatened due to 
the historical replacement of native vegetation with Pinus radiata (D. Don) and 
Eucalyptus globulus Labill plantations. The most hygrophilous remnants are 
characterized by the presence of Myrtaceae species, like Luma apiculata (DC.) 
Burret and Myrceugenia exsucca (DC.) O. Berg., alongside iconic Chilean trees 
such as Drimys winteri J.R. Forst. & G. Forst. and Persea lingue Nees. The un-
derstory is rich in native ferns and shrubs, notably Blechnum chilense (Kaulf.) 
Mett. (Doll et al. 2024).

General morphological terminology follows Broad et al. (2018) and propor-
tions follow Araujo et al. (2018). The topics “type material” and “examined ma-
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terial” include the details provided on the label. The use of an asterisk (*) indi-
cates a new distribution record.

Images were captured with a Leica S9i stereomicroscope with an LED illumi-
nation dome (Kawada and Buffington 2016). Measurements and image stack-
ing were done using the Leica Application Suite X extended-focus software, 
followed by editing in Adobe Photoshop 2020. All measurements were rounded 
to the nearest 0.05 mm.

Distribution data for Scolomus spp. were extracted directly from specimen 
labels and plotted on a map using SimpleMappr (Shorthouse 2010).

Results

Taxonomy

Scolomus Townes & Townes, 1950

Scolomus Townes and Townes 1950: 420. Type species: Scolomus viridis 
Townes & Townes, 1950, by original designation.

Apolophus Townes 1971: 111. Type species: Apolophus borealis Townes, 1971, 
by original designation.

Diagnosis. The head is elongate, with an exceptionally long malar space mea-
suring 1.20–1.80× the basal mandibular width. The clypeus is large, subquad-
rate, and with the clypeal sulcus weakly impressed or absent, which results in 
the face and clypeus forming a nearly uniform, smooth plane in most species. 
The occipital carina is ventrally incomplete. The mandible is slender, with the 
lower tooth 0.50–1.00× the length of the upper tooth. The fore wing features 
a rhomboid to pentagonal areolet (areolet lightly petiolate in S. valenzuelai sp. 
nov.), and the pterostigma is broad and triangular, with a maximum length 2.30–
3.00× its maximum width. In the hind wing, the basal abscissa of vein M+Cu1 is 
strongly arched, and the distal abscissa of vein Cu1 connects to vein cu-a much 
closer to vein 1A than to vein M. The first metasomal tergite exhibits an anteri-
or median depression bordered laterally by raised edges. The glymma is deep, 
converging at the midline, and often separated only by a translucent partition. 
In females, the hypopygium is large and arched but not folded medioventrally. 
The ovipositor is slender, slightly upcurved, and lacks a dorsal subapical notch.

Distribution. The genus is distributed in the Holarctic region (Austria, En-
gland, Germany, Poland, Russia, Ukraine, and the United States of America) and 
Neotropical region (Argentina, Chile, and Costa Rica), which includes the Ande-
an biogeographic zone (sensu Morrone 2015).

Included species. S. borealis (Townes, 1971) (Nearctic, West Palearctic); 
S. clypeatus Araujo & Santos, 2018 (Andean); S. maculatus Araujo & Vivallo, 
2018 (Andean); S. magellanicus Walkley, 1962 (Andean); S. talamanca (Gauld & 
Sithole, 2002) (Neotropical); S. viridis Townes & Townes, 1950 (Andean).

Key to the world species of Scolomus

1 Mandible stout, 3.00–4.00× as long as basal width. Labrum apex always 
visible, even with mandibles closed. Subtegular ridge produced as a sharp, 
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curved spine (Figs 1–4). Deep groove between the propodeum and meta-
notum .............................................................................................................2

– Mandible slender, 5.50–6.50× as long as basal width; labrum more or less 
concealed when mandibles closed (Araujo et al. 2018: figs 1, 3, 5). Subteg-
ular ridge not produced into a sharp spine. Superficial groove between the 
propodeum and metanotum .........................................................................4

2(1) Wings with a lightly petiolate areolet, rhombic, with vein 2rs-m joining 3rs-m 
shortly before touching RS (Fig. 3). Postscutellum rounded posteriorly (Fig. 
2). Lateromedian longitudinal carina slightly sinuous, lateromedian lon-
gitudinal carinae almost parallel. Area basalis trapezoidal (Fig. 2). Wings 
strongly and entirely infuscate, pterostigma and all veins dark brown (Fig. 
3) ..................Scolomus valenzuelai Araujo, Pádua & Silva-Santos, sp. nov.

– Wings with a pentagonal areolet, with vein 2rs-m complete and 3rs-m par-
tially complete or faintly impressed, both touching RS independently (Fig. 
6). Postscutellum straight posteriorly (Fig. 5). Lateromedian longitudinal 
carina oblique until the intersection with anterior transverse carina, con-
verging or not. Area basalis triangular (Fig. 5). Wings hyaline to lightly in-
fuscate, pterostigma and all veins brown (Fig. 6) .......................................3

3(2) Propodeum with lateromedian longitudinal carina defined until the intersec-
tion with anterior transverse carina and faintly impressed posteriorly. Area 
superomedia absent (Fig. 5). Lateral longitudinal carina sharper and more 
distinct near propodeal spiracle. Vein 3rs-m partially complete (faintly im-
pressed only when touching vein M) .............S. magellanicus Walkley, 1962

– Propodeum with posterior transverse carina strong and complete. Area 
superomedia present (although open posteriorly). Lateral longitudinal ca-
rina uniform throughout its entire length. Vein 3rs-m faintly impressed .....
 ..................................................................S. viridis Townes & Townes, 1950

4(1) Propodeum with no trace of lateromedian longitudinal carina. Head and 
mesoscutum with reddish-brown marks, fore leg orange-brown. Central 
America ..............................................S. talamanca (Gauld & Sithole, 2002)

– Propodeum with lateromedian longitudinal carina discernible. Head and 
mesoscutum without reddish-brown marks, fore legs brown or green .....5

5(4) Propodeum with lateral longitudinal carina incomplete. Clypeus with sim-
ple, uniformly distributed setae in femaele. Body mostly blackish, without 
extensive green areas; Holarctic .......................S. borealis (Townes, 1971)

– Propodeum with lateral longitudinal carina complete. Clypeus with clus-
ters of seemingly bifurcate setae in female. Body with extensive green 
areas. Chile ....................................................................................................6

6(5) Clypeus width 3.00× its height (Araujo et al. 2018: fig. 1). Distance between 
eye and lateral ocellus 1.50× diameter of lateral ocellus. Areolet 0.80× as 
wide as long. Hypopygium 1.55× as long as wide, in lateral view. Oviposi-
tor 12.50× as long as basal width. Head, mesoscutum, postscutellum, and 
pronotum entirely brownish yellow .......S. clypeatus Araujo & Santos, 2018

– Clypeus width 1.55–2.30× its height (Araujo et al. 2018: figs 3, 5). Dis-
tance between eye and lateral ocellus 0.90–1.00× diameter of lateral ocel-
lus. Areolet 1.00× as wide as long; hypopygium 1.90× as long as wide, in 
lateral view. Ovipositor 5.30× as long as basal width. Head and pronotum 
greenish, mesoscutum yellow with dark brown spots on lateral lobes and 
around scutellum ................................ S. maculatus Araujo & Vivallo, 2018
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Scolomus valenzuelai Araujo, Pádua & Silva-Santos, sp. nov.
https://zoobank.org/E88548D2-D19F-4C81-9DD9-37471ACF849B
Figs 1–3

Type material. Holotype. Chile • 1♀; Región del Maule, Cauquenes, El Secreto 
de Pilén; 35°59′1″S, 72°28′21″W; 1, 370 m alt.; 09 Sep–09 Oct 2024; Malaise 
trap; R.O. Araujo, D.G. Pádua & B. Cortés-Rivas leg.; (MNNC).

Type locality. Chile: Región del Maule, Cauquenes, El Secreto de Pilén; 
35°59′1″S, 72°28′21″W; 1, 370 m alt.

Diagnosis. Scolomus valenzuelai sp. nov. can be distinguished from the 
other species of the genus by the combination of the following characteris-
tics: 1) clypeus lightly punctate with setae, flat in profile, weakly impressed; 
2) postscutellum rounded posteriorly; 3) metapleuron strongly strigose near 
its ventral margin; 4) lateromedian longitudinal carina elevated, strong until 
the intersection with the anterior transverse carina, and faintly impressed 
posteriorly, lateromedian longitudinal carina parallel; 5) area basalis pres-
ent, well delimited, trapezoidal and smooth; 6) lateral longitudinal carina 
slightly curved in apical third; 7) fore wing with a lightly petiolate areolet, 

Figures 1–3. Scolomus valenzuelai Araujo, Pádua & Silva-Santos, sp. nov., holotype female. 1 Head in frontal view 
2 propodeum in dorsal view 3 habitus in lateral view. Scale bars: 0.50 mm (1, 2); 1.00 mm (3).
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rhomboidal; 8) wings strongly and entirely infuscate, and pterostigma and 
all veins dark brown.

Description. Holotype female (Figs 1–3). Body length (without ovipositor): 
7.85 mm; antenna length: 6.70 mm; fore wing length: 6.75 mm.

Head. Head polished, with sparse short pubescence. Face narrowly elongate, 
densely punctate, with setae laterally and dorsally but sparse centrally. Maximum 
face width about 1.20× as high (measured from base of antennae to base of cly-
peus) as wide. Anterior tentorial pits visible. Clypeus lightly punctate with setae, 
flat in profile, weakly impressed, its apical margin truncated, sinuous, 1.40× as wide 
as high. Labrum slightly visible even with mandibles closed. Malar space 1.25× as 
long as basal mandibular width; mandible relatively stout, mandible basally and 
centrally punctate, with setae. Mandible bidentate, teeth smooth, upper tooth lon-
ger than lower tooth. Upper tooth 3.35× as long as basally wide. Frons without dis-
tinct punctures. Inner orbits almost parallel, very slightly indented opposite anten-
nal socket. Stemmaticum slightly convex. Posterior ocellus separated from eye 
about 0.95× its maximum diameter. Distance between posterior ocelli 1.15× the 
maximum diameter of posterior ocellus. Vertex shiny, without punctures. Temple 
shiny with setiferous punctures; temples almost parallel behind eye. Antenna with 
36 flagellomeres; first flagellomere 3.85× as long as apically wide.

Mesosoma. Mesosoma polished, with very short whitish setae, longer on 
propodeum. Pronotum with very small punctures with setae, smoother lateral-
ly. Mesoscutum slightly convex dorsally, strongly carinate, especially posterior-
ly; notaulus faintly impressed anteriorly. Mesoscutum polished, with very small, 
dense, and evenly distributed punctures. Scuto-scutellar groove very deep. 
Scutellum convex in profile, with strong anterolateral carinae. Postscutellum 
rounded posteriorly. Scutellum and postscutellum polished, elevated, with very 
small and dense punctures. Subtegular ridge produced into a sharp, curved 
spine. Mesopleuron polished, with small, dense punctures with setae on dorsal 
half anterior to speculum and on ventral half; speculum polished and entirely 
smooth. Epicnemial carina complete, strong, elevated, reaching anteroventral 
margin of mesopleuron. Sternaulus indistinct. Posterior transverse carina of 
mesosternum complete, medially strongly excised. Posterior margin of me-
sosternum expanded and upcurved, producing into a small lobe. Metapleuron 
polished, with many small punctures, strongly strigose and convex near its ven-
tral margin, about 1.15× as long as height. Submetapleural carina complete, 
strong, produced anteriorly and posteriorly into a small lobe. Propodeal spira-
cle circular, almost connected to laterolongitudinal carina. Propodeum shiny, 
in dorsal view about 1.10× as medially wide as long. Anterior transverse carina 
complete, medially lightly excised. Laterolongitudinal carina complete, strong, 
explanate above spiracles, elevated at intersection with anterior transverse ca-
rina and with posterior transverse carinae, forming apophyses just after the 
last-mentioned intersection. Posterior transverse carinae absent medially, be-
tween apophyses; lateromedian longitudinal carina elevated, strong until the in-
tersection with the anterior transverse carina, and faintly impressed posteriorly; 
lateromedian longitudinal carinae parallel. Area basalis present, well delimited, 
trapezoidal, and smooth. Area externa shiny and smooth. Lateral longitudinal 
carina slightly curved in apical third. Coxae shiny, punctate with setae well dis-
tributed throughout. Hind femur about 5.35× as long as its maximum height 
and about 0.90× as long as hind tibia. Tarsal claws large, longer than arolium. 
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Fore wing with large pterostigma and a lightly petiolate areolet, rhomboidal. 
Vein 1cu-a inclivous, lightly postfurcal relative to M&RS. Distal abscissa of Rs 
very slightly sinuate. Abscissa of CU present and touching wing posterior mar-
gin. CU strongly inclivous, cu-a reclivous.

Metasoma. Metasoma polished, with very short and relatively sparse se-
tae. Tergite I about 1.20× as long as posteriorly wide. Spiracle near its center, 
smooth, with isolated setiferous punctures. Dorsolateral carina of tergite I ab-
sent. Postpetiole 4.35× as long as maximum width. Glymma deep, seemingly 
with thin membrane between both sides. Tergal-sternal suture of first metaso-
mal segment complete and strong. Tergite II 2.00× as long as its height (lateral 
view). Thyridium not discernible. Tergites III–VII similarly sculptured. Hypopyg-
ium large and triangular in lateral view, 2.85× as long as wide. Ovipositor short, 
needle-shaped, 5.00× as long as basal width.

Color. Predominantly black and turquoise-green. Head black; antenna, basal 
half of mandible, and palpi brownish black. Mesosoma entirely black. Tegu-
la black; legs with all coxae, trochanters, femurs, and tibia turquoise-green; all 
trochantelli brownish black. Wings strongly and entirely infuscate; pterostigma 
and all veins dark brown. Metasoma turquoise green, with posterior margin of 
tergites III, T-shaped mark extending from the apical margin to the center of 
tergite III; tergites VI onwards black. Ovipositor sheath black, ovipositor yellow-
ish red. Body covered by silvery pubescence.

Male. Unknown.
Etymology. Scolomus valenzuelai is named in honor of Pablo Valenzuela, a 

distinguished Chilean biochemist whose pioneering contributions to biotechnol-
ogy and molecular biology have been profound in both scientific research and 
public health. Dr Valenzuela’s crucial role in the development of the hepatitis B 
vaccine, the identification of the hepatitis C virus, and Chile’s genomic research 
advancement has significantly shaped the country’s biomedical innovation. His 
work fosters a legacy of scientific excellence and technological progress. By 
dedicating this species to him, we recognize science’s debt to his invaluable 
contributions and his enduring influence on future generations’ research. The 
species epithet, valenzuelai, is to be treated as a noun in genitive case.

Distribution. Known only from the type locality (Fig. 7).
Biology. Unknown.
Comments. Scolomus valenzuelai sp. nov. is most similar to the South Amer-

ican S. magellanicus and S. viridis by the stout mandible; the subtegular ridge 
produced into a sharp, curved spine; a deep groove between the propodeum and 
metanotum; and predominantly green coloration. The new species can be differ-
entiated from these species by (1) the lateromedian longitudinal carina, which is 
strong and elevated until the intersection with the anterior transverse carina, then 
becoming faintly impressed posteriorly; the parallel lateromedian longitudinal 
carina (vs. lateromedian longitudinal carina converging posteriorly, generating a 
reduced, triangular area basalis in S. magellanicus; and lateromedian longitudinal 
carina strongly impressed posteriorly in S. viridis); (2) fore wing with a lightly peti-
olate areolet, rhomboidal (vs. a pentagonal areolet, with vein 2rs-m complete and 
3rs-m partially complete and both independently touching RS); 3) the strongly and 
entirely infuscate wings, with the pterostigma and all veins dark brown (vs. wings 
with pterostigma and all veins brown, hyaline to lightly infuscate in S. magellanicus 
and lightly infuscate in S. viridis); 4) the posteriorly rounded postscutellum (vs. 
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posteriorly straight in S. magellanicus and S. viridis). Additionally, S. valenzuelai sp. 
nov. differs from S. magellanicus by having the lateral longitudinal carina slightly 
curved in its apical third (vs. straight in its apical third); the hypopygium large, 2.85× 
as long as wide (vs. hypopygium 1.70× as long as wide); and differs from S. viridis 
due the absence of the superomedia area (vs. present, although open posteriorly).

Scolomus magellanicus Walkley, 1962
Figs 4–6

Examined material. Chile • Holotype: ♀; Magellanes, El Ganso; 14 Feb 1952; Ma-
ria Etcheverry C. leg.; NMNH 001 (digital images examined) • 1♀; Magallanes, 
El Canelo; 8 Mar 1969; L. Peña leg.; MNNC • 1♀; Magallanes, Punta Arenas; 
15 Mar 1969; L. Peña leg.; MNNC • 1♀; Nuble Prov., Refugio Las Cabras, Cord. 
Chillan; 1500 m alt.; L.E. Peña leg.; MNNC • 1♀; Chiloé Prov., Dalcahue; 1–30 
Jan 2022; G. Barriga leg.; Malaise trap; LEGA-UCM 001.

Diagnosis. Scolomus magellanicus can be distinguished from the other species 
of the genus by the combination of the following characteristics: 1) clypeus lightly 
punctate with setae, uniformly distributed, moderately impressed and convex in 
profile; 2) postscutellum straight posteriorly; 3) metapleuron moderately strigose 
near its ventral margin; 4) lateromedian longitudinal carina posteriorly converging, 
generating a reduced and triangular area basalis, and faintly impressed posterior-
ly to the anterior transverse carina; 5) lateral longitudinal carina straight in apical 
third; 6) fore wing with a pentagonal areolet, with vein 2rs-m complete and 3rs-m 
partially complete (faintly touching vein M), and both touching RS independently; 
7) wings hyaline or lightly infuscate, pterostigma and all veins brown.

Description. Female (Figs 4–6). Approximate body length (without oviposi-
tor): 7.80 mm; antenna length: 7.00 mm; fore wing length: 7.60 mm.

Head. Head polished, with sparse, short pubescence. Face narrowly elongate, 
densely punctate, with small, uniformly distributed setiferous punctures. Maxi-
mum width of face about 1.40× width (measured from base of antennae to base 
of clypeus). Anterior tentorial pits visible. Clypeus lightly punctate, evenly covered 
with setae, moderately impressed, convex in profile, its apical margin truncate and 
sinuous, 1.20× as wide as high. Labrum slightly visible with mandibles closed. 
Malar space 1.45× as long as basal mandibular width. Mandible relatively stout, 
basally and centrally punctate with setae. Mandible bidentate, with teeth smooth; 
upper tooth 3.00× as long as its width at base, and slightly longer than lower tooth. 
Frons without distinct punctures. Inner orbits almost parallel, very slightly indent-
ed opposite antennal socket. Stemmaticum slightly convex. Posterior ocellus sep-
arated from eye about 0.95× its maximum diameter. Distance between posterior 
ocelli 1.15× maximum diameter of posterior ocellus. Vertex shiny, without punc-
tures. Temple shiny with setiferous punctures; temples almost parallel behind eye. 
Antenna with 37 flagellomeres, first flagellomere 3.80× as long as width at apex.

Mesosoma. Mesosoma polished, with very short setae, longer in propodeum. 
Pronotum with very small, setiferous punctures but laterally smoother. Mesoscu-
tum slightly convex dorsally, strongly carinate, especially posteriorly; notaulus 
faintly impressed anteriorly; mesoscutum polished, with very small, dense, evenly 
distributed punctures. Scuto-scutellar groove very deep. Scutellum convex in pro-
file, with strong anterolateral carinae. Postscutellum straight posteriorly. Scute-
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Figures 4–6. Scolomus magellanicus Walkley, 1962, female. 4 Head in frontal view 5 propodeum in dorsal view 6 habitus 
in lateral view. Scale bars: 0.50 mm (4, 5); 1.00 mm (6).

llum and postscutellum polished, elevated, with very small, dense punctures. 
Subtegular ridge produced into a sharp, curved spine. Mesopleuron polished, 
with small, dense punctures with setae on dorsal half anterior to speculum and 
on ventral half. Speculum polished and entirely smooth. Epicnemial carina com-
plete, strong, elevated, reaching anteroventral margin of mesopleuron. Sternau-
lus indistinct. Posterior transverse carina of mesosternum complete and medial-
ly, strongly excised. Posterior margin of mesosternum expanded and upcurved, 
produced into a small lobe. Metapleuron polished, moderately strigose and 
convex near its ventral margin, about 1.30× as long as height; metapleuron with 
many small punctures with long setae. Submetapleural carina complete, strong, 
produced anteriorly and posteriorly into a small lobe. Propodeal spiracle circular, 
almost connected to laterolongitudinal carina. Propodeum shiny, in dorsal view 
about 1.20× as medially wide as long. Anterior transverse carina complete, medi-
ally lightly excised. Laterolongitudinal carina complete, strong, explanate above 
spiracles, elevated at intersection with anterior transverse carina and with pos-
terior transverse carina, forming apophyses just after this intersection. Posterior 
transverse carina absent medially, between apophyses. Lateromedian longitudi-
nal carina elevated until the intersection with the anterior transverse carina and 
faintly impressed posteriorly. Lateromedian longitudinal carina converging pos-
teriorly, generating a reduced and triangular shaped area basalis. Area externa 
shiny and smooth. Lateral longitudinal carina straight in apical third. Coxae shiny, 
punctate with well-distributed setae throughout. Hind femur about 5.50× as long 
as its maximum height and about 0.75× as long as hind tibia. Tarsal claws large, 
longer than arolium. Fore wing with large pterostigma and a pentagonal areolet, 
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with vein 2rs-m complete and 3rs-m partially complete (faintly touching vein M), 
both touching RS independently. Vein 1cu-a inclivous, lightly postfurcal relative 
to M&RS. Distal abscissa of Rs very slightly sinuate. Abscissa of CU present and 
touching wing posterior margin. CU strongly inclivous; cu-a reclivous.

Metasoma. Metasoma polished, with very short and relatively sparse se-
tae. Tergite I about 1.80× as long as posteriorly wide. Spiracle near its cen-
ter, smooth, with isolated setiferous punctures. Dorsoleteral carina of tergite 
I absent. Postpetiole 3.60× as long as maximum width. Glymma deep, seem-
ingly with thin membrane between both sides. Tergal-sternal suture of first 
metasomal segment complete and strong. Tergite II 2.90× as long as its height 
(lateral view). Thyridium not discernible. Tergites III–VII similarly sculptured. 
Hypopygium triangular in lateral view, 1.70× as long as wide. Ovipositor short, 
needle-shaped, 5.90× as long as basal width.

Color. Predominantly black and pale green. Head black; antenna, clypeus, 
basal half of mandible, and palpi dark brown. Mesosoma entirely black; tegula 
black; legs with all coxae, trochanters, femurs, and tibiae pale green; all trochan-
telli brown. Wings lightly infuscate; pterostigma and all veins brown. Metasoma 
pale green, with tergites VI onwards black; Ovipositor sheath black; ovipositor 
yellowish red. Body covered by silvery pubescence.

Variation. Approximate body length (without ovipositor): 7.80–9.45 mm; 
fore wing length 7.60–9.50 mm. Antenna with 37–39 flagellomeres. Clypeus 
dark brown to reddish brown. Wings hyaline to lightly infuscate.

Distribution. Chile: Región de Los Lagos: Chiloé (Dalcahue*); Región del 
Ñuble: Pinto (Refugio Las Cabras*); Región Magallanes y la Antartica Chilena: 
Magallanes (El Canelo*, El Ganso, and Punta Arenas*) (Fig. 7).

Scolomus maculatus Araujo & Vivallo, 2018

Examined material. Chile • Holotype: ♀; Región Los Ríos, Valdivia, Parque Oncol, 
Cordillera de la Costa, Bosque Siempreverde; 39°42′10″S, 73°18′31″W; 2, 493 m 
alt.; 06–20 Mar 2007; Cecilia Ruiz et al. leg.; Malaise trap; MNNC (digital images 
examined) • 1♀; Curicó, 20km E Potrero Grande • 1♂; Región Los Ríos, Valdiv-
ia, Parque Oncol, Cordillera de la Costa, Bosque Siempreverde; 39°42′0.48″S, 
73°19′36.54″W; 1, 569 m alt.; 20 Mar–04 Apr 2007; Cecilia Ruiz et al. leg.; Malaise 
trap; UACh 002 • 1♂; Región Los Ríos, Valdivia, Reserva Privada Punta Curiñan-
co, Ecorregión Valdiviana, Bosque Siempreverde; 5602646N, 636889E; 06–20 
Mar 2007; Cecilia Ruiz et al. leg.; Malaise trap (trampa A, curi–3(?)); UACh 003 • 
2♀, 2♂; Región Los Ríos, Valdivia, Reserva Privada Punta Curiñanco, Ecorregión 
Valdiviana, Bosque Siempreverde; 5602646N, 636889E; 18 Apr–02 May 2007; Ce-
cilia Ruiz et al. leg.; Malaise trap (trampa A, curi–3(?)); UACh 004 • 1♀; Región 
Los Ríos, Valdivia, Parque Oncol, Cordillera de la Costa, Bosque Siempreverde; 
39°42′0.48″S, 73°19′36.54″W; 1, 569 m alt.; 01–20 Feb 2007; Cecilia Ruiz et al. leg.; 
Malaise trap; UACh 005 • 1♀, 1♂; Región Los Ríos, Valdivia, Parque Oncol, Cordil-
lera de la Costa, Bosque Siempreverde; 39°42′0.48″S, 73°19′36.54″W; 1, 569 m alt.; 
05–19 Jan 2007; Cecilia Ruiz et al. leg.; Malaise trap; UACh 006.

Diagnosis. See Araujo et. al. (2018).
Distribution. Chile: Región de Los Ríos, Valdivia, (Parque Oncol and Reserva 

Punta Curiñanco). Región del Maule: Talca (Altos de Vilches and Curicó*) (Fig. 7).
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Figure 7. Distribution of Scolomus in Chile. Blue circle: previous distribution of S. maculatus Araujo & Vivallo, 2018; blue star: 
new distribution record of S. maculatus; yellow circle: previous distribution of S. magellanicus Walkley, 1962; yellow star: new 
distribution record of S. magellanicus; green circle: distribution of S. clypeatus Araujo & Vivallo, 2018; red circle: distribution of 
S. valenzuelai Araujo, Pádua & Silva-Santos, sp. nov. Imagens bellow showing the vegetation and the Malaise trap in the field.

Discussion

The known Argentine and Chilean Scolomus species have been described 
based on a single specimen or only a few specimens (e.g., Townes and Townes 
1950; Walkley 1962; Araujo et al. 2018). In this study, approximately 25,000 
Chilean Darwin wasp specimens were examined in the LEGA-UCM, MNNC, and 
UACh collections. Among these, only 15 specimens were identified as belong-
ing to Scolomus: 10 specimens of S. maculatus, four S. magellanicus, and one 
specimen, which is described here as a new species. The scarcity of specimens 
underscores the rarity of this genus in entomological collections. This limited 
representation suggests that Scolomus may have a restricted distribution in the 
Andean biogeographic zone (sensu Morrone 2015), low population densities, 
or specific ecological requirements that hinder its collection and study.
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Research Article

Abstract

Two new species of Pteromalus Swederus (Hymenoptera, Pteromalidae, Pteromalinae), 
Pteromalus steppensis Li & Hu, sp. nov. and Pteromalus xiaomoheensis Yan & Li, 
sp. nov., are described and illustrated for the first time. Pteromalus steppensis Li & Hu, 
sp. nov. was reared as a primary, solitary ectoparasitoid of the larval and pupal stages 
of Orchestes steppensis Korotyaev, 2016 (Coleoptera, Curculionidae). Figures of its 
development and its host damage are also provided.

Key words: Key, morphological characters, new taxa, Orchestes steppensis

Introduction

The genus Pteromalus Swederus, 1795 (type species Ichneumon puparum 
(Linnaeus, 1795)) belongs to the family Pteromalidae, subfamily Pteroma-
linae, and is distributed in the all the zoogeographical regions of the world 
(UCD 2024). This genus includes about 500 described species, with 375 in 
Europe alone (Gibson et al. 2024). It is the most speciose genus of the fam-
ily Pteromalidae and has been taxonomically studied since the 19th century 
(Maletti et al. 2021). The genus can be recognized by the following combi-
nation of characters (Graham 1969; Bouček and Rasplus 1991; Bouček and 
Heydon 1997; Baur 2015): clypeus striate, its anterior margin truncate or 
weakly to strongly emarginate, always without a median tooth; flagellum 
with two anelli and six funicular segments; clava in females symmetrical; 
prepectus with relatively small upper triangular area; paraspiracular sulci 
rather deep and usually with some transverse costulae. Most taxonomic 
or faunistic studies of Pteromalus concern the Palaearctic fauna (Graham 
1969, 1984; Bouček and Rasplus 1991; Dzhaokmen 1998, 2001; Gijswijt 
1999; Mitroiu 2008; Baur 2015; Klimmek and Baur 2018; Maletti et al. 2021; 
Haas et al. 2021; Yan et al. 2023).
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All species of Pteromalus with known biology are parasitoids of larvae 
and pupae of various holometabolous insects, such as Lepidoptera, Cole-
optera, gall-forming Hymenoptera (Cynipidae, Tenthredinidae), and Diptera 
(Tephritidae) (Mitroiu 2008; Baur 2015). They play a crucial role in nature 
as regulating agents of these phytophagous insects (Bouček and Rasplus 
1991; Ishizaki and Ishikawa 2010; Mahdavi and Madjdzadeh 2013; Li et al. 
2018; Mbata and Warsi 2019; Haas et al. 2021). Despite their ecological 
and economic importance, Pteromalus species are often difficult to identify 
because of their diversity and sometimes subtle morphological characters 
that are used to separate species (Burks et al. 2022). Until now, the genus 
Pteromalus comprised 494 valid species, with only 19 species being record-
ed from China, including P. albipennis Walker, 1835; P. astragali (Liao, 1987); 
P. bifoveolatus Förster, 1861; P. chrysos Walker, 1836; P. coleophorae Yang 
& Yao, 2015; P. elevatus (Walker, 1834); P. miyunensis Yao & Yang, 2008; 
P. orgyiae Yang & Yao, 2015; P. procerus Graham, 1969; P. puparum (Lin-
naeus, 1758); P. qinghaiensis Liao, 1987; P. sanjiangyuanicus Yang, 2020; 
P. semotus (Walker, 1834); P. sequester Walker, 1835; P. shanxiensis Huang, 
1987; P. smaragdus Graham, 1969; P. temporalis (Graham, 1969); P. varians 
(Spinola, 1808); and P. xizangensis (Liao, 1982) (Liao 1982; Sheng 1985; 
Liao et al. 1987; Huang et al. 1987; Huang et al. 2003; Yao and Yang 2008; Ye 
et al. 2012; Yang et al. 2015; Li et al. 2018; Yang et al. 2020; Yan et al. 2023).

The Chinese Pteromalus fauna has been poorly studied until now, and 
many new species, as well as newly recorded species, may be found in 
China. During a biodiversity expedition of the pteromalid wasps in north-
ern Xinjiang, China, between 2014 and 2022 (funded by the first author’s 
projects), most Pteromalus individuals belonged to species not previously 
known from Xinjiang. The aim of this work is to review the genus Pteroma-
lus from China based on this collected material and data from the literature 
data (1982–2023), to describe two new species, and to provide the key to 
the two new species and their similar species.

Materials and methods

Collected material

All specimens of Pteromalus xiaomoheensis Yan & Li, sp. nov. and partial 
specimens of Pteromalus steppensis Li & Hu, sp. nov. were collected with a 
sweeping net from Xinjiang, China during 2020–2022. Some specimens of 
Pteromalus steppensis Li & Hu, sp. nov. were reared from their hosts during 
2014–2016, the rearing process of Pteromalus steppensis Li & Hu, sp. nov. 
and P. varians (Spinola, 1808) follows Li et al. (2018). All specimens were 
mounted, labeled, and examined under a Nikon SMZ 745T stereomicro-
scope. Images except for P. tripolii Graham were taken with a Nikon DS-Fi3 
connected to a Nikon SMZ 25 stereomicroscope and the images of P. tripolii 
were downloaded from the interactive key http://pteromalus.identification-
key.fr/mkey.html in Klimmek and Baur (2018). All images were stacked with 
NIS-Elements software and arranged in figures using Adobe Photoshop. 
All specimens from Xinjiang, China, including the types of the new species 
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are deposited in the Insect Collection of the College of Life Science and 
Technology, Urumqi, Xinjiang, China (ICXU), and all specimens from the 
other provinces in China are deposited in the Institute of Zoology, Chinese 
Academy of Sciences, Beijing, China (IZCAS).

Morphological description

Morphological terms follow Bouček (1988), Gibson et al. (1997), and Burks et 
al. (2022). Body length excludes the protruding parts of ovipositor sheaths and 
was measured in millimeters (mm); other measurements are given as ratios. 
Abbreviations of morphological terms used are: Fun = antennal funicular 1, 2…; 
Gtn = gastral tergite 1, 2…; OOL = shortest distance between eye margin and a 
posterior ocellus; POL = shortest distance between posterior ocelli.

Results

Taxonomy

Twenty-one species of Pteromalus from China are summarized in Table 1, 
including 19 species previously reported from China. Among them, there are 
six species from Xinjiang, including four species reported by Li et al. (2018) 
(P. varians (Spinola, 1808)) and Yan et al. (2023) (P. elevatus (Walker, 1834), 
P. albipennis Walker, 1835, P. temporalis (Graham, 1969)) and the two new spe-
cies, P. steppensis Li & Hu, sp. nov. and P. xiaomoheensis Yan & Li, sp. nov.

The number of teeth on each mandible (both mandibles with four teeth, or left 
mandible with three teeth and right mandible with four) was not considered a good 
key character because of the lack of visibility (Gibson et al. 2024), but it is an im-
portant differentiating feature for species recognition. Thus, characterize our spec-
imens by reporting the number of mandibular teeth, including the two new species: 
P. steppensis Li & Hu, sp. nov. (both mandibles with four teeth), and P. xiaomoheen-
sis Yan & Li, sp. nov. (left mandible with three teeth and right mandible with four). 
According to Gibson et al. (2024), at present there are 22 species of Pteromalus 
with a 4:4 mandibular formula worldwide, including eight species reported by Gra-
ham (1969) (P. apum (Retzius, 1783)) (as P. venustus Statz, 1938), P. bifoveolatus 
Förster, 1861, P. procerus, P. proprius Walker, 1874, P. puparum (Linnaeus, 1758) 
(type species of Pteromalus), P. smaragdus Graham, 1969, P. squamifer Thomson, 
1878 and P. vopiscus Walker, 1839, six species described from Europe since 1969 
(P. bottnicus Vikberg, 1979, P. briani Baur, 2015, P. discors Graham, 1992, P. osmiae 
Hedqvist, 1979, P. paludicola Bouček, 1972, and P. sylveni Hedqvist, 1979), three 
species from Kazakhstan (P. melitaeae Dzhanokmen, 1998, P. maculatus Dzhanok-
men, 1998, and P. transiliensis Dzhanokmen, 1998), four species from China (P. mi-
yunensis Yao & Yang, 2008, P. orgyiae Yang & Yao, 2015, P. qinghaiensis Liao, 1987, 
and P. sanjiangyuanicus Yang, 2020), and one species from North America (P. qua-
dridentatus Gibson, 2024). Pteromalus steppensis Li & Hu, sp. nov. is different from 
the above 22 species and thus is newly described herein. The other new species, 
P. xiaomoheensis Yan & Li, sp. nov. is identified as belonging to the P. albipennis 
group of species and is separated from the existing species of that group based on 
Dzhanokmen (2001), Baur (2015), Klimmek and Baur (2018), and Maletti et al. (2021).
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Description two new species of Pteromalus from Xinjiang, China.

Key to the two new species and their similar species (Female)

1 Both mandibles with four 4:4 (Fig. 1C) ........................................................2
– Left mandible with three teeth and right mandible with four (Fig. 5D) ......3
2 POL 1.10–1.14× OOL (Fig. 1F); distance between upper margin of an-

tennal toruli and lower margin of median ocellus 1.00–1.42× as long as 
distance between lower margin of antennal toruli and lower margin of 
clypeus (Fig. 1B); antennae with scape reaching lower margin of anteri-
or ocellus (Fig. 1F); combined length of pedicellus and flagellum shorter 
than breadth of head (0.73–0.84×) (Fig. 1B); medial area of propodeum 
smooth and shiny (Fig. 1G).......... Pteromalus steppensis Li & Hu, sp. nov.

– POL 1.20–1.25× OOL; toruli about equidistant from the median ocellus 
and the lower margin of clypeus; antennae with scape reaching to level 
of vertex or slightly above it; combined length of pedicellus and flagellum 
almost equal to breadth of head; propodeum panels almost uniformly re-
ticulate and not shiny ...........................................P. procerus Graham, 1969

Table 1. Twenty-one Chinese species of Pteromalus and their citation in the Chinese literature between 1982 and 2023.

Num. Species
Detailed (re)
description 
in Chinese

Distribution in 
China Citation Deposition of type 

material

1 P. albipennis Walker, 1835 Yes Xinjiang Yan et al. 2023 ICXU

2 P. astragali (Liao, 1987) Yes Beijing Liao et al. 1987 IZCAS

3 P. bifoveolatus Förster, 1861 Yes Jiangxi, Shandong Sheng 1985; Huang et al. 
1987; Yao and Yang 2008

IZCAS

4 P. chrysos Walker, 1836 Yes Fujian Huang et al. 2003 IZCAS

5 P. coleophorae Yang & Yao, 2015 Yes Heilongjiang Yang et al. 2015 IZCAS

6 P. elevatus (Walker, 1834) Yes Xinjiang Yan et al. 2023 ICXU

7 P. miyunensis Yao & Yang, 2008 Yes Beijing Yao and Yang 2008 IZCAS

8 P. orgyiae Yang & Yao, 2015 Yes Ningxia Yang et al. 2015 IZCAS

9 P. procetus Graham, 1969 Yes Beijing Yao and Yang 2008 IZCAS

10 P. puparum (Linnaeus, 1758) No Jiangsu, Xinjiang, 
Xizang, Sichuan, 
Yunnan, Zhejiang

Liao 1982; Liao et al. 1987 ICXU, IZCAS; new 
record in Xinjiang

11 P. qinghaiensis Liao, 1987 Yes Qinghai Liao et al. 1987 IZCAS

12 P. sanjiangyuanicus Yang, 2020 Yes Qinghai Yang et al. 2020 IZCAS

13 P. semotus (Walker, 1834) Yes Beijing, Fujian, 
Jilin, Xinjiang

Huang et al. 1987; Huang et 
al. 2003; Yao and Yang 2008

ICXU, IZCAS; new 
record in Xinjiang

14 P. sequester Walker, 1835 Yes Inner Mongolia Ye et al. 2012 IZCAS

15 P. shanxiensis Huang, 1987 Yes Shanxi Huang et al. 1987 IZCAS

16 P. smaragdus Graham, 1969 Yes Fujian, Xinjiang Huang et al. 2003 ICXU, IZCAS; new 
record in Xinjiang

17 P. steppensis Li & Hu, sp. nov. Yes Xinjiang This study ICXU

18 P. temporalis (Graham, 1969) Yes Xinjiang Yan et al. 2023 ICXU

19  P. varians (Spinola, 1808) No Xinjiang Li et al. 2018 ICXU

20 P. xiaomoheensis Yan & Li, sp. nov. Yes Xinjiang In this study ICXU

21 P. xizangensis (Liao, 1982) Yes Taiwan, Xizang Liao 1982 IZCAS
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3 Body length 3.0–3.4 mm (Fig. 5A); lower margin of clypeus deeply incised 
medially, hence appearing almost bidentate (Fig. 5C); POL 1.50–1.86× 
OOL (Fig. 5G); the basal fovea of propodeum are relatively large (Fig. 5I); 
marginal vein length 1.09–1.13× longer than stigmal vein (Fig. 5J); gaster 
long-oval (Fig. 5L), 1.57–1.85× as long as broad, 1.06–1.30× as long as 
mesosoma ............................Pteromalus xiaomoheensis Yan & Li, sp. nov.

– Body length 2.7–3.1 mm (Fig. 6A); lower margin of clypeus moderate-
ly incised medially, hence without appearing bidentate (Fig. 6B); POL 
1.40–1.50× OOL (Fig. 6C); the basal fovea of the propodeum are small 
(Fig. 6D); marginal vein 1.2–1.6× as long as the stigmal vein (Fig. 6E); gas-
ter (Fig. 6F) short-oval, 1.2 to 1.6 times as long as broad, slightly shorter 
than to at most as long as the mesosoma ..........P. tripolii (Graham, 1969)

Pteromalus steppensis Li & Hu, sp. nov.
https://zoobank.org/B206A28A-E5AA-4ECB-9B1B-73037259EDC4
Fig. 1A–K

Type material. Holotype. • 1 ♀ (ICXU 20240801), Xinjiang, China, swept by 
Qin Li research group from Ulmus pumila L. (Ulmaceae) in People’s park of 
Changji City; 44°01'33.38"N, 87°18'42.67"E; 567 m; 24 May 2022and depos-
ited in ICXU. Paratypes: • 26 ♀ (ICXU 20240802–20240827), and 68 ♂ (ICXU 
20240828–20240895), same collection site as holotype; China, Xinjiang, Urumqi, 
campus of Xinjiang University, Qin Li reared from the larva and pupa of Orches-
tes steppensis Korotyaev, 2016: • 5 ♀ (ICXU 20240896–20240900) 2 ♂ (ICXU 
20240901–20240902), 30 May 2014; • 1 ♂ (ICXU 20240903), 31 May 2015; • 2 ♀ 
(ICXU 20240904–20240905), 2 Jun 2015; • 1 ♀ (ICXU 20240906), 3 Jun 2015; 
• 1 ♂ (ICXU 20240907), 4 Jun 2015; • 2 ♀ (ICXU 20240908–20240909), 7 Jun 
2015; • 26 ♀ (ICXU 20240910–20240935), 8 Jun 2015; • 9 ♀ (ICXU 20240936–
20240944), 9 Jun 2015; • 8 ♀ (ICXU 20240945–20240952), 12 Jun 2015; • 1 ♀ 
(ICXU 20240953), 15 Jun 2015; • 18 ♀ (ICXU 20240954–20240971) 14 ♂ (ICXU 
20240972–20240985), 29.V.2016; • 5 ♀ (ICXU 20240986–20240990)13 ♂ (ICXU 
20240991–20241003), 31 May 2016; • 2 ♀ (ICXU 20241004–20241005) 2 ♂ 
(ICXU 20241006–20241007), 3 Jun 2016; • 2♀ (ICXU 20241008–20241009), 8 
Jun 2016; • 3 ♀ (ICXU 20241010–20241012) 1♂ (ICXU 20241013), 13 Jun 2016; 
• 2 ♀ (ICXU 20241014–20241015) 2 ♂ (ICXU 20241016–20241017), 23 Jun 2016.

Description. Female. Body (Fig. 1A) length 2.5–3.2 mm (n = 24). Head and 
mesosoma dark green, propodeum with bluish-green metallic reflections, 
metasoma dark green with shine, hind margin of Gt1, Gt5 and Gt6, mid-part of 
Gt2, Gt3 and Gt4 black. Antenna with yellowish-brown scape; dorsal side of ped-
icel and flagellum dark chocolate-brown; ventral side yellowish brown. Man-
dibles brown, with dark-brown teeth. Legs with all coxae dark, metallic green; 
femora dark-chocolate-brown, tibiae and tarsi yellowish brown except last seg-
ment black-brown. Wings hyaline, forewing with venation brown.

Head in frontal view (Fig. 1B) 1.26–1.35× as broad as high, face with me-
tallic reflections and regular raised-reticulation; clypeus (Fig. 1B) with longi-
tudinal striations; lower margin moderately emarginate, without teeth; both 
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Figure 1. P. steppensis Li & Hu, sp. nov. A–J female A habitus, dorsal view B head, frontal view C mandible D antenna 
E head, lateral view F head, dorsal view G propodeum, dorsal view H hind coxa I forewing J metasoma, dorsal view 
K male, lateral view.
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mandibles (Fig. 1C) 4-toothed. Antennae (Fig. 1B, D) inserted at centre of 
face, higher than the lower margin of eyes; distance between upper margin of 
antennal toruli and lower margin of median ocellus 1.00–1.42× as long as dis-
tance between lower margin of antennal toruli and lower margin of clypeus; 
antennae with scape reaching lower margin of anterior ocellus, 7.25–7.63× as 
long as broad; pedicel 1.33–1.67× as long as broad in dorsal view, 1.71–1.98× 
as long as fu1; two anelli annular; funicular segments connected tightly to 
each other and each with one row of sensilla; fu1 and fu2 1.00–1.20× as long 
as broad each, fu3 quadrate, fu4 and fu5 0.79–0.87 as long as broad each, fu6 
0.64–0.69× as long as broad; clava 2.13–2.67× as long as broad; pedicle and 
flagellum combined 0.73–0.84× head width. Head in lateral view as in Fig. 1E; 
eye height 1.24–1.46× eye width; malar sulcus linear and complete; malar 
space 0.35–0.50× eye height. Head in dorsal view (Fig. 1F) about 2.13–2.45× 
as broad as long; POL 1.10–1.14× OOL (Fig. 1F).

Mesosoma in dorsal view 0.84–0.87× head width; pronotum collar margined 
with carina, 0.71–0.85× as wide as mesoscutum, medially 1/9–1/7× as long 
as mesoscutum; mesoscutum 0.51–0.63× as long as broad; scutellum 0.90–
1.00× as long as width, frenal line absent. Propodeum (Fig. 1G) 0.50–0.55× as 
long as scutellum, with medial area smooth; median carina and plica complete 
and sharp; nucha with fine transverse striations. Mesosoma in lateral view with 
prepectus smooth, 0.75–0.86× as long as tegula; entire thoracic pleura regu-
larly reticulate, except upper mesepimeron smooth and shiny-metallic. Fore-
wing (Fig. 1I) with apex exceeding apex of gaster, 2.01–2.24× as long as broad; 
upper surface of costal cell bare, lower surface of costal cell with 2–3 rows 
of setae interrupted medially; basal setal line incomplete and basal cell bare; 
speculum large and open posteriorly. Marginal vein length 0.96–1.00× post-
marginal vein length and 1.43–1.68× stigmal vein length; postmarginal vein 
length 1.50–1.71× stigmal vein length. Metacoxa in dorsal view bare, with sev-
eral long setaes (Fig. 1H), metafeumur 4.29–4.71× as long as broad.

Gaster (Fig. 1J) long-oval, 1.98–2.38× as long as broad, 1.43–1.88× as long 
as mesosoma, 1.13–1.21× as long as head plus mesosoma; Gt1 0.20–0.25× as 
long as gaster and sides of Gt1 with some sparse long setaes; Gt7 0.62–0.73× 
as long as broad; ovipositor sheaths slightly exserted; hypopygium extending 
about 0.38–0.45× the length of gaster.

Male (Fig. 1K). Body length: 3.0–3.2 mm. Body color: head, mesosoma, and 
metasoma the same color as the female; antenna yellowish brown; legs yel-
low, except all coxae dark green with metallic reflections and apical tarsi black-
brown. Wings hyaline, forewing with venation brown.

Head in frontal view 1.25–1.35× as broad as high; distance between upper 
margin of antennal toruli and lower margin of median ocellus 0.92–1.16× as 
long as distance between lower margin of antennal toruli and lower margin 
of clypeus; pedice and flagellum combined 0.89–0.96× head width. Head in 
dorsal view 2.08–2.29× as broad as long; POL 1.19–1.29× OOL.

Mesosoma in dorsal view 0.79–0.81× as head width; pronotum 0.81–0.85× 
as wide as mesoscutum; mesoscutum 0.66–0.67× as long as broad. Propo-
deum 0.49–0.54× as long as scutellum. Forewing with marginal vein length 
1.03–1.19× postmarginal vein length and 1.48–1.88× stigmal vein length; 
postmarginal vein length 1.44–1.60× stigmal vein length.
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Gaster long-oval, 1.89–2.18× as long as broad, 0.77–0.84× as long as head 
plus mesosoma; Gt1 about 0.35–0.39× as long as gaster.

Etymology. The species is named after its host species Orchestes steppen-
sis Korotyaev, 2016 (Coloptera, Curculionidae) (used as a noun in apposition).

Biology. This species was reared as a primary, solitary ectoparasitoid of the 
larval and pupal stage of O. steppensis Korotyaev, 2016. Figures of the develop-
ment and its damage on the host are provided in Figs 3, 4.

Distribution. Changji and Urumqi, Xinjiang, China.
Comments. This species is similar to P. procerus. In females of that species: 

both mandibles with four teeth; anterior margin of clypeus shallowly emargi-
nate, hardly impressed in the middle; clypeus strigose, the striae hardly ex-
tending on to the face and genae; pronotal collar distinctly less wide than the 

Figure 2. P. procerus Graham, 1969 A–C male A body, lateral view B mesosoma and metasoma, dorsal view C head, 
frontal view D paratype information.
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mesoscutum, shorter medially than at the sides, medially from slightly more 
than 1/8–1/7 as long as the mesoscutum, finely reticulate with a narrow shiny 
strip along its hind edge, slightly to distinctly margined anteriorly; propode-
um somewhat more than half as long as the mesoscutellum (Graham 1969: 

Figure 3. Development stages of P. steppensis Li & Hu, sp. nov. and their emergence holes, A–H. A, B the parasitoid larva 
feeding on the third larva of the host C prepupa D–F pupa G, H emergence holes.
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fig. 389); gaster lanceolate or sublanceolate, usually as long as or slightly lon-
ger than the head plus thorax, occasionally slightly shorter, 1.8–2.3 times as 
long as broad. However, the new species can be distinguished from P. procerus 
by the following: POL 1.10–1.14× OOL; distance between upper margin of an-
tennal toruli and lower margin of median ocellus 1.00–1.42× as long as dis-
tance between lower margin of antennal toruli and lower margin of clypeus; an-
tennae with scape reaching lower margin of anterior ocellus; combined length 
of pedicellus and flagellum shorter than breadth of head (0.73–0.84×); medial 
area of propodeum smooth and shiny. In P. procerus: POL 1.20–1.25× OOL; tor-
uli about equidistant from the median ocellus and the lower margin of clypeus; 
antennae with scape reaching to level of vertex or slightly above it; combined 
length of pedicellus and flagellum almost equal to breadth of head; propodeum 
panels almost uniformly reticulate and not shiny.

In males of P. steppensis Li & Hu, sp. nov. (Fig. 1K): antenna yellowish brown; 
legs yellow, except all coxae dark green with metallic reflections, and apical tarsi 
black-brown; propodeum smooth and shiny, 0.49–0.54× as long as scutellum. In 
contrast, in P. procerus (Fig. 2A–D): antenna dark brown to black; pale parts of 
the legs yellowish, hind femora lightly infuscate at the base only and the fore and 
mid femora yellowish; propodeum reticulated, about 2/3× as long as scutellum.

Figure 4. Damage on Ulmus pumila leaves made by the adults as well as the larvae of O. steppensis Korotyaev, 2016 A–D. 
A, B holes on U. pumila leaves made by the adults C, D U. pumila leaves.
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Pteromalus xiaomoheensis Yan & Li, sp. nov.
https://zoobank.org/A52C92F0-6305-431B-B59C-AC9BAF665E4C
Fig. 5A–L

Type material. Holotype. • 1 ♀ (ICXU 20246442), Xinjiang, China, Gongliu County 
of Yili Prefecture; 43°10'52.04"N, 82°44'9.49"E; 1377 m; 10 Jul 2021, coll. Liqin 
research group. Paratypes. • 8 ♀ (ICXU 20246443–20246450), same collection 
information as holotype; • 2 ♀ (ICXU 20246451–20246452), Qinghe County of 
Altay Prefecture; 46°26'5.83"N, 90°2'45.15"E; 600 m; 9 Jul 2020, coll. Liqin re-
search group; • 1 ♀ (ICXU 20246453), Altai City of Altay Prefecture; 47°39'26.97"N, 
88°17'20.22"E; 624 m; 24 Jun 2021, coll. Liqin research group; • 1 ♀ (ICXU 
20246454), Fuyun County of Altay Prefecture; 47°1'7.69"N, 89°45'24.35"E; 830 
m; 11 Jul 2020, coll. Liqin research group; • 6 ♀ (ICXU 20246455–20246460), 
Zhaosu County of Yili Prefecture; 43°9'10.43"N, 81°26'38.83"E; 1556 m; 9 Jul 
2021, coll. Liqin research group; • 1 ♀ (ICXU 20246461), Xinyuan County of 
Yili Prefecture; 43°22'38"N, 83°36'18"E; 1279 m; 28 Jul 2018, Coll. Hongying 
Hu research group; • 1 ♀ (ICXU 20246462), Tekes County of Yili Prefecture; 
43°13'19.12"N, 81°48'31.80"E; 1200 m; 8 Jul 2021, coll. Liqin research group; 
• 33 ♀, Tekes County of Yili Prefecture; 43°9'19.98"N, 88°47'23.76"E; 1184 m; 9 
Jul 2021, coll. Liqin research group; • 1 ♀ (ICXU 20246463), Gongliu County of 
Yili Prefecture; 43°20'22.85"N, 82°31'4.19"E; 881 m; 10 Jul 2021, coll. Liqin re-
search group; • 1 ♀ (ICXU 20246464), Urumqi County of Urumqi; 43°27'25.02"N, 
87°22'37.20"E; 1757 m; 5 Jul 2022, Coll. Hongying research Hu.

Description. Female. Body (Fig. 5A, B) length 3.0–3.4 mm (n = 5). Head and 
mesosoma dark metallic-green, metasoma dark green with reflections. Anten-
na with yellowish-brown scape; pedicel and flagellum dark-chocolate-brown. 
Legs (Fig. 5K) with all coxae dark metallic-green, femora dark green, except for 
apical part brown, tibiae yellowish brown to brown and tarsi pale yellow, except 
last segment brown. Wings hyaline; forewing with venation brown.

Head in frontal view (Fig. 5C) 1.19–1.28× as broad as high, face with metallic 
reflections and regular raised-reticulations; clypeus (Fig. 5C) with longitudinal 
striations, with lower margin deeply incised medially, hence appearing almost 
bidentate; left mandible 3-toothed and right mandible 4-toothed (Fig. 5D). An-
tennae (Fig. 5C) inserted at centre of face, higher than the lower margin of eyes; 
distance between upper margin of antennal toruli and lower margin of median 
ocellus 0.91–1.11× as long as distance between lower margin of antennal toruli 
and lower margin of clypeus; antennae with scape reaching lower margin of an-
terior ocellus; pedicel 1.55–1.59× as long as broad in dorsal view; two anelli an-
nular; funicular segments (Fig. 5E, G) connected tightly to each other and each 
with two rows of sensilla; fu1 to fu4 each about 1.10–1.30× as long as broad 
each; fu5 0.95–1.12× as long as broad; fu6 0.73–0.77× as long as broad; clava 
2.52–2.68× as long as broad; pedicle and flagellum combined 0.75–0.90× head 
width. Head in lateral view (Fig. 5F), eye height 1.42–1.70× as eye width; malar 
sulcus linear and complete, and malar space 0.46–0.48× eye height. Head in 
dorsal view (Fig. 5G), 2.19–2.44× as broad as long; POL 1.50–1.86× OOL.

Mesosoma in dorsal view (Fig. 5A) 0.86–0.96× as head width; pronotum col-
lar (Fig. 5H) margined with carina, 0.88–0.91× as wide as mesoscutum, medi-
ally one quarter as long as mesoscutum; mesoscutum 0.62–0.72× as long as 
broad; scutellum 0.95–1.00× as long as width, frenal line absent. Propodeum 
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(Fig. 5I) 0.35–0.47× as long as scutellum, medial area reticulated; median ca-
rina and plica complete and sharp; nucha large and reticulate. Mesosoma in 
lateral view with prepectus smooth, 0.62–0.80× as long as tegula; entire thorac-
ic pleura regularly reticulate, except the upper mesepimeron smooth and shiny 
metallic. Forewing (Fig. 5J) apex exceeding apex of gaster, 2.05–2.14× as long 

Figure 5. P. xiaomoheensis Yan & Li, sp. nov. holotype A–L female A habitus, dorsal view B body, lateral view C head, fron-
tal view D mandible E antenna F head, lateral view G head, dorsal view H mesoscutem, dorsal view I propodeum, dorsal 
view J forewing K hind leg L metasoma, dorsal view.
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as broad; lower surface of costal cell with one row of hairs interrupted medially; 
basal setal line and basal cell bare; speculum large and open posteriorly. Mar-
ginal vein length 0.96–1.04× postmarginal vein length and 1.09–1.13× longer 
than stigmal vein length; postmarginal vein 1.10–1.14× as long as stigmal vein. 
Metacoxa in dorsal view bare, metafumur (Fig. 5K) 3.87–4.16× as long as broad.

Gaster long-oval (Fig. 5L), 1.57–1.85× as long as broad, 1.06–1.30× as long 
as mesosoma, 0.81–0.97× as long as head plus mesosoma; Gt1 about 0.31–
0.35× as long as gaster; Gt7 0.63–1.14× as long as broad; ovipositor sheaths 
exserted, length of extend part 0.5–1.25× as long as Gt7 length; hypopygium 
extending about 0.51–0.67× the length of gaster.

Male. Unknown.
Etymology. The species is named after the collection locality of its holotype.
Biology. Unknown.
Distribution. Xinjiang, China: Yili Prefecture (Gongliu County; Zhaosu County; 

Xinyuan County; Tekes County; Gongliu County), Altay Prefecture (Qinghe Coun-
ty; Altai City) and Urumqi.

Comments. This species is similar to P. tripolii (Fig. 6A–F); both species be-
long to the albipennis species group, both have with left mandible with three 
teeth and right mandible with four; head and thorax brightly metallic, green to 
blue, brassy, or coppery; antenna with sensilla usually numerous and in two 
irregular rows on at least the proximal segments of the funicle; fu1 longer than 
broad and fu6 quadrate or transverse; combined length of pedicellus and fla-
gellum distinctly less than the breadth of the head; propodeum medially a little 
less than half as long as the scutellum (Graham 1969: fig. 377); gaster ovate, 
basal tergite occupying 1/3–2/5 of the total length. However the new species 
is distinguished from P. tripolii by the following characters: body color dark 
blue; body length 3.0–3.4 mm; gaster long-oval (Fig. 5L), 1.57–1.85× as long 
as broad, 1.06–1.30× as long as mesosoma. In P. tripolii: body color usually 
bright green to blue (Fig. 6A); body length 2.7–3.1 mm (Fig. 6A); gaster (Fig. 6F) 
short-oval, about as long as, or slightly shorter than, the mesosoma, about as 
broad as the latter, 1.2 to 1.6 times as long as broad, acute but not acuminate 
apically (Fig. 6A).

Discussion

This study adds significant knowledge on the faunal composition and distribu-
tion of Pteromalus species in China. With the description of two new species 
from western China (Eastern Palaearctic Region), the genus now includes 496 
valid species worldwide, with 21 of these in China and six species in Xinjiang. 
As reported by Gibson et al. (2024: p202) “Described species of Pteromalus 
with a 4:4 mandibular formula appear to be far fewer in number than those 
with a 3:4 formula. For example, of the 67 species Graham (1969) treated from 
northwestern Europe, eight named species were reported under Pteromalus 
and 59 named species under Habrocytus (12%)’’. We had similar results, with 
only nine Chinese species of Pteromalus having four teeth on both mandibles, 
and 12 species with three teeth on the left mandible and four teeth on the right 
mandible.

Pteromalus steppensis Li & Hu, sp. nov. is described from both sexes and 
was reared as a primary, solitary ectoparasitoid of larval and pupal stages of 
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Orchestes. Steppensis. Detailed information on its life history and phenology of 
its host in Xinjiang, images of its larval and pupal stages, as well as of its host’s 
life habits can be found in the publication by Li et al. (2018). Almost 10 years 
have passed since the first author (Qin Li) reared 558 (340 ♀, 218 ♂) specimens 
of this new species from its host O. steppensis. Li et al. (2018) reported this 
new species as Pteromalus sp. 2. Guohua Yan studied the integrated taxonomy 
of Pteromalus from Xinjiang based on three methods, including morphological 

Figure 6. P. tripolii (Graham, 1969) A–F female A body, lateral view B head, frontal view C head and mesosoma, dorsal 
view D propodeum, dorsal view E forewing F gaster, dorsal view.
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taxonomy, comparative morphology, and DNA Barcoding (28S rDNA and ITS2 
genes) (Li et al. 2018). She collected 95 specimens (27 ♀, 68 ♂) of this new 
species by sweep netting on Ulmus pumila L. (Ulmaceae) heavily infested by 
the pest, O. steppensis in People’s park of Changji City, Urumqi, Xinjiang, China. 
She compared her specimens with the specimens reared by Qin Li from the elm 
pest, O. steppensis and based on its morphological characters, and confirmed 
they are the same species, P. steppensis Li & Hu, sp. nov. These results indicate 
that many more investigations are necessary to have a complete overview of 
the Pteromalus fauna from China.

Acknowledgements

We are very thankful to Andrew Polaszek (Natural History Museum, London, 
United Kingdom) for his great help with photographing paratypes of P. procerus 
in the Natural History Museum, London; Zhulidezi Aishan research group of 
Xinjiang University, China for providing some of our specimens; Mircea Dan 
Mitroiu (Faculty of Biology, Alexandru Ioan Cuza University, Iasi, Romania) for 
reviewing the manuscript prior to its submission; Gary A.P. Gibson (Agriculture 
and Agri-Food Canada, Canadian National Collection of Insects, Arachnids and 
Nematodes, Ottawa, Canada) for sending his new paper to us.

Additional information
Conflict of interest
The authors have declared that no competing interests exist.

Ethical statement
No ethical statement was reported.

Funding
This work was funded by the Natural Science Foundation of Xinjiang Autonomous 
Region (2023D01C14), the National Natural Science Foundation of China (grant no. 
31900349), the Third Xinjiang Scientific Expedition Program (grant no. 2022xjkk1505), 
the Postdoctoral program of Beet pest survey project (grant no. 202206140011, TCT-
JSYF-20221122) to Qin Li and the Youth Talent Promotion Project of Autonomous Re-
gion Association for Science and Technology of Xinjiang (grant no. RCTJ60).

Author contributions
Investigation and specimen collection, Q.L., G.-H.Y. and T.-Y.Z.; writing original draft 
preparation, Q.L. and Y.-L. L; writing review and editing, Q.L., H.X. and H.-Y.H; supervision 
project administration, Q.L.; funding acquisition, Q.L., H.-Y.H. All authors have read and 
agreed to the published version of the manuscript.

Author ORCIDs
Qin Li  https://orcid.org/0000-0002-1780-7332
Hong-ying Hu  https://orcid.org/0000-0002-2295-1072

Data availability
All of the data that support the findings of this study are available in the main text.



236ZooKeys 1234: 221–237 (2025), DOI: 10.3897/zookeys.1234.145429

Qin Li et al.: Two new species of Pteromalus (Pteromalinae) from Xinjiang, China

References

Baur H (2015) Pushing the limits—two new species of Pteromalus (Hymenoptera, Chal-
cidoidea, Pteromalidae) from Central Europe with remarkable morphology. ZooKeys 
514: 43–72. https://doi.org/10.3897/zookeys.514.9910

Bouček Z, Heydon SL (1997) Pteromalidae. In: Gibson GAP, Huber JT, Wool ley JB (Eds) 
Annotated Keys to the Genera of Nearctic Chalcidoidea (Hymenoptera). NRC Re-
search Press, Ottawa, 541–692. https://doi.org/10.1093/aesa/91.3.359

Bouček Z, Rasplus J-Y (1991) Illustrated key to West-Palearctic genera of Pteromalidae 
(Hymenoptera: Chalcidoidea). Institut National de la Recherche Agronomique Paris, 
140 pp.

Burks R, Mitroiu MD, Fusu L, Heraty JM, Janšta P, Heydon S, Papilloud NDS, Peters RS, 
Tselikh EV, Woolley JB, van Noort S, Baur H, Cruaud A, Darling C, Haas M, Hanson 
P, Krogmann L, Rasplus JY (2022) From hell’s heart, I stab at thee! A determined 
approach towards a monophyletic Pteromalidae and reclassification of Chalci-
doidea (Hymenoptera). Journal of Hymenoptera Research 94: 13–88. https://doi.
org/10.3897/jhr.94.94263

Dzhanokmen KA (1998) Review of pteromalids of the genus Pteromalus Swederus (Hy-
menoptera, Pteromalidae) from Kazakhstan: I. Entomological Review 78: 706–717. 
[Translated from Entomologicheskoe Obozrenie 77: 483–496.]

Dzhanokmen KA (2001) Review of pteromalids of the genus Pteromalus Swederus (Hy-
menoptera, Pteromalidae) from Kazakhstan: II. Entomological Review 81: 75–97. 
[Translated from Entomologicheskoe Obozrenie 80: 472–496.]

Gibson GAP, Yonathan U, Jade S, Paul KA, Tara DG, Zhang YM, Baur H, Gates M, Franklin 
MT (2024) The species of Pteromalus Swederus in America north of Mexico with a 
4:4 mandibular formula, and description of a potential biocontrol agent of the intro-
duced pest Anthonomus rubi (Herbst) (Coleoptera: Curculionidae). Zootaxa 5501(2): 
201–236. https://doi.org/10.11646/zootaxa.5501.2.1

Gijswijt MJ (1999) Four new species of Pteromalus Swederus (Hymenoptera: Chalci-
doidea: Peteromalidae) and redescriptions of three other species. Zoologische Med-
edelingen Leiden 72(7): 167–170.

Graham, MWR.de V (1969) The Pteromalidae of north-western Europe (Hymenoptera: 
Chalcidoidea). Bulletin of the British Museum (Natural History) (Entomology), Sup-
plement 16: 1–908. https://doi.org/10.5962/p.258046

Huang DW, Liao DX, Niu YZ (1987) Studies on pteromalids from insect pests of poplar 
from Shuoxian County, Shanzi Province. Sinozoologica 5: 155–160. [In Chinese]

Huang BK, Huang DW, Xiao H (2003) Fauna of Insects in Fujian Province of China (VII). 
Fujian Science and Technology Press, Fuzhou, 501–502. [In Chinese]

Ishizaki T and Ishkawa T (2010) Pteromalid parasitoids (Hymenoptera) of Oulema ory-
zae (Kuwayama) (Coleoptera: Chrysomelidae) from Japan, with notes on Pteroma-
lus bifoveolatusens. Entomological Science 13: 144–149. https://doi.org/10.1111/
j.1479-8298.2010.00369.x

Klimmek F, Baur H (2018) An interactive key to Central European species of the Pteroma-
lus albipennis species group and other species of the genus (Hymenoptera: Chalci-
doidea: Pteromalidae), with the description of a new species. Biodiversity Data Jour-
nal 6: e27722. https://doi.org/10.3897/BDJ.6.e27722

Li Q, Triapitsyn SV, Wang C, Zhong W, Hu HY (2018) Biological traits and the complex 
of parasitoids of the elm pest Orchestes steppensis (Coleoptera: Curculionidae) 



237ZooKeys 1234: 221–237 (2025), DOI: 10.3897/zookeys.1234.145429

Qin Li et al.: Two new species of Pteromalus (Pteromalinae) from Xinjiang, China

in Xinjiang, China. Bulletin of Entomological Research 108(1): 48–57. https://doi.
org/10.1017/S0007485317000499

Liao DX (1982) Hymenoptera: Chalcidoidea. Insects of Xizang 2: 355–370. [In Chinese]
Liao DX, Li XL, Pang XF, Chen TL (1987) Hymenoptera: Chalcidoidea (1). Economic 

Insect Fauna of China, 34, i–x+ 1–241. [In Chinese]
Mahdavi M, Madjazadeh SM (2013) Contribution to the knowledge of Chalcidoidea 

(Pteromalidae and Eupelmidae) of Iran. North-Western Journal of Zoology 9: 94–98.
Maletti S, Niehuis O, Mayer C, Sann M, Klopfstein S, Nottebrock G, Baur H, Peters RS 

(2021) Phylogeny, taxonomics, and ovipositor length variation of the Pteromalus 
albipennis species group (Hymenoptera: Chalcidoidea: Pteromalidae: Pteromali-
nae). Journal of Zoological Systematics and Evolutionary Research 59: 349–358. 
https://doi.org/10.1111/jzs.12433

Mbata GN, Warsi S (2019) Habrobracon hebetor and Pteromalus cerealellae as tools in 
post-harvest integrated pest management. Insects 10: 1–12. https://doi.org/10.3390/
insects10040085

Marziyeh M, Seyed MM (2013) Contribution to the knowledge of Chalcidoidea (Ptero-
malidae and Eupelmidae) of Iran. North-Western Journal of Zoology 9(1): 94–98.

Mbata W (2019) Habrobracon hebetor and Pteromalus cerealellae as tools in post-har-
vest integrated pest management. Insects 10(85): 1–12. https://doi.org/10.3390/
insects10040085

Haas M, Baur H, Schweizer T, Monje JC, Moser M, Bigalk S, Krogmann L (2021) Tiny 
wasps, huge diversity—a review of German Pteromalidae with new generic and spe-
cies records (Hymenoptera: Chalcidoidea). Biodiversity Data Journal 9: e77092. 
https://doi.org/10.3897/BDJ.9.e77092

Mitroiu MD (2008) Checklist of the Romanian species of Pteromalidae (Hymenoptera: 
Chalcidoidea). Analele Ştiinţifice ale Universităţii “Al. I. Cuza”, Iaşi, s. Biologie Animală 
54: 7–23. http://www.bio.uaic.ro/publicatii/anale_zoologie/issue/2008/02Mitroiu1.
pdf

Sheng JK (1985) One newly recorded species of Pteromalidae (Hymenoptera, Chacli-
doidea). Acta Agriculturae Universities Jiangxisis 23(2): 42.

UCD (2024) Community. Universal Chalcidoidea Database Website. 2024. https://ucd.
chalcid.org [Accessed on: 2024-04-18]

Yan GH, Li Y, Hu HY, Li Q (2023) Three new record species of Pteromalus (Hymenoptera: 
Pteromalidae) from China, Sichuan Journal of Zoology 42(4): 446–461. https://doi.
org/10.11984/j.issn.1000-7083.20220304 [In Chinese]

Yang ZQ, Yao YX, Cao LM (2015) Chalcidoidea parasitizing forest defoliators (Hymenop-
tera). Science Press, Beijing, vii + 283 pp. [21 pls] [In Chinese]

Yang ZQ, Wang XY, Zhong X, Liu X, Cao LM, Wang HZ (2020) A new species of Pteroma-
lus parasitizing pupa of Gynaephora qinghaiensis (Lepidoptera: Lymantriidae) from 
Qinghai-Tibet-Plateau 56: 99–105. [In Chinese]

Yao YX, Yang ZQ (2008) Three species of genus Pteromalus (Hymenoptera: Pteromal-
idae) parasitizing Rhynchaenus empopulifolis (Coleoptera: Curculionidae), with de-
scription of a new species from China. Scientia Silvae Sinicae 44: 90–94. [In Chinese]

Ye HZ, Hu HY, Xiao H (2012) Three newly recorded species of Pteromalus (Chalcidoidea, 
Pteromalidae) from China. Acta Zootaxonomica Sinaca 37(3): 676–680.





239

Review of the genus Isca (Ephemeroptera, Leptophlebiidae) from 
China with a new species and a new species record
De-Wen Gong1 , Chang-Fa Zhou1

1 College of Life Sciences, Nanjing Normal University, Nanjing 210023, China
Corresponding author: Chang-Fa Zhou (zhouchangfa@njnu.edu.cn)

Copyright: © De-Wen Gong & Chang-Fa Zhou.  
This is an open access article distributed under 
terms of the Creative Commons Attribution 
License (Attribution 4.0 International – CC BY 4.0).

Research Article

Abstract

Previously, only one Isca species (Isca purpurea Gillies, 1951) was recorded in China. In 
this review, three Isca species are presented and photographed. Among them, I. acutata 
sp. nov. is a new species with an acute male penal apex, a uniform brown abdomen of 
the imago, and a bilamellate gill VII of the nymph. Another species, I. fascia, previously 
reported from Vietnam, is found in China for the first time. The nymphs of I. fascia ex-
hibit a banded body and a convex apex of the penes. The structure of the third species 
I. purpurea, shown graphically, has separated penes and a paler nymphal body than the 
other two species. The diverse morphology of the penes, wings, venation, and gills show 
that Isca has diverse species and evolutionary directions, suggesting that the previous 
subgeneric classification may not adequately represent some species. Biologically, their 
nymphs were observed living in tiny pits on substrate surfaces, where their ventral gills 
may facilitate respiration while they hide.

Key words: Barcode gene, China, COI, mayfly, morphology, new species, subgenus, 
taxonomy

Introduction

The genus Isca was first established by Gillies in 1951, based on imaginal speci-
mens of Isca purpurea Gillies, 1951, collected from southern China (Hong Kong) 
and India. Later, Peters and Edmunds (1970) associated the nymphs with the 
imago of this genus. In the same paper, they also established two subgenera 
for two additional species: I. (Minyphlebia) janiceae Peters & Edmunds, 1970 
from Thailand and I. (Tanycola) serendiba Peters & Edmunds, 1970 from Ceylon, 
based on wing characteristics (such as the presence or absence of wing cilia, 
the fusion or unfusion of MP2 with MP1, and whether MA forks were more or 
less than halfway from the base to the margin). Nguyen and Bae (2003) named 
the fourth species I. fascia from Vietnam with both nymphal and imaginal stag-
es. The fifth species I. lea, described by Sartori and Derleth (2010) from Indo-
nesia (East Kalimantan) based on the nymphal stage, was the only one with a 
bilamellate gill VII. Despite being one of the first countries noted for the pres-
ence of Isca, further research on the Chinese species has not been conducted.

Both adults and nymphs of the known Isca species show high morphological 
diversity. Their wings can be transparent (I. janiceae) or translucent (I. purpurea, 
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I. serendiba, I. fascia), with marginal cilia (I. purpurea, I. serendiba, I. fascia) or with-
out (I. janiceae), nymphs with bilamellate gills VII (I. lea) or unilamellate gills VII (I. 
purpurea, I. serendiba, I. fascia, I. janiceae). The increasing number of reported spe-
cies suggests a broader variety of potential evolutionary trends within the genus.

Both nymphs and imagoes of Isca have remarkable characters. Besides their 
tiny bodies, the imagoes have forewings only, and the nymphs have ventral 
gills. To our knowledge, only psammophilous nymphs in the genera Paradola-
nia Zhou, 2024, Dolania Edmunds & Traver, 1959, and Behingia Lestage, 1930 
exhibit similar ventral gills (Zheng et al. 2024), while some species in the family 
Oligoneuriidae possess either ventral gill I or gills I–II (Bauernfeind and Soldán 
2012). However, Isca nymphs have been reported living on stony substrates 
(Peters and Edmunds 1970). Further biological observations of these species 
will unveil the function of their morphological characters.

In recent years, we conducted extensive collection efforts across South Chi-
na to uncover more leptophlebiids in this region. As a result, three Isca species 
were found, including the known one I. purpurea, the newly recorded I. fascia 
and a new species I. acutata sp. nov. These findings highlight the diversity of 
the Isca genus in China.

Material and methods

Collecting

The nymphs were collected by hand net in a little stream near the road, some 
of the adults were caught under the leaves or on the spider webs nearby, and 
the rest of them were reared indoors from mature nymphs. All materials were 
stored in ethanol (more than 80%).

Observing

Digital photos were taken using a Sony A7RIV Interchangeable Lens Digital 
Camera with a Laowa FF 25 mm F2.8 Ultra Macro (macro lens), and a Nikon 
Eclipse 50i microscope with an Mshot MDX10 Image System. Final plates were 
prepared and polished using Adobe Photoshop 2022.

SEM

Eggs were dissected from the female adult (I. acutata sp. nov.) and mature fe-
male nymphs (I. purpurea). All SEM (scanning electronic microscope) samples 
were prepared with a standard protocol: fixed in 4% glutaraldehyde for 5–8 h, 
rinsed with PBS (physiological saline) 2 or 3 times (10–15 min each), dehydrat-
ed in concentration gradient acetone (30%, 50%, 70%, 80%, 90%, 100%, 10 to 15 
min each), and coated with gold film in a vacuum.

COI sequencing

In order to associate our nymphs and adults of selected species and differen-
tiate species of Isca, we sequenced five Chinese individuals. Morphologically, 
three of them were Isca purpurea, and two were I. acutata sp. nov. Additionally, 
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we downloaded three Indian I. purpurea sequences from GenBank and used the 
species Habrophlebiodes zijinensis as the outgroup (Table 1).

The DNA extraction and amplification followed the process by Zheng and 
Zhou (2021). The COI sequence data of these species was uploaded to Gen-
Bank, and its GenBank accession number is listed in Table 1. The sequences 
were aligned with the software ClustalW.

All specimens used in this study are deposited in the Mayfly Collection, Col-
lege of Life Sciences, Nanjing Normal University (NNU).

Nymph-adult associating

The association between nymph and imago of I. acutata sp. nov. and I. purpurea 
was established using CO1 sequences (see Tables 1, 2). At the same time, one 
male of I. acutata sp. nov. was reared from nymphs, and both imaginal and 
mature nymphal genitalia were compared and associated with three species in 
this study. Furthermore, the color pattern of their nymphs and adults, especially 
those of I. fascia, were good characters in our association.

To reconstruct the molecular tree, Bayesian inference (BI) and maximum like-
lihood (ML) analyses were performed. The partition model was selected by Mod-
elFinder based on BIC (Bayesian information criterion) and AICc (standard correc-
tion to Akaike information criterion) (Kalyaanamoorthy et al. 2017). BI phylogenies 
were reconstructed using MrBayes v. 3.2.6 through the online CIPRES Science 
Gateway (Miller et al. 2011; Ronquist et al. 2012), with the following settings: two 

Table 1. The species and their COI sequences used in this research.

Species GenBank accession number Remarks

I. purpurea (1) PQ558934 China (Fujian), Male

I. purpurea (2) PQ558935 China (Fujian), Female

I. purpurea (3) PQ558936 China (Guangdong)

I. acutata sp. nov. (1) PQ558937 China (Hainan) Nymph

I. acutata sp. nov. (2) PQ558938 China (Hainan) Male

I. purpurea (4) ON557588 India

I. purpurea (5) MW160191 India

I. purpurea (6) LC061468 India (Selvakumar et al. 2016)

Habrophlebiodes zijinensis OP908297 –

Table 2. K2P genetic distance among the COI sequences.

I. purpurea 
(1)

I. purpurea 
(2)

I. purpurea 
(3)

I. acutata sp. 
nov. (1)

I. acutata sp. 
nov. (2)

I. purpurea 
(4)

I. purpurea 
(5)

I. purpurea (2) 0.29%

I. purpurea (3) 1.63% 1.94%

I. acutata sp. nov. (1) 20.01% 20.11% 20.39%

I. acutata sp. nov. (2) 20.79% 20.57% 20.79% 0.48%

I. purpurea (4) 19.61% 20.12% 19.42% 17.61% 18.13%

I. purpurea (5) 19.07% 19.57% 18.88% 17.07% 17.56% 1.05%

I. purpurea (6) 16.68% 16.78% 16.47% 18.71% 18.44% 12.63% 11.81%
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parallel runs with four Markov chains were run for 10 million generations (with 
a sampling frequency of 1000), with a burn-in of 25% trees. RAxML v. 8.2.0 was 
used for ML analyses, with the model GTRGAMMAI and 1000 bootstrap replicates 
(Stamatakis 2014). FigTree v. 1.4.2 (http://tree.bio.ed.ac.uk/software/figtree/; ac-
cessed on 5 July 2021) was used for the editing of phylogenetic trees.

Results

Taxonomy

Genus Isca Gillies, 1951
Figs 1–6, 8–15

Isca acutata sp. nov.
https://zoobank.org/13349861-975E-460C-917E-CEC50D0F32F3
Figs 1–5, 6A

Material examined. Holotype • 1 male imago, Shuiman Village, Wuzhishan City, 
Hainan Province, China, 730m a.s.l., 18.907855°N, 109.679361°E, 2024-I-8-
10, Dewen Gong, Xuhongyi Zheng leg. Paratypes • 1 male imago (reared from 
nymph) and 10 nymphs, same data as holotype.

Other material. • 3 female subimagoes (reared from nymphs), 21 nymphs, 
Limu Mountain, Wuzhishan City, Hainan Province, China, 627m a.s.l., 
19.169685°N, 109.746047°E, 2023-IV-29, Dewen GONG, Xiaofang Chen, Xinhe 
Qiang leg. • 4 nymphs, Jianfengling Moutain, Ledong County, Hainan Province, 
China, 850 m a.s.l., 18.743911°N, 108.854413°E, 2022-VI-29, Dewen Gong, 
Manqing Ding, Xinhe QIANG leg. • 1 nymph, Nandao Farm, Sanya City, Hainan 
Province, China, 231 m a.s.l., 18.394447°N, 109.388103°E, 2022-VII-6, Dewen 
Gong, Manqing Ding, Xinhe Qiang leg. • 2 male imagoes, 5nymphs, Qixianling 
Mountain, Baoting County, Hainan Province, China, 280 m a.s.l., 18.702331°N, 
109.692115°E, 2024-I-11, Dewen Gong, Xuhongyi Zheng leg.

Description. Nymph (in alcohol): Body length 4.2–4.4 mm, cerci subequal 
to body length, terminal filament 6.4–7.2 mm (Fig. 1A–C). General coloration 
brown, head and thorax washed light brown, abdominal terga I–VIII brown, ter-
ga IX–X light brownish, without any specific pattern, sterna much lighter than 
terga. Wingpad dark brown, legs uniformly yellowish to amber (Fig. 1A–C).

Head: prognathous, area between three ocelli darker than others (Fig. 1A, C).
Labrum: ca. 1.8 times wider than long, anterior margin concave in the middle, 

forming a wide V-shape, lateral-anterior angle rounded, lateral-posterior margin 
shrunken inward; dorsal surface with two rows of setae sub-marginally, setae 
in the anterior row slender, denser and longer than those in the posterior row, 
ventral surface with scattered setae near anterolateral angles and a tuft of hair-
like setae sub-medially (Fig. 2A).

Mandible: outer margin smoothly convex, with ca. 16 setae at median 
surface; outer and inner incisors of left mandible divided into three teeth 
respectively, prostheca with a spur and a tuft of spines; outer incisor of right 
mandible with 3 teeth (2 tiny denticles on inner tooth), inner incisor with 2 
teeth, each of them with additional two acute denticles on both sides; pros-
theca with a tuft of spines, one bigger than others; four long mesal setae 
under the molar (Fig. 2B). Hypopharynx: superlinguae with concave lateral 
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Figure 1. Nymphal structures of I. acutata sp. nov.: A female nymph (dorsal view) B female nymph (ventral view) C male 
nymph (dorsal view) D foreleg E midleg F hindleg G claw H gill IV I gill VII.
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Figure 2. Mouth part of I. acutata sp. nov.: A labrum (left: dorsal view, right: ventral view) B mandible (left: left mandible / 
right: right mandible) C hypopharynx D maxilla (ventral view) E labium (left: dorsal view / right: ventral view). 

margins, two apices extended into oval lobes; apical margin with hair-like 
setae; two arms of lingua subequal to median oval lobe (Fig. 2C). Maxilla: 
crown covered with dense of setae, galea-lacinia with row of setae, inner 
apex with a comb-like setae; maxillary palp three-segmented, length ratio 
of them from I to III = 1.6: 1.0: 1.0, outer margin of segment I with six setae, 
segment II with a seta, segment III with two setae, tip of segment III with tuft 
of relatively short setae; outer margin of stipes with very sparse hair-like se-
tae, outer margin of cardo with six long setae (Fig. 2D). Labium: length ratio 
of 3 segments of labial palp from I to III = 1.4: 1.1: 1.0; two apical segments 
slimmer than basal one (Fig. 2E).

Thorax: Setae on outer margin of femur strong, relatively longer than that 
on inner margin; inner margin of tibiae and tarsi with stout setae; outer mar-
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Figure 3. Male of I. acutata sp. nov.: A imago (dorsal view, living specimen in the field) B imago (dorsal view) C imago 
(ventral view) D imago with exuviate of subimago.

gin of tibiae and tarsi with hair-like setae, those on tibia of hindleg with extra 
stout setae (Fig. 1D–F). Length ratio of femora: tibiae: tarsi of forelegs = 2.3: 
1.8: 1.0, that of midlegs = 2.4: 2.0: 1.0, and hindlegs = 2.5: 2.3: 1.0 (Fig. 1D–F). 
Claw with 14 denticles, distal one larger than others, proximal four denticles 
smaller (Fig. 1G).

Abdomen: posterior margin of each tergite with contiguous acute spines, 
posterolateral projections on segment IX only (Fig. 1A–C). Gills present on seg-
ments II to VII of ventral side of abdomen (Fig. 1B). Gills similar morphological-
ly, consist of two slender and unbranched lamellae, gills progressively smaller 
from anterior to posterior (Fig. 1H–I). Caudal filaments brown, terminal fila-
ment slightly darker than cerci; posterior margin of each segment with spines, 
every second segment from segment II with an encircling row of hair-like setae 
around posteriorly (Fig. 1A–C).

Male imago (in alcohol): Body length 4.4 mm, generally amber to brownish, 
wings deep brown (Fig. 3).

Head: Width between two compound eyes about half of one eye width; upper 
half of it orange, lower half black (Fig. 4A).
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Figure 4. Male structures of I. acutata sp. nov.: A head (dorsal view) B foreleg C midleg D hindleg E claw F wing G genitalia 
(ventral view).

Thorax: Legs: Foretarsus and tip of tibia pale, other portion brown, ratio of femur: 
tibia: tarsus = 1.0: 3.8: 3.5, ratio of foretarsal segments from I to V = 1.0: 14.0: 11.9: 
8.6: 2.5. Midleg and hindleg dark brown, ratios of femur: tibia: tarsus = 2.9: 2.4: 1.0 
and 2.9: 2.5: 1.0 (Fig. 4B–D). Claw dissimilar, one hooked, one blunt (Fig. 4E).

Wing opaque, brown; veins clear, posterior margin with cilia, vein MA forked 
slightly less than 1/2 of distance from base to margin (Fig. 4F).

Abdomen: color of terga I to IX alike, anterior 1/3 pale and semi-transparent, 
posterior 2/3 brown, sterna lighter than terga; tergite X brown (Fig. 3). Genitalia: 
forceps pale; segment I with a mesal expansion at 2/5 point; segments II and 
III subequal, nearly sphere; penes brown, two penes situated together, forming 
a pen-point like structure, margin of basal half straight, apical half straightly 

Figure 5. Female structures of I. acutata sp. nov.: A female subimago (living specimen) B female subimago (dorsal view) 
C sternum IX (ventral view).
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oblique; length of penes about 2/5× of forceps (Fig. 4G). Caudal filaments pale 
(Figs 3A, 4G).

Female: body length 4.1 mm, caudal filaments brown with spine-like setae. 
Coloration similar to male, sternum IX slightly concave apically (Fig. 5).

Egg. Egg oval, length about 85 μm, width about 45 μm, surface scattered 
with protuberances and cavities; their size and location irregular (Fig. 6A).

Biology. Nymphs found under stones with coarse surfaces in slow water cur-
rents of a montane stream about 1–2 m, without direct sunlight (Fig. 7). Adults 
emerged in the late afternoon. Some male imagoes were found under leaves 
above the stream.

Etymology. acutata comes from the Latin adjective acutatus, indicating the 
shape of sharp penal apex of the new species.

Diagnosis. The nymph of Isca acutata sp. nov. can be distinguished from 
other Isca species by the following characters: abdominal terga I–VIII brown, 
terga IX–X light brown (Fig. 1A, C); abdominal sterna light brown (Fig. 1B); gill 
VII with dorsal and ventral lamella (Fig. 1I); posterolateral projection on seg-
ment IX (Fig. 1B). The male imago of I. acutata sp. nov. can be distinguished 
by: wings translucent with cilia along posterior margin; anterior 1/3 of each 
abdominal tergum, and sterna I–VIII pale and semi-transparent; posterior 2/3 
brown, sterna slightly lighter than terga (Fig. 3); forceps pale; penes brown, 
fused basally, nib-like (Fig. 4G).

Comparison. Among six known species, only two species (I. lea and I. acuta-
ta sp. nov.) have bilamellate gills VII in their nymphal stage. Those two nymphs 
can be differentiated by: (1) ventral setae on labrum of Isca acutata sp. nov. is 
less than Isca lea because it has two setal tufts (Fig. 2A), and (2) more setae on 
the tip of the maxillary papa segment III of Isca acutata than Isca lea (Fig. 2D).

In males, the new species Isca acutata sp. nov. is unique in penal shape: pe-
nes fused basally (Fig. 4G) while those of I. purpurea, I. serendiba, I. janiceae are 
separated; its apical margin is straight (Fig. 4G) while that of I. fascia is convex 
(Fig. 15C); vein MA is forked less than 1/2 of distance from base to margin (Fig. 4F) 
while vein MA of I. janiceae and I. purpurea forked more than 1/2 of distance from 
base to margin; cilia present on posterior margin of wings (Fig. 4F) while absent 
in I. janiceae; sternum IX of female Isca acutata sp. nov. cleft (Fig. 5C) but not as 
deeply as I. purpurea (Fig. 12B), while that of I. janiceae is entire.

Distribution. China (Hainan Island).

Figure 6. SEM photos: A egg from female subimago of I. acutata sp. nov. B egg from female nymph of Isca purpurea.
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Figure 7. Habitat of I. acutata sp. nov.

Isca purpurea Gillies, 1951
Figs 6B, 8–12

Isca purpurea Gillies, 1951: 21–130, figs 15–22 (male, female). Type: male, 
from China (Hong Kong) and India (Mirik).

Isca purpurea: Peters and Edmunds 1970: 159–240, figs 71, 106, 330, 350–357 
(nymph, male).

Material examined. • 55 nymphs, Chebaling Mountain, Shaoguan City, Guang-
dong Province, China, 460 m a.s.l., 24.701644°N, 114.190687°E, 2024-IV-2-
14, Dewen Gong, Xuhongyi Zheng leg. • 10 male imagoes, 3 female subima-
goes, 3 nymphs, Laipoli, Jinan District, Fuzhou City, Fujian Province, China, 
390 m a.s.l., 26.251947°N, 119.283899°E, 2024-IV-25, Xuhongyi Zheng leg. • 5 
nymphs, Jiulian Mountain, Ganzhou City, Jiangxi Province, China, 24.539800°N, 
114.467900°E, 2020-IX-14, Zhengxing MA leg.

Description. Nymph (in alcohol, first formal description): Body length 4.0–
4.5 mm (Fig. 8A, B). 

General coloration brownish, thorax light brown, abdomen brownish, without 
any specific pattern, ventral surface much lighter. Wingpad dark brown, legs 
uniformly yellowish (Fig. 8A, B).

Head: prognathous (Fig. 8A, B). Labrum ca. 1.8 times wider than long, ante-
rior margin concaved in the middle, lateral-anterior angle rounded, lateral-pos-
terior margin shrunken inward; dorsal side with two rows of setae anteriorly, 
anterior row denser than posterior row but length of them subequal (Fig. 9A).

Mandible with rounded outer margin, with 14 setae in the middle; outer in-
cisor of left mandible with 3 apical teeth, inner incisor with 3 teeth, prostheca 
with a spur and a tuft of spines; outer incisor of right mandible with 3 teeth, 
inner incisor with 2 teeth and a denticle aside, prostheca with a relatively small 
spur and a tuft of spines, 4 long setae under the molar (Fig. 9B).

Hypopharynx: superlinguae with concave lateral margins, apex with setal 
tufts, lateral angles rounded (Fig. 9C).
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Figure 8. Nymphal structures of I. purpurea: A male nymph (dorsal view) B male nymph (ventral view) C foreleg D midleg 
E hindleg F claw G gill IV H gill VII.

Maxilla covered with dense crown of setae, galea-lacinia with row of setae, 
margin of cardo with 5 long setae; maxillary palp 3-segmented, length ratio of 
3 segments from I to III = 1.6: 1.0: 1.2, outer margin of segment I with 5 setae, 
segment II with a seta on the tip, segment III with 2 setae, tip of segment III with 
tuft of relatively short setae (Fig. 9D).
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Figure 9. Mouth part of I. purpurea: A labrum (dorsal view) B mandible (left: left mandible / right: right mandible) C hypo-
pharynx D maxilla (ventral view) E labium (left: dorsal view / right: ventral view).

Labium like other Isca species, the ratio of 3 segments of labial palp from I 
to III = 1.3: 0.9: 1.0 (Fig. 9E).

Thorax: Setae on outer margin of femur strong, relatively longer than that 
on inner margin; inner margin of tibiae and tarsi with stout setae; outer margin 
of tibiae and tarsi with hair-like setae, those on tibia of hindleg with extra stout 
setae (Fig. 8C–E). Claw with 11 denticles 4 on inner side small, 1 on outer side 
biggest (Fig. 8F). Ratio of femora: tibiae: tarsi of forelegs = 2.0: 1.8: 1.0, that of 
midlegs is 2.3: 1.9: 1.0, and hindlegs = 2.5: 2.2: 1.0 (Fig. 8C–E).

Abdomen: posterior surface of each tergite with contiguous acute spines, 
posterolateral projection on segment IX only (Fig. 8A, B). Gills present on seg-
ments II to VII of ventral abdomen (Fig. 8B). Gills II to VI similar morphologically, 
consisted of two slender and unbranched lamella, gill VII with single slender 
lamella (Fig. 8G, H).

Male imago (in alcohol; also see Gillies 1951 and Peters and Edmunds 1970):
Body length 4.5 mm, generally brownish (Fig. 10). Head: Compound eyes con-

tiguous basally, upper part separated with dark stripes around facets (Fig. 11A).
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Figure 10. Male imago of I. purpurea: A dorsal view B ventral view.

Legs generally dark brown, mid part of femora slightly lighter than both ends, 
tarsus of foreleg brownish from base to tip (Fig. 11C). Ratio of femur: tibia: tar-
sus of foreleg = 1.0: 3.1: 3.1, those of midleg and hind leg = 2.9: 2.2: 1.0 and 3.2: 
2.5: 1.0, ratio of foretarsal segments from I to V = 1.0: 13.7: 12.5: 8.0: 3.0 (Fig. 
11C–E). Claw dissimilar, one hooked and acute, one blunt (Fig. 11F).

Wing brown, transparent; veins clear, posterior margin with cilia, vein MA 
forked slightly more than 1/2 of distance from base to margin (Fig. 11B).

Abdomen: tergites of both dorsal and ventral view dark brown; tergite IX 
with posterolateral projection (Fig. 10). Genitalia: forceps brownish, segment I 
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Figure 11. Male structures of I. purpurea: A head (dorsal view) B wing C foreleg D midleg E hindleg F claw G genitalia 
(ventral view).

Figure 12. Female structures of I. purpurea: A female subimago (dorsal view) B sternum IX (ventral view).

longest, midpart slightly protuberant inward; segment II slightly longer than III. 
Penes brownish; broad at base, gradually narrowing to tip; base separated; tips 
sharp, bend inward; length of penes about 2/5 of forceps (Fig. 11G).

Female (in alcohol): Body length 4.2 mm, terminal filaments brown with spine-
like setae. Coloration like male, apex of sternum IX deeply concave (Fig. 12).

Egg. Egg oval, length about 100 μm, width about 50 μm, surface covered with 
subequal small protuberances (Fig. 6B).
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Figure 13. Habitat of I. purpurea.

Biology. Like I. acutata, nymphs of I. purpurea were found under stones with 
coarse surfaces in slow flowing mountain stream; the stream was about 2 m 
wide with good shade (Fig. 13).

Diagnosis. The nymph of I. purpurea can be distinguished from other Isca 
species by the following characters: abdominal terga brown, and abdominal 
sterna light brown. The male imago of I. purpurea can be distinguished by vein 
MA forked slightly more than 1/2 of the distance from base to margin (Fig. 
11B); cilia present on the posterior margin of the wings (Fig. 11B); abdominal 
terga and sterna dark brown (Fig. 10); forceps and penes brown (Fig. 11G); and 
penes separated widely at base, tip hook-like, curved inward (Fig. 11G).

Distribution. China (Hong Kong, Guangdong, Fujian, Jiangxi); India.

Isca fascia Nguyen & Bae, 2003
Figs 14, 15
(first record from China)

Isca fascia Nguyen & Bae, 2003: 453–466, figs 20–24 (nymph, male). Type: 
female nymph, from Vietnam.

Material examined. • 1 male imago 11 nymphs, Ailao Mountain, Yuxi City, Yunnan 
Province, China, 2200 m a.s.l., 23.970333°N, 101.527147°E, 2022-II-7, Xuhongyi 
Zheng leg.

Description. (see Nguyen and Bae 2003).
Diagnosis. The nymph of I. fascia can be distinguished from other Isca spe-

cies by the following characters: abdominal terga I–II and VII–IX dark brown, ter-
ga III–VI light brown (Fig. 14A); abdominal sterna I–VI and X light brown, sterna 
VII–IX dark brown (Fig. 14B). The male imago of I. fascia can be distinguished 
by: wings translucent, vein MA forked slightly more than 1/2 of distance from 
base to margin; cilia present on posterior margin of wings (Fig. 15A); abdominal 
terga I–II and VII–IX dark brown, terga III–VI pale (Fig. 15A); forceps pale (Fig. 
15C); penes yellow, large, lateral margin round, fused basally (Fig. 15C).

Distribution. China (Yunnan Prov.); northern Vietnam.
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Figure 14. Nymphal structures of I. fascia: A male nymph (dorsal view) B male nymph (ventral view) C labrum (left: dor-
sal view, right: ventral view) D hypopharynx E mandible (left: left mandible, right: right mandible) F maxilla (ventral view) 
G labium (left: dorsal view, right: ventral view).

Genetic distance

Both materials of Chinese I. purpurea and I. acutata sp. nov. have very close 
genetic distance. The COI K2P distance of I. purpurea is from 0.29% to 1.94%, 
while that of I. acutata sp. nov. is 0.48% (Table 2). So, our morphological identi-
fication is supported by genetic distance.

Similarly, three Indian I. purpurea populations have short COI sequence dis-
tances, which are 1.05% and 11.81% respectively. However, the Chinese I. pur-
purea and Indian I. purpurea have relatively large genetic distances: the K2P 
distance is from 16.47% to 20.12% (Table 2).

Discussion

Gillies (1951) designated the specimens from Hong Kong as types and mentioned 
there are differences between Indian and Chinese material of I. purpurea, stating 
the Bengal specimen has rather darker eyes. Here we compared the COI sequenc-
es of Indian specimens (GenBank: MW160191, ON557588, LC061468, Table 1) 
and our specimens. The K2P distance of those two populations is from 16.47% 
to 20.12% (Table 2). This point is reflected in the BI and MP tree (Fig. 16), in which 
the Chinese Isca purpurea and Indian Isca purpurea are clustered into two different 
clades. So, the Indian “Isca purpurea” needs more work to confirm its real status.



255ZooKeys 1234: 239–258 (2025), DOI: 10.3897/zookeys.1234.140905

De-Wen Gong & Chang-Fa Zhou: New species and record of Isca from China (Ephemeroptera, Leptophlebiidae)

Figure 15. Male structures of I. fascia: A male imago (lateral view) B head (dorsal view) C genitalia (ventral view).

Considering these above, together with the huge distance between India and 
China, we propose that the Indian and Chinese species of Isca purpurea could 
be classified as separate species. Despite certain similarities, further studies 
are needed to clarify their distinctions (Gillies 1951).

Based on previous research and our study, the distribution of Isca spp. is 
now given (Fig. 17). It is shown that South China has a relatively rich species 
diversity of genus Isca, and we believe South Asia and Southeast Asia contain 
many more Isca species.

Gillies (1951) referred to “subimago” and “subimagines” but did not specify 
their sexes. Peters and Edmunds (1970) and Nguyen and Bae (2003) did not 
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Figure 16. the BI and MP tree upon COI sequences of Indian and Chinese Isca purpurea.

mention or describe the subimago stage at all. Kluge (2014) noted that “the 
Isca female subimago does not molt to imago.” In our observations, male adults 
exhibit both subimaginal and imaginal stages, whereas the female’s subimago 
represents its final stage. During our rearing process, three female subimagoes 
of the new species, I. acutata sp. nov., successfully emerged from nymphs with-
out undergoing any further molts. In contrast, one male individual was able to 
molt twice from nymph to imago, with the final molt occurring 2–3 hours after it 
reached the subimago stage. Additionally, the morphology of the female adult, 
particularly their cerci, is similar to that of the male subimago. Moreover, the 
female adults of I. purpurea, collected from cobwebs and exhibiting empty or 
nearly empty abdomens, resemble the females of I. acutata sp. nov.

The new species, I. acutata sp. nov., found in Hainan, is notable as the sec-
ond species to possess two lamellae on gill VII. Apart from this characteristic, 
there are no other obvious differences in the nymphs or adults when compared 
to other known species. Furthermore, the reduction or loss of gills has occurred 
multiple times across various lineages within Ephemeroptera. Therefore, we 
consider the presence of bilamellate gills to be a useful diagnostic character, 
albeit not an essential synapomorphy.

Peters and Edmunds (1970) divided the genus Isca into three subgenera 
(Isca, Minyphlebia, Tanycola) upon imaginal characteristics. However, I. fascia 
has mixed characteristics of those subgenera: 1) like Minyphlebia, vein MA 
forked less than 1/2 of distance from base to margin (Fig. 15A); 2) like Isca and 
Tanycola, cilia are present on the posterior margin of the wings (Fig. 15A); and 
3) penes are fused basally (Fig. 15C), a unique character, not reported in any 
subgenera. Under this circumstance, Nguyen and Bae (2003) and Sartori and 
Derleth (2010) did not place their species I. fascia or I. lea into any subgenus. 
Here, the new species I. acutata sp. nov. also has the same imaginal character-
istics as I. fascia and remarkable bilamellate gills VII. So, at this moment, we 
have not placed our three species into any subgenus here.
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Figure 17. Distribution of Isca spp.
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Research Article

Abstract

Ellingsenius renae sp. nov., encountered in Guizhou, southern China and the eighth spe-
cies of the genus, is described and illustrated. An analysis of the COI mitochondrial 
gene (LCO1490/HC02198) confirms the identity of the new species. An identification 
key to all Ellingsenius species is provided, and comments on the pseudoscorpion-bee 
relationships are included.
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Introduction

The pseudoscorpion family Cheliferidae Risso, 1827 is nearly cosmopolitan in 
distribution, occurring on all land masses and many oceanic islands. Although 
cheliferids are mostly found in leaf litter and under tree bark, some are phoretic 
on tree-dwelling insects (Harvey 1985) or occur in the nests of vertebrates. 
Cheliferidae is divided into two subfamilies, Cheliferinae and Philomaoriinae 
(Harvey 1992; WPC 2025) and currently includes 312 taxa, including 282 spe-
cies, nine subspecies, eight nominotypical subspecies, and 12 fossil species, 
assigned to 64 genera, including five fossil genera (WPC 2025). Only 10 species 
in six genera have been reported from China (Schawaller 1995; Gao and Zhang 
2012; Zang and Zhang 2019; WPC 2025).

The genus Ellingsenius Chamberlin, 1932, a member of the subfamily 
Cheliferinae, was established by Chamberlin (1932) and is widely distribut-
ed in the Afrotropical, Indo-Malayan, and Mediterranean regions. There is a 
single suspect occurrence in the Nearctic. The genus differs from all other 
genera of the family Cheliferidae in having three galeal setae on the cheli-
cerae (Murthy and Ananthakrishnan 1977). Ellingsenius currently includes 
only seven valid species (Judson 1990; WPC 2025), which are all associated 
with beehives (Gonzalez et al. 2008).
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Pseudoscorpions have been recently reported in colonies of the eastern 
honey bee (Apis cerana cerana Fabricius, 1793) in China (Lin et al. 2020); they 
were assigned to Ellingsenius based on a bioinformatics analysis where the se-
quences were compared to the NCBI GenBank database using the BLAST tool 
with the MegaBlast algorithm. Although Lin et al. (2020) did not present any 
morphological data, their phylogenetic study showed that the pseudoscorpions 
might represent a new species of Ellingsenius.

We recently received some pseudoscorpion specimens collected from bee-
hives from Guizhou province, China, which were easily attributed to the genus 
Ellingsenius using morphological criteria. However, we found characters that 
differed from all known species, and these specimens are here described as E. 
renae sp. nov. Molecular analyses were also performed to clarify the status of 
the new species. This allows us to describe the Ellingsenius species morpho-
logically from China for the first time, which expands the distributional range 
of the genus.

Materials and methods

Morphology

The specimens examined for this study are preserved in 75% alcohol and de-
posited in the Museum of Hebei University (MHBU) (Baoding, China). Photo-
graphs, drawings and measurements were taken using a Leica M205A stereo-
microscope equipped with a Leica DFC550 Camera. Detailed examination was 
carried out with an Olympus BX53 general optical microscope. Temporary slide 
mounts were prepared in compliance with the method outlined by Gao et al. 
(2017). Images were edited and formatted using Adobe Photoshop 2022.

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

The following abbreviations are used for the trichobothria: b = basal; 
sb = subbasal; st = subterminal; t = terminal; ib = interior basal; isb = interi-
or subbasal; ist = interior subterminal; it = interior terminal; eb = exterior bas-
al; esb = exterior subbasal; est = exterior subterminal; et = exterior terminal. 
Cheliceral setae: gs = galeal; es = exterior; is = interior; sb = subbasal; b = basal.

Molecular methods

We extracted total genomic DNA from pseudoscorpion chela and legs using 
the QIAGEN DNeasy Blood & Tissue Kit (Qiagen Inc., Valencia, CA), following 
the manufacturer’s protocols with the elution buffer volume used is 60 μl. We 
used the primer pair LCO1490/HCO2198 (Folmer et al. 1994) to amplify COI 
sequences under the following PCR reaction protocol: initial denaturation at 94 
°C for 5 min; 35 cycles of denaturation at 94 °C for 30 s, annealing at 45 °C for 
40 s, and elongation at 72 °C for 1 min; and final extension at 72 °C for 7 min. 
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The 25 μl PCR reactions included 12.5 μl of 2×Tag Master Mix (KangWei Bio-
tech, Beijing, China), 0.8 μl of each forward and reverse 10 μM primer, 4 μl of 
genomic DNA, and 6.9 μl of double-distilled H2O. The PCR products were vi-
sualized by agarose gel electrophoresis (1% agarose). All PCR products were 
purified and sequenced at Sangon Biotech (Shanghai, China) Co., Ltd.

Sequence alignments were carried out using MAFFT v. 7.313 (Katoh and 
Standley 2013) with the L-INS-I strategy, and checked for the presence of stop 
codons of COI by translating them into amino acid sequence using Geneious 
Prime (Kearse et al. 2012). Ambiguously aligned positions were culled using 
trimAl v. 1.2 (Capella-Gutiérrez et al. 2009) with default parameters. The final 
alignment as Suppl. materials 1, 2. The pairwise genetic distances (Kimura 
2-parameter K2P) were calculated using MEGA v. 11 (Tamura et al. 2021) to 
assess the genetic differences (with pairwise deletion option).

Phylogenetic analyses were performed under the assumptions of maximum 
likelihood (ML) with GTR+I model and Bayesian inference (BI) with GTR model, 
respectively. The best-fit nucleotide substitution model was tested using Mod-
elFinder (Kalyaanamoorthy et al. 2017) in PhyloSuite v. 1.2.3 software (Zhang 
et al. 2020). The ML analysis was conducted using IQ-TREE v. 1.6.8 (Nguyen et 
al. 2015) in PhyloSuite. The robustness was evaluated by 5000 bootstrap pseu-
do replicates. BI analysis was performed using MrBayes v. 3.2.6 (Ronquist et 
al. 2012) (2 × 106 generations) in Phylosuite, in which the initial 25% of the sam-
pled data was discarded as burn-in. The remaining trees were used to assess 
posterior probabilities for nodal support. The resulting trees were visualized 
and edited using FigTree v. 1.4.4 (Rambaut 2018).

Results

Taxonomy

Family Cheliferidae Risso, 1827
Subfamily Cheliferinae Risso, 1827

Ellingsenius Chamberlin, 1932

Type species. Chelifer sculpturatus Lewis, 1903, by original designation.

Ellingsenius renae Gao & Zhang, sp. nov.
https://zoobank.org/3FEDC5B9-6643-46ED-BFA8-6CBD91171D6C
Figs 1–5
Chinese name: 任氏蜂伪蝎

Type material. Holotype: China • ♂; Ps.-MHBU-HBUARA#GZ23122701, 
Huohua Town, Ziyun Miao and Buyei Autonomous County, Anshun City, 
Guizhou Province; 25°37'46"N, 105°59'12"E; 27 November 2023, Xiaoxiao 
Ren leg.; collected in bee hives of Apis cerana cerana. Paratype: • 6 ♂♂ Ps.-
MHBU-HBUARA#GZ23122702–07; same data as holotype • 5 ♀♀, Ps.-MHBU-
HBUARA#GZ23122708–12, same data as holotype.
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Diagnosis. The new species is distinguished from other members of the genus 
Ellingsenius by the following combination of characters: posterior disc of carapace 
and tergites I–X with wrinkled surface and lateral keels; both transverse furrows on 
carapace prominent; carapace, pedipalpal trochanter, femur and retrolateral sur-
face of petella with developed tubercles; middle teeth of both pedipalpal fingers 
concave outwards, forming a large gap; gs of cheliceral movable finger tripled; cox-
al sac and atrium absent; tarsi with dorsal projection; tarsus IV without tactile seta.

Figure 1. Ellingsenius renae sp. nov., a bee-associate pseudoscorpion, found in bee hives of Apis cerana cerana in 
southern China. Photographs by Dr Xiaoxiao Ren.
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Etymology. The specific epithet is a patronym in honor of Dr Xiaoxiao Ren, 
who collected the specimens. It is a noun in the genitive.

Description. Adult male (Fig. 2A)
Color: Carapace, pedipalps, and tergites reddish brown; remaining parts 

(legs, sternites, and pleural membranes) yellowish brown.
Cephalothorax (Fig. 3A): carapace barely longer than wide (0.91–0.95×), with 

a pair of eyespots; both transverse furrows prominent, distance between pos-
terior furrow and posterior margin slightly shorter than that between posteri-
or furrow and anterior furrow; carapace strongly granulate and with scattered 
larger setiferous tubercles; anterior margin with 10, posterior margin with 7–8 
setae; anterior disc with c. 140, median with 75–76 and with 28–30 (243–246 
in total) dentate setae, and those of anterior and median discs set on large tu-
bercles; posterior disc with wrinkled modification; setae of carapace and terg-
ites short and denticulate; posterior margin of carapace and tergites I–X with 
sclerotic lateral keels.

Chelicera (Fig. 5B): chelicera small, with two acuminate setae and two lyri-
fissures on hand, 1.43–1.46× as long as broad, movable finger with three short, 
curved subdistal seta, b and sb dentate, gs of movable finger tripled; fixed finger 
with 3–4 continuous, pointed teeth; apex of movable finger with one developed 
tooth; serrula exterior with 27–29 lamellae; lamina exterior present; rallum (Fig. 
5C) composed of three blades, distalmost blade slightly dentate; galea (Fig. 
5D) relatively long and simple, with 7–8 small, distal rami.

Pedipalp (Figs 3B, C, 5A, E, F): stout; all segments evenly granulated, except 
for smooth chelal fingers; trochanter, femur (dorsal and ventral), ventral side of 
patella, and hand adorned with scattered, setiferous tubercles; all setae dentic-
ulate. Apex of pedipalpal coxa with 3–4 setae, including one long seta. Chelal 
fingers stout; movable finger with 26–28 teeth; fixed finger with 29–32 teeth; 
distal ones larger, middle teeth of both fingers concave outwards, forming a 
large gap; venom apparatus present in both fingers; nodus ramosus (Fig. 5E): 
close to st on movable finger and to est on fixed finger. Trichobothrial patterns 

Figure 2. Ellingsenius renae sp. nov. A holotype male, dorsal view B paratype female, dorsal view.
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(Fig. 5E): eb and esb basally situated; est and ist medially situated; t far from 
apex of movable finger; st closer to t than to sb; distance between sb and b 
somewhat longer than distance between esb and eb. Proportions (length to 
breadth): trochanter 1.41–1.49×; femur 2.55–2.80×; patella 2.47–2.51×; chela 
with pedicel 3.20–3.39×, without pedicel 2.90–3.10×; hand with pedicel 1.80–
2.00×, without pedicel 1.52–1.69×. Proportion of movable finger 0.75–0.78× as 
long as hand with pedicel, and 0.89–0.92× without pedicel.

Opisthosoma: all tergites divided by narrow, obvious median line; each half 
of tergites with 1–4 lyrifissures and 9–14 short, dentate setae on posterior mar-
gin, with finely granulated and wrinkled surface; tergite XI without pseudotactile 
seta and wrinkled modification. Coxa I with 18–21, II 19–20, III 30–32, IV with 

Figure 3. Ellingsenius renae sp. nov. A–E holotype male A carapace, dorsal view B left chelal fingers, lateral view C left pedi-
palp, dorsal view D pedipalpal coxa, ventral view E genital region, ventral view F paratype female, genital region, ventral view.
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45–50 setae. Coxal sacs of male vestigial; atrium absent. Sternites narrowly 
divided, with fine granulation, each half-sternites with 1–5 lyrifissures and 7–12 
setae, all setae short and denticulate. Pleural membrane with irregular longitu-
dinal grooves. Posterior margin of anterior genital operculum with 17–19 se-
tae; posterior genital operculum with 29–34 forwardly projecting setae.

Legs (Figs 4A–D, 5G–J): legs generally typical, stout. Legs I–IV covered with 
coarse granulation. Setae of leg I short and denticulate. Leg I: trochanter 1.33–
1.74×, femur 1.74×, patella 2.58–2.70×, tibia 2.59–3.26×, tarsus 2.58–2.84× 
longer than deep. Tarsi with dorsal projection; tarsus I modified terminally, 
claws asymmetrical: anterior claw almost rectangular-curved; posterior claw 
slender and acute. Leg IV with short and denticulate setae. Tarsus IV without 
tactile setae, claws symmetrical, arolium slightly shorter than claws; subtermi-
nal setae long and simple. Trochanter 1.52–1.96×, femur + patella 2.95–3.24×, 
tibia 3.83–4.23×, tarsus 3.76–4.56× longer than deep.

Dimensions (length/width or, in the case of the legs, length/depth in mm; 
ratios in parentheses). Body length 3.21–3.57. Chelicera 0.33–0.35/0.23–0.24. 
Carapace 1.21–1.27/1.28–1.39. Pedipalp: trochanter 0.62–0.64/0.43–0.44; 
femur 1.30–1.43/0.51; patella 1.21–1.23/0.49; chela with pedicel 1.92–
2.00/0.59–0.60; length of chela without pedicel 1.74–1.83; length of hand 

Figure 4. Ellingsenius renae sp. nov., holotype male A left leg I, lateral view B left leg IV, lateral view C left tarsus I, lateral 
view D left tarsus IV, lateral view.
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with pedicel 1.08–1.18, without pedicel 0.91–1.00; length of movable finger 
0.84–0.89. Leg I: trochanter 0.32–0.47/0.24–0.27; femur 0.47/0.27; patel-
la 0.67–0.73/0.26–0.27; tibia 0.62–0.70/0.19–0.27; tarsus 0.49–0.54/0.19. 
Leg IV: trochanter 0.50–0.51/0.26–0.33; femur + patella 1.12–1.23/0.38; tibia 
0.88–0.93/0.22–0.23; tarsus 0.64–0.73/0.16–0.17.

Figure 5. Ellingsenius renae sp. nov., holotype male A left pedipalp, minus chela, dorsal view B left chelicera, dorsal view 
C rallum D galea E left chelal fingers, lateral view, showing trichobothrial pattern and teeth F left chelal, lateral view G left 
leg I, lateral view H left leg IV, lateral view I tarsus I, lateral view J tarsus IV, lateral view. Scale bars: 0.05 mm (B–D); 
0.2 mm (A, E–J).
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Female paratype (Figs 2B, 3F). Color slightly lighter than males. Chelicera 
1.43–1.48× as long as broad. Carapace slightly longer than wide (0.80–
0.93×); chaetotaxy of carapace: anterior margin with 10, posterior margin 
with 7–8 denticulate setae; a total of c. 260 setae. Posterior margin of car-
apace and tergites I–IX with vestigial lateral keels, all tergites and sternites 
IV–XI narrowly divided; each half tergites with 1–3 lyrifissures and 10–15 
short and dentate setae on posterior margin, with fine granulation and wrin-
kled skin; tergite XI without pseudotactile seta and wrinkled modification; 
each half–sternites with 2–3 lyrifissures and 6–11 setae, all setae short 
and denticulate, all galea broken.

Proportions of pedipalp: trochanter 1.27–1.28×; femur 2.77–2.93×; patella 
2.64–2.67×; chela with pedicel 3.50–3.51×, without pedicel 3.20–3.25× as long 
as broad. Hand with pedicel 1.91–1.93×, without pedicel 1.63–1.65× as long as 
broad. Movable finger 0.84× as long as hand with pedicel, 0.97–0.99× without 
pedicel. Leg I: trochanter 1.21–1.24×; femur 1.57–1.59×; patella 2.54–2.67×; 
tibia 3.05×; tarsus 3.13–3.43× longer than deep. Leg IV: trochanter 1.42–1.47× 
longer than deep; femur + patella 3.37–3.39× longer than deep; tibia 4.05–
4.09× longer than deep; tarsus 4.06–4.24× longer than deep.

Body length 3.34–3.36. Chelicera 0.33–0.34/0.23. Carapace 1.23–1.24/1.32–
1.55. Pedipalp: trochanter 0.57–0.64/0.45–0.50; femur 1.30–1.32/0.45–0.47; 
patella 1.19–1.23/0.45–0.46; chela with pedicel 1.89–1.93/0.54–0.55; length 
of chela without pedicel 1.73–1.79; length of hand with pedicel 1.04–1.05; 
length of hand without pedicel 0.88–0.91; length of movable finger 0.87–0.88. 
Leg I: trochanter 0.29–0.31/0.24–0.25; femur 0.44–0.46/0.28–0.29; patella 
0.71–0.72/0.27–0.28; tibia 0.61–0.64/0.20–0.21; tarsus 0.48–0.50/0.14–
0.16. Leg IV: trochanter 0.53–0.54/0.36–0.38; femur + patella 1.28–1.29/0.38; 
tibia 0.89–0.90/0.22; tarsus 0.69–0.72/0.17.

Distribution. Known only from the type locality.
Remarks. Ellingsenius renae sp. nov. is morphologically most similar to 

E. indicus Chamberlin, 1932, as they share the following characters: tarsi with 
dorsal projection, coxal sacs of male vestigial, atrium absent, and similar 
trichobothrial pattern. The new species can be distinguished in having tergites 
I–IX with lateral keels in E. indicus, while they are with sclerotic lateral keels in 
E. renae. Pedipalps are slender in E. renae (femur 2.55–2.80× vs 2.30–2.40× in 
E. indicus), the carapace has a distinct longitudinal furrow in E. indicus (absent 
in E. renae), and the pedipalpal fingers have a larger gap in the new species 
(Fig. 3B; Chamberlin 1932, 1949). Furthermore, the phylogenetic analyses 
indicated that our samples belong to a distinct species.

Molecular analyses

All sequences have been deposited in GenBank, with the accession numbers of 
the DNA barcodes provided in Table 1. The K2P genetic distance of intraspecif-
ic and interspecific nucleotide divergences of eight sequences of Ellingsenius 
are shown in Table 2.

Although the specimens of Ellingsenius renae (ZZG001, ZZG002) were 
collected at localities > 1100 km away from the specimens reported by Lin et 
al. (2020) (MK722156, MK722157), they have a relatively low genetic distance 
(0.3–0.8%), which was much lower than the interspecific genetic distance in 
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other species (12.4–17.9%) (Table 2) in the dataset. Consequently, we consider 
E. renae and Lin et al.’s (2020) undescribed species to be conspecific.

The intraspecific genetic distance ranged from 0–0.8%, and the interspecific 
genetic distance ranged from 12.4–17.9%. All maximum intraspecific distanc-
es were much lower than minimum interspecific distances for all species in this 
study and the optimal identification threshold of 4.7% for Chthoniidae and 3.6% 
for Neobisiidae (Hlebec et al. 2023). The results of Kimura 2-parameter genetic 
distances confirm the associated matching of male and female in our dataset.

The ML and BI analyses result in the same relationships for the Ellingsenius 
clade (Fig. 6). The topology of the ML tree (Fig. 6), equivalent to that of the BI 
phylogram, showed three clades representing three Ellingsenius species. The 
monophyly of E. indicus and E. renae were strongly supported (uBV = 87%, pp = 
0.99; uBV = 100%, pp = 1) and E. ugandanus was the sister group to E. indicus 
and E. renae (uBV = 98%, pp = 1). The present phylogenetic analyses result also 
support E. renae and E. sp. (MK722156, MK722157) as being conspecific.

Key to species of Ellingsenius

1 Chelal hand with many well-developed tubercles .......................................2
– Chelal hand with few vestigial tubercles or without tubercles ...................3
2 Tergites smooth, carapace with vestigial transverse furrows ......................

 ...............................................................................................E. perpustulatus
– Tergites strongly granulate and sculptured, carapace with prominent 

transverse furrows .................................................................... E. hendrickxi

Table 1. Voucher specimen and sequences information.

Species Voucher code Sex GenBank accession number Collection localities Source
Ellingsenius renae sp. nov. ZZG001 Female PQ730040 China, Guizhou This study
E. renae sp. nov. ZZG002 Male PQ730041 China, Guizhou This study
E. sp. – – MK722157 China, Anhui Lin et al. (2020)
E. sp. – – MK722156 China, Anhui Lin et al. (2020)
E. ugandanus – – KU755526 Kenya Fombong et al. (2016)
E. indicus – – KT354340 Nepal Harvey et al. (2015)
E. ugandanus – – KU755528 Kenya Fombong et al. (2016)
E. ugandanus – – KU755527 Kenya Fombong et al. (2016)
Chelifer cancroides – – OR601911 Greece Just et al. (2023)
Hysterochelifer tuberculatus – – OR601885 France Just et al. (2023)

Table 2. Intraspecific and interspecific nucleotide divergences for eight sequences of Ellingsenius, using Kimura 2-pa-
rameter model.

Species MK722157 MK722156 KU755526 KT354340 KU755528 KU755527 PQ730040 PQ730041
MK722157 E.sp.
MK722156 E. sp. 0.008
KU755526 E. ugandanus 0.172 0.179
KT354340 E. indicus 0.148 0.148 0.152
KU755528 E. ugandanus 0.172 0.179 0.000 0.152
KU755527 E. ugandanus 0.172 0.179 0.000 0.152 0.000
PQ7300410 E. renae sp. nov. 0.005 0.003 0.158 0.124 0.158 0.158
PQ730041 E. renae sp. nov. 0.008 0.005 0.156 0.126 0.156 0.156 0.002
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3 Pedipalps stout, femur < 2.5× and patella < 2.0× longer than broad..........4
– Pedipalp slender, femur > 2.5× and patella > 2.0× longer than broad ........5
4 Chelal fingers longer than hand .................................................. E. globosus
– Chelal fingers clearly shorter than hand ........................................E. indicus
5 Tarsus of legs with well-developed dorsal projections ................... E. renae
– Tarsus of legs with vestigial or without dorsal projections ........................6
6 All surfaces of pedipalpal femur and patella with tubercles E. sculpturatus
– Only prolateral surface of pedipalpal femur and patella with tubercles ....7
7 Pedipalpal femur and patella with few well- developed tubercles ...............

 ................................................................................................... E. ugandanus
– Pedipalpal femur and patella with a larger number of vestigial tubercles ..

 ............................................................................................................ E. fulleri

Discussion

Fifteen pseudoscorpion species, belonging to six genera in three families, have 
been reported from colonies of three stingless bee species and two honeybee 
species, and all Ellingsenius species occur as commensals in beehives (Gon-
zalez et al. 2008). Ellingsenius renae sp. nov. was found in the beehives of Apis 
cerana cerana from southern China (Fig. 7), similar to E. indicus, which is also 
associated with A. c. cerana (Gonzalez et al. 2008).

Pseudoscorpions are considered beneficial to bees because they eat Varroa 
mites and other pests of bees (Donovan and Paul 2005, 2006; van Toor et al. 2015). 
However, E. hendrickxi Vachon, 1954 preys on the host bees (Vachon 1954), ne-
gating their usefulness to apiarists. Based on the observations of apiarists from 

Figure 6. ML phylogram based on COI sequence data. The topology is equivalent in both 
the ML and BI analyses. Support for each node is represented by ultrafast bootstrap 
values (uBV, %) and posterior probability (pp).
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Guizhou, China, E. renae in beehives are usually harmless to the bees; on the con-
trary, they prey on bee mites that parasitize the beehive. Once E. renae individuals 
appear in a beehive, they are usually found in relatively low numbers, and bees 
do not attack them. Subsequently, the number of E. renae will gradually form a 
certain population size, and if the number of E. renae is too high in a hive, it may 
affect the activity of the bees. The bees may attempt to drive E. renae away, and in 
this case, E. renae will disperse to other hives through phoresy on the bees.

Phoretic behavior is commonly found in pseudoscorpions (Muchmore 1971; 
Poinar et al. 1998), especially in the Cheliferidae. The characteristic gap in the mid-
dle of the chelal fingers in both males and females of E. renae sp. nov. (Figs 3B, 5E) 
may be evidence of phoretic behavior on bees, as pseudoscorpions in the beehive 
will grasp the legs of bees for phoresy, with the gap allowing a firmer grip.

The ecology of pseudoscorpions in beehives suggests that they have 
potential as biological control agents of bee pests, especially in controlling 
bee mites. If pseudoscorpions can effectively control these pests, beekeepers 
would not need to use chemical agents, which would avoid chemical residues 
in honey or wax, benefit the environment, and may also avoid the mites’ 
resistance to evolution.
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Abstract

The function of insect external genitalia has played a significant role in exploring insect 
mating mechanisms and male fertilization strategies. However, due to the privacy of 
genital coupling, insect copulatory mechanisms have only been investigated in a few 
insect groups. In this study, we observed the mating behavior using freeze-fixated pairs 
in copula to reveal the copulatory mechanism of the longhorn beetle Moechotypa diph-
ysis (Pascoe, 1871). At the beginning stage of mating, the male M. diphysis usually 
takes 30 min to control the female and then extends its median lobe and endophallus. 
Approximately 80% of males (19/24) of M. diphysis exhibit multiple expansions (the 
membranous endophallus expands and enters into the female genital tract), ranging 
from two to five times. There are two types of expansions: short ones lasting for 1.4 to 
49 s and long ones ranging from 1.03 to 7.23 min. During copulation, male tarsi contin-
uously grasped the female elytra, thorax, and abdomen to help the male to initiate and 
maintain copulation. Male genital structures are closely connected to female genital 
structures: the apical phallomere and flagellum on the male endophallus contacting 
the bursa copulatrix duct and the spermathecal duct of the female, and the abundant 
microstructures on the surface of the everted male endophallus directly anchoring the 
female genital tract. Finally, we discuss the possible reasons for the evolution of their 
complex mating-related structures. Our research will help to explore the evolutionary 
mechanisms of insect genital structures.

Key words: Copulation, copulatory mechanism, endophallus, functional morphology, 
genital structure, insemination, mating behaviour

Introduction

Firm coupling of male and female genitalia during copulation is critical to 
the success of sperm transfer for insects (Stutt and Siva-Jothy 2001; Chap-
man 2013; Matthews and Matthews 2010). Therefore, in order to guarantee 
the stability of genital coupling, males usually evolve diverse reproductive 
and non-reproductive structures to serve to manipulate and stimulate fe-
males, such as claws, hooks, and spines (Arnqvist and Nilsson 2000; Arn-
qvist and Rowe 2002a, b, 2005; Chapman et al. 2003; Wilson and Crans-
ton 2010, 2014; Simmons 2014; Woller and Song 2017; Wulff et al. 2017). 
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Understanding the roles of mating-related structures in copulation is im-
portant for revealing the functional morphology of insect genitalia (Wulff et 
al. 2017; Kelly and Moore 2016; Woller and Song 2017; Tong and Hua 2019). 
However, due to the difficulty of observing internal genital structures during 
copulation, relevant research is very limited.

In recent years, an effective method of freeze-fixation of copulating 
pairs has been proposed to examine the internal coupling of male and fe-
male genitalia (Grieshop and Polak 2012; Dougherty et al. 2015; Zhong et 
al. 2015; Tong et al. 2017; Woller and Song 2017; Lyu et al. 2018). How-
ever, this method has not been applied to the vast majority of insects, 
including Cerambycidae.

Many studies have delved into the structural functions associated with the 
mating behavior of longhorn beetles (Galford 1977; Hughes 1981; Akutsu and 
Kuboki 1983a, b; Iwabuchi 1985; Kuboki et al. 1985; Bianchi et al. 1988; Wang et 
al. 1990, 1991). Notably, Hubweber and Schmitt (2010) have explored the mor-
phological diversity and functions of specific external genital structures within 
Cerambycidae. Bi et al. (2022, 2024) have also reported the enormous diver-
sity of male endophallus in morphological structures. However, due to tech-
nological limitations, the examination of how the internal genital structures of 
male and female longhorn beetles interacted during mating remains limited. 
The application of freeze-fixated technology may gain insights into the internal 
coupling of male and female genitalia and unravel the functional morphology 
of Cerambycidae.

Moechotypa diphysis (Pascoe, 1871) (Cerambycidae, Lamiinae, Crossotini) 
is a common species in China, Russia, Japan and Korea, where it has been 
identified as an economically significant pest species. Investigating the mating 
behavior and the genital coupling of M. diphysis is crucial for understanding the 
functional morphology of the genital structures of Cerambycidae.

In this study, we observed the mating process of M. diphysis by dissect-
ing the male and female genital systems in genital copula to analyze the 
functional morphology of male and female genital structures, to shed light 
on their mating behavior characteristics and elucidate the mode of male 
sperm transfer. Our research will help to explore the evolutionary mecha-
nisms of insect genital structures.

Material and methods

Insect collection and rearing

The egg-infested wood (tree segments of oak trees Quercus dentata Thunb.) 
were cut down and stored in a temporary laboratory at Huabo Mountain in Kuan-
dian County, Liaoning Province in northeastern China from 2020 to 2022. In the 
peak period of adult emergence of the second year (May to June and October 
to November of 2021–2023), the newly emerged adults were collected every 
day, and their emergence times were recorded. These adults were then individ-
ually placed in plastic boxes and promptly transferred to the Entomology Insti-
tute of Guangxi University (China) for separate rearing to sexual maturity. Then, 
twenty females or males of similar age were maintained separately in cages 
(40 × 30 × 30 cm) containing fresh chestnut branches (Castanea mollissima 
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Blume) to simulate the habitat. A small amount of water was provided to main-
tain humidity in the cage. The rearing temperature was maintained at 25 ± 1 °C 
and humidity 75 ± 5% under a 14:10 h (L:D).

Mating behavior observation

In the preliminary experiment, the adults were observed 24 h per day by people 
who took shifts for a week to check the circadian rhythms of mating activities. 
Then, five virgin females and five virgin males (7–10 days old) were randomly 
selected and placed in a transparent box to observe their mating. After the mat-
ing behavior of a pair of couples was recorded, they were removed to the new 
box immediately, and a new virgin male and female were added to the transpar-
ent box to maintain five virgin females and five virgin males. Their courtship be-
havior, mating process, copulation duration, and the activities of the mating-re-
lated structures were observed from noon to midnight. The mating processes 
were recorded using a Nikon D7100 digital camera. The duration of mounting, 
the duration of single expansion, and the duration of total expansion were re-
corded in detail. The duration of one single expansion of less than one minute 
was defined as a short expansion, and more than one minute was defined as 
a long expansion (Tong et al. 2024). At the end of the observation, males and 
females were separated and reared in different cages.

Freeze-fixation of copulating pairs

The M. diphysis pairs in copula were frozen through carbon dioxide aerosol 
spray compressed in hydraulic cans and were immediately fixed in Carnoy’s 
solution at room temperature for 24–48 h to stabilize the interactions of their 
genital structures and preserved in 75% ethanol.

Microscopic observations

The male and female genital systems of M. diphysis adults were dissected 
under a stereomicroscope (Nikon, SMZ800N). Photographs were taken with a 
Keyence VHX 6000 digital microscope. For scanning electron microscopy, the 
endophallus (internal sac) was dissected and then dried for 20 minutes on a 
glass slide. After that, the samples were coated with a film of gold in a sputter 
coater (Cressington, 108auto) and finally observed by the scanning electron 
microscope (FEI, Quattro S) at 5 kV.

Statistical analyses

The length and width of the male and female genital structures were measured 
three times using Image-J ver. 1.8.0 (N = 5 each for males and females). Multi 
Timer ver. 2.12.1 was used to record the total duration of mating, the total du-
ration of expansion, the duration of a single long expansion, and the duration 
of a single short expansion for each pair of beetles (a total of 24 pairs were 
observed). The number of expansions during mating was also recorded. All the 
data were subjected to statistical analysis using SPSS 20.0, and means and 
standard errors were calculated.
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Results

Mating process

The mating behavior of M. diphysis mainly occurs in the afternoon. The com-
plete mating process can be divided into three stages: meeting and mounting, 
expansion and ejaculation, and guarding after copulation. The detailed process 
of each stage is described as follows.

In the stage of meeting and mounting, the males exhibit a higher level of 
activity to search for a suitable mate. Upon approaching a female, the male 
mounts her back rapidly, and then the female shakes her body. Subsequently, 
the male flexes his abdomen, extending the lateral lobes to make contact with 
the female copulatory pore.

This process lasts for 29.31 ± 5.74 min (mean ± SE, N = 24) (Table 1), ranging 
from 9 s to 2 h. The male then extends the median lobe and expands the en-
dophallus into the copulatory pore at the end of the female abdomen.

In the stage of expansion and ejaculation (Fig. 1A), approximately 20% of 
males (5/24) expand only once; however, 80% of males (19/24) exhibit multi-
ple expansions. The expansion can be divided into short and long expansions. 
The duration of short expansions ranges from 1.4 to 49 s, and the duration of 
long expansions ranges from 1.03 to 7.23 min. Among the males with multi-
ple-expansions behaviors, about 15% of males (3/19) engage in multiple short 
expansions, and 85% of males (16/19) engage in multiple long expansions. 
Notably, the duration of the first expansion is usually the longest. During the 
process of endophallus expansion, the male rubs the base of the female elytra 
with his forelegs quickly, wiggles his antennae and touches the female with 
his maxillary palps (Fig. 1B). The average durations of a single expansion, total 
expansion and total mating for males are 2.39 ± 0.27 min, 6.56 ± 0.57 min, and 
70.81 ± 11.15 min (mean ± SE, N = 24), respectively (Table 1).

After mating, the male pulls out the endophallus and mounts the female 
back to prevent other males from approaching the female (Fig. 1C). During the 
post-copulatory guarding stage, the female can carve grooves on the branch 
with her mandibles and lay eggs, completing the mating process.

Table 1. Duration of the mating process of Moechotypa diphysis (mean ± SE, N = 24).

Mounting 
duration (min)

Short expansion 
duration (s)

Long expansion 
duration (min)

Total expansion 
duration (min)

Expansion times 
(min)

Total mating 
duration (min)

29.31 ± 5.74 3.85 ± 2.12 4.29 ± 0.35 6.56 ± 0.57 2.39 ± 0.27 70.81 ± 11.15

Figure 1. Mating process of Moechotypa diphysis A male expands the endophallus into the female ovipositor B male uses 
the maxillary palps to lick the female back, and the female carves grooves on branch C after copulation, the female lays eggs. 
Abbreviations: e, endophallus; mp, maxillary palps; mtng, manufacture the notch grooves; VIII, the eighth abdominal segment.
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Genital structures of the two sexes

The male and female abdomen of M. diphysis adults differ on sternite VII and 
tergite VII. The male sternite VII and tergite VII are wider and straighter (Fig. 2A), 
while the female sternite VII and tergite VII are narrower and they have a notice-
able indentation at the apex (Fig. 2B).

The aedeagus (Fig. 2C) is formed by the combination of the median lobe with 
the tegmen, which consists of the paired parameres (lateral lobes) connected 
to the tegminal struts by the tegminal ring. The tegmen is 432.74 ± 63.59 μm 
(mean ± SE, N = 5) long and 1036 ± 26.36 μm (mean ± SE, N = 5) wide, and the 
paramere is 1176.78 ± 37.06 μm (mean ± SE, N = 5) long and 227.20 ± 16.18 μm 
(mean ± SE, N = 5) wide. The parameres of M. diphysis are longer and straighter, 
compared with those of the cerambycidea Psacothea hilaris (Pascoe, 1871) 
and Glenea cantor (Fabricius, 1787) (Fukaya and Honda 1992; Lu 2007), and 
equipped with sensory hairs of different lengths (Fig. 2B). The median lobe 
is 4737.48 ± 310.15 μm (mean ± SE, N = 5) long and 937.25 ± 111.52 μm 
(mean ± SE, N = 5) wide, and is sclerotized and curved (Fig. 2C).

The female genitalia consist of segment VIII and the ovipositor enclosed 
within it (Fig. 2D). Segment VIII is trapezoidal, 1961.63 ± 113.90 μm (mean ± SE, 
N = 5) long and 1604.64 ± 128.83 μm (mean ± SE, N = 5) wide.

Reproductive systems of both sexes and the internal coupling of genitalia

The female reproductive system is composed of ovaries, lateral oviducts, mid-
dle oviduct, genital chamber, ovipositor, bursa copulatrix duct, bursa copula-
trix, spermathecal duct, spermatheca, and spermathecal glands (Fig. 3A). The 
paired lateral oviducts of M. diphysis converge towards the middle to form a 
middle oviduct. The middle oviduct, the genital chamber and the ovipositor are 
three structures connected from top to bottom. There is also a bursa copula-
trix duct at the junction of the middle oviduct and the genital chamber, and the 
bursa copulatrix duct is connected with the bursa copulatrix. The base part 
of the bursa copulatrix duct branched out into a spermathecal duct, which is 
successively connected with the spermatheca and the spermathecal glands. 
The bursa copulatrix is spherical-shaped, significantly enlarged, with a clearly 

Figure 2. Abdominal apex and genital structures of the male and female Moechotypa diphysis adults A male B female 
C median lobe and tegmen D segment VIII and ovipositor (ventral view).
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curved base. The spermatheca is brown, rod-shaped and has 18 hardened rings 
that resemble springs (Fig. 3A).

The male reproductive system is composed of the testes, one pair of vasa 
deferentia, two pairs of accessory glands, and one ejaculatory duct (Fig. 3B). 
The two pairs of testes are white, well-developed and spherical-shaped. After 
each pair of testes are connected, they enter into the lateral vas deferens. Two 
pairs of accessory glands of similar length are fused at the base of the later-
al vasa deferentia in M. diphysis. Two lateral vasa deferentia merge into the 
ejaculatory duct. The ejaculatory duct is connected to the endophallus. The 
endophallus is folded inside the middle lobe when unmated (Fig. 3B).

Initially, the mechanical connection of male and female genitalia is established 
through the median ventral leaf and the median dorsal leaf of the median lobe 
(Fig. 4B). At the beginning of mating, the male touches the end of the female ab-
dominal copulatory pore with the parameres and then expands the median ventral 
leaf of the median lobe into the female segment VII. When the male genitalia are 
fully coupled to the female genitalia, the endophallus is closely pressed against 
the inner wall of the female genitalia. Specifically, the endophallus is sequentially 
expanded into segment VIII, the ovipositor (Fig. 3C), the bursa copulatrix duct and 
the spermathecal duct (Fig. 3D). Finally, the apical phallomere of the endophallus 

Figure 3. Reproductive system and the genitalia internal connection of Moechotypa diphysis A reproductive system of 
the female B reproductive system of the male C endophallus expands into segment VIII, and the ovipositor D apical 
phallomere enters into the bursa copulatrix duct and flagellum enters into the spermathecal duct. Abbreviations: ag, 
accessory gland; APH, apical phallomere; bc, bursa copulatrix; bcd, bursa copulatrix duct; e, endophallus; ed, ejaculatory 
duct; f, flagellum; ll, lateral lobe; ml, median lobe; op, ovipositor; ov, ovary; sp, spermatheca; spd, spermathecal duct; spg, 
spermathecal gland; te, testis; VIII, the segment VIII.
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is expanded into the bursa copulatrix duct to form a stable connection. The fla-
gellum is located just at the opening of the spermathecal duct and enters the 
vicinity of the spermatheca by expanding the spermathecal duct (Fig. 3D).

Male endophallus in mating

The endophallus is a membranous and tubular structure. Its apical region is 
composed of an apical phallomere and a flagellum (Fig. 4A). The endophallus 
is located inside the median lobe of the aedeagus when in repose. It is turned 
outward from the median lobe (Fig. 4B) and moves to the bursa copulatrix duct 
and the spermathecal duct during copulation. The endophallus is covered with 
various microstructures except for the flagellum (Fig. 5). The apical and the 
basal areas of the phallomere are without spines, while the median phallomere 
is the area with spines. There are elongated spines, short spines and broad 
spines in the upper, middle and lower parts of median phallomere (Fig. 5A).

If the median ventral leaf and median dorsal leaf of the median lobe are ac-
cidentally disconnected before complete eversion of the endophallus, the en-
dophallus will fail to fully enter the genital chamber, leading to the separation of 
genitalia and the failure of mating. In such instances, the male needs to reini-
tiate the process. After the complete eversion of the endophallus, the micro-
structures of the endophallus contact different areas of the female genital tract.

The surface of the apical phallomere is covered with two different types of 
leaf-like microstructures (Fig. 5B, C), which are in close contact with the female 
bursa copulatrix duct. The short spines (Fig. 5D) and elongated spines (Fig. 5E) 
are in close contact with the female genital chamber. The broad spines (Fig. 5F) 
and a few sensilla basiconica (Fig. 5G) get in contact with the female oviposi-
tor. However, none of the microstructures penetrate the female genital tissues.

Clamping function and morphological characteristics of male leg

The legs serve as a crucial control structure in male longhorn beetles, facil-
itating their ability to grasp and secure the female during mating. The fore-
legs adeptly hold the base of the female elytra. The middle legs firmly secure 

Figure 4. Morphology of a part of endophallus in Moechotypa diphysis A flagellum and apical phallomere of the endophal-
lus B the base of the endophallus is located between the median ventral leaf and median dorsal leaf. Abbreviations: APH, 
apical phallomere; BPH, basal phallomere; f, flagellum; ll, lateral lobes; mvl, median ventral leaf; mdl, median dorsal leaf.
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the midsection of the female body. The hind legs typically provide support on 
two sides. No matter how the female shakes, the male can utilize the three 
pairs of legs to firmly grasp the female during mating.

There is no difference in the structure of the protarsus of the M. diphysis 
between males and females. However, males and females have differences in 
the shape of the setae and the setules on the surface of the plates. The male 
protarsus is wider (Fig. 6A) than the female protarsus (Fig. 6C), the setae are 
spoon-like and the setules are blunter (Fig. 6D).

Discussion

In this study, we investigated the copulation process, genital structures, and 
the freeze-fixated pairs in the copula of M. diphysis. There were multiple en-
dophallus expansions (the membranous endophallus expands and enters 
into the female genital tract) of various durations during M. diphysis mating. 
The short expansion ranges from 1.4 to 49 s, and the long expansion rang-
es from 1.03 to 7.23 min. During copulation, male tarsi continuously grasped 

Figure 5. The diverse microstructures on the endophallus surface in Moechotypa diphysis A surface of the endophal-
lus showing the areas of apical and basal phallomere without spines, and the area of median phallomere with spines 
B, C apical phallomere covered with two different types of leaf-like microstructures D middle part of the median phal-
lomere covered with short spines E upper part of the median phallomere covered with elongated spines F lower part 
of the median phallomere covered with broad spines G region of broad spines on the median phallomere surrounded 
by sensilla basiconica. Abbreviations: APH, apical phallomere; BPH, basal phallomere; bs, brosd spines; es, elongsted 
spines; f, flagellum; MPH, median phallomere; ss, short spines.
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female elytra, thorax, and abdomen to help the male to initiate and maintain 
copulation. The apical phallomere of the endophallus are in contact with the 
female bursa copulatrix duct. The microspicules on the surface of the everted 
male endophallus directly contact the female genital tract. This appears to se-
cure the connection between the male and female genitalia.

The mating processes of Cerambycidae are basically similar, however, there 
are differences in expansion times and copulation durations among different 
species (Kim et al. 2006; Fonseca and Zarbin 2009; Luo et al. 2011). For in-
stance, most males of Monochamus alternatus (Hope, 1842) and Psacothea 
hilaris (Pascoe, 1871) perform multiple expansions in a single mating. Each ex-
pansion can transfer sperm. The copulation duration can range from seconds 
to minutes (Fukaya and Honda 1992; Kobayashi et al. 2003). In contrast, Glenea 
cantor (Fabricius, 1787) males expand only once during mating, and their copu-
lation can last several hours (Li et al. 2015). The males of M. diphysis frequently 
exhibit multiple expansions. There are two possible reasons for their multiple ex-
pansions: First, it may be attributed to reproductive stress resulting from sperm 
competition, which has led males to evolve multiple strategies to counteract 
this stress (Cordero-Rivera 2017). We hypothesize that the multiple expansions 
could increase male fertilization success by enhancing sperm transfer, thereby 
potentially producing more offspring. Second, the extension of the male median 
ventral leaf appears to be unstable. Observations of the mating process reveal 
that the initial seconds of endophallus expansion coincide with the extension 
of the male median ventral leaf. The short expansion events are likely indicative 
of the failed mating, without or with only a small amount of sperm transferred. 
Therefore, the male needs multiple expansions in order to successfully transfer 
sperm. We need more experiments to test these hypotheses in the future.

Figure 6. Protarsi and setae of male and female in Moechotypa diphysis A male protarsus B male setae C female protar-
sus D female setae. Abbreviations: cl, claws; se, setule; ta, tarsus.
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Some structures of the male genital can control females during mating, for ex-
ample, the grasping apparatus (Arnqvist and Rowe 2005; Edvardsson and Canal 
2006; Maroni et al. 2023), achieving rapid fertilization (Eberhard and Huber 1998) 
or removing the sperm of the competitor (Córdoba-Aguilar 1999; Simmons 2001). 
In the bruchid beetle Callosobruchus maculatus (Fabricius, 1775), the spines of 
the endophallus penetrate the bursa copulatrix (Crudgington and Siva-Jothy 
2000; Blanckenhorn et al. 2002). In other species, such spines can reinforce the 
mechanical coupling of the female and male genitalia (Düngelhoef and Schmitt 
2006; Rönn and Hotzy 2012; Shcherbakov 2023). The surface microstructures 
(such as spines) of the endophallus of Cerambycidae vary greatly in morphology 
(Kasatkin 2006; Lu et al. 2007; Hubweber and Schmitt 2010). In Psacothea hilaris, 
the spines are believed to function to remove sperm from competitors (Yokoi 
1990). At present, we find that the spines may function to stabilize fertilization 
due to their contact with the female genital tract. This finding is similar to other 
research on longhorn beetles, including Prionoplus reticularis (White, 1843) (Ed-
wards 1961) and Dorysthenes granulosus (Thomson, 1861) (Tong et al. 2024). 
In addition, there are some sensilla basiconica on the endophallus of M. diphy-
sis. These sensilla basiconica have a smooth surface without pores and a ring-
shaped base. Based on their morphological characteristic, we believe that these 
sensilla basiconica are more likely to play a role in mechanical perception (Kerkut 
and Gilbert 1985; Keil 1997; Zhuge et al. 2010; Zhou et al. 2015). They may serve 
to locate the female genital tract or receive stimulation from the genital tract.

Besides controlling females, the evolution of the male genitalia may also 
be related to female oviposition. For example, the males of Cerambycidae Tra-
chyderini or Torneutini have a short endophallus that matches the smaller ovi-
positor in females (Kasatkin 2006). Compared with other longhorn beetles of 
genera Echinovelleda Breuning, 1936, Meges Pascoe, 1866 and Pseudomeges 
Breuning, 1944 (Bi et al. 2022, 2024), the endophallus of M. diphysis is signifi-
cantly different. The flagellum of M. diphysis is located on the side of apical 
phallomere, which is physically more compatible with the spermathecal duct of 
a female. In M. diphysis, the shape of the endophallus of the male and the ovi-
positor of the female are identical. Therefore, our results support the idea that 
the morphology of the endophallus of the male and the ovipositor of the female 
have evolved in mutual adaptation.

The female reproductive fluid (FRF) can generate paternity biases by affecting 
key traits in sperm competition (Higginson et al. 2012; Pinzoni et al. 2024). The 
secretions from the spermathecal glands of the honeybee Apis mellifera (Linnae-
us, 1758) and the cotton boll weevil Anthonomus grandis (Boheman, 1843) have 
been shown to contribute to the activation and sustained movement of sperm 
(Koeniger 1970; Ruttner and Koeniger 1971; Villavaso 1975). In M. diphysis, the 
sperm is transported to the spermatheca through the flagellum of the endophal-
lus. The spermatheca is connected to the well-developed spermathecal glands. 
The spermathecal glands of M. diphysis are significantly more developed than 
those of Monochamus alternatus (Hope, 1842) and P. hilaris. Therefore, we hy-
pothesize that the M. diphysis spermatheca may participate in improving sperm 
vitality or selecting sperm by some secretions of the spermathecal glands.

Generally, the protarsus of male insects is used to grasp the female (Bergsten 
et al. 2001; Bergsten and Miller 2007; Green et al. 2013), and the setae on the 
protarsus have the effect of increasing adhesion (Zhang and Liang 2012; Xiong et 
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al. 2014). The morphological structure of the setae in the protarsus of M. diphysis 
males is similar to that of the Philonthus cognatus (Stephens, 1832) males. The 
most unusual feature of these setae both in M. diphysis and P. cognatus is the 
presence of setules on the surface of the plates. Stork (1980) proposed that these 
structures may act as antimatting devices. Therefore, we believe that the setae 
of the M. diphysis belongs to a kind of adherent seta, and males have a wider 
protarsus, and their greater number of setae may be better for holding the female.

Our study has unveiled the mating behavior and how males use their genital 
structures for sperm transfer in M. diphysis. We also found that males have 
a multiple-expansions mating pattern, and we suspect that this reproductive 
strategy is aimed at reducing the difficulty of sperm competition. Finally, we 
briefly discuss the possible reason why the spermathecal glands of the M. diph-
ysis female are so much better developed than other longhorns with multiple 
expansion patterns. This is likely related to female choice. It will be necessary to 
add more cerambycid beetles to increase the rigor and quality of similar studies 
of insect genitalia and utilize some of the newer methods of investigation, such 
as laser ablation, X-ray cineradiography, and micro-CT, to investigate the func-
tion of the internal and external genitalia in more detail (Schmitt and Uhl 2015).
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Abstract

We describe a highly isolated population of hairstreak butterfly from Waterton Lakes 
National Park, Alberta, Canada, as a new species, Satyrium curiosolus sp. nov., 
previously recognized as Satyrium semiluna (Half-moon Hairstreak). We propose 
“Curiously Isolated Hairstreak” as the common name due to its disjunct and unusual 
distribution. Previous whole-genome analyses revealed S. curiosolus has extremely low 
genomic diversity and is highly divergent from the nearest S. semiluna populations in 
British Columbia and Montana, more than 400 km distant. Further analysis suggested 
prolonged inbreeding and isolation for up to ~40,000 years BP. Ecological niche 
modeling indicated that S. curiosolus occupies environmental conditions that are 
distinct from S. semiluna, suggesting niche divergence driven by long-term geographical 
and ecological separation. While host plant and ant associations have not been 
definitively resolved, they likely differ between S. curiosolus and S. semiluna. As part of 
this description, we provide whole-genome consensus sequences for each individual 
of the type series and identify 21,985 single nucleotide polymorphisms (SNPs) that are 
divergently fixed between S. curiosolus and S. semiluna, including 117 unlinked SNPs 
distributed across the genome as putative diagnostic markers. Previously listed as 
Endangered in Canada as the Waterton population of S. semiluna, S. curiosolus should 
retain this conservation status due to its extreme isolation, small population size, and 
flatlined genomic diversity. We propose species recognition as a testable hypothesis 
under the General Lineage Concept and recommend further research to explore the 
taxonomy, ecological relationships, and conservation of the greater species complex, 
including S. curiosolus, S. semiluna, and S. fuliginosa.
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Introduction

The northernmost populations of a North American butterfly, the Half-moon 
Hairstreak (Satyrium semiluna Klots; sometimes called “Sagebrush Sooty Hair-
streak”), have received recent study by MacDonald et al. (2025), but their taxo-
nomic status remains in question. Although S. semiluna is “apparently secure” 
across its range in the USA (COSEWIC 2006, 2022; ECCC 2016; NatureServe 
2024), the species’ northern range limit extends into Canada, where it is list-
ed as Endangered under the “Species at Risk Act”. All but one Canadian pop-
ulation occur in south-central British Columbia, with an estimated aggregate 
abundance of 5,000–15,000 individuals. Based on continuity of both suitable 
habitat and the species’ occurrence records, British Columbia populations are 
presumably well connected to others south of the USA–Canada border and 
likely represent an example of political boundaries dictating protection rath-
er than range-wide conservation concern. British Columbia populations have 
been recommended for downlisting to Threatened (COSEWIC 2022). The single 
other Canadian population persists on a ~300 ha alluvial fan (Blakiston Fan) 
in Waterton Lakes National Park, Alberta, where it is isolated from all other S. 
semiluna populations by a distributional gap of more than 400 km. This popula-
tion was recently recommended for uplisting to Critically Endangered based on 
its uniqueness, small size, and considerable isolation (COSEWIC 2022).

The Alberta population is small, with genomically based estimates of con-
temporary effective population size (Ne) around 500 individuals and surveys 
suggesting that between 1,000 and 10,000 adults fly annually (COSWEIC 2022; 
MacDonald et al. 2025). Aside from enigmatic island insect populations, such 
as the Lord Howe Island stick insect (Dryococelus australis (Montrouzier)) 
(Priddel et al. 2003) and some Hawaiian drosophilids (O’Grady and DeSalle 
2018), few if any other insects have been documented with such a small popu-
lation size and high degree of long-term isolation. The Alberta population’s en-
vironmental and ecological associations are also unique, adding to its scientific 
interest. Blakiston Fan receives an average summer precipitation of ~200 mm, 
while the locations of all other S. semiluna populations in the central-northern 
portion of the species' range receive between 32 and 154 mm (mean = 71 mm) 
(MacDonald et al. 2025). This difference in precipitation manifests in different 
habitat characteristics—Populations throughout British Columbia and the USA 
inhabit steppe-like habitats dominated by big sagebrush (Artemisia tridentata 
Nutt.). In contrast, occupied habitat at Blakiston Fan is best described as prai-
rie/grassland dominated by sedges, grasses, and herbaceous plant species.

Another possible axis of niche divergence is larval host-plant association. 
Populations throughout British Columbia and the USA Pacific Northwest feed 
on silky lupine (Lupinus sericeus Pursh) and possibly Pacific lupine (Lupinus 
lepidus Lindl.) (James and Nunnallee 2011), while the Alberta population feeds 
only on silvery lupine (Lupinus argenteus Pursh), even though L. sericeus is 
common at the site. Host associations of most other populations east of the 
continental divide in the USA are unknown and require investigation. Myrme-
cophily presents a third possible axis of niche divergence (MacDonald et al. 
2025). Larvae of the Alberta population exhibit a mutualistic relationship with 
Lasius ponderosae Schär, Talavera, Rana, Espadaler, Cover, Shattuck & Vila. In 
British Columbia, L. ponderosae is absent in S. semiluna habitat, and larvae 
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associate with Formica and Camponotus species. Similar associations with 
Formica and Camponotus have been observed in California (Runquist 2012).

Given the Alberta population’s small size and considerable isolation, inbreed-
ing depression and loss of adaptive potential were identified by Parks Canada 
and the Half-moon Hairstreak Conservation Committee as likely threats to its 
long-term persistence. In these situations, genetic rescue is often assumed to be 
an effective conservation strategy (Storfer 1999; Weeks et al. 2011; Frankham et 
al. 2017; Ralls et al. 2020; Clarke et al. 2024). To assess whether genetic rescue is 
indeed appropriate for the Alberta population, MacDonald et al. (2025) generated 
the first chromosome-level genome assembly for the species and whole-genome 
resequencing data for the Alberta population, British Columbia populations, and 
the nearest USA population in Montana. Based on genetic divergence, environ-
mental and ecological differences and a very long inferred history of isolation 
with no evidence of contemporary or recent gene flow, we, together with Parks 
Canada and the Half-moon Hairstreak Conservation Committee, determined that 
the Alberta population satisfies requirements of a distinct species that has long 
been on an independent evolutionary trajectory. Species-level recognition high-
lights the unique ecology and evolution of this butterfly, demonstrates a clear 
need for continued consideration under the “Species at Risk Act” and Internation-
al Union for the Conservation of Nature, and provides an important case study 
on the utility of genomics in taxonomy. Genomics has an increasingly important 
role in taxonomic descriptions (Fennessy et al. 2016; Nater et al. 2017; Zhou et 
al. 2018; Stanton et al. 2019). However, chromosome-level genome assemblies 
for new species, along with whole-genome consensus sequences for the type 
series, remain rare (see Brandão‐Dias et al. 2022).

Methods

All types (Fig. 2) are deposited in the University of Alberta E.H. Strickland Ento-
mological Museum (UASM).

Here we summarize the taxonomically relevant methods of MacDonald et al. 
(2025). Eight individuals were collected from Blakiston Fan, Alberta, four from 
Richter Pass, British Columbia, three from Anarchist Mountain, British Colum-
bia, and four near Red Lodge, Montana (Parks Canada Agency Research and 
Collection Permit WL-2021-39,020, Nature Conservancy Canada Research Per-
mit NCC_BC_2021_SS001, and Nature Trust of British Columbia Permit #3461). 
Four Alberta individuals were used to generate a chromosome-level reference 
genome assembly using PacBio HiFi long-read sequencing (Pacific BioScienc-
es, Menlo Park, California, USA) and Omni-C proximity ligation (Dovetail Ge-
nomics, Scotts Valley, California, USA).

Whole-genome resequencing of individuals from Blakiston Fan (n = 4) and the 
geographically nearest populations from Richter Pass (n = 4), Anarchist Mountain 
(n = 3), and near Red Lodge (n = 4) was performed on an Illumina NovaSeq S1 plat-
form, with a target coverage of ~20×. Reads were aligned to our reference genome 
assembly and used to identify millions of single nucleotide polymorphisms (SNPs). 
Population structure and degree of admixture was assessed using PCA and the 
program “structure” (Pritchard et al. 2000) and genetic divergence among inferred 
genomic clusters was estimated using FST (Weir and Cockerham 1984). Genet-
ic diversity was estimated using individual-based heterozygosity and nucleotide 
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diversity (π), while the proportion of an individual’s genome within runs of homo-
zygosity over 0.1 Mb (FROH) served as an index of inbreeding. Historical effective 
population size (Ne) was inferred from each individual's genome sequence using 
the pairwise sequentially Markovian coalescent (PSMC) (Li and Durbin 2011).

Nuclear whole-genome consensus sequences (fastq format) were generated 
for each individual using individual-level BAM files (produced in genotype calling) 
and the mpileup command (-C 50, -Q 30, and -q 30) in samtools (Danecek et al. 
2021). This was piped into the vcf2fq command from vcfutils.pl using our ge-
nome assembly as the reference. Filtering included sites with inferred consensus 
quality < 20 and a read depth less than 8× or greater than two times each individ-
ual sample’s mean coverage, calculated from BAM files using samtools “depth”.

A series of MaxEnt models (Phillips et al. 2006) were generated to assess 
environmental and ecological associations of S. semiluna across the central 
and northern extent of the species’ range. To assess niche divergence of the Al-
berta population relative to others within this modelling extent, a MaxEnt model 
was trained excluding Alberta occurrences and used to predict habitat suitabil-
ity for all S. semiluna occurrences, including Alberta. If the predicted suitability 
of Blakiston Fan was substantially lower than the locations of all other occur-
rences, niche divergence was inferred (Campbell et al. 2022).

Results

Our reference genome assembly was highly contiguous, spanning 1.25 Gb across 
86 scaffolds, with an N50 of 56.2 Mb. Whole-genome resequencing of 15 indi-
viduals produced > 1.4 billion high-quality reads, yielding a dataset of 41,083,914 
variants, with 23,889,641 SNPs retained after filtering. PCA and “structure” clean-
ly split all individuals into three populations with no evidence of admixture (Fig. 
1a, b). FST values indicated substantial genetic divergence between Alberta and 
British Columbia (0.424), Alberta and Montana (0.292), and British Columbia and 
Montana (0.322). The two British Columbia sites showed no divergence, suggest-
ing a high degree of gene flow (FST = −0.004). Mean heterozygosity was lowest in 
Alberta (0.083), compared to British Columbia (0.216) and Montana (0.154), and 
nucleotide diversity (π) was also lower in Alberta (0.003) than in British Columbia 
(0.008) and Montana (0.005) (Fig. 1b). This suggests much larger population 
sizes and broad-scale population connectivity in British Columbia and Montana 
compared to Alberta. Runs of homozygosity were 5–70 times more abundant in 
Alberta individuals, with individual FROH values averaging 0.192 in Alberta, 0.006 in 
British Columbia, and 0.033 in Montana (Fig. 1b). PSMC indicated that the Alberta 
population has been very small, isolated, and stable from 40 to 5 kya, with effec-
tive population size (Ne) estimated between 1,000 and 5,000 individuals (Fig. 1c). 
In contrast, British Columbia and Montana populations experienced large expan-
sions toward the end of this time period, suggesting broad-scale connectivity. 
MaxEnt models predicted habitat suitability with high accuracy (AUCROC = 0.94) 
and identified mean summer precipitation as the most important environmental 
variable predicting S. semiluna occurrences (Fig. 1d). When Alberta occurrenc-
es were excluded from model training, predictive accuracy increased (AUCROC = 
0.97). Using this model to predict habitat suitability at Blakiston Fan resulted in 
an estimate of 0.003, much lower than the locations of all other S. semiluna oc-
currences. This was interpreted as evidence of niche divergence.
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Figure 1. Summary of genomic and niche analyses from MacDonald et al. (2025) A principal component analysis (PCA) using 
a dataset of 108,283 physically unlinked single nucleotide polymorphisms (SNPs) separated sequenced individuals into three 
discrete clusters. Weir and Cockerham’s (1984) FST values are shown between the three clusters B clustering analyses using 
the program structure (Pritchard et al. 2000) of all individuals found an optimal K value of 2, splitting Alberta and Montana from 
British Columbia; hierarchical runs excluding British Columbia identified an optimal K value of 2 with virtually no admixture 
between Alberta and Montana. Here, we combine hierarchical runs into a single admixture plot. Average heterozygosity and an 
estimate of inbreeding (FROH) for each individual is shown to the left of the admixture plot. Analyses of runs of homozygosity 
(ROH) and the proportion of each individual’s genome contained in ROH > 0.1 MB (FROH) suggested that historical inbreed-
ing has been much more prevalent in the Alberta population (mean FROH = 0.192) than in British Columbia (FROH = 0.006) or 
Montana (FROH = 0.033) populations, suggesting a long history of isolation C the pairwise sequentially Markovian coalescent 
(PSMC) from 2.5 mya until 5 kya of the three identified clusters, with each individual’s genome serving as an independent 
sample. Years before present is shown on the x-axis and estimated effective population size (Ne) on the y-axis. The Alberta 
population flatlined between 1,000 and 5,000 individuals from 40 to 5 kya, indicating complete isolation. British Columbia and 
Montana both experienced substantial increases in Ne, suggesting broad-scale connectivity. The approximate duration of the 
Wisconsin glaciation is shown in blue (Clayton and Moran 1982; Bischoff and Cummins 2001) D) Predicted S. semiluna habitat 
suitability, predicted using 17 environmental variables, landcover data, and various terrain indices. “Research-grade” iNaturalist 
occurrences and the collection locations of sequenced individuals, excluding the Alberta population, were used to parameter-
ize the model. Blakiston Fan had suitability value of 0.003, while other S. semiluna populations inhabited areas of much higher 
suitability. Environmental conditions at Blakiston Fan are therefore atypical for the species, indicating niche divergence.

 0

 20

 40

 60

 80

 100

 120

104 105 106

Ef
fe

ct
iv

e 
po

pu
la

tio
n 

si
ze

 (x
10

4 )

Years (g=1, µ=2.9x10-9)

se
m

ilu
na

_1
0

se
m

ilu
na

_1
2

se
m

ilu
na

_1
6

se
m

ilu
na

_0
4

se
m

ilu
na

_0
5

se
m

ilu
na

_0
7

se
m

ilu
na

_0
8

se
m

ilu
na

_2
4

se
m

ilu
na

_2
5

se
m

ilu
na

_2
6

se
m

ilu
na

_2
7

se
m

ilu
na

_3
0

se
m

ilu
na

_3
2

se
m

ilu
na

_3
3

Alberta
British Columbia
Montana

suitability 
index

0e
+0

0
2e

+0
5

4e
+0

5
6e

+0
5

8e
+0

5

0.0

0.2

0.4

0.6

0.8

1.0

  index

Alberta
British Columbia
Montana
iNaturalist records

N

0.0 0.5 1.0

−60 −40 −20 0 20 40 60

−4
0

−2
0

0
20

40
PC 1 (36.3%)

PC
 2

 (1
1.

3%
)

Alberta
British Columbia
Montana

0.0 0.5 1.0

Alberta UASM 423536

Alberta UASM 423537

Alberta UASM 423538

Alberta UASM 423539

British Columbia 004

British Columbia 005

British Columbia 007

British Columbia 008

British Columbia 024

British Columbia 025

British Columbia 026

Montana 027

Montana 030

Montana 032

Montana 033

A) B)

C)

FST = 0.42

FST = 0.29

FST = 0.32

0.0017 / 0.170

0.0016 / 0.159

Heterozygosity / FROH :

0.0017 / 0.221

0.0016 / 0.220
0.0042 / 0.004

0.0044 / 0.004

0.0033 / 0.021

0.0045 / 0.004
0.0033 / 0.004

0.0041 / 0.003

0.0044 / 0.005

0.0030 / 0.028
0.0029 / 0.037

0.0030 / 0.037

0.0030 / 0.029
Admixture:  0.0  0.5  1.0

0.2

0.4

0.6

0.8

1.0

  index

Alberta
British Columbia
Montana
iNaturalist records

D)
Years before present

Eff
ec
tiv

e 
po

pu
la
tio

n 
siz

e 
(N

E) 
x 

10
4

Wisconsin glaciation



296ZooKeys 1234: 291–307 (2025), DOI: 10.3897/zookeys.1234.143893

Zachary G. MacDonald et al.: Genomic and ecological divergence of an endangered butterfly

Figure 2. A–D dorsal and ventral wing surfaces of the Satyrium curiosolus type series. Bodies of these specimens were 
used in genomic DNA extractions. Sequence data were used to generate a whole-genome consensus sequence for each 
specimen. Metadata for each specimen are given under “Type material” E composite photographs of pinned specimens 
(female left, male right), showing the dorsal wing surface on the left forewing and hindwing and the ventral wing sur-
face on the right forewing and hindwing F S. curiosolus larvae being attended to by Lasius ponderosae ants G a freshly 
eclosed S. curiosolus on silvery lupine (Lupinus argenteus); H) Photograph of Blakiston Fan, Alberta, Canada I Calibrite 
ColorChecker Classic, photographed with the same setup and settings used to photograph the type series. The scale bar 
(bottom left) is 1 cm, against which A–E are scaled.

C) Paratype: UASM 423535 ♂

D) Paratype: UASM 423536 ♂

F)

G)

H)

A) Holotype: UASM 423537 ♂

I)

B) Paratype: UASM 423534 ♀

E) Pinned specimens ♀ and ♂
(dorsal left wings, ventral right wings)
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Genetic divergence, environmental and ecological divergence, and a very 
long history of isolation with no evidence of contemporary or recent gene flow 
are sufficient to recognize the Alberta population as a distinct taxonomic entity. 
We propose its recognition as a new species.

Satyrium curiosolus MacDonald, Dupuis, Glasier, Sissons, Moehrenschlager, 
Shaffer & Sperling, sp. nov.
https://zoobank.org/92A9AB4C-2C9B-47CD-AB08-F248D92A078D

Type locality. Canada: Alberta, Waterton Lakes National Park, Blakiston Fan, 
49.068, −113.877.

Type material examined. Holotype. 1 1 [white label] “CANADA: Alberta, 
Waterton Lakes National Park, Blakiston Fan (Marquis), 49.068, −113.877 
(WGS84), 14-Jul-2021, J. Glasier; 14008, Saytrium_curiosolus_016”; [white 
label] “UASM 423537”; [red label] “Holotype Satyrium curiosolus”. BioSample: 
SAMN45172752.

Paratypes. 1 1[white label] “CANADA: Alberta, Waterton Lakes National Park, 
Blakiston Fan (Hay Barn), 49.079, −113.866 (WGS84), 14-Jul-2021, J. Glasier; 
14002, Saytrium_curiosolus_009”; [white label] “UASM 423534”. BioSample: 
SAMN45172749 • 1 1[white label] “CANADA: Alberta, Waterton Lakes National 
Park, Blakiston Fan (Hay Barn), 49.078, -113.869 (WGS84), 14-Jul-2021, J. Glasi-
er; 14003, Saytrium_curiosolus_010”; [white label] “UASM 423535”. BioSample: 
SAMN45172750 • 1 1[white label] “CANADA: Alberta, Waterton Lakes Nation-
al Park, Blakiston Fan (Hay Barn), 49.076, −113.869 (WGS84), 14-Jul-2021, J. 
Glasier; 14006, Saytrium_curiosolus_012”; [white label] “UASM 423536”. Bio-
Sample: SAMN45172751.

Description. The morphological description follows Mattoon and Austin’s 
(1998: 685) description of Satyrium fuliginosum semiluna Klots, which is now 
recognized as Satyrium semiluna semiluna Klots (Warren 2005).

A small, drab butterfly. As with many Satyrium, wings predominately brown-
ish or dark brown dorsally (fading to light brown with age), lacking any hint 
of blue, and lacking tails. Males with strong dorsal scent pad of androconial 
scales, shared with S. semiluna, but lacking in S. fuliginosa (W.H. Edwards) 
(Warren 2005). Ventral wing surface light brown with grey overscaling along 
margins, and large black postmedial spots slightly outlined in white (reduced in 
hindwings). Females slightly larger and paler ventrally.

Diagnosis. Males with small wingspan (<25 mm vs > 30 mm) and less 
conspicuous ventral spotting than S. semiluna (Kondla 2004). Due to the 
cryptic nature of the species, identification without reference to source local-
ity is most reliably achieved by DNA as follows, with representative (see Re-
marks section) diagnostic single nucleotide polymorphisms (SNPs) that are 
fixed for S. curiosolus (formatted as scaffold: position[S. curiosolus allele/S. 
semiluna allele]: ScvBUXZ_1.HRSCAF10: 1568673[C/A], 12071375[C/A], 
22597556[G/C], 33128087[T/G], 43633436[G/C], 54341325[T/A]; 
ScvBUXZ_11.HRSCAF312: 939246[C/T], 11508752[A/T], 23223489[T/C], 
34114361[T/C]; ScvBUXZ_12.HRSCAF324: 2725346[G/T], 13277889[C/A], 
23561701[T/A], 34983585[G/A]; ScvBUXZ_15.HRSCAF369: 604178[A/G], 
10688359[A/G], 22742875[A/G], 33306760[T/C], 43372888[A/C]; ScvBUXZ_16.
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HRSCAF394: 1798098[A/G], 13584119[G/C], 24134185[G/A], 36106687[A/G]; 
ScvBUXZ_18.HRSCAF419: 1271585[C/T], 12498609[T/A], 22674145[A/C], 
32848269[A/G], 43126131[A/G], 53221485[G/A], 63907163[T/A]; ScvBUXZ_20.
HRSCAF485: 1278399[C/A], 11291064[A/G], 22201816[G/T], 34957432[C/T], 
45290319[A/G], 56419490[G/A], 70868124[T/C], 82626599[G/C]; ScvBUXZ_21.
HRSCAF503: 3759737[G/A], 14004891[T/C], 24159643[A/T], 34796558[A/G], 
46064578[A/C]; ScvBUXZ_22.HRSCAF557: 1241910[T/C], 11429001[A/G], 
22696299[A/G], 32721285[T/C], 43059425[T/G], 53074410[A/G], 
63089033[T/G], 74842831[G/T]; ScvBUXZ_23.HRSCAF563: 1626681[A/G], 
12005836[C/A], 22106743[T/G], 32206731[A/C], 42322988[A/C]; ScvBUXZ_27.
HRSCAF638: 617786[A/G], 10908292[T/G], 20909876[T/C], 31703436[A/C], 
42607435[A/G], 52716659[T/C], 63015994[A/G]; ScvBUXZ_3.HRSCAF45: 
40925[T/C], 10620232[A/C], 20622161[A/C]; ScvBUXZ_33.HRSCAF736: 
1025752[C/T], 11845689[T/C], 21926431[A/G], 33073314[T/C], 43525185[C/A]; 
ScvBUXZ_36.HRSCAF762: 496718[G/T], 12599380[T/C], 22623129[A/C], 
32789532[T/G], 43886779[C/T], 53941324[T/C]; ScvBUXZ_37.HRSCAF777: 
1137238[A/C], 11176395[C/T], 21849140[A/G], 36719032[G/T], 46746341[A/C], 
57389780[G/A]; ScvBUXZ_4.HRSCAF59: 2539048[A/C], 15455375[T/G], 
25460453[T/C], 35798787[C/A], 46323982[A/C], 59292711[A/G]; ScvBUXZ_41.
HRSCAF810: 342264[A/G], 10823670[C/T], 21337909[T/C], 31863338[G/C], 
41915594[A/T], 52015696[T/G]; ScvBUXZ_48.HRSCAF855: 2065895[T/C], 
12340828[G/C], 22489657[A/G], 33211401[A/G], 43237667[T/A]; ScvBUXZ_5.
HRSCAF87: 653322[A/G], 11521727[C/G], 22249471[A/G], 32408138[T/A], 
42462727[T/G], 52471692[A/G]; ScvBUXZ_54.HRSCAF883: 1953965[C/A], 
12005082[A/G], 22185366[C/T], 32223581[C/T]; ScvBUXZ_6.HRSCAF109: 
2728984[T/C], 14807116[G/A], 25931083[T/C]; ScvBUXZ_9.HRSCAF216: 
1632867[C/G], 14935276[A/G], 26523755[C/G], 37425842[T/A]

Genomic sequence of the holotype. BioSample: SAMN45172752; whole-ge-
nome consensus sequence available on Dryad: https://doi.org/10.5061/dryad.
sf7m0cgj2.

Distribution. Currently known only from Blakiston Fan, Alberta, Canada, ap-
proximately 300 ha in area.

Seasonality. Eggs overwinter before hatching in early spring in late April or early 
May. Larvae can first be found in early May, develop through four instars, pupate in 
July (at the base of L. argenteus, often under the previous year’s stems in ant gal-
leries), and then emerge after about two weeks of pupation in July to mid-August.

Ecology. Restricted to Blakiston Fan, a 300-ha area of course-textured al-
luvial fan at an elevation of ~1,300 m. The habitat of S. curiosolus is short-
grass prairie with abundant L. argenteus, L. sericeus, and yellow buckwheat 
(Eriogonum flavum Nutt.?). This habitat differs from that of S. semiluna, in that 
is it lacking big sagebrush (A. tridentata). Satyrium semiluna is associated with 
A. tridentata to the point that, in the USA, the butterfly’s common name is the 
Sagebrush Sooty Hairstreak. Another notable difference is that S. semiluna 
populations generally inhabit hillsides or mountainsides, while S. curiosolus 
inhabits an alluvial fan in the middle of a montane valley.

Unlike previous reports stating that that S. curiosolus uses both local lupine spe-
cies as plant hosts (COSEWIC 2006, 2022; ECCC 2016), our surveys found that they 
only use L. argenteus. Out of ~500 larvae detected in repeated surveys throughout 
2020–2024, all were on L. argenteus. Satyrium semiluna populations on the west 
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side of the Rocky Mountains, and presumably those throughout the central USA, 
feed on L. sericeus. These populations may also feed on L. lepidus (James and 
Nunnallee 2011), but in extensive surveys throughout British Columbia in 2021–
2024, we have not observed any such association (Glasier pers. obs.). Satyrium cu-
riosolus larvae feed on new buds and stems at the base of lupines and commonly 
hide under the woody stems from the previous year when not feeding.

At Blakiston Fan, all S. curiosolus larvae observed in 2021–2024 surveys were 
closely associated with Lasius ponderosae ant colonies (identified using Glasier 
et al. 2013 and Schär et al. 2022). Ants groomed and protected the larvae, and 
larvae were observed to retreat into ant colonies when threatened. Other ant 
species seen interacting with larvae at Blakiston Fan include Formica argentea 
and Formica lasioides (ants identified using Glasier et al. 2013. However, these 
interactions appeared to be more opportunistic, as these larvae observed were 
still primarily associated with a L. ponderosae colony. We have also observed 
S. curiosolus larvae pupating in the galleries of L. ponderosae colonies at the 
base of Lupinus argenteus plants. During our butterfly surveys in 2021–2024 in 
British Columbia, no Lasius species were found attending S. semiluna larvae. 
Instead, Camponotus vicinus, Formica obscuripes, and Formica argentea were 
observed interacting with larvae, and several pupae were found in a Campono-
tus vicinus nest at the base of a L. sericeus. In California, Camponotus and 
Formica attendants were also reported (Runquist 2012).

Satyrium curiosolus fluctuates in abundance from year to year, with genomi-
cally based estimates of contemporary effective population size (Ne) around 500 
(MacDonald et al. 2025) and surveys suggesting that between 1,000 and 10,000 
adults fly annually (COSEWIC 2006, 2022; unpublished data). Based on our ob-
servations from 2020–2024, the S. curiosolus flight period occurs during July to 
mid-August and lasts about two weeks. Adults are most frequently observed as 
they perch, sunning themselves on buckwheats, lupines, and shrubby cinquefoil 
(Dasiphora fruticosa). Males tend to spend more time on alpine buckwheat, while 
females tend to spend more time on lupines. Mating occurs at any time of day 
and may last several hours. Females lay an unknown total number of eggs but 
have been observed laying eggs singly or in small clusters, in the soil around the 
base of L. argenteus and/or near the entrance of L. ponderosae nests.

Etymology. The specific epithet curiosolus derives from the Latin “cu-
riosus” meaning curious and “solus” meaning to be alone or isolated, and it 
is to be treated as a noun in apposition. We suggest the common name 
“Curiously Isolated Hairstreak”.

Remarks. Using our reference genome assembly (NCBI JASDAZ000000000) 
and whole-genome resequencing data for 15 individuals, we identified 21,985 
SNPs across 22 scaffolds that were fixed for alternate nucleotides between 
individuals from Alberta and those from Montana and British Columbia. The 
117 SNPs included in this description result from thinning to one SNP per 10 Mb 
(using --thin option in vcftools v0.1.16, Danecek et al. 2011) to ensure that they 
are evenly spaced across the genome and likely physically unlinked. DNA bar-
codes (mitochondrial gene cytochrome oxidase subunit I) have been shown to 
be identical between populations of S. semiluna from Alberta, British Colum-
bia, and Washington (COSEWIC 2006), and haplotype sharing (in cytochrome 
oxidase subunit II) has been observed more broadly between S. semiluna and 
S. fuliginosa (Runquist 2012); both observations suggest that mitochondrial/
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nuclear discordance exists within the genus. Taken together with other system-
atic studies with broader taxonomic sampling (Robbins et al. 2022), these data 
also provide support for th inclusion of S. curiosolus within Satyrium. Nuclear 
whole-genome consensus sequences for each individual of the type series are 
available at: https://doi.org/10.5061/dryad.sf7m0cgj2.

Discussion

Satyrium curiosolus warrants recognition as a distinct taxonomic entity. We 
evaluated whether to describe it as a subspecies or a species based on two 
main criteria. Braby et al. (2012) defined subspecies by the combination 
of partial isolation of allopatric lineages, phenotypic distinctiveness, and 
at least one fixed, diagnosable character. This definition is rooted in the 
General Lineage Concept (GLC), which considers species as independently 
evolving lineages supported by multiple lines of evidence including criteria 
often associated with various species concepts (De Queiroz 1998, 2007). 
To ensure an objective comparison, we assess explicit criteria from these 
concepts (Table 1), taking them at face value as described in their original 
publications. While one interpretation of the GLC is that it lacks any specific 
criteria, like intrinsic reproductive isolating mechanisms or fixed morpho-
logical characters (De Queiroz 1998), practical application necessitates that 
we identify and score multiple criteria in making a species/subspecies de-
termination. Thus, we focus on criteria used by alternative species concepts 
relevant to the “grey zone” of speciation (De Queiroz 2007).

Allopatry and isolation are critical properties for many subspecies and spe-
cies concepts. Here, all evidence indicates that divergence between S. curio-
solus and the geographically nearest S. semiluna populations is non-clinal, with 
no evidence of contemporary or recent gene flow. Satyrium curiosolus is com-
pletely isolated today, and coalescent-based analyses suggest this isolation 
may extend up to 40,000 years BP. Given this considerable isolation, tradition-
al considerations of potential or actual reproductive isolation (Mayr 1942) are 
difficult to apply, and secondary contact with S. semiluna is improbable given 
both species’ relatively low vagility and the magnitude of range shift required 
(MacDonald et al. 2024). From a geographical standpoint, there is no possi-
bility of hybridization and gene flow. This is a hypothesis that could be falsi-
fied by the discovery of genetic and environmental/ecological intermediates 
between S. curiosolus and S. semiluna. We consider this unlikely, given the 
prominent butterfly survey effort in the region. Nonetheless, we and others will 
continue to search for undiscovered populations. Satyrium curiosolus exhibits 
ecological distinctiveness, including unique environmental, host plant, and ant 
associations. Morphological distinctiveness was not extensively investigated 
but has been suggested by other species experts—Kondla (2004) noted that 
males from Blakiston Fan (S. curiosolus) have a smaller wingspan than other S. 
semiluna populations investigated (<25 mm vs > 30 mm) and less conspicuous 
ventral spotting. Beyond size and wing pattern, our most concrete diagnosable 
characters include 21,985 SNPs that are divergently fixed for alternate nucleo-
tides between S. curiosolus and the nearest S. semiluna populations. For sim-
plicity, we identified a subset of 117 SNPs evenly spaced across the genome. 
Future resequencing of additional S. curiosolus and S. semiluna individuals may 
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reveal some of these SNPs to be “near fixed” even though they are fixed in our 
sample set—this would not invalidate them as diagnostic characters, but sim-
ply suggest that they have not evolved to complete fixation. As with any set of 
diagnostic characters, our evaluation of genomic diagnostic characters may 
change as new information becomes available.

Complete absence of gene flow, and a long history of isolation combined 
with genomic, environmental, and ecological differentiation, satisfies many of 
the criteria associated with alternate species concepts and unified under the 
GLC, notably those originating from the phylogenetic species concept (includ-
ing variants introduced by Rosen 1979; Baum and Shaw 1995; Nelson and Plat-
nick 1981; Cracraft 1983), the ecological species concept (Van Valen 1976), 
and the evolutionary species concept (Simpson 1951; Wiley 1978). The alterna-
tive—retaining S. curiosolus as a subspecies—would imply ongoing or potential 
gene flow, which is demonstrably absent, making species recognition the most 
taxonomically defensible classification (Braby et al. 2012). Still, we extensive-
ly debated the appropriate classification, initially considering subspecies as a 
more prudent and conservative option, anticipating that further evidence and 
analyses may substantiate species-level recognition. However, assuming that 
subspecies rank is the more prudent or conservative classification was poten-
tially problematic. This assumption treats subspecies as an intermediate stage 
rather than objectively evaluating evolutionary independence based on multiple 
lines of evidence. Subspecies status often reflects structured intraspecific vari-
ation with some degree of contemporary or recent gene flow, not clear lineage 
separation (Mayr 1963; Braby et al. 2012). Under our view of the GLC, species 

Table 1. Criteria and properties used to define subspecies following Braby et al. (2012) and species following concepts 
unified under the General Lineage Concept (De Queiroz 1998, 2007, and references therein for various properties of 
alternative species concepts). “This study” represents whether a criterion/property is satisfied in this system (“1”), not 
satisfied (“0”), or unknown with the data at hand (“?”).

Concept/definition Criteria/property This study

Subspecies, Braby et al. (2012) Partially isolated lineages 0

Allopatric 1

Phenotypically distinct ?*

≥1 fixed, diagnosable character state (assumed 
correlation to evolutionary independence)

1

Species, General Lineage Concept (De Queiroz 1998, 2007)

 Reproductive incompatibility/character displacement ?**

entirely allopatric 1

Mate recognition systems ?

Ecologically distinct 1

Monophyly 1

Lack of gene flow 1

Morphologically diagnosable ?*

Genetically diagnosable 1

Ecologically diagnosable 1

*Morphological diagnosability is generally possible with many specimens in series, but confident morphological delimitation of single 
specimens of S. curiosolus from S. semiluna may be difficult without other data (collection locality, DNA data).
**MacDonald et al. (2025) inferred that the Alberta Satyrium population in question (described here as S. curiosolus) would likely expe-
rience outbreeding depression if it mated with other populations, which may be interpreted as a form of reproductive isolation; experi-
mental crosses are needed to futher assess this inference.
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recognition is a testable hypothesis, not a permanent designation, and should 
be based on the strength of evidence rather than a default bias toward subspe-
cies as a sort of evolutionary null. Treating subspecies as a holding category 
creates an asymmetrical burden of proof, requiring disproportionately strong 
evidence for species recognition while subspecies designations persist under 
weaker criteria. This bias could obscure evolutionary significance and delay the 
recognition of independent lineages by misrepresenting biodiversity.

Future taxonomy and conservation

Further taxonomic and phylogenomic research on this species complex should 
incorporate S. fuliginosa, which is currently thought to be restricted to California 
and southern Oregon, where it is sympatric and may hybridize with S. semiluna 
(Runquist 2012). These putative sister species were historically distinguished 
by the presence of a male forewing scent patch in S. semiluna (a synapomor-
phy of Satyrium; see Martins et al. 2019), which is entirely absent in S. fuliginosa 
(Warren 2005), as well as the generally browner wing coloration of S. fuliginosa 
compared to the greyer S. semiluna. However, the validity of these distinct taxa 
has been questioned (Runquist 2012), and morphological outlier populations—
greyer S. fuliginosa and browner S. semiluna—have been identified in western 
California (Warren 2005; Runquist 2012). Despite this complexity, the male scent 
patch of the Blakiston Fan population aligns it with the semiluna group sensu 
Matton and Austin (1998), rather than the fuliginosa group. This distinction, along 
with the fact that S. fuliginosa is more geographically distant from S. curiosolus, 
suggests that only comparisons between S. curiosolus and northern S. semiluna 
populations are pertinent to the taxonomic revision proposed here. However, to 
understand the full extent of differentiation and diversity between and within re-
lated groups of species within this genus, we recommend that future research 
include the full geographical extent of known populations of all three taxa as 
well as other Satyrium species to provide phylogenetic context (e.g. S. calanus 
Hübner, S. californica W.H. Edwards, and S. sylvinus Boisduval; Runquist 2012). 
We also recommend further sequencing to confirm the reported identical mito-
chondrial haplotypes observed between S. curiosolus and S. semiluna (COSEWIC 
2006) and shared haplotypes between S. semiluna and S. fuliginosa (Runquist 
2012). When such comparative data are available, the second component of the 
species concept of Sperling (2003) can be applied, which uses the extent of di-
vergence between recognized sister species in parapatry or sympatry to calibrate 
the threshold for species recognition of allopatric populations.

We note that S. fuliginosa is frequently referred to as “S. fuliginosum” in species 
status assessments of S. semiluna (e.g. COSEWIC 2006, 2022, with inconsistent 
usage within single documents), survey reports (e.g. Kondla 2003), and the origi-
nal S. semiluna description (Matton and Austin 1998). Originally described as Ly-
caena fuliginosa (W.H. Edwards), the species was later reclassified into Satyrium 
and the use of “S. fuliginosum” stems from the inference that Satyrium is a neuter 
genus name, requiring gender agreement of species epithets (Scudder 1876). 
However, global lepidopterists’ societies have maintained original orthography, 
even in cases of gender incongruence (Sommerer 2002; van Nieukerken et al. 
2019). We have chosen to use the name S. fuliginosa, as reflected in Pelham’s 
(2023) catalogue of butterflies of the United States and Canada.
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Based on genomic and ecological divergences, MacDonald et al. (2025) rec-
ommended that genetic rescue, involving the translocation of individuals from 
other S. semiluna populations to Blakiston Fan, is more likely to be harmful than 
helpful at present. Parks Canada has accepted this recommendation and is 
managing S. curiosolus in isolation. The taxonomic distinctiveness of S. curi-
osolus suggests substantial risk of outbreeding depression or reproductive in-
compatibility if genetic rescue involving S. semiluna were attempted. However, 
the low genetic diversity that characterizes S. curiosolus may hinder adaptation 
under accelerating climate change. In the future, the trade-off between a lack of 
adaptive capacity and outbreeding depression may shift in favor of managed in-
trogression with S. semiluna populations, should they be found to be reproduc-
tively compatible. Genetic rescue can introduce beneficial genomic variation 
that is integral to rapid adaptation (Edelman and Mallet 2021) and hybrid vigor 
(“heterosis”) has long been recognized as a possible benefit of hybridization, 
even between distinct species (Darwin 1859; Birchler et al. 2003; Lippman and 
Zamir 2007; Parmesan et al. 2023). Hybridization is common between species, 
and should not always be viewed as undermining species-level recognition 
(Mallet 1995; Sperling 2003; Taylor et al. 2015). The possibility of genetic res-
cue—should be regularly revisited as local climatic and habitat conditions at 
Blakiston Fan continue to change.
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Abstract

The high level of morphological crypsis of the hyper-diverse Palearctic Tetramorium 
caespitum group have challenged taxonomists for decades. Within this group, Wagner 
et al. (2017) offered a multidisciplinary solution for the delimitation of ten European 
species of the Tetramorium caespitum complex. Anatolia, harboring a high level of ende-
mism in ants, has never been subject of focus research within this genus. In this study, 
the Tetramorium caespitum complex diversity in Anatolia and the Caucasus region was 
investigated by examining 191 nest-samples using an in-depth integrative-taxonomic 
approach. Quantitative morphometric and microsatellite data of 505 and 133 workers, 
respectively, and genital-morphology data of 33 nests were collected. Unsupervised 
analyses provided independent species-hypotheses based on the morphological and 
molecular disciplines. Based on the final species-hypotheses, we confirm T. caespitum 
(Linnaeus, 1758), T. hungaricum Röszler, 1935, T. indocile Santschi, 1927, T. caucasi-
cum Wagner et al., 2017, T. impurum (Foerster, 1850), T. immigrans Santschi, 1927, and 
T. flavidulum Santschi, 1910 as valid species of the T. caespitum complex occurring in 
Anatolia. A lectotype of T. flavidulum was designated. The host of the temporary so-
cial-parasitic species Tetramorium aspina Wagner et al., 2018 is T. caucasicum instead 
of T. immigrans – as it was suggested before. An identification key to species complexes 
of the T. caespitum group and to workers of the species of the T. caespitum complex in 
Anatolia is provided. Every cluster we identified could be linked to described species and 
the region’s species-composition is similar to those of the Balkans and Central Europe.
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Introduction

The genus Tetramorium, a diverse and ancient lineage with fossil records up 
to 37 million years old (Radchenko and Dlussky 2015), has diverged especially 
in the last 20 million years (Ward et al. 2015; Cicconardi et al. 2020). All native 
European and Anatolian Tetramorium species belong to the Tetramorium 
caespitum group (Bolton 1979; Kiran and Karaman 2012). However, within this 
group, the task of identifying not only species but even species complexes po ses 
formidable challenges to taxonomists (Csősz and Schulz 2010; Wagner et al. 
2017). Seven West-Palearctic species complexes have been outlined, each with 
its unique characteristics and intricacies: the T. ferox complex, the T. chefketi 
complex, the T. caespitum complex, the T. semilaeve complex (Csősz and Schulz 
2010), the T. striativentre complex [as “striativentre species group”] (Radchenko 
and Scupola 2015), the T. biskrense complex [as “biskrense group”] (Lebas et al. 
2016), and the T. meridionale complex [as “Tetramorium meridionale species-
group”] (Salata et al. 2024). One further complex is briefly introduced in the 
frame of this study: the well-defined T. inerme complex with at least five species 
(T. inerme Mayr, 1877; T. armatum Santschi, 1927; T. sulcinode Santschi, 1927; 
T. goniommoide Poldi, 1979; T. taueret Bolton, 1995). In summary, we consider 
eight West Palearctic similar species-complexes within the T. caespitum group, 
each requiring a unique set of morphometric characters for delimitation.

The target complex of this study, the Tetramorium caespitum complex, has an 
age of approximately 6.78 million years (95% confidence interval: 8.66–2.23 mil-
lion years) (Cicconardi et al. 2020). Of all complexes of the T. caespitum group, 
it goes farthest to the north, highest in altitude, and deepest into Siberia, so it 
includes the most oligothermic, frost resistant, and thus most widespread spe-
cies in Central and North Europe (Steiner et al. 2010; Wagner et al. 2017; Seifert 
2021). In Southern Europe and Anatolia, most species occur at high altitudes. 
The unexpected cryptic diversity in the T. caespitum complex was detected in 
the early 2000s (Steiner et al. 2002; Csősz and Markó 2004; Schlick-Steiner et 
al. 2006). The T. caespitum complex is monophyletic and crypsis is explained 
by morphological stasis (Wagner et al. 2018b). The in-depth taxonomic revision 
of Wagner et al. (2017) delimited ten European species, of which some hybrid-
ize (Cordonnier et al. 2019, 2020): Tetramorium alpestre Steiner et al., 2010; 
T. caespitum (Linnaeus, 1758); T. hungaricum Röszler, 1935; T. breviscapus Wag-
ner et al., 2017; T. indocile Santschi, 1927; T. caucasicum Wagner et al., 2017; 
T. fusciclava Consani & Zangheri, 1952; T. staerckei Kratochvíl, 1944; T. impurum 
(Foerster, 1850); and T. immigrans Santschi, 1927. In Siberia and East Asia, there 
are at least two further species: Tetramorium tsushimae Emery, 1925 and T. si-
biricum Seifert, 2021 (Steiner et al. 2006b; Seifert 2021). The taxonomic revision 
mentioned above (Wagner et al. 2017) mainly considered European but only very 
little Anatolian material because the predicted high number of cryptic species 
had discouraged the authors. Thus, a taxonomically unsatisfyingly solved situ-
ation in the diversity-hotspot Anatolia (cf. Kiran and Karaman 2012) remained.

The current study aims to delimit the Anatolian species of the Tetramori-
um caespitum complex based on an integrative-taxonomy approach. Mor-
phological and molecular-genetic data are used as independent methods 
for establishing species hypotheses. Distribution and ecology data, and an 
identification key are provided.
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Materials and methods

Integrative-taxonomy workflow

Species hypotheses given in Wagner et al. (2017), based on integrative tax-
onomy, were used as the starting hypotheses for the present study. With 
new specimens from Anatolia, we seek to untangle the intricate situation in 
the T. caespitum species complex. To this aim, our protocol for integrative 
taxonomy (Schlick-Steiner et al. 2010) is based on three methods, two of 
them quantitative and analyzed unsupervised (i.e., morphometrics and mi-
crosatellites) and one qualitative (i.e., male genital morphology). Mitochon-
drial DNA was not analyzed in this study, as it is of little value for species 
delimitation in the Tetramorium caespitum complex (Wagner et al. 2017) as 
well as in ants generally (Seifert 2018, 2024).

Artificial intelligence (AI) was not used in this study, but we will likely 
see large-scale deployment of this technology soon. The fact that morpho-
metric data can separate the species of the T. caespitum complex makes 
them interesting candidates for testing some next-generation AI identifica-
tion-techniques.

A workflow to assign new samples based on results of different disciplines 
was implemented as follows: A Nest-Centroid cluster, including all morphomet-
ric data of Anatolia and the Caucasus region, was established. Morphomet-
ric clusters were compared with male genital morphology and microsatellite 
data. Samples with discordant results between any disciplines were treated as 
wild cards in linear discriminant analyses (LDA) using morphometric data on 
the level of workers, performed with the software package SPSS Statistics v16 
(IBM, USA) and the method “stepwise selection”, to fix species affiliation.

The Gene and Gene expression (GAGE) Species Concept (Seifert 2020, 
1033) was employed in a conservative manner. It defines species as “… sep-
arable clusters that have passed a threshold of evolutionary divergence and 
are exclusively defined by nuclear DNA sequences and/or their expression 
products …”. This conservative use of the species concept was a deliberate 
choice, aimed at reducing the risk of over-splitting in this highly cryptic com-
plex. Only species with at least two independent disciplines resulting in the 
same species-hypotheses were accepted (Schlick-Steiner et al. 2010), further 
ensuring the validity of our conclusions.

Sampling

The study utilized material from 191 nest samples in Anatolia and the Cau-
casus region south of Russia. Among these, 168 samples were newly col-
lected, while 23 were obtained from existing literature (Wagner et al. 2017; 
see Suppl. material 2). Since all available material was included, the dis-
tribution of investigated samples per species reflects their relative abun-
dance in the field. The collected material was preserved in 96% ethanol. Ad-
ditionally, material outside the Tetramorium caespitum complex was used 
to define the species complex within the T. caespitum group, following the 
taxonomic framework proposed by Bolton (1995). Distribution maps were 
created using QGIS Development Team (2019) based on our own data and 
relevant literature (Wagner et al. 2017).
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Morphometrics of workers

One worker per sample was used for DNA extraction. Three further individuals, if 
available, were mounted. If males were available, two workers and one male were 
prepared. In samples without males, three workers were prepared. If two workers 
were prepared, the largest and the smallest worker (evaluated by eye-estimation) 
of the sample were chosen. If three workers were prepared, the largest, the small-
est, and one further worker of any size were prepared. This procedure aimed to 
cover extreme sizes to present a robust calibration set for discriminant analyses. 
Measurements were made using a Leica MZ16 A high-performance stereomicro-
scope with magnifications of ×80–296. Workers were positioned on a pin-hold-
ing stage permitting spatial adjustment in all directions. Measurements always 
referred to cuticula and not pubescence surface. An ocular micrometer with 120 
graduation marks was used. Its measuring line was kept vertically to avoid the 
parallax error (Seifert 2002). A combination of a Fiberoptic L 150 light, equipped 
with two flexible light ducts, and a Leica KL 1500 LCD coaxial polarized light was 
used. All bilateral characters except PnHL (see definition) were measured from 
both sides and an arithmetic mean was calculated. Morphometric data of 505 
workers from 191 nest samples were used (on average, 2.6 workers per sam-
ple). The used 31 characters were nearly identical as in Wagner et al. (2017); 
26 of them originally go back to Csősz et al. (2014), Seifert (2007), or Steiner 
et al. (2006a). Ppss was modified to sqPpss, the square route of Ppss (used to 
transform data to normal distribution (as done for, e.g., PDCL in Seifert 2018)). 
Twenty-nine characters were collected morphometrically, MC1TG and POTCos 
meristically. The head index CS is a proxy measure for the size of individuals.

Analyses of morphometric data

Nest-Centroid clustering (Seifert et al. 2014; Csősz and Fisher 2015) was used as 
unsupervised approach to establish morphological species-hypotheses indepen-
dent from genetic data using R v3.0.1 and the packages MASS, ecodist, cluster, 
plyr, stringr, and scatterplot3d (Ligges and Maechler 2003; Goslee and Urban 2007; 
Wickham 2009, 2011; R Development core team 2012; Maechler et al. 2013; Ripley 
et al. 2013). Additionally, we employed a partitioning algorithm, Partitioning Based 
on Recursive Thresholding (Nilsen et al. 2013), using two distance metrics “part.
kmeans” and “part.hclust” to estimate the ideal cluster-number and assign cases 
into partitions (clusters). The protocol was published by Csősz and Fisher (2016). 
NC clustering does often not allow for detecting species with only very few sam-
ples in the dataset but places them into the cluster of the next similar species. 
Thus, an alternative strategy was applied to detect rare species: In addition to the 
standard analyses, every sample was used as wild-card with available comparison 
data (Wagner et al. 2017) to detect putative samples of species known from the 
Balkans but not from Anatolia, for example, T. staerckei.

Male genital morphology

Genital morphology of 33 males from 33 nests was qualitatively investigated. 
Mounted genitals of interest were used for z-stack imaging with a Keyence 
VHX-7000 digital microscope. All male genitals used for pictures are stored at 
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Table 1. Acronyms and definitions of the worker traditional morphometric characters and male paramere length slightly 
modified from Wagner et al. (2017). For illustrations, see Figs 1–6.

Acronym Definition

CL Maximum cephalic length in median line (Fig. 1); head is carefully tilted to position with true maximum; excavations of occiput and / or 
clypeus reduce CL. Peaks due to sculpture are ignored and only valleys are considered.

CS Arithmetic mean of CL and CW.

CW Maximum cephalic width across eyes (Fig. 1).

dANC Minimum distance between antennal fossae (Fig. 1); measured in dorsofrontal view.

EL Maximum diameter of one eye. All structurally defined ommatidia, pigmented or not, are included (Fig. 2).

EW Minimum diameter of one eye. All structurally defined ommatidia, pigmented or not, are included (Fig. 2).

EYE Arithmetic mean of EL and EW.

FL Maximum distance between external margins of frontal lobes (Fig. 1). If this distance is not defined because frontal carinae constantly 
converge frontad, FL is measured at FRS level (definition of FRS see Seifert (2003)) as distance between the outer margins of frontal carinae.

HFL Length of hind femur in dorsal view (Fig. 3). Second trochanter, which could appear to be portion of femur, must not be mistakenly included.

MC1TG Quantification of stickman-like or reticulate microsculpture units on 1st gastral tergite (use > 150× magnification; Fig. 4): Number of 
connected lines building units and being separated by line intersections and by flections angled > 10° is counted. Also very short lines are 
full counts. Straight lines twice as long as the typical length of one line, that is > 20 μm, are counted as 2. Arithmetic means of at least five 
units per worker are taken.

ML Mesosoma length measured in dorsal view from caudalmost portion of propodeum to dorsofrontal corner of pronotal slope (i.e., where 
coarsely structured dorsum of pronotum meets finely structured pronotal neck; Fig. 5); equivalent measuring also possible in lateral view.

MPPL Distance between most anterioventral point of metapleuron and most dorsocaudal point of propodeal lobe in lateral view (Fig. 6). If there 
are two points coming into question to be most dorsocaudal point on propodeal lobe, the one which is provided with a carina is taken.

MPSP Distance between most anterioventral point of lateral metapleuron and distalmost point of propodeal spine (it does not need to be 
uppermost point of spine; Fig. 6).

MPST Distance between most anterioventral point of metapleuron and center of propodeal stigma (Fig. 6).

MtpW Maximum metapleuron width measured in dorsal view (Fig. 5). (In most cases, maximum is at caudal and in few cases at central or frontal 
region of metapleuron.)

MW Maximum mesosoma width (Fig. 5).

paramere 
length

Maximum length of male genital paramere-structure in lateral view (Fig. 7).

PEH Petiole height. Measured from uppermost point of concave ventral margin to node top (Fig. 6).

PEL Petiole length. Measured in lateral view from center of petiolar stigma to caudal margin of petiole (both measuring points on same focal 
level; Fig. 6).

PEW Maximum petiole width (Fig. 5).

PLSP Distance between most dorsocaudal point of propodeal lobe (if there are two points coming into question to be most dorsocaudal point of 
propodeal lobe, the one which is provided with a carina is taken) and distalmost point of propodeal spine (it does not need to be uppermost 
point of spine; Fig. 6).

PLST Distance between most dorsocaudal point of propodeal lobe and center of propodeal stigma (Fig. 6).

PnHL Length of hair at frontolateral corner of pronotum (Fig. 6). Take longest hair of both sides.

PoOc Postocular distance. Using cross-scaled ocular micrometer, head is adjusted to measuring position of CL; caudal measuring point: median 
posterior margin of head, microsculpture peaks are ignored and valleys are considered; frontal measuring point: median head crossing line 
between posterior eye margins (Fig. 1).

POTCos Number of postoculo-temporal costae and costulae (Fig. 2). With head in lateral view and longitudinal axis of head adjusted horizontally, 
counted by focusing along perpendicular line from caudalmost point of eye down to underside of head. Costae / costulae just touching 
measuring line are counted as 0.5, those positioned just at ventral margin of head silhouette are not counted.

PPH Maximum postpetiole height (Fig. 6).

PPL Postpetiole length; distance from center of postpetiolar stigma to caudalmost intersection point of tergite and sternite (both measuring 
points at same focal level; Fig. 6).

Ppss Maximum height of smooth and shiny area on lateral side of propodeum (Fig. 6). This area is brought into visual plane; a line is positioned 
perpendicular to main costae on propodeum and maximum height of smooth and shiny area without any costulae and costae is measured.

sqPpss Square root of Ppss.

PPW Maximum postpetiole width (Fig. 5).

PreOc Preocular distance in lateral view. Measured as minimum distance between anterior eye margin and sharp frontal margin of gena (Fig. 2).

RTI Distance between tops of ridges between antennal fossae and clypeus (Fig. 1). Tops are defined as most dorsofrontal points of ridges, 
provided with a costa on clypeus. Measured in dorso-anterior view.

SLd Maximum scape length, including scape lobe, excluding articular condyle (Fig. 1).

SPST Distance between distalmost point of propodeal spine (it does not need to be uppermost point of spine) and center of propodeal stigma (Fig. 6).

SPWI Maximum distance between outer margins of propodeal spines (Fig. 5). Measured in dorso-anterior view.
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the Senckenberg Museum of Natural History Görlitz. Representative images 
were used to draw anatomical figures. Interspecific differences of male genital 
morphology allowed a qualitative assessment in many cases.

Figures 1–7. Measurement lines for the morphometric characters 1 CL, CW, dANC, FL, PoOc, RTI, and SLd 2 EL, EW, and 
PreOc; including an artificial line for the meristic character POTCos; in this example, POTCos = 7 3 HFL 4 meristic charac-
ter MC1TG. In this example, MC1TG = 18 5 ML, MtpW, MW, PEW, PPW, and SPWI 6 MPPL, MPSP, MPST, PEH, PEL, PLSP, 
PLST, PnHL, PPH, PPL, Ppss, and SPST 7 paramere length (for abbreviations, see Table 1).
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Microsatellite genotyping

DNA extraction from 170 whole individuals and the following microsatellite-ge-
notyping protocols followed Cordonnier et al. (2018). For each microsatellite 
marker we computed the observed and expected heterozygosity, the number 
of alleles, and the effective alleles (GENALEX v. 6; Peakall and Smouse 2006) 
(Suppl. material 4). The identification of microsatellite clusters followed largely 
the procedure described in Cordonnier et al. (2018).

Identification of microsatellite clusters

To determine the number of genetic clusters, we used the admixture model with 
correlated allele frequencies and with a number of a priori unknown clusters (K) 
varying from K = 1 to K = 20, running ten iterations for each K-value in the software 
STRUCTURE v. 2.3.1 (Pritchard et al. 2000). The dataset used included the 133 
genotypes from Anatolia plus the genotypes of 12 individuals collected in France 
and Belgium (4 Tetramorium caespitum, 4 T. immigrans, and 4 T. impurum).

Following the procedure described in Cordonnier et al. (2018), each run of 
STRUCTURE consisted of 500,000 replicates of the MCMC after a burn-in of 
500,000 replicates. The ten independent runs were analyzed with CLUMPAK 
(Kopelman et al. 2015) and the sets of similar runs grouped to generate a con-
sensus solution for each distinct group. For each K, the different runs were ei-
ther consensual, one single group of runs, or resulting in both a majority mode 
(larger part of the iterations) and minority mode(s) (remaining iterations). The 
software CLUMPAK allowed to identify the optimal K-value based on the medi-
an values of Ln(Pr Data) (Earl and von Holdt 2012). The membership coefficient 
of each individual at each of the K clusters corresponding to the consensus 
solution of the majority mode was selected as Q-value. Individuals were then 
assigned to a cluster based on their higher Q-value across the different clusters. 
Individuals having no Q-value higher than 0.6 were not assigned to any cluster.

Reanalyzed linear discriminant-analysis (LDA) of morphometric data

After development of final species-hypotheses by the integrative-taxonomy ap-
proach, all nests were reanalyzed in a supervised approach using the same 
data as for Nest-Centroid clustering of morphometrics. SPSS Statistics v21 
was used to perform the LDAs. To avoid overfitting, the number of individuals of 
each group had to be at least three times larger than the number of characters 
(Moder et al. 2007 and references therein).

Thermal niches

Standard air-temperature (TAS) in °C, a rough approximation of the ecological 
niche (Seifert and Pannier 2007), was calculated as in Steiner et al. (2010). Only 
locality data from Wagner et al. (2017) and the current study were considered, 
all in all 165 species-locality combinations. TAS was used to explore ecological 
differences in re-analyses. TAS values were tested for species-specific differ-
ences using SPSS Statistics v. 16.0. Species-specific pairwise differences of 
TAS were calculated in SPSS 16.0 as 2-side independent-sample t-tests. Since 
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in all cases Levene’s Test of Equality of Variances was > 0.05, p values for t-test 
type of line 1 (“variances are equal”) were accepted for Table 2. An α-level of 
0.05 was used; in cases of multiple comparisons with single-character morpho-
logical distances, Bonferroni-Holm correction was applied (Holm 1979).

Type material

Type material of Tetramorium flavidulum Santschi, 1910 belongs to the Tetramo-
rium caespitum complex based on quantitative and qualitative evaluation of 
morphological data (details in Taxonomy).

Results and discussion

Morphometry

The Nest-Centroid cluster showed seven separated large clusters (C1-7) includ-
ing eleven to 50 nest samples each (Fig. 8; for morphometric data, see Suppl. 
material 2): C1: 46 samples of T. immigrans, 2 T. caucasicum, 1 T. impurum; C2: 
37 T. caucasicum, 4 T. impurum, 1 T. flavidulum; C3: 18 T. impurum, 1 T. cauca-
sicum; C4: 13 T. caespitum; 1 T. indocile; C5: 18 T. indocile, 1 T. caucasicum; C6: 
23 T. flavidulum, 1 T. caucasicum; C7: 11 T. hungaricum. In C2, three samples 
of T. impurum build a subcluster within those of T. caucasicum. There are two 
smaller clusters: each with four samples, one with two of T. caucasicum and 
two of T. impurum, and one with three of T. caespitum and one of T. caucasicum. 
Moreover, there are four samples building clusters of their own, two of T. cauca-
sicum, one of T. immigrans, and one of T. caespitum.

Male genital morphology

We detected seven different male genital morphologies. Of them, six were 
already known (Wagner et al. 2017): Male genitals of T. alpestre sensu 
drawings in Wagner et al. (2017): detected in 3 samples of T. caucasicum 

Table 2. Separation of species based on different methods: from left to right: NC clustering of morphometrics, male 
genital-morphology, and microsatellite analyses. Significant separations are signed with a checkmark, non-significant 
ones with a cross.
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nests 17 2 11 11 3 7 19 4 9 47 14 23 25 3 17 48 1 32 24 5 17

caespitum

hungaricum ✓ ✘ ✘

indocile ✓ ✓ ✘ ✓ ✓ ✓

caucasicum ✓ ✓ ✘ ✓ ✓ ✓ ✓ ✓ ✘

impurum ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✘ ✓ ✓

immigrans ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

flavidulum ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓



317ZooKeys 1234: 309–339 (2025), DOI: 10.3897/zookeys.1234.142963

Herbert C. Wagner et al.: The Tetramorium caespitum complex in Anatolia

(Suppl. material 1: fig. S1); T. caespitum/hungaricum: 4 T. caespitum, 
3 T. hungaricum; T. indocile: 3 T. indocile; T. caucasicum: 11 T. caucasicum; 
T. impurum: 3 T. impurum (from east of 35° E); T. immigrans: 1 T. immigrans. 
Males of T. indocile, T. impurum, T. immigrans, and normal form of T. cauca-
sicum, as already described in Wagner et al. (2017), can be delimitated 
at the species level with genital morphology. Tetramorium caespitum and 
T. hungaricum are the only species having identical male-genital-morphol-
ogy. In addition to Wagner et al. (2017), we detected one new type of male 
genital morphology: The paramere structure of T. flavidulum (n = males of 
5 nests) was very homogenous within the four samples of this species in-
cluding males (Suppl. material 1: fig. S2). It belongs to the impurum-like 
form sensu Wagner et al. (2017) and is most similar with the normal form 
of T. caucasicum (Details under Treatment of species). The male genital 
morphology of western T. caucasicum samples (n = males of 3 nests from 
3 sites), newly described here, is similar to those of T. alpestre but different 
from all Anatolian species as well as clearly different from eastern Anato-
lian and Caucasian T. caucasicum. The new T. caucasicum paramere struc-
ture belongs to the T. impurum-like form sensu Wagner et al. (2017): It has a 
rounded ventral paramere lobe without any corner in dorsal or ventral view 
but with clear division of ventral and dorsal paramere lobes, visible by deep 
emargination between lobes in posterior view. There is no sharp corner at 
the end of the ventral lobe visible in posterior view. The dorsal paramere 
lobe is relatively long and sharp-ended, visible in posterior and dorsal view. 
The ventral paramere lobe is slender than in T. impurum, visible in posterior 
view (Suppl. material 1: fig. S1). The paramere length of 3 males in lateral 
view was 956 ± 24 (928, 973) μm and thus below the range of T. impurum. 
Overall, there is no difference to T. alpestre but to all other species of the 
complex. Based on results of other disciplines, we consider western sam-
ples of T. caucasicum as conspecific but we cannot exclude that they might 
turn out to be a good species in future.

Microsatellites

Bayesian clustering analysis based on microsatellite genetic data at 17 loci 
suggested either eight or ten distinct genetic clusters (K = 8: LnProb mean = 
-14410.237; K = 10: LnProb mean = -14462.500), but the mean similarity score 
between the runs of the major mode was higher for K = 8 (0.98 against 0.87 
for K = 10). In view of parsimony, we therefore retained the simplest and more 
robust solution and considered 8 genetic clusters (Suppl. material 3).

Of 145 individuals, 116 Anatolian had Q-values > 0.6 and were considered 
for the analyses. The eight suggested clusters included samples of the follow-
ing species (Fig. 8): Q1: 32 T. immigrans; Q2: 10 T. caespitum, 7 T. indocile, 
2 T. caucasicum, and 1 T. hungaricum; Q3: 10 T. caucasicum, 1 T. indocile, and 
1 T. flavidulum; Q4: 16 T. flavidulum; Q5: 12 T. caucasicum and 1 T. impurum; 
Q6: 7 T. impurum from west of 35° E; Q7: 10 T. impurum from east of 35° E; 
Q8: 6 T. hungaricum.

Tetramorium caespitum and T. indocile were not separated by this method 
while T. caucasicum and T. impurum were each split into two clusters. There 
were six further disagreements to morphological clustering.
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Figure 8. Nest-Centroid clustering of species occurring in Anatolia and Caucasus region. Results of both NC clustering 
algorithms “part.hclust” and “part.kmeans”, male genital morphology, microsatellites, and final species hypothesis are 
given in bars below the NC cluster.

Integrative-taxonomy approach

Results of morphometrics, male genital morphology, and microsatellites 
largely concord (Fig. 8). Two samples of T. caucasicum are nested within 
the NC cluster of T. immigrans, which we explain by morphological crypsis. 
Several misclassifications occur in T. caucasicum and T. impurum. While 
these species are clearly separated from each other by male genital mor-
phology and microsatellites, morphological similarity led to affiliation errors 
of four T. impurum samples nesting in the T. caucasicum cluster and one T. 
caucasicum nesting in the T. impurum cluster. Moreover, both species each 
include two microsatellite clusters, which we consider to represent intra-
specific populations. In T. caucasicum, of seven samples with male genital 
plus microsatellite data available, the only one with genitals of the western 
form of T. caucasicum is also the only one of the microsatellite cluster Q3. 
The relation, however, is not significant (Fisher’s exact test, p = 0.1429). 
Hence, we consider the described differences as intraspecific variability. It 
has been already suggested that Tetramorium species of higher altitudes 
– due to the fragmented profile of mountains – are more difficult to iden-
tify because they might form local morphologi cally and genetically distinct 
populations (Wagner et al. 2017). The new data of T. caucasicum are in 
line with this idea.

While eastern Anatolian males have an identical genital morphology as 
drawn in Wagner et al. (2017; n = 9 newly analyzed nests), western samples 
(n = 3) have male genitalia clearly different from the eastern but similar with 
the European species T. alpestre (Suppl. material 1: fig. S1). Conspecificity 
of western T. caucasicum samples with T. alpestre, however, can be rejected 
by worker morphometrics with the discriminant Dalp = 0.0269*SPWI+0.044
7*MtpW+0.0727*dANC-0.0266*SLd-0.0170*PnHL+0.2220*sqPpss-0.0534
*MPSP+0.0600*MPPL-0.1427*MC1TG-0.0996*EYE-1.9945. While western 
Anatolian T. caucasicum workers have values < 0 (error 2.9% in 35 workers 
and 0.0% in 12 nest means), T. alpestre workers have values > 0 (error = 0.0% 
in 142 workers). The geographic position of western Anatolian T. caucasicum 
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between the main population of T. caucasicum in the Caucasus region and 
T. alpestre in Europe suggests that hybridization between these two alpine 
species could have occurred.

In Tetramorium impurum, we detected two separated lineages: Anatolian 
samples from west of 35° E and from Central Europe belong to the microsatel-
lite cluster Q6 (Suppl. material 3); this line had been termed “T. impurum east-
ern clade” in the past (Wagner et al. 2017). Samples from east of 35° E belong 
to the microsatellite clade Q7, which was newly detected in the frame of this 
study. There is neither an NC-cluster difference (Fig. 8) nor a male-genital-mor-
phology difference between these two lineages. However, the discriminant 
Dimp = -0.0385*HFL-0.0611*PPW+0.0601*PoOc+0.1046*FL-0.0300*RTI-0.103
6*PreOc+0.1795*PPL+0.1142*MPPL-0.1127*PLST+0.1705*MC1TG-10.9419 
separates 100% of Anatolian worker individuals (n = 36 workers from west of 
35° E and 33 workers from east of 35° E). Workers from west of 35° E have 
values < 0, those from east of 35° E values > 0.

The species pair T. caespitum and T. indocile shows highest similarities in 
NC clusters with one T. indocile sample placed erroneously in the T. caespitum 
cluster. The Bayesian clustering approach we used did not allow separation of 
these two species based on microsatellites. A larger number of individuals or 
integration of a hierarchical approach (see, e.g., Balkenhol et al. 2014) could im-
prove the delimitation of individuals from these genetically very similar species.

The NC cluster of T. flavidulum includes one sample of T. caucasicum, while, 
vice versa, the cluster of T. caucasicum also includes one sample of T. flavidulum.

To summarize, our integrative-taxonomy approach yielded evidence for sev-
en clusters of nest samples for Anatolia: Tetramorium caespitum (17 samples), 
T. hungaricum (11), T. indocile (19), T. caucasicum (47), T. impurum (25), T. im-
migrans (48), and T. flavidulum (24).

Reanalyzed linear discriminant-analysis (LDA) of morphometric data

For the reanalysis, 21 combinations for pairwise species comparisons were 
available. The mean error-rate of cross-validations of LDAs was 1.0%. Only one 
species pair had an error-rate higher than 5%: T. caucasicum and T. indocile with 
5.7% (Table 3).

Table 3. Worker-individual error-rates of cross-validation LDA results for pairwise spe-
cies or clade comparisons [%]. n = number of nests, i = number of individuals. Values 
< 5% in bold. (The number of individuals per group was at least 3× higher than the 
number of used characters.).

caespitum hungaricum indocile caucasicum impurum immigrans flavidulum

n / i 17/42 11/30 19/43 47/132 25/69 48/113 24/76

caespitum

hungaricum 0.0

indocile 2.4 0.0

caucasicum 2.3 0.0 5.7

impurum 0.0 0.0 0.9 5.0

immigrans 0.0 0.0 0.0 2.0 0.5

flavidulum 0.0 0.0 0.0 1.9 0.0 1.1
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Thermal niches

Species-specific ecological differences were significant in 14 of 21 pairwise 
species comparisons (67%) (Tables 4, 5). Tetramorium caucasicum had the 
lowest TAS values, followed by the three moderately thermophilous species 
T. impurum, T. indocile, and T. caespitum. Three species were distinctly thermo-
philous: T. immigrans, T. hungaricum, and T. flavidulum (Table 4).

Type material assignment

Both type samples of Tetramorium flavidulum fall into the NC cluster (Fig. 
8) of the taxon which had been already considered to be T. flavidulum (Kiran 
and Karaman 2020). For the ten worker syntypes of “Tetramorium caespitum 
flavidulum“, collected by Max Korb between 1886 and 1900 (cf. Arnold 1921, 
D. 1933), using all morphometric variables the geometric mean was p = 1.00 
in an 11-class LDA with wild-card run for the taxon (Fig. 9). Two syntype T. 
flavidulum workers, collected by Martin Holtz in 1897, using all morphomet-
ric variables, have a geometric mean of p = 0.96 for T. caucasicum and 0.03 
for T. caespitum; including geographic coordinates p = 0.96 for T. immigrans, 
p = 0.02 for T. flavidulum, and 0.02 for T. caespitum. Tetramorium flavidulum 
is the only species of the complex which can be identified by subjective 
characters quite well: Postpetiole with strong longitudinal costae, dorsum 
of petiole mostly strongly rugulose (Fig. 9D). Color often yellowish to light 
brown. MC1TG is high. Based on subjective investigation of morphology, 

Table 4. Standard air-temperature (TAS) comparison as an overview of ecological 
niches. Given are arithmetic means of localities ± standard deviation [lower extreme, 
upper extreme]; n = number of localities, TAS in °C. Only localities in Anatolia and the 
Caucasus region are considered.

species n TAS

caespitum 14 16.1 ± 2.8 [13.0, 23.2]

hungaricum 8 18.1 ± 1.3 [16.2, 20.4]

indocile 16 14.8 ± 1.8 [12.4, 19.6]

caucasicum 33 11.7 ± 2.3 [8.1, 17.5]

impurum 25 14.0 ± 2.2 [9.9, 18.9]

immigrans 46 19.2 ± 2.3 [15.1, 24.6]

flavidulum 23 17.1 ± 2.6 [12.1, 26.5]

Table 5. Species-specific standard air temperature. Significances at α = 0.05. Student’s 
t-test after Bonferroni-Holm correction are labeled with *.

Species caespitum hungaricum indocile caucasicum impurum immigrans flavidulum

caespitum

hungaricum 0.075

indocile 0.127 < 0.001*

caucasicum < 0.001* < 0.001* < 0.001*

impurum 0.010 < 0.001* 0.217 < 0.001*

immigrans < 0.001* 0.182 < 0.001* < 0.001* < 0.001*

flavidulum 0.280 0.317 0.004* < 0.001* < 0.001* 0.001*
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types of both Korb and Holtz do not belong to any alternative species sug-
gested by LDAs (T. caespitum, T. caucasicum, or T. immigrans). The ambig-
uous affiliation of the two type workers from Holtz, however, is unsatisfac-
tory. We suggest that these types are untypical individuals of T. flavidulum 
but, since they are the only workers of the Anatolian south-coast used in 
this study, cannot fully exclude that they will turn out to belong to a cryptic 
species unknown to us and putatively with more southern distribution than 
the similar T. flavidulum. Thus, we have designated a worker of a card with 
2 syntype workers, collected by Korb, as lectotype.

The host of Tetramorium aspina Wagner et al., 2018 is T. caucasicum

Three host workers of the type material of T. aspina (12/0859) in an 8-class 
LDA (including all Anatolian species and T. staerckei) using all morphomet-
ric variables belong to T. caucasicum with a geometric mean of p = 0.92, p 
= 0.04 to T. immigrans, and p = 0.04 for T. flavidulum. Including the three 
geographic variables they belong to T. caucasicum with a geometric mean 
of p = 0.99 and to T. flavidulum with p = 0.01. We found three further nests 
of T. caucasicum (including 2 nests with males showing the typical spe-
cies-specific paramere-structure) and one of T. impurum, but none of T. im-
migrans syntopically. The TAS value of the site is 11.7, which is outside of 

Figure 9. Lectotype of Tetramorium flavidulum in (A) full face (B) lateral view. Paralectotype of T. flavidulum in dorsal view 
(C mesosoma, D petiole and postpetiole) (photographer RS).



322ZooKeys 1234: 309–339 (2025), DOI: 10.3897/zookeys.1234.142963

Herbert C. Wagner et al.: The Tetramorium caespitum complex in Anatolia

the range of T. immigrans with 19.2 ± 2.3 [15.1, 24.6]. We conclude that this 
sample belongs to T. caucasicum. The misidentification of T. caucasicum as 
T. immigrans in Wagner et al. (2018a), detected in the frame of this study, re-
sulted from an underestimation of the area of T. caucasicum into southwest 
and a lack of morphometric data from the southern part of its area (e.g., 
MC1TG was 21.4 and thus much higher than the species’ mean known at 
this time with 14.47 ± 1.81). In other words, it resulted from using an iden-
tification key for outside of the region for which it was designed. We can 
learn from this mistake that a large morphometric calibration background is 
needed before taxonomic conclusions can be drawn.

Zoogeography

We demonstrated the occurrence of seven species of the T. caespitum com-
plex in Anatolia (T. caespitum, T. hungaricum, T. indocile, T. caucasicum, 
T. impurum, T. immigrans, and T. flavidulum, Figs 10–13). Herewith, species 
diversity turned out to be lower than the authors had inferred before the 
results were available. Interestingly, the species composition in Anatolia is 
very similar as in Central Europe (with T. alpestre, T. caespitum, T. hungari-
cum, T. indocile, T. staerckei, T. impurum, and T. immigrans). Of Central Eu-
ropean species, only T. alpestre and some COI clades of T. caespitum had 
(also) Western European or Apennine refugia; COI haplotypes of T. caespi-
tum in eastern Central Europe, however, are more similar to those of the 
Caucasus than to those of the Apennine peninsula or western Europe (Wag-
ner et al. 2017). Tetramorium hungaricum, which is missing in Iberia and the 
Apennine peninsula, has a southeastern origin. Tetramorium indocile, rare in 
Iberia and probably missing in the Apennine peninsula, might have originat-
ed in the Caucasus. Tetramorium impurum is absent from the Apennine pen-
insula and occurs in three genetically clearly different lineages (two of them 

Figure 10. Distribution of Tetramorium caespitum (light green) and T. staerckei (red) in Anatolia and surrounding regions.
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Figure 11. Distribution of Tetramorium hungaricum (grey) and T. flavidulum (pale yellow) in Anatolia and surrounding 
regions.

Figure 12. Distribution of Tetramorium indocile (dark blue) and T. impurum (dark yellow) in Anatolia and surrounding 
regions.

described in Wagner et al. 2017). Its western clade occurs in Iberia and 
western Europe (Wagner et al. 2017; Attewell and Wagner 2019), the “east-
ern” clade in Central Europe, the Balkans, and western Anatolia; the latter 
has a southeastern origin and migrated from the Balkans or western Anato-
lia to Central Europe. A third clade, detected in the frame of this study, oc-
curs in Anatolia east of 35° E. Tetramorium staerckei, a steppe species with 
an origin in southern Russia north of the Caucasus or Central Asia, migrated 
north of the Black Sea to the Balkans and Central Europe but not to Anatolia. 
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Figure 13. Distribution of Tetramorium caucasicum (dark green) and T. immigrans (cyan) in Anatolia and surrounding re-
gions. Stars are records of T. caucasicum with males. Red stars show records with western (alpestre-like) and dark-green 
stars records with normal male genital morphology.

In Tetramorium immigrans, a neozoon in Western and Central Europe (Gip-
pet et al. 2017; Borowiec and Salata 2018; Seifert 2018; Castracani et al. 
2020; Cordonnier et al. 2020; Sheard et al. 2020), high haplotype-diversity 
in mitochondrial DNA suggested Anatolia and the Caucasus region are the 
most likely geographic origin of T. immigrans (Wagner et al. 2017). Tetram-
orium flavidulum, also of Anatolian or Caucasian origin, migrated northwest 
at least to Turkish Thrace (Bračko et al. 2016) and Greece (Finzi et al. 1928); 
Bulgarian records are doubtful (pers. comm. Albena Lapeva-Gjonova). We 
conclude that most Anatolian or Caucasian species migrated to Central Eu-
rope after the last ice age. Anatolia and the Caucasus region could also be 
the evolutionary origin of the species complex.

Taxonomy

Diagnosis of the Tetramorium caespitum complex

1) Sexuals are larger than in most species outside the Tetramorium caespitum 
complex, MW of gynes > 1198 μm, CS > 1129 μm (but see, e.g., T. moravicum).

2) Gyne with high mesosoma in contrast to most species outside the 
T. caespitum complex.

3) Gyne with normal waist width and not with widened waist as species of 
the T. ferox complex or T. meridionale complex.

4) Male genital structure larger (paramere length > 843 μm) and with more 
species-specific features than in other complexes.

5) Males with ten antennal segments (not nine as in T. biskrense complex).
6) Some workers at underside of head with long c-shaped, crinkly, or sin-

uous hairs arising just behind buccal cavity (which are absent in most 
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species outside the T. caespitum complex, but also present in T. pelagi-
um Mei, 1995, T. goniommoide Poldi, 1979, and T. feroxoides Dlussky & 
Zabelin, 1985).

7) Workers without dense and distinct longitudinal striato-punctated sculp-
ture on 1st gastral tergite (as in the T. striativentre complex) but only stick-
man-like or reticulate microstructure with varying from few, scattered 
stickman-like to complex reticulate structures (Fig. 4), MC1TG < 33 (but 
not > 34 as in the T. chefketi complex).

8) Worker head, dorsum, and occiput with longitudinal costae and costulae, 
but occiput not with transversal or arching posterolaterally costae and 
costulae as in the T. meridionale complex.

9) Eye shorter than preocular distance, EL < PreOc (not as in most species 
of the T. inerme complex and partly in the T. biskrense complex where EL 
often > PreOc).

10) Metanotal groove shallow (not missing as in the T. inerme complex).
11) Propodeal spines short to medium but not reduced to small corners as in 

several species of the T. ferox (e.g., T. aspina) and the T. inerme complexes 
(e.g., T. taueret).

12) Worker head, mesosoma, petiole, and postpetiole surface partly smooth (as 
in T. hungaricum or T. indocile) to coarsely sculptured (as in T. staerckei or 
T. flavidulum) but not very coarsely sculptured as in the T. chefketi complex.

13) Color of most species brownish to blackish; in the Benelux, Central Eu-
rope, and Balkan mountain-areas sometimes light brown (T. impurum), in 
Anatolia even often yellowish (T. flavidulum).

The morphology of sexuals displays the most characteristic characters to 
define species complexes. Based on gyne morphology, we consider Tetramor-
ium flavidulum Santschi, 1910 as member of the T. caespitum complex. Gynes 
of the T. ferox complex differ from them by their wide waist (Csősz and Schulz 
2010), those of the T. chefketi complex by the dense polygonal striation of the 
1st gaster tergite (Csősz et al. 2007), gynes of the T. semilaeve complex and the 
T. inerme complex are distinct smaller (Salata and Borowiec 2017).

Taxonomic treatment by species

All Palearctic Tetramorium caespitum group names listed by Bolton (2014) have 
been evaluated recently concerning their possible affiliation to the T. caespitum 
complex (Wagner et al. 2017). Since then, no further West Palearctic species 
of the T. caespitum complex have been described (Bolton 2024). In addition to 
type material investigated by Wagner & al. (2017), it was necessary to investi-
gate types of T. flavidulum Santschi, 1910:

Tetramorium flavidulum Santschi, 1910 (12 workers of 2 samples) [Turkey]: 
10 workers labeled as: “anatolia Korb” [—] MUSEO GENOVA coll. C. Emery 
(dono 1925) [—] SYNTYPUS „Tetramorium caespitum flavidulum“ [thereof 
we have chosen the lectotype worker]. 2 workers labeled as: “Tet. cespitum 
[sic!] v. flavidula [sic!] Em” [–] Asia minor Mersina 1897. Holtz [–] “Lectotype 
Tetramorium flavidulum Emery, 1922” [–] “% designated by CSŐSZ, 2005” [–] 
MUSEO GENOVA coll. C. Emery (dono 1925) [–] ANTWEB CASENT0904803.
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Tetramorium flavidulum Santschi, 1910

Note. Based on morphological criteria (Csősz et al. 2007; Csősz and Schulz 
2010; Radchenko and Scupola 2015; Wagner et al. 2017; 2021) we place this 
species into the Tetramorium caespitum complex; however, we are unsure of 
its phylogenetic position. Future studies should investigate whether it is more 
closely related to species of the T. caespitum or the T. chefketi complex.

Tetramorium caespitum caespitum var. flavidula Emery, 1909: 702 (unavail-
able name); first available use: Tetramorium caespitum var. flavidula Sant-
schi, 1910; raised to species rank: Borowiec 2014: 198. Morphology of type 
material investigated.

Type locality. Lectotype: Anatolia, leg. M. Korb, 1886–1900.
Lectotype designation. Worker with non-decapitated body (of two syntype 

workers on one card; the other worker is decapitated with head fixed separately), 
labeled “anatolia Korb” [—] MUSEO GENOVA coll. C. Emery (dono 1925) [—] SYN-
TYPUS “Tetramorium caespitum flavidulum”. Lectotype worker and nine paralec-
totype workers in Museo Civico di Storia Naturale, Genova (Italy). Morphometric 
data of lectotype in μm: CL = 760, CW = 731, dANC = 199, EL = 152, EW = 110, FL 
= 285, HFL = 596, MC1TG = 29.6, ML = 845, MPPL = 250, MPSP = 331, MPST = 
182, MtpW = 346, MW = 459, PEH = 256, PEL = 166, PEW = 240, PLSP = 160, PLST 
= 165, PnHL = 182, PoOc = 301, POTCos = 8.0, PPH = 253, PPL = 111, Ppss = 9, 
PPW = 283, PreOc = 197, RTI = 285, SLd = 595, SPST = 156, SPWI = 213.

Redescription of worker. Medium size, CS = 734 ± 53 [614, 855]. 76% of 
workers with yellowish head and mesosoma and an often brownish gaster 
(which does usually not occur in other species of the complex), 21% of workers 
light to medium brownish, 3% dark brownish (n = 76 workers of 24 nests).

Head strongly elongate, CL / CW = 1.031 ± 0.018 [0.990, 1.088]. Eye medi-
um-sized, EYE / CS = 0.176 ± 0.005 [0.167, 0.191]. Scape long, SLd / CS = 0.787 
± 0.015 [0.722, 0.815]. Mesosoma short and narrow, ML / CS = 1.110 ± 0.022 
[1.057, 1.179], MW / CS = 0.619 ± 0.014 [0.580, 0.667].

Promesonotal dorsum convex, metanotal groove shallow. Head, dorsum, 
and occiput with longitudinal costae and costulae. Postoculo-temporal area 
of head with rather many costae and costulae, POTCos = 9.35 ± 2.47 [4.00, 
15.50]. Mesosoma dorsum longitudinally rugulose, lateral side of propodeum 
with strongest sculpture of complex, Ppss = 15.7 ± 10.9 [6.0, 63.7]. Dorsum of 
petiolar node with strong reticulate costae, dorsum of postpetiole node with 
strong mostly longitudinal, sometimes reticulate costae. General surface ap-
pearance dull. Connected stickman-like or reticulate microsculpture: very large 
units scattered over 1st gastral tergite, MC1TG = 25.93 ± 3.45 [16.30, 32.60]. 
Most workers with long c-shaped hairs on ventral head just posterior to buccal 
cavity, sinuous or crinkly hairs only in 13% of workers.

Description of male. Yellowish. Ten antennal segments. Paramere structure 
belongs to the impurum-like form sensu Wagner et al. (2017). Ventral paramere 
lobe with one sharp corner visible in posterior view. Clear division of ventral and 
dorsal paramere lobes, visible by emargination between lobes in posterior view. 
Relatively short dorsal paramere lobe, visible in posterior and dorsal view. Maxi-
mal paramere structure length in lateral view of four males 912 ± 27 (885, 949) 
μm. No corner on ventral paramere lobe between lobe top and emargination with 
dorsal lobe in dorsal and posterior view. Distinct different from all other species.
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Distribution. Known from 22 localities in Anatolia and Gökçeada Island 
(Fig. 11; more localities given in Kiran and Karaman 2020).

Ecology. Rather thermophilic, TAS of 23 sites 17.1 ± 2.6 [12.1, 26.5]. More 
thermophilic than T. indocile, T. caucasicum, and T. impurum, less thermophilic 
than T. immigrans. 17 of 22 sites inhabiting woodland: Quercus forests (6), Pi-
nus nigra forests (4), Pinus sylvestris forest (1), Pinus sylvestris-Quercus forests 
(2), other types of mixed forests (2), Olea stands (1), and scrublands (1). The 
rest in meadows (2), barren areas (1), river banks (1), and city centers (1).

Phenology. Adult sexuals in nests on 2 July ± 12 [9 June, 13 July] (n = 7).

Identification key to the complexes of the Tetramorium caespitum group

Data for this key have been taken from material investigated in the frame of 
this study and from the literature (Csősz and Schulz 2010; Borowiec et al. 2015; 
Radchenko and Scupola 2015; Lebas et al. 2016; Salata and Borowiec 2017; 
Wagner et al. 2017, 2018a, 2021).

1 First gastral tergite, or at least its anterior half, with dense and distinct 
longitudinal striato-punctated sculpture. Asia only ......................................
 ..striativentre complex [see Dietrich 2004; Radchenko and Scupola 2015]

– First gastral tergite without longitudinal striato-punctated sculpture but 
only stickman-like or reticulate microstructure ...........................................2

2 Occiput with transversal or arching posterolaterally costae and costulae. 
Mediterranean and Iran ............... meridionale complex [Salata et al. 2024]

– Occiput without transversal costae and costulae .......................................3
3 Eye often longer than or with same length as preocular distance. No metano-

tal groove, propodeal spines short, and petiolar node dorsocaudally extend-
ed (Fig. 14). Dine: 0.0439*PPW+0.0105*FL+0.0409*SPST+0.0544*PreOc-
0.0053*ML-0.0312*PEW-0.0221*MW-0.0663*EL+1.9998 < 0 (error 0.0% in 
92 workers). Gynes smaller and with lower mesosoma than in caespitum 
complex. In Europe, only southern Russia and Caucasus; northern Africa 
and Asia ................................................................................inerme complex

– Eye often shorter than preocular distance. Dine > 0 (under exclusion of the 
three large-eyed western Mediterranean species T. biskrense, T. pelagium, 
and T. fusciclava error 2.3% in 1638 workers and 1.6% in 693 nest means; 
most errors in T. semilaeve complex and T. hungaricum) ...........................4

4 Very complex stickman-like or reticulate microstructure on 1st gastral ter-
gite, MC1TG in 55 workers of species occurring in Europe > 34. If num-
ber of connected lines building units of stickman-like or reticulate micro-
structure smaller (T. anatolicum with MC1TG < 34), units are so dense that 
nearly connected with each other (but then not yellowish as T. flavidulum). 
All species except T. anatolicum very coarsely sculptured...........................
 ......................................................chefketi complex [see Csősz et al. 2007]

– Microstructure on 1st gastral tergite varying from few, scattered stick-
man-like to complex reticulate structures (Fig. 4), MC1TG < 33 ................5

5 Eye larger and/or distance between most anterioventral point of metapleu-
ron and most dorsocaudal point of propodeal lobe larger, hind femur short-
er and/or postpetiole lower. Discriminant Dbis: 0.1210*EL+0.0726*MPPL-
0.0357*HFL-0.0396*PPH-6.5356 > 0 (error 0.0% in 6 workers of pelagium, 
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5 of brevicorne, and 1 of biskrense). Males with only 9 antennal segments. 
Gynes smaller and with lower mesosoma than in caespitum complex. In 
Europe southern Spain, Corsica, Sardinia, Sicily, Lampedusa, and Linosa; 
common in North Africa ............. biskrense complex [see Lebas et al. 2016]

– Eye smaller and/or distance between most anterioventral point of meta-
pleuron and most dorsocaudal point of propodeal lobe smaller, hind fe-
mur longer and/or postpetiole higher. Dbis < 0 (error 1.6% in 1648 workers 
and 0.5% in 733 nest means of caespitum, ferox, and semilaeve complex). 
Males with ten antennal segments ..............................................................6

6 Discriminant Dfer: 0.0157*CW-0.052*FL-0.069*PEW+0.074*PPH+1.4815 < 0 
(error 2.6% in 461 workers and 1.1% in 93 nest means, Fig. 15). CS of gynes 
< 1113 µm (n = 78). Gynes with wide petiole and postpetiole, PEW / CS = 
0.6115 ± 0.034, PPW / CS = 0.785 ± 0.040 (n = 22). Males small, paramere 
length < 843 μm. In Europe, Italy, Pannonia, and Balkans; Anatolia and Cauca-
sus region ... ferox complex [see Csősz and Schulz 2010; Wagner et al. 2021]

– Dfer > 0 (error 5.4% in 1990 workers and 2.3% in 794 nest means). Gynes 
with narrow or normal petiole and postpetiole (semilaeve complex: PEW / 
CS = 0.371 ± 0.014, PPW / CS = 0.492 ± 0.028, n = 26; caespitum complex: 
PEW / CS = 0.414 ± 0.032, PPW / CS = 0.607 ± 0.033, n = 54 ....................7

7 Some workers at underside of head with long c-shaped, crinkly, or si nuous 
hairs arising just behind buccal cavity. Discriminant Dsem: 0.03096*CL-
0.08355*FL+0.09060*PEW-0.07793*PPH-1.598 < 0 (error 6.4% in 1877 
workers and 3.7% in 761 nest means, Fig. 16). Gynes large, CS > 1129 µm 
(n = 63). Gynes with high mesosoma. Males large, paramere length > 843 
μm. Nearly whole Palearctic ........................caespitum complex [see ‘Iden-
tification key to workers of the Tetramorium caespitum complex’ below]

– C-shaped, crinkly, or sinuous hairs on underside of head absent. Discrimi-
nant Dsem > 0 (error 8.1% in 99 workers and 3.0% in 33 nest means). Gynes 
with low mesosoma. Males small, paramere length < 843 μm. Mediterra-
nean ..........................................................................semilaeve complex [see 
Csősz and Schulz 2010; Borowiec et al. 2015; Salata and Borowiec 2017]

Identification key to workers of the Tetramorium caespitum complex 
in Anatolia and the Caucasus

Data for this key have been taken from material investigated in the frame of this 
study and from the literature (Wagner et al. 2017); only data from Anatolia and 
the Caucasus region are included.

1 Postpetiole with strong longitudinal costae (Fig. 9). Dorsum of petiole 
strongly rugulose. Stickman-like or reticulate microsculpture on first gas-
tral strongly pronounced: MC1TG = 25.93 ± 3.45. Color often light: 76% of 
workers head and mesosoma yellowish and gaster yellowish to medium 
brownish, 21% of workers light to medium brownish, 3% dark brownish (n 
= 76 of 24 nests). Postpetiole narrow, short, and low: PPW / CS = 0.375 
± 0.014, PPL / CS = 0.145 ± 0.008, PPH / CS = 0.336 ± 0.013. Distances 
between center of propodeal stigma and most anterioventral point of 
metapleuron as well as most dorsocaudal point of propodeal lobe small: 
MPST / CS = 0.242 ± 0.007, PLST / CS = 0.239 ± 0.008. Discriminant 
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D11: 0.0167*HFL+0.0118*ML+0.0149*MtpW-0.0356*PoOc-0.0436*FL
+0.0301*dANC-0.0861*EL-0.0391*PreOc+0.0234*PEH+0.0289*PPH
+0.0127*PnHL+0.1725*sqPpss-0.0521*MPSP+0.0922*MPST+0.043
2*SPST-0.0503*MPPL-0.0241*PLSP-0.0897*MC1TG+6.8364 < 0 (error 
3.9% of 76 workers and 4.2% of 24 nest means) ..................... flavidulum

– Postpetiole without strong longitudinal costae. Median dorsum of petiole 
fully smooth to strongly rugulose. Stickman-like or reticulate microsculp-
ture on first gastral often less strongly pronounced. Usually, dark brown to 
blackish. Postpetiole often wider, longer, and higher: PPW / CS = 0.399 ± 
0.018, PPL / CS = 0.155 ± 0.010, PPH / CS = 0.358 ± 0.014. Distances be-
tween center of propodeal stigma and most anterioventral point of meta-
pleuron as well as most dorsocaudal point of propodeal lobe larger: MPST 
/ CS = 0.259 ± 0.010, PLST / CS = 0.253 ± 0.011. D11 > 0 (error 1.9% in 429 
workers and 0.0% of 166 nest means; most errors in caucasicum) ........... 2

2 Sculpture on head and mesosoma reduced and large parts smooth and 
shiny. Very few postoculo-temporal costae and costulae: POTCos = 2.30 ± 
1.77. Lateral face of propodeum anterior propodealstigma often smooth: 
Ppss = 88.01 ± 26.63. Petiole and postpetiole narrow, low, and short: PEW / 
CS = 0.296 ± 0.013, PEH / CS = 0.329 ± 0.008, PEL / CS = 0.220 ± 0.007, PPW 
/ CS = 0.370 ± 0.013, PPH / CS = 0.337 ± 0.012, PPL / CS = 0.148 ± 0.011. Eye 
longer: EL / CS = 0.216 ± 0.008. Mesosoma short: ML / CS = 1.101 ± 0.022. 
Spines short: MPSP / CS = 0.401 ± 0.017, SPST / CS = 0.179 ± 0.011. Distance 
between most anterioventral point of lateral metapleuron and dorsocaudal 
point of propodeal lobe small: MPPL / CS = 0.327 ± 0.011. Small size: CS 
= 630 ± 51 µm. Discriminant D12: 0.0275*HFL+0.0291*SPWI-0.0307*SLd-
0.119*POTCos+0.0818*EL-0.0356*PEL-0.0417*PPH+0.027*Ppss-
0.0294*SPST+0.0524*MC1TG+1.7633 > 0 (error 0.0% of 30 work-
ers) ................................................................................................hungaricum

– Sculpture on head often more developed, extending over most parts of 
dorsal head surface. Number of postoculo-temporal costae and costulae 
higher: POTCos = 9.39 ± 3.08. Lateral face of propodeum anterior propo-
dealstigma often not smooth: Ppss = 26.77 ± 18.82. Petiole and postpeti-
ole wider, higher, and longer: PEW / CS = 0.321 ± 0.014, PEH / CS = 0.347 
± 0.011, PEL / CS = 0.231 ± 0.009, PPW / CS = 0.402 ± 0.016, PPH / CS = 
0.359 ± 0.013, PPL / CS = 0.156 ± 0.010. Eye shorter: EL / CS = 0.196 ± 
0.008. Mesosoma longer: ML / CS = 1.154 ± 0.031. Spines longer: MPSP 
/ CS = 0.430 ± 0.020, SPST / CS = 0.197 ± 0.015. Distance between most 
anterioventral point of lateral metapleuron and dorsocaudal point of prop-
odeal lobe larger: MPPL / CS = 0.342 ± 0.012. Often larger: CS = 748 ± 82 
µm. D12 < 0 (error 0.3% of 399 workers and 0.0% of 155 nest means) ....3

3 Sculpture well developed, number of postoculotemporal costae and cos-
tulae large, smooth area on lateral face of propodeum anterior propo-
deal stigma small: POTCos = 12.29 ± 2.16, Ppss = 21.3 ± 12.6. Eye wid-
er: EW / CS = 0.153 ± 0.005. Distance between propodeal stigma and 
dorsocaudal end of propodeal lobe larger: PLST / CS = 0.262 ± 0.009. 
Hind femur longer: HFL / CS = 0.837 ± 0.023. D13: -0.0256*SPWI+0.0147
*MtpW-0.0252*MW-0.0217*CL+0.0320*dANC+0.1281*POTCos+0.14
27*EW-0.0428*EL+0.0492*PreOc+0.0202*PEH+0.0164*PPH+0.0133*
PnHL-0.0954*MPSP+0.0216*PLST+0.0660*MPST+0.0725*SPST+0.120
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3*MC1TG-10.7343 > 0 (error 2.7% of 113 workers and 0.0% of 48 nest 
means) ........................................................................................... immigrans

– Sculpture strongly reduced to well developed. Eye narrower: EW / CS = 
0.147 ± 0.006. Distance between propodeal stigma and dorsocaudal end 
of propodeal lobe smaller: PLST / CS = 0.251 ± 0.010. Hind femur shorter: 
HFL / CS = 0.795 ± 0.028. D13 < 0 (error 1.0% of 286 workers and 0.0% of 
108 nest means) ............................................................................................4

4 Hind femur longer: HFL / CS = 0.829 ± 0.026. Mesosoma longer and 
wider: ML / CS = 1.189 ± 0.028, MtpW / CS = 0.502 ± 0.017, MW / CS = 
0.647 ± 0.017. Postocular distance smaller: PoOc / CS = 0.389 ± 0.008. 
Often larger: CS = 782 ± 69. Stickman-like or reticulate microsculpture 
on first gastral tergite reduced: MC1TG = 10.88 ± 3.01. Distance be-
tween most anterioventral point of metapleuron and most dorsocaudal 
point of propodeal lobe larger: MPPL / CS = 0.353 ± 0.010. Distance 
between frontal carinae and ridges of frontal antennal fossae larg-
er: FL / CS = 0.395 ± 0.008, RTI / CS = 0.407 ± 0.011. Postpetiole lon-
ger: PPL / CS = 0.165 ± 0.007. D14: -0.0256*HFL-0.0209*ML+0.0581*
PEW-0.0482*MtpW+0.0685*PoOc+0.0869*EW-0.0374*PPL-0.0284*
PPH-0.0111*PnHL+0.0563*MPST+0.1100*MC1TG+0.0228*MW-1.1852 
< 0 (error 0.0% in 42 workers) .................................................... caespitum

– Hind femur shorter: HFL / CS = 0.789 ± 0.024. Mesosoma shorter and 
narrower: ML / CS = 1.142 ± 0.027, MtpW / CS = 0.483 ± 0.014, MW / CS 
= 0.633 ± 0.014. Postocular distance larger: PoOc / CS = 0.408 ± 0.013. 
Often smaller: CS = 705 ± 55. Stickman-like or reticulate microsculpture 
on first gastral tergite moderate or pronounced: MC1TG = 16.61 ± 4.31. 
Distance between most anterioventral point of metapleuron and most 
dorsocaudal point of propodeal lobe smaller: MPPL / CS = 0.338 ± 0.012. 
Distance between frontal carinae and ridges of frontal antennal fossae 
smaller: FL / CS = 0.384 ± 0.011, RTI / CS = 0.391 ± 0.015. Postpetiole 
shorter: PPL / CS = 0.155 ± 0.010. D 14 > 0 (error 1.2% in 244 workers and 
0.0% in 91 nest means) .................................................................................5

5 Distance between antennae fossae larger: dANC / CS = 0.288 ± 
0.008. Postocular distance smaller: PoOc / CS = 0.396 ± 0.010. 
Number of postoculo-temporal costae and costulae often smaller, 
POTCos = 5.82 ± 2.22. Stickman-like or reticulate microsculpture 
on first gastral tergite moderate: MC1TG = 13.11 ± 2.34. D15: 
0.0182*SPWI+0.0429*MtpW+0.0511*PoOc-0.0819*dANC+0.017
5*SLd+0.1641*POTCos+0.0407*PPL-0.0460*PPH-0.0610*SPST-
0.0403*MPPL+0.0790*MC1TG+0.0335*PEH-0.0323*PEL-5.6482 < 0 
(error 2.3% in 43 workers and 0.0% in 19 nest means) .............. indocile

– Distance between antennae fossae smaller: dANC / CS = 0.277 ± 0.009. 
Postocular distance larger: PoOc / CS = 0.410 ± 0.012. Number of post-
oculo-temporal costae and costulae often larger, POTCos = 8.30 ± 2.16. 
Stickman-like or reticulate microsculpture on first gastral tergite pro-
nounced: MC1TG = 17.37 ± 4.27. D15 > 0 (error 3.0% in 201 workers and 
1.1% in 91 nest means) .................................................................................6

6 Distance between dorsocaudal end of propodeal lobe and 
propodeal spine as well as propodeal stigma larger: PLSP / 
CS = 0.233 ± 0.015, PLST / CS = 0.256 ± 0.009. Longest hair on 
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frontolateral corner of pronotum longer: PnHL = 0.287 ± 0.028. D16: 
-0.0352*HFL+0.0257*ML-0.0554*MtpW+0.0327*MW+0.0296*SLd-
0.1006*POTCos+0.0426*EL+0.0440*PreOc+0.0481*PPH-0.0210*PnHL-
0.0389*SPST-0.0351*PLST-0.0296*PLSP+0.0739*MC1TG-0.0391*PEL 
< 0 (error 5.8% in 69 workers and 4.0% in 25 nest means) ............ impurum

– Distance between dorsocaudal end of propodeal lobe and propodeal spine 
as well as propodeal stigma smaller: PLSP / CS = 0.215 ± 0.015, PLST / CS 
= 0.245 ± 0.010. Longest hair on frontolateral corner of pronotum shorter: 
PnHL = 0.260 ± 0.029. D16 > 0 (error 3.0% in 132 workers and 0.0% in 47 
nest means) .................................................................................caucasicum

Figure 14. Schematic view of a T. inerme complex worker.

Figure 15. A linear discriminant-analysis separating workers of the Tetramorium ferox 
complex from those of the T. caespitum and T. semilaeve complexes.
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Abstract

The parasitoid Darwin wasps (Ichneumonidae) are one of the most species-rich fam-
ilies of insects, with a crucial role in ecosystem functioning while many species are 
known as potential biological control agents. However, the group is poorly studied, es-
pecially in the Afrotropical realm, where for several countries only a handful of species 
have been recorded. Zambia is one of the countries with the fewest records for Darwin 
wasps with only 26 species reported in the largest Ichneumonidae database, “Tax-
apad”, from 2016 and subsequent publications. In this study, the species of Darwin 
wasps recorded from Zambia were reviewed and complemented with newly collected 
species in the Northern Province, to provide a first preliminary checklist of Darwin 
wasps in Zambia. Our findings increased the number of species known for Zambia 
to 44, which might still represent as little as 1.7% of the true diversity of the group. 
Despite the limited scale of the study, one new species of Afrotropical Cremastinae, 
Pristomerus roussei Meier, Viertler & Spasojevic, sp. nov., is described. The study thus 
highlights both the substantial potential for discovery of new taxa and significant gaps 
in our knowledge about the Darwin wasp diversity in Zambia. To tackle these short-
comings, comprehensive collecting efforts considering the various ecotypes found 
in Zambia are recommended, as well as studies of natural history collections, collab-
orative effort by taxonomic experts, and enhancing local capacities for taxonomic 
research by involving students and enlarging local natural history collections.

Key words: Afrotropical region, biodiversity, Lake Tanganyika, parasitoids, Pristomerus, 
taxonomy

Introduction

Darwin wasps (Ichneumonidae) are parasitoids of holometabolous insects and 
spiders, playing a crucial role in natural ecosystems and as biological control 
agents in agriculture (Mates et al. 2012). Despite their ecological importance, 
the hyperdiverse Darwin wasps remain one of the most understudied insect 
families, with more than 25,000 species formally described (Yu et al. 2016) 
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and as many as 60,000 species estimated worldwide (Townes 1969). The vast 
disparity between known and estimated species richness is particularly pro-
nounced in certain biogeographical regions.

One of the largest gaps in species documentation is found within the Afro-
tropical realm, where only 2,322 species of Darwin wasps have been recorded 
but 9,200–15,500 species are currently expected (Townes 1969; Meier et al. 
2024). Notably, the descriptions of the majority of Afrotropical species date 
back to the early and mid-20th century, with half of the species described by a 
small group of entomologists, including G. Heinrich, A. Seyrig, P. Benoit, and C. 
Morley (Morley 1912; Benoit 1951b, 1952, 1953d, 1953c, 1953b, 1953a, 1955, 
1956, 1957; Heinrich 1967a, 1967b, 1968a, 1968b, 1968c). Spatial focus of 
these early works was on the Democratic Republic of Congo (Benoit 1951a, 
1953c, 1953d), and Madagascar (Seyrig 1932, 1934, 1952), while taxonomi-
cally only Ichneumoninae (Heinrich 1967b, 1967a, 1968b, 1968a, 1968c), and 
Ophioninae (Gauld and Mitchell 1978) have been more comprehensively treat-
ed. And although some countries, such as the Republic of South Africa (Rousse 
and van Noort 2013, 2014a; Reynolds Berry and van Noort 2016; Rousse et al. 
2016), Gabon (van Noort 2004), Namibia (van Noort et al. 2000), Uganda (Hop-
kins et al. 2018, 2019), Central African Republic (Rousse and van Noort 2014a; 
Azevedo et al. 2015), and Tanzania (Russel-Smith et al. 1999) have been later 
systematically sampled, less than a quarter of their actual species richness 
of Darwin wasps seems to be recorded up to now (Meier et al. 2024). Several 
other Afrotropical countries have barely any faunistic records of Darwin wasps. 
For example, Zambia has only 26 recorded species according to the “Catalogue 
of world Ichneumonidae” (Yu and Horstmann 1997; Yu et al. 2016), implying a 
vast, untapped biodiversity awaiting exploration and formal description.

There has never been any Darwin wasp research focused on Zambia and 
most of the available records are simply a byproduct of studies with broader tax-
onomic and geographic focus. The two main catalogues dealing with Afrotropi-
cal ichneumonids, the first a catalogue of Ethiopian (= Afrotropical) Ichneumoni-
dae by Townes and Townes (1973) and the second a revision of the subfamily 
Ophioninae by Gauld and Mitchell (1978), the latter updated by Rousse and van 
Noort (2014b), listed in sum only 13 species of ichneumonids for Zambia. Be-
sides a few additional records from the 20th Century, the record of Darwin wasps 
in Zambia is supplemented by recent revisionary works on Darwin wasp genera 
in the Afrotropical region and by a few faunistic studies (e.g., Rousse and van 
Noort 2015; Riedel 2016; Khalaim 2019; Giovanni and Varga 2021). Finally, with 
the present day studies about diversity and distribution of insects in Zambia 
being skewed towards economically important species, such as edible caterpil-
lars (Kusia et al. 2023), agricultural pests (Sohati et al. 2001; Durocher-Granger 
et al. 2021), pollinators (Mayes and Petrillo 2017), and disease vectors (Lobo et 
al. 2015; Nyirenda et al. 2020; Kallu et al. 2023), there are some new species re-
cords for Darwin wasps, and parasitoids in general, coming from studies focus-
ing on biological control (Midingoyi et al. 2016; Durocher-Granger et al. 2021). 
While such studies are beneficial, they alone cannot provide a comprehensive 
species list of Zambian Darwin wasps and a map of their distribution.

As a fundamental step towards a more complete checklist of Darwin wasps in 
Zambia, we provide here a first preliminary checklist, which is based on thorough 
literature research and a small-scale collecting effort in the Northern Province of 
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Zambia. The goal of this preliminary checklist is to record the status quo of our 
knowledge about the Zambian fauna, provide a basis for future research, and 
highlight the gap between the known and expected species richness in Zambia.

Materials and methods

Abbreviations of depositories

NHMUK Natural History Museum, London, UK (Gavin Broad)
CABI CAB International, Delémont, Switzerland (Marc Kenis)
LKG Oberösterreichische Landes-Kultur GmbH, Linz (Esther Ockermüller)
LMNH Livingstone Museum, Zambia (Martha Imakando)
MNHN Muséum national d’Histoire naturelle, Paris, France (Claire Villemant)
MZH Finnish Museum of Natural History, Helsinki (Juho Paukkunen)
NHMZ Natural History Museum of Zimbabwe
NMBS Naturhistorisches Museum, Basel (Seraina Klopfstein)
RMNH Naturalis, Leiden, The Netherlands (Frederique Bakker)
SAMC Iziko South African Museum, Cape Town, South Africa (Simon van 

Noort)
TC Townes Collection, Ann Arbor, Michigan, USA (now in Logan, Utah) 

(David Wahl)
UNZA University of Zambia, Lusaka, Natural history collection (Philip Nkunika)
ZSM Zoologische Staatssammlung München

Sampling locality and material

Zambia is a landlocked country located in the Sub-Equatorial Afrotropics (Burk-
art 2023). It covers an area of 752,612 square kilometres and lies between lat-
itudes 8° and 18° south and longitudes 22° and 34° east. Based on the amount 
of rainfall received but also to a limited extent according to soils and other 
climatic characteristics, Zambia is divided into three agro-ecological regions 
(Zones I, II, and III). Our study site belongs to the agro-ecological Zone III, which 
covers northern and north-western parts of the country, and it is classified as a 
high rainfall region, receiving more than 1000 mm rainfall per annum on average 
(Dautu et al. 2012). Based on the dominant vegetation type, our study sites be-
long to the Central Zambezian Miombo woodlands ecoregion, which covers cir-
ca 50% of Zambian territory (Malambo and Syampungani 2008). This ecoregion 
is characterised by a long dry season, up to seven months, and a rainy season 
from approximately November to March. It is a part of the Zambezian regional 
centre of endemism, and it is home to dozens of endemic plant species.

We collected specimens in the Northern Province of Zambia in the region of 
Lake Tanganyika around Mpulungu for two weeks, from the end of August to 
the beginning of September 2023 (Fig. 1). This fieldwork was conducted at the 
end of the dry season, following a couple of months without rain. Most of the 
sampling occurred in well-watered areas, such as those near lodges, streams, 
and the shores of Lake Tanganyika. Specimens were collected using sweep 
nets at all collection sites, and at Kalambo falls lodge additionally with Malaise 
traps, pitfall traps and light traps. All samples were stored in 80% ethanol on 
site and subsequently sorted and dry-mounted at the NMBS in Switzerland. 
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Collected ichneumonids are currently at the NMBS but they will be divided be-
tween the NMBS and LMNH, where ichneumonid holotypes will be deposited in 
the NMBS, and paratypes in the LMNH and NMBS. For this study, we obtained 
all necessary collection and export permits, issued by the National Health Re-
search Authority (NHRA) of Zambia. The permits are in accordance with the 
principles and regulations of the Nagoya protocol as confirmed by the Ministry 
of Lands and Natural Resources in Zambia.

Species descriptions

Morphological terminology follows Broad et al. (2018). The dimensions of the 
face (excluding the clypeus) are measured from the antennal sockets to the ten-
torial pits and from the inner margin of one eye to the inner margin of the other 
eye at level of the antennal sockets. The dimensions of the clypeus are measured 
between the mandibular bases and from the apical margin of clypeus to the 
height of the tentorial pits (largest distance). Images of the collected samples 
were taken with a Keyence VHX-6000 using stacking and stitching techniques.

Figure 1. Maps of the sampling locality a map of Zambia, where Lusaka (black dot) and our sampling area (orange rect-
angle) are marked b sampling sites: 1 Kalambo River delta 2 Kalambo falls lodge 3 Chitili, with a nearby stream 4 Isanga 
Bay lodge 5 Kalambo River above Kalambo waterfall (yellow dot).
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Lab work

We sequenced the barcoding portion of cytochrome oxidase subunit 1 (COI) 
gene as a reference for a newly described species. One leg with coxa from a fe-
male and a male paratype was used to extract DNA. DNA extracts and the vouch-
er specimens are stored at the NMBS. Extractions were done with the DNeasy 
blood and tissue kit from Qiagen according to the standard protocol, but with a 
prolonged digestion step over night at 56 °C and two elusion steps with only 50 
µl each. We used previously published primers for COI (Folmer et al. 1994) for 
PCR with annealing temperatures of 50 °C. The quality of the PCR products was 
then checked on a 2% agarose electrophoresis gel and successful amplification 
were sent for cleanup and sequencing to Macrogen Europe in the Netherlands. 
Sequence editing was done with the CodonCode Aligner software version 9.0.1.3 
(CodonCode Corporation, Dedham, MA, USA), while sequence alignment was 
done with MEGAX (Kumar et al. 2018) using the MUSCLE alignment algorithm 
with default settings. No gaps or stop codons were detected. Uncorrected p-dis-
tances for COI were calculated in MEGAX, using pairwise deletions (Kumar et al. 
2018). The newly generated sequences are deposited in GenBank, with acces-
sion numbers provided in the respective species descriptions.

Results

Species description

We here describe one Cremastinae species new to science.

Pristomerus Curtis, 1836

Pristomerus roussei Meier, Viertler & Spasojevic, sp. nov.
https://zoobank.org/615E6352-F991-4C94-AD8B-DCB9A85D0B5E
Fig. 2

Material examined. Holotype. • 1 ♀, ZM Northern Province, Mbala, Kalambo Falls 
(above waterfall), sweep net, 1170 m, -8.5961/31.2478, 21.viii–2.ix.2023, leg. N. 
Meier, T. Spasojevic, A. Viertler (NMBS). Paratypes. • 1 ♂, ZM Northern Province, 
Mbala, Kalambo Falls (above waterfall), sweep net, 1170 m, -8.5961/31.2478, 
21.viii–2.ix.2023, leg. N. Meier, T. Spasojevic, A. Viertler (NMBS). • 1 ♂, ZM Mpu-
lungu, Chitili stream, sweep net, -8.6390/31.2035, 21.viii–2.ix.2023, leg. N. Meier, 
T. Spasojevic, A. Viertler, voucher: 20-538 (NMBS). • 2 ♂, ZM Mpulungu, Kalam-
bo delta, sweep net, 777 m, -8.5964, 31.1844, 21.viii–2.ix.2023, leg. N. Meier, T. 
Spasojevic, A. Viertler (LMNH). • 1 ♀, ZM Mpulungu, Mpulungu town, sweep net, 
777 m, -8.7621, 31.1138, 21.viii–2.ix.2023, leg. N. Meier, T. Spasojevic, A. Viertler, 
voucher: 20-537 (NMBS). • 1 ♀, ZM Mpulungu, Kalambo Falls Lodge, sweep net, 
786 m, -8.6241/31.2011, 21.viii–2.ix.2023, leg. N. Meier, T. Spasojevic, A. Vier-
tler (LMNH). • 1 ♀, ZM Northern Western Province, 150 km W Solwezi, Ntambu, 
12°18'S, 25°10'E; 11.11.2005; leg. M. Halada (LKG).

Diagnosis. Moderate size; pale yellow with black spots on tergites 1–3 ante-
ro-dorsally; femora apically white-dotted; pterostigma anteriorly white; occiput 
without dark spots; face densely and very shallowly punctate; clypeus transverse 
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with dispersed punctures dorsally and almost smooth ventrally; remainder of 
head coriaceous; malar space shorter than base of mandible; antenna with 30–
33 flagellomeres, penultimate flagellomere quadrate; distance between posterior 
ocelli approx. as wide as one posterior ocellus; mesosoma densely punctate with 
pronotum and speculum nearly smooth; female femoral tooth distinct but clearly 
wider than high, followed by a row of minute denticles; ovipositor moderately 
long, apically weakly sinuous. Male with ocelli enlarged, inner margins of eyes 
slightly diverging ventrally, femur and femoral tooth stouter with femoral tooth 
long and acute, area superomedia much more slender than in female.

Differential diagnosis. Pristomerus roussei sp. nov. is morphologically very 
close to Pristomerus masai Rousse & van Noort, 2015, which is suspected to rep-
resent a species-complex (Rousse and van Noort 2015). In the dichotomous key 

Figure 2. Pristomerus roussei sp. nov. Meier, Viertler & Spasojevic. a–f holotype (female) a habitus, lateral view, with 
labels b face, frontal view c habitus, dorsal view d hind femur e ovipositor tip f mesoscutum and occiput, dorsal view. 
g–k paratype (male, with the same collection data as the holotype) g habitus, lateral view h face, frontal view i habitus, 
dorsal view j hind femur k mesoscutum and occiput dorsal view. Scale bars: 3 mm.
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of Rousse and van Noort (2015), P. roussei ends at couplet #36. It can be differen-
tiated from P. masai by a wider distance between the posterior ocelli, a quadrate 
penultimate flagellomere (females and males) and the lack of dark marks on the 
occiput (females). Pristomerus roussei can be differentiated from P. wolof Rous-
se & van Noort, 2015 by the more strongly developed femoral tooth (females and 
males), the quadrate penultimate flagellomere rather than elongate (females and 
males), and by its more extensive dark metasomal colour (females).

Description. Female: 4 specimens (measurements of the holotype in brack-
ets). Colour. Pale yellow. Scape, pedicel, frons, stemmaticum and occiput pale 
brown; mandibular teeth and flagellum black; mesoscutum apart from notauli 
and posterior parts orange; wings hyaline, venation brown, pterostigma black, 
proximal corner translucent; legs orange, femur apically with a white spot, hind 
tibia basally and apically slightly infuscate, hind tarsus except basal 0.2 of first 
tarsal segment black; tergites 1–3 on the anterior half black; ovipositor sheath 
black; ovipositor dark brown, basally and apically testaceous.

Head. Face 2.5× (2.5×) wider than high, densely and very shallowly punctate; 
inner margins of eyes subparallel, distance between posterior ocelli ~ 1.0× (1.0×) 
as wide as diameter of one posterior ocellus, distance between posterior ocelli 
and margin of compound eye 1.1× (1.1×) wider than diameter of one posterior 
ocellus; clypeus 2.0× (2.0×) wider than high and moderately convex, with dis-
persed punctures dorsally, almost smooth ventrally; malar space ~ 0.7–0.75× 
(0.75×) base of mandible; frons, vertex and temple coriaceous; occipital carina 
joining hypostomal carina distinctly above mandible base; antenna with 31–33 
(33) flagellomeres, penultimate flagellomere ~ 1.0× (1.0×) as long as wide.

Mesosoma. Moderately elongate; pronotum nearly smooth posteriorly, with 
longitudinal striations in its impression and punctures ventrally; mesopleuron 
and metapleuron with space between punctures less than maximum diame-
ter of punctures, between punctures smooth and shining, mesopleuron with a 
shallow oblique and transversely strigose furrow below speculum, speculum 
smooth; mesoscutum densely punctate, between punctures smooth and shiny, 
notaulus distinct on anterior third of mesoscutum; scutellum densely punctate; 
propodeum densely punctate, propodeal carination complete, superomedial 
area ~ 2.3–2.5× (2.3×) as long as its maximum width.

Wings. Fore wing ~ 4.5–4.9 mm (4.9 mm) with M between 2rs-m and 2m-cu 
~ 1.25–1.5× (1.25×) as long as 2rs-m, 2m-cu with a small bulla covering ante-
rior 0.2–0.4 of 2m-cu; hind wing with nervellus intercepted at lower 0.7 (0.7), 
second abscissa of CU not pigmented.

Legs. Tooth on hind femur distinct, clearly wider than high, followed by a row 
of minute denticles. Hind tibia with dispersed spines between normal setation. 
Tarsal claws pectinate with two distinct denticles.

Metasoma. Posterior half of tergite 1, tergite 2, and anterior of tergite 3 lon-
gitudinally aciculate, following tergites coriaceous; thyridium elongate, elliptic; 
ovipositor sheath ~ 1.5× as long as hind tibia, apically weakly to moderately 
sinuous; ovipositor notch rather weak, its distance from ovipositor tip ~ 1.5× 
basal width of first tarsal segment of hind leg.

Male: 4 specimens. Similar to female; stemmaticum with ocelli slightly raised 
and ocelli enlarged, distance between posterior ocelli approx. as wide as diam-
eter of one posterior ocellus, distance between posterior ocelli and margin of 
compound eye less than half diameter of one posterior ocellus; inner margins 
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of eyes distinctly diverging ventrally; antenna with 29–31 flagellomeres; me-
soscutum laterally almost smooth, impunctate; femur swollen, femoral tooth 
stronger, long and acute, apically with a distinct row of denticles; dark marks on 
metasoma sometimes absent or reduced.

Etymology. Dedicated to Pascal Rousse, who contributed greatly to our cur-
rent understanding of Afrotropical Pristomerus species.

Molecular data

Sequences of the COI barcode for the female and male paratype are given be-
low. The pairwise distance (p-distance) between these two sequences is 0.3%. 
The best match according to the NCBI standard nucleotide BLAST search be-
longs to the Afrotropical Pristomerus pallidus (Kriechbaumer, 1884) (GenBank: 
MF673618.1) with a p-distance of 5.6–6.0%.

GenBank Accession ID: PV176400, NMBS:20-537, female paratype; 645 bp.
ATTTTTGGTATATGATCTGGGATAATTGGATCTTCTATAAGATTAATTATTCGATT-

AGAATTAGGGAATCCGGGGTCTTTAATTAATAATGATCAAATTTATAATTCTATAAT-
TACAATACATGCTTTTATTATAATTTTTTTTATAGTTATACCAGTTATAATTGGAGG-
GTTTGGAAATTGATTAATTCCTCTAATATTAGGAGCTCCAGATATAGCTTTTCCTC-
GAATAAATAATTTAAGATTTTGATTATTAATTCCTTCGTTAATGATATTAATTAT-
GAGATCAATTACTAATCAAGGAGTGGGTACAGGATGAACAATATATCCTCCTTTAT-
CATTAAATTTAAATCAAGAAGGTATATCAATAGATTTATCTATTTTTTCTTTA-
CATTTAGCAGGTATATCTTCAATTTTAGGATCTATTAATTTTATTTCTACTATTATA-
AATATAAAAATTTTTGATTCAAAATTAGATCAATTAACTTTATTTTCTTGATCAAT-
TAATATTACTACAATTTTATTATTATTAGCTGTTCCAGTATTAGCAGGAGCAATTAC-
TATAATTTTAACAGATCGAAATTTAAATACTTCTTTTTTTGATCCAAGTGGAGGAG-
GAGATCCAATTTTATTTCAACATTTATTT.

GenBank Accession ID: PV176401, NMBS:20-538, male paratype; 645 bp.
ATTTTTGGTATATGATCTGGGATAATTGGATCTTCTATAAGATTAATTATTCGATT-

AGAATTAGGGAATCCGGGGTCTTTAATTAATAATGATCAAATTTATAATTCTATAAT-
TACAATACATGCTTTTATTATAATTTTTTTTATAGTTATACCAGTTATAATTGGAGG-
GTTTGGAAATTGATTAATTCCTCTAATATTAGGAGCTCCAGATATAGCTTTTCCTC-
GAATAAATAATTTAAGATTTTGATTATTAATTCCTTCGTTAATAATATTAATTAT-
GAGATCAATTACTAATCAAGGAGTGGGTACAGGATGAACAATATATCCTCCTTTAT-
CATTAAATTTAAATCAAGAAGGTATATCAATAGATTTATCTATTTTTTCTTTA-
CATTTAGCAGGTATATCTTCAATTTTAGGATCTATTAATTTTATTTCTACTATTATA-
AATATAAAAATTTTTGATTCAAAATTAGATCAATTAACTTTATTTTCTTGATCAAT-
TAATATTACTACAATTTTATTATTATTAGCTGTTCCAGTATTAGCAGGAGCAATTAC-
TATAATTTTAACAGATCGAAATTTAAATACTTCTTTTTTTGATCCAAGTGGGGGAG-
GAGATCCAATTTTATTTCAACATTTATTT.

Preliminary checklist

By combining published species records from literature and the new material col-
lected in this study, we provide a first preliminary checklist for Darwin wasps in 
Zambia with 44 species (Table 1). Except for the cosmopolitan Diplazon laetato-
rius (Fabricius, 1781) and widely distributed Xanthopimpla romani Krieger, 1915, 
all other newly collected and identified species (n = 14) were previously unrecord-
ed for Zambia (*). We also found literature records of four additional species in 
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Table 1. Preliminary checklist of species recorded for Zambia based on literature records and our field study in the North-
ern Province of Zambia, Mpulungu district. In total, 44 species are recorded, one of which is described as new to science 
in this publication. * Previously unrecorded species; # missing from Yu and Horstmann (1997, 2016) catalogue; [?] no 
repository mentioned in the reference.

Subfamily Species Literature Our 
study Repository Reference

Brachycyrtinae Brachycyrtus lucchii Di Giovanni & Varga, 2021 x NHMUK Di Giovanni and Varga (2021)
Campopleginae Diadegma mollipla (Holmgren, 1868) x [?] Cruickshank and Ahmad (1973)

*Charops electrinus Vas, 2020 x NMBS, LMNH
*Venturia aquila Vas, 2019 x NMBS
*Xanthocampoplex oneili (Cameron, 1905) x NMBS

Cremastinae Pristomerus bemba Rousse & van Noort, 2015 x SAMC Rousse and van Noort (2015)
Pristomerus bullis Fitton in Polaszek et al. 1994 x SAMC Rousse and van Noort (2015)
*Pristomerus roussei sp. nov. x NMBS, LMNH
*Temelucha basiornata (Cameron, 1911) x NMBS, LMNH
*Trathala annulicornis (Tosquinet, 1896) x NMBS, LMNH

Cryptinae Coccygodes subquadratus (Waterston, 1927) x [?] Benoit (1951a); Waterston (1927)
*Osprynchotus gigas Kriechbaumer, 1894 x NMBS, LMNH
Zonocryptus formosus (Brullé, 1846) x [?] Waterston (1927)

Diplazontinae Diplazon laetatorius (Fabricius, 1781) x x NMBS
Ichneumoninae #Ctenochares rufithorax (Kriechbaumer, 1894) x NHMUK Morley (1915)

#Ischnojoppa luteator (Fabricius, 1798) x NHMUK Morley (1915)
#Leptophatnus crococephalus rubricaput 
(Morley, 1919)

x ZSM Heinrich (1967)

Metopiinae Metopius albipictus Tosquinet, 1896 x LKG Riedel (2016)
Metopius clathratus Benoit, 1965 x NHMUK Riedel (2016)
Metopius discolor Tosquinet, 1896 x NHMUK Durocher-Granger et al. (2021); 

Riedel (2016); Townes and Townes 
(1973)

Metopius rufigaster zambiensis Riedel, 2016 x LKG Riedel (2016)
Metopius zuluanus Benoit, 1965 x LKG Riedel (2016)

Ophioninae Enicospilus albiger (Kriechbaumer, 1894) x SAMC Rousse and van Noort (2014b)
Enicospilus antefurcalis (Szépligeti, 1908) x NHMUK Gauld and Mitchell (1978)
Enicospilus biimpressus (Brullé, 1846) x NHMUK Gauld and Mitchell (1978)
Enicospilus capensis (Thunberg, 1822) x CABI Durocher-Granger et al. (2021)
Enicospilus fenestralis (Szépligeti, 1906) x NHMUK Gauld and Mitchell (1978)
Enicospilus helvolus Gauld & Mitchell, 1978 x TC Gauld and Mitchell (1978)
Enicospilus laquaetus (Enderlein, 1921) x NHMUK Gauld (1982)
Enicospilus mauritii (Saussure, 1892) x NHMUK Morley (1912)
Enicospilus nefarius Gauld & Mitchell, 1978 x TC Gauld and Mitchell (1978)
Enicospilus nops Gauld & Mitchell, 1978 x NHMUK Gauld and Mitchell (1978)
#Enicospilus transvaalensis Cameron, 1911 x TC Gauld and Mitchell (1978)
Enicospilus watshami Gauld, 1982 x NHMUK Gauld (1982)
Euryophion latipennis (Kirby, 1896) x SAMC Rousse and van Noort (2014b)
*Euryophion nigripennis Cameron, 1906 x NMBS
Lepiscelus distans (Seyrig, 1935) x TC Gauld and Mitchell (1978)

Pimplinae *Theronia lurida Tosquinet, 1896 x NMBS
Xanthopimpla romani Krieger, 1915 x x NHMZM, 

NMBS, LMNH
Benoit (1953b)

Xanthopimpla stemmator (Thunberg, 1822) x [?] Midingoyi et al. (2016)
Tersilochinae Diaparsis interstitialis Khalaim, 2013 x MZH Khalaim (2019)

Diaparsis mostovskii Khalaim, 2013 x RMNH Khalaim (2019)
Diaparsis voluptuosa Khalaim, 2013 x MZH Khalaim (2019)

Tryphoninae Zambion monodon Kasparyan, 1993 x MZH Kasparyan (1993)
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Zambia (#) that were not included in the Yu and Horstmann (1997) catalogue nor 
its electronic version (Yu et al. 2016). Moreover, the subfamilies Anomaloninae, 
Banchinae, Orthocentrinae, and Phygadeuontinae and 17 genera (Anomalon, Spi-
lopimpla, Syzeuctus, Venturia, Porizon, Xanthocampoplex, Temelucha, Trathala, 
Cryptus, Goryphus, Stenarella, Osprynchotus, Afromevesia, Triclistus, Megastylus, 
Paraphylax, Theronia) are recorded from Zambia for the first time (*). Outstand-
ingly, the record of the genus Porizon is also the first for the Afrotropical realm. In 
the list of records below, verbatim data are given in square brackets.

Anomaloninae

*Anomalon cf. flavomaculatum (Cameron,1905)

Records. 2 ♂♂, ZM Northern Province, Mpulungu, Mbala, Kalambo falls, (above 
waterfall), 1170 m, -8.5961/31.2478, 29.viii.2023, leg. N. Meier, T. Spasojevic, 
A. Viertler (NMBS).

Remarks. There are five additional Anomalon specimens, probably belong-
ing to two or three new species, which are currently being treated in the genus 
revision of Heinz Schnee (H. Schnee, pers. comm.).

Banchinae

*Spilopimpla cf. chappuisi (Seyrig, 1935)

Records. 1 ♀, ZM Northern Province, Mpulungu, Kalambo River Delta, sweep-net, 
-8.5965/31.1844, 21.viii–2.ix.2023, leg. N. Meier, T. Spasojevic, A. Viertler (NMBS).

*Syzeuctus sp.

Records. 1 ♀, ZM Northern Province, Mpulungu, Kalambo River Delta, sweep-net, 
-8.5965/31.1844, 21.viii–2.ix.2023, leg. N. Meier, T. Spasojevic, A. Viertler (NMBS).

Brachycyrtinae

Brachycyrtus lucchii Di Giovanni & Varga, 2021

Records. 1 ♀, ZM Lusaka Province, 15 km E. Lusaka, 4–15.xii.1979, R. A. Bea-
ver (NHMUK).

1 ♂, ZM Lusaka Province, 15 km E. Lusaka, 11–21.i.1980, R. A. Beaver 
(NHMUK).

1 ♂, ZM Lusaka Province, Lusaka, 1–14.iv.1980, R. A. Beaver (NHMUK) (Di 
Giovanni and Varga 2021).

Campopleginae

Diadegma mollipla (Holmgren, 1868)

Records. Unspecified, ZM (Cruickshank and Ahmad 1973).
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*Charops electrinus Vas, 2020

Records. 1 ♀, ZM Northern Province, Mpulungu, Kalambo Falls Lodge, sweep-
net, -8.6241/31.2011, 21.viii–02.ix.2023, leg. N. Meier, T. Spasojevic, A. Viertler 
(NMBS, LMNH). 1 ♀ same as previous except collected by a Malaise trap.

Charops sp.

Records. 3 ♀/♂, ZM Southern Province, Kuzungula district (Chipabika et al. 2023).
Remarks. These specimens were not identified to species level in the original 

publication. Future examination of the specimens is needed to clarify whether 
these belong to C. electrinus or another Charops species.

*Venturia aquila Vas, 2019

Records. 1 ♀, ZM Northern Province, Mpulungu, Kalambo Falls Lodge, light trap, 
-8.6241/31.2011, 21.viii–2.ix.2023, leg. N. Meier, T. Spasojevic, A. Viertler (NMBS).

Remarks. The species is morphologically very similar to the slightly small-
er Venturia desertorum Horstmann, 2008 from southern Algeria (Horstmann 
2008). Future studies should include larger series and molecular data to test 
whether these species are distinct or rather variations.

*Porizon sp.

Records. 1 ♂, ZM Northern Province, Mpulungu, Kalambo Falls Lodge, sweep 
net, -8.6241/31.2011, 21.viii–02.ix.2023, leg. N. Meier, T. Spasojevic, A. Viertler 
(NMBS).

Remarks. This is the first record of this genus for the Afrotropical region.

*Xanthocampoplex oneili (Cameron, 1905)

Records. 1 ♂, ZM Northern Province, Mpulungu, Kalambo Falls Lodge, 
-8.6241/31.2011, 21.viii–02.ix.2023, leg. N. Meier, T. Spasojevic, A. Viertler 
(NMBS).

Cremastinae

Pristomerus bemba Rousse & van Noort, 2015

Records. 1 ♀, ZM Eastern Province, South Luangwa, nr Mfuwe ca 10 km E. Mfu-
we Malinba village vicinities, 12.XII.2011, Gumovsky leg. SAM–HYM–P047391” 
(holotype, SAMC) (Rousse and van Noort 2015).

Pristomerus bullis Fitton in Polaszek et al. 1994

Records. 1 ♂ ZM Eastern Province, South Luangwa, near Mfuwe sweeping on 
the dried egg tree 09.XII.2011 Gumovsky; Mopane tree [Colophospermum mo-
pane, Fabaceae] SAM–HYM–P049439” (SAMC) (Rousse and van Noort 2015).
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*Pristomerus roussei sp. nov.

Records. 1 ♀, ZM Northern Province, Mbala, Kalambo Falls (above waterfall), 
sweep net, 1170 m, -8.5961/31.2478, 21.viii–2.ix.2023, leg. N. Meier, T. Spaso-
jevic, A. Viertler (holotype, NMBS).

1 ♂, ZM Northern Province, Mbala, Kalambo Falls (above waterfall), sweep 
net, 1170 m, -8.5961/31.2478, 21.viii–2.ix.2023, leg. N. Meier, T. Spasojevic, A. 
Viertler (paratype, NMBS).

1 ♂, “ZM Northern Province, Mpulungu, Chitili stream, sweep net, 
-8.6390/31.2035, 21.viii–2.ix.2023, leg. N. Meier, T. Spasojevic, A. Viertler, 
voucher: 20-538 (paratype, NMBS).

2 ♂♂, “ZM Northern Province, Mpulungu, Kalambo delta, sweep net, 777 m, 
-8.5964, 31.1844, 21.viii–2.ix.2023, leg. N. Meier, T. Spasojevic, A. Viertler (para-
type, LMNH).

1 ♀, “ZM Northern Province, Mpulungu, Mpulungu town, sweep net, 777 
m, -8.7621, 31.1138, 21.viii–2.ix.2023, leg. N. Meier, T. Spasojevic, A. Viertler, 
voucher: 20-537 (paratype, NMBS).

1 ♀, ZM Northern Province, Mpulungu, Kalambo Falls Lodge, sweep net, 786 
m,-8.6241/31.2011, 21.viii–2.ix.2023, leg. N. Meier, T. Spasojevic, A. Viertler 
(paratype, LMNH).

1 ♀, ZM Northern Western Province, 150 km W Solwezi, Ntambu, 12°18'S, 
25°10'E; 11.11.2005; leg. M. Halada (paratype, LKG).

*Temelucha basiornata (Cameron, 1911)

Records. 2 ♀♀, ZM Northern Province, Mpulungu, Kalambo Falls Lodge, 
-8.6241/31.2011, 21.viii–02.ix.2023, leg. N. Meier, T. Spasojevic, A. Viertler (LMNH).

1 ♀ 1 ♂, ZM Northern Province, Mupulung, Tomo Sakalani, Isanga Bay Lodge, 
sweep-net, -8.6554/31.1947, 21.viii–2.ix.2023, leg. N. Meier, T. Spasojevic, A. 
Viertler (NMBS).

Remarks. This species is quite variable in colouration, e.g., some specimens 
have black marks on the vertex and the mesoscutum. It can be differentiated 
from the similar species Temelucha picta (Holmgren, 1868) by the lack of black 
spots on the mesopleuron (Rousse et al. 2011).

*Trathala annulicornis (Tosquinet, 1896)

Records. 1 ♀, ZM Northern Province, Mpulungu, Chitili stream, sweep net, 
-8.6390/31.2035, 21.viii–2.ix.2023, leg. N. Meier, T. Spasojevic, A. Viertler (NMBS).

2 ♀♀, ZM Northern Province, Mpulungu, Kalambo Falls Lodge, sweep net, 
-8.6241/31.2011, 21.viii–2.ix.2023, leg. N. Meier, T. Spasojevic, A. Viertler 
(NMBS, LMNH). 1 ♀ same as previous except collected by a Malaise trap.

Remarks. Currently all Trathala specimens with white bands on the flagellum 
are treated as T. annulicornis. However, we have seen various specimens that 
differ from the holotype of T. annulicornis in facial dimensions (from the Mala-
gasy region, Rousse et al. 2011) or relative ovipositor length (in our material). 
Due to the limited number of specimens in our study, we currently refrain from 
describing new species within this complex.
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Cryptinae

Coccygodes subquadratus (Waterston, 1927)

Records. 1 ♀, ZM Lusaka Province, Chilanga, 4,000 ft, 6.x.1913 (F. V. Bruce Mill-
er) (Waterston 1927).

Unspecified, ZM (Benoit 1951a)

*Cryptus sp.

Records. 1 ♂, ZM Northern Province, Mpulungu, Kalambo River Delta, sweep 
net, -8.6390/31.2035, 21.viii–2.ix.2023, leg. N. Meier, T. Spasojevic, A. Viertler 
(NMBS).

*Goryphus sp.

Records. 1 ♀, ZM Northern Province, Mpulungu, Kalambo Falls Lodge, 
sweep net, -8.6241/31.2011, 21.viii–2.ix.2023, leg. N. Meier, T. Spasojevic, 
A. Viertler (NMBS).

1 ♀, ZM Northern Province, Mpulungu, Chitili stream, sweep net, 
-8.6390/31.2035, 21.viii–2.ix.2023, leg. N. Meier, T. Spasojevic, A. Viertler 
(NMBS).

*Osprynchotus gigas Kriechbaumer, 1894

Records. 1 ♀, ZM Northern Province, Mpulungu, Kalambo Falls Lodge, 
sweep net, -8.6241/31.2011, 21.viii–2.ix.2023, leg. N. Meier, T. Spasojevic, 
A. Viertler (LMNH).

1 ♀, ZM Northern Province, Mpulungu, Kalambo Falls Lodge, sweep net, 
-8.6241/31.2011; 29.ix.2021, leg. F. Ronco, F. Schedel & A. Indermaur (NMBS).

6 ♂♂, ZM Northern Province, Mpulungu, Kalambo Falls Lodge, sweep 
net, -8.6241/31.2011, 21.viii–2.ix.2023, leg. N. Meier, T. Spasojevic, A. 
Viertler (NMBS).

2 ♂♂, ZM Northern Province, Mpulungu, Chitili stream, sweep net, 
-8.6390/31.2035, 21.viii–2.ix.2023, leg. N. Meier, T. Spasojevic, A. 
Viertler (LMNH).

1 ♂, ZM Northern Province, Mpulungu, Kalambo River Delta, sweep 
net, -8.5965/31.1844, 21.viii–2.ix.2023, leg. N. Meier, T. Spasojevic, A. 
Viertler (LMNH).

1 ♂, ZM Northern Province, Mbala, Kalambo Falls (above waterfall), 
sweep net, 1170 m, -8.5961/31.2478, 21.viii–2.ix.2023, leg. N. Meier, T. Spa-
sojevic, A. Viertler (LMNH).

*Stenarella sp.

Records. 1 ♂, ZM Northern Province, Mpulungu, Kalambo Falls Lodge, 
sweep net, -8.6241/31.2011, 21.viii–2.ix.2023, leg. N. Meier, T. Spasojevic, 
A. Viertler (NMBS).
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Zonocryptus formosus (Brullé, 1846)

Records. 1 ♀, ZM Eastern Province, on road from Chipata [Fort Jameson] to 
Lundazi [Landazi], 4000ft, 7–14.vi.1910 (S. A. Neave) (Waterston 1927).

Zonocryptus sp.

Records. 1 ♀, ZM Northern Province, Mpulungu, Kalambo Falls Lodge, sweep net, 
-8.6241/31.2011, 21.viii–2.ix.2023, leg. N. Meier, T. Spasojevic, A. Viertler (NMBS).

Remarks. Due to the lack of reference material, identification of two male 
Cryptinae was not possible to genus level.

Diplazontinae

Diplazon laetatorius (Fabricius, 1781)

Records. Unspecified, ZM Southern Province, Choma, 17.05.2006 (Klopfstein 
et al. 2010).

1 ♀, ZM Northern Province, Mpulungu, Kalambo Falls Lodge, sweep net, 
-8.6241/31.2011, 21.viii–2.ix.2023, leg. N. Meier, T. Spasojevic, A. Viertler (LMNH).

Ichneumoninae

#Ctenochares rufithorax (Kriechbaumer, 1894)

Records. Unspecified, ZM, Upper Luangwa River, viii.1910 (Neave) (NHMUK) 
(Morley 1915).

#Ischnojoppa luteator (Fabricius, 1798)

Records. Unspecified, ZM, Luangwa River, 16–1800ft., September (NHMUK) 
(Morley 1915).

#Leptophatnus crococephalus rubricaput (Morley, 1919)

Records. Unspecified, ZM Northern Province, Mbala [Abercorn] (ZSM) (Hein-
rich 1967b).

*Afromevesia cf. merusilvae (Heinrich, 1968)

Records. 1 ♀, ZM Northern Province, Mupulung, Tomo Sakalani, Isanga Bay 
Lodge, sweep-net, -8.6550/31.1946, 26.viii.2023, leg. N. Meier, T. Spasojevic, A. 
Viertler (LMNH).

1 ♀, ZM Northern Province, Mupulung, Tomo Sakalani, Isanga Bay Lodge, sweep-
net, -8.6550/31.1946, 26.viii.2023, leg. N. Meier, T. Spasojevic, A. Viertler (NMBS).

Remark. Our specimens slightly differ from the holotype description of 
Afromevesia merusilvae (Heinrich 1968c). Our two specimens have almost 
completely white trochanters (~ 90% white), while the holotype description 
mentions only the apical part of the trochanters white. Also, our specimens 
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both have 27 antennal segments, while the holotype of A. merusilvae is de-
scribed as having 30 segments.

Metopiinae

Metopius albipictus Tosquinet, 1896

Records. 1 ♂, ZM Copperbelt Province., 25 km W Chingola 1600 m, 16.i.2006, 
leg. R. Kneco (LKG) (Riedel 2016).

Metopius clathratus Benoit, 1965

Records. 1 ♂, ZM Lusaka Province, 15 km E. Lusaka, 22–31.i.1980 R.A. Beaver 
(NHMUK) (Riedel 2016).

Metopius discolor Tosquinet, 1896

Records. Unspecified, ZM (Townes and Townes 1973).
1 ♀, ZM Lusaka Province, Lusaka, iv.1980, leg. R.A. Beaver (NHMUK) (Riedel 

2016). 2 ♀♀, ZM Lusaka; IV.1980, leg. R.A. Beaver (NHMUK) (Riedel 2016).
Unspecified, Central Province, Chisamba, Golden Valley Agricultural Research 

Trust, (14,967,373; 28,097,464, altitude: 1147 m) (Durocher-Granger et al. 2021).

Metopius rufigaster zambiensis Riedel, 2016

Records. 1 ♂, holotype, ZM Copperbelt Province, 45 km SE Kitwe, 12–15.i.2003, 
leg. J. Halada (LKG), (Riedel 2016).

Metopius zuluanus Benoit, 1965

Records. 5 ♂♂, ZM Copperbelt Province, 25 km W Chingola 1600 m, 16.i.2006, 
leg. R. Kmeco (LKG) (Riedel 2016).

*Triclistus sp.

Records. 1 ♂, ZM Northern Province, Mpulungu, Kalambo Falls Lodge, light 
trap, -8.6241/31.2011, 21.viii–2.ix.2023, leg. N. Meier, T. Spasojevic, A. Vi-
ertler (NMBS).

Remarks. Here, we report a new Triclistus species, represented by a single 
male specimen. Typically, species descriptions are based on female speci-
mens. Further specimens, particularly females, are required to provide a com-
plete taxonomic diagnosis and confirm the distinctiveness of this species.

Ophioninae

Enicospilus albiger (Kriechbaumer, 1894)

Records. 1 ♂, ZM Eastern Province, South Luangwa nr Mfuwe, xii.2011, A. 
Gumovsky coll., SAM-HYM-P049484 (SAMC) (Rousse and van Noort 2014b).
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Enicospilus antefurcalis (Szépligeti, 1908)

Records. 1 ♂, ZM, Mid Luangwa Valley, viii.10 (Neave) (NHMUK) (Gauld and 
Mitchell 1978).

Enicospilus biimpressus (Brullé, 1846)

Records. 1 ♂, ZM, Upper Luangwa River, viii.10 (Neave) (NHMUK) (Gauld and 
Mitchell 1978).

Enicospilus capensis (Thunberg, 1822)

Records. Unspecified, ZM Central Province, Chisamba, Golden Valley Agricultur-
al Research Trust, (14,967,373; 28,097,464, altitude: 1147 m) (Durocher-Grang-
er et al. 2021).

Enicospilus fenestralis (Szépligeti, 1906)

Records. 1 ♀, ZM, Luangwa Valley, viii.10 (Neave) (NHMUK) (Gauld and Mitchell 
1978).

Enicospilus helvolus Gauld & Mitchell, 1978

Records. 1 ♂, ZM Northern Province, Mbala, xii.64 (TC) (Gauld and Mitchell 
1978).

Enicospilus laquaetus (Enderlein, 1921)

Records. 1 ♀, ZM Lusaka Province, 15 km E Lusaka, Zambia, 22–31.i.1980, R.A. 
Beaver leg. (NHMUK) (Shimizu et al. 2020).

2 ♀♀, ZM Lusaka Province, 15 km E. of Lusaka, i.1980, R.A. Beaver leg. 
(NHMUK) (Gauld 1982).

Enicospilus mauritii (Saussure, 1892)

Records. 1 ♂, ZM, Upper Luangwa River, vi.1910, leg. S. A. Neave (NHMUK) 
(Morley 1912).

Enicospilus nefarius Gauld & Mitchell, 1978

Records. 1 ♀, ZM Northern Province, Mbala (= Abercorn), xii.64 (TC) (Gauld and 
Mitchell 1978).

Enicospilus nops Gauld & Mitchell, 1978

Records. 2 ♀♀, ZM Northern / Luapula Province, Lake Bangweulu, xi.46 (Steele) 
(NHMUK) (Gauld and Mitchell 1978).
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#Enicospilus transvaalensis Cameron, 1911

Records. 1 ♀, ZM Northern Province, Mbala (= Abercorn), xii.64 (TC) (Gauld and 
Mitchell 1978).

Enicospilus watshami Gauld, 1982

Records. 1 ♀, ZM Lusaka Province, 15 km E. of Lusaka, i.1980 (R. A. Beaver) 
(paratype, NHMUK) (Gauld 1982).

Euryophion latipennis (Kirby, 1896)

Records. 1 unspecified, [apex of metasoma lacking], ZM Southern Province, 
Choma Nansa farm xii.1993, A.J. Gardiner coll., SAM-HYM-P044072 (SAMC) 
(Rousse and van Noort 2014b)

*Euryophion nigripennis Cameron, 1906

Records. 1 ♀, ZM Northern Province, Mpulungu, Kalambo Falls Lodge, sweep 
net, -8.6241/31.2011, 30.ix.2020, leg. A. Indermaur (NMBS).

Lepiscelus distans (Seyrig, 1935)

Records. 1 ♂, ZM Northern Province, Mbala (= Abercorn), xii.64 (TC) (Gauld and 
Mitchell 1978).

Orthocentrinae

*Megastylus sp.

Records. 1 ♀, ZM Northern Province, Mpulungu, Kalambo River Delta, Malaise trap, 
8.5965/31.1844, 21.viii–02.ix.2023, leg. N. Meier, T. Spasojevic, A. Viertler (NMBS).

Remarks. This specimen is likely an undescribed species of Megastylus 
common in the Afrotropical region (Augustijn De Ketelaere pers. comm. 2024). 
However, two of four known species are described only from males, making 
specimen comparison difficult. Thus, the description of a new species should 
await a more comprehensive study of Afrotropical Megastylus.

Phygadeuontinae

*Paraphylax sp.

Records. 1 ♂, ZM Northern Province, Mpulungu, Kalambo Falls Lodge, sweep 
net, 21.viii–02.ix.2023, leg. N. Meier, T. Spasojevic, A. Viertler (NMBS).

Remarks. At this point, the identification of most of the collected phygadeuon-
tines was not possible even to genus level, due to the lack of reference material. 
Several of the specimens might represent undescribed ichneumonid genera.
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Pimplinae

*Theronia lurida Tosquinet, 1896

Records. 1 ♂, ZM Northern Province, Mpulungu, Kalambo Falls Lodge, sweep 
net, -8.6241/31.2011, 21.viii–02.ix.2023, leg. N. Meier, T. Spasojevic, A. Viertler 
(NMBS).

Xanthopimpla romani Krieger, 1915

Records. Unspecified, ZM Northern Province, Mbala [Abercorn], 16.vi.1945 
(NHMZ) (Benoit 1953b).

2 ♀♀, ZM Northern Province, Chitili stream, sweep net, -8.6390/31.2035, 
21.viii–2.ix.2023; leg. N. Meier, T. Spasojevic, A. Viertler (NMBS, LMNH).

Xanthopimpla stemmator (Thunberg, 1822)

Records. Unspecified, ZM (Midingoyi et al. 2016).
Remarks. Introduced in Zambia as a biocontrol agent in the early 2000s.

*Xanthopimpla sp. 1

Records. 1 ♀, ZM Northern Province, Mpulungu, Kalambo Falls Lodge, light 
trap, -8.6241/31.2011, 21.viii–02.ix.2023, leg. N. Meier, T. Spasojevic, A. Vier-
tler (NMBS).

*Xanthopimpla sp. 2

Records. 2 ♀♀, ZM Northern Province, Mpulungu, Kalambo Falls Lodge, sweep 
net, -8.6241/31.2011, 21.viii–02.ix.2023, leg. N. Meier, T. Spasojevic, A. Viertler 
(NMBS, LMNH).

*Xanthopimpla sp. 3

Records. 1 ♀, ZM Northern Province, Mpulungu, Tomo Sakalani, Isanga Bay 
Lodge, sweep-net, -8.6554/31.1947, 21.viii–2.ix.2023, leg. N. Meier, T. Spasoje-
vic, A. Viertler (NMBS).

Remarks. This species belongs to the X. terebratrix group of Krieger (1914), 
but it differs from the known species in several characters and thus might rep-
resent a new species.

Several specimens of Xanthopimpla could not be identified despite the 
published identification keys covering almost all the Afrotropical species 
(Krieger 1914; Seyrig 1932). While some of the species might be new 
to science, we also found that some key characters used in the keys to 
distinguish species showed intraspecific variation, which hindered the 
identification. This suggests that the genus and available keys should 
be revised.
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Tersilochinae

Diaparsis interstitialis Khalaim, 2013

Records. 1 ♀, ZM Copperbelt Province, Kitwe, Chati [Forest Reserve ?], 
27.xii.1979, coll. K. Löyttyniemi (MZH) (Khalaim 2019).

Diaparsis mostovskii Khalaim, 2013

Records. 1 ♀, ZM Western Province, Kalobolelwa, Malaise trap, 11–18.iii.1988, 
coll. E.G.N. Dijkstra, (RMNH).

1 ♀, Western Province, near Namibian border, Sesheke Town, 950 m, iii–
vi.1991, coll. W. Slobbe (RMNH) (Khalaim 2019).

Diaparsis voluptuosa Khalaim, 2013

Records. 2 ♀♀, ZM Copperbelt Province, Kitwe, Chati [Forest Reserve ?], 8.i, 
31.iii.1980, coll. K. Löyttyniemi (MZH); 2 ♀, Copperbelt Province, Chati, 9.ii.1980, 
coll. K. Löyttyniemi (MZH) (Khalaim 2019).

Tryphoninae

Zambion monodon Kasparyan, 1993

Records. 1 ♀, ZM Copperbelt Province, Kitwe, Chati, 27.3.1979, K. Löyttyniemi 
leg. Label 2: window trap with Eucalyptus. Label 3: Holotypus Zambion mono-
don Kasparyan. Label 4: coll. Dept. Agr. Forest. Zool. Univ. Helsinki, (holotype, 
MZH). 1 ♂, same data as holotype, except 8.iii.1979, (paratype, MZH). 1 ♀, 
same data except 15.iii.1979, (paratype, MZH) (Kasparyan 1993).

Discussion

A checklist with many missing check marks

With only 30 species recorded in the literature, including the major catalogues 
of the Afrotropical Darwin wasps, the fauna of Zambia is more poorly known 
than almost any country. Four of these species were previously unrecorded 
for Zambia in the “Catalogue of world Ichneumonidae” (Yu and Horstmann 
1997; Yu et al. 2016) and were added based on careful examination of 
the original publications of distribution records, highlighting the need 
for double-proofing information in taxon catalogues. However, the four 
records as well as approximately half of the total literature records were 
published during the 20th Century and thus require verification by examining 
relevant specimens in collections and supplementing them with more 
recent samples. This is especially true for the records published before 
Townes`s revision of ichneumonid systematics (Townes 1969, 1970b, 
1970a, 1971).
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We supplemented the literature-based checklist with species obtained through 
targeted sampling of Darwin wasps in the field. With only small-scale field work 
assessment, we increased the species count from the initial 30 species to 44. In 
addition, we described one species new to science and recorded 17 genera new 
to Zambia, including Porizon which is also recorded for the Afrotropical realm 
for the first time. This demonstrates that a very large proportion of the Zambi-
an Darwin wasps are still unrecorded or undescribed due to the lack of studies. 
The finding aligns with a recent species richness estimate for Afrotropical Dar-
win wasps (Meier et al. 2024), which suggested that only 13–22% of diversity 
is known in the most studied Afrotropical countries. For example, in Zambia’s 
neighbouring country Tanzania, between 2,200 and 3,500 species are expected, 
compared to the ~ 500 recorded species (Meier et al. 2024). Zambia has ¾ of 
the land mass of Tanzania and lies within the same biogeographic region. This 
suggests that the current species number of Darwin wasps in Zambia might rep-
resent as little as 1.7–2.7% of the actual species richness.

While many faunistic checklists are simply based on literature records, their 
value can be significantly increased by including specimens available in natural 
history collections. During our research we discovered a small to medium back-
log of unsorted material from Zambia at several European museums of natural 
history (e.g., NHMUK, LKG) and at the Iziko South African Museum (G. Broad, 
S. van Noort, M. Schwarz, pers. comm. 2024). This material was not yet includ-
ed in the present checklist mainly due to two constraints. Firstly, it is not rare 
that material, including type specimens, from an Afrotropical country is widely 
distributed across the world. Thus, studying these specimens takes time and 
substantial funding to visit various collections, which we did not have within 
the scope of this project. Secondly, the species identification requires a coor-
dinated effort of experts on different subfamilies of Darwin wasps, and many 
species identifications require generic revisions, which is a long-term process.

When genus revisions must forego species identifications

Based on the material collected around the region of Lake Tanganyika, we de-
scribe one new Cremastinae species, belonging to the genus Pristomerus. This 
is the only new species of Darwin wasps described based on material from 
Zambia in the last three years (Di Giovanni and Varga 2021). The designation 
of the specimens as new species was only possible because of the more re-
cent revisionary works on this genus (Rousse et al. 2011, 2013; Rousse and 
van Noort 2015). However, for many specimens that we collected in this study, 
species and sometimes even genus identification was not as straightforward 
or even possible. A major obstacle to straightforward identification was the 
lack of identification keys, which are in general rare for the Afrotropical Darwin 
wasps. Even when keys are present, most of them are rather outdated, with a 
few exceptions (e.g., Rousse and van Noort 2014b, 2015; Riedel 2016; Rousse 
et al. 2016; Dal Pos et al. 2024; also available online at WaspWeb (van Noort 
2025)). In the absence of revised keys, an examination of original descriptions 
and usually type material is necessary. However, original descriptions from 
the 19th Century often just provide a differential diagnosis between species 
and some of the originally congeneric species were later moved into different 
genera, making the original descriptions inadequate for differentiating these 
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species from their actual congeners. Unfortunately, also the primary types of a 
considerable number of species have gone missing, e.g., Osprynchotus gigas 
(Kriechbaumer, 1894). Consequently, within many subfamilies of Darwin wasps, 
species and often even genus identification is currently not possible in the Afro-
tropical region. A way forward in species identification involves conducting re-
gional taxonomic revisions of the genera in question, or at least more closely 
related species, by studying original type material and an adequate number of 
specimens, and by generating molecular sequences to aid in difficult cases.

(Under-) representation of major ecotypes

The Miombo woodlands, where we conducted our fieldwork, represent the most 
dominant ecoregion in Zambia (Malambo and Syampungani 2008). Although 
our work took place in this ecoregion, which covers approximately 50% of Zam-
bia’s landmass, we do not consider our sampling to be representative of the ac-
tual diversity of Darwin wasps, even within this ecotype. One primary reason is 
that our sampling was conducted during a brief period in the dry season, while 
significantly higher activity is reported for many insects during and after the 
rainy season (Löyttyniemi and Löyttyniemi 1993). Moreover, the previous liter-
ature records of Darwin wasps in Zambia are extremely patchy, often based on 
single specimens and, especially in the older literature, with incomplete locality 
data. To accurately assess the species diversity of Darwin wasps in Zambia, 
collecting should be conducted throughout the year (e.g., long-term sampling 
using Malaise traps) and across various localities, not only covering the central 
and southern Miombo forests but also extending to other ecotypes. Actually, 
most of the other major ecoregions of Zambia (Malambo and Syampungani 
2008), including the Zambesian flooded grasslands, tropical Cryptosepalum 
dry forests, Baikiaea woodlands, and Western Zambezian grasslands, have yet 
to be sampled. Another factor limiting the representativeness of our sampling, 
especially when it comes to the species endemic to Zambia, is the proximity of 
our sampling area to the Tanzanian border, where considerable overlap with the 
species assemblage of Tanzania is likely.

Outlook

In summary, extensive and collaborative collection efforts across all Zambi-
an ecotypes, involving both local research institutions and international taxo-
nomic specialists, are needed to grasp the species richness of Darwin wasps 
in Zambia. This observation likely holds true not only for Zambia and Darwin 
wasps but also for most of the Afrotropical region and insect groups (e.g., 
Azevedo et al. 2015; van Noort et al. 2015; Salden and Peters 2023). We here 
present a preliminary step towards developing a comprehensive checklist of 
Darwin wasps for the country. Despite conducting fieldwork at the end of the 
dry season and near the border with Tanzania, a country with better-studied 
Darwin wasp diversity in the Afrotropical region, our findings suggest signifi-
cant opportunities for further discovery.

Building on the insights gained from this initial study, we suggest sever-
al improvements for future fieldwork. These include extending the use of 
Malaise traps over longer periods and fostering collaborations with local 



362ZooKeys 1234: 341–367 (2025), DOI: 10.3897/zookeys.1234.144751

Noah Meier et al.: Preliminary checklist of the Darwin wasps from Zambia

universities and students. Additionally, the fieldwork should be conducted 
during or closer to the rainy season to capture a broader range of species. 
Another important next step is to examine several natural history collec-
tions containing already sampled Zambian insects. Studying these collec-
tions might yield many additional species records and new species descrip-
tions given the extent of this so far mostly unidentified material.

Finally, recent global awareness of biodiversity loss has pushed initiatives 
aimed at documenting and monitoring biodiversity in Afrotropical countries, 
including Zambia. These efforts have highlighted the region’s immense yet un-
derstudied biological richness. Major collection initiatives, such as the expedi-
tions of the African Natural History Research Trust focusing on Lepidoptera, 
highlight the value of large-scale, collaborative fieldwork. Similar initiatives 
targeting hymenopteran diversity, such as the extensive surveys of the Afro-
tropical Hymenoptera Initiative conducted over the last 33 years by Simon van 
Noort of the Iziko South African Museum in Cape Town (van Noort 2025) could 
yield insights and help increase understanding of their diversity in the Afrotrop-
ical region, while strengthening the local capacity for taxonomic work through 
education and enlargement of the local natural history collections.
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Abstract

Floresorchestia has been recorded from the South African coast throughout the tropical 
Indo-Pacific and Caribbean seas. Platorchestia exhibits a distribution along the coast-
lines of the Atlantic Ocean and has been documented in the Baltic and Mediterranean 
seas, North America, Bermuda, and South Africa; however, it has not been recorded in 
Southeast Asia. This study presents the discovery of two new species of Floresorchestia 
and Platorchestia (Crustacea: Amphipoda) from a small creek bank in Trat and Bang Pu, 
Samut Prakan Province, respectively. These new species, classified as riparian hoppers, 
significantly contribute to the existing biodiversity in Southeast Asia. Floresorchestia 
trisetosa sp. nov. can be distinguished by left mandible lacinia mobilis 4-dentate; gna-
thopod 2 palm reaching approximately 34%; telson as broad as long, with three robust 
setae per lobe. Platorchestia aquaticus sp. nov. can be distinguished by gnathopod 1 
subchelate, cuspidactylate, gnathopod 2 palm reaching approximately 35%; telson with 
three marginal robust setae, and three apical robust setae per lobe.

Key words: Floresorchestia, new species, Platorchestia, riparian hopper, Talitridae, Thailand

Introduction

The amphipod family Talitridae is diverse and widespread. Floresorchestia ranges 
from warm temperate South Africa across the tropical Indian and Pacific Oceans. 
Platorchestia has been reported on every continent, particularly in temperate 
zones. These two genera were considered coastal or terrestrial (Bousfield 1984) 
when all Talitridae were attributed to one of these habitat types and salt marsh-
es. Today, ten distinct ecological hopper types are recognized: marsh, beach, 
driftwood, sand, field, ground, riparian, forest, moss, and cave (Lowry and Myers 
2019). At a generic level, forest hoppers make up the largest group, followed by 
field hoppers and beach hoppers, but the most specific group is the beach hop-
pers. Floresorchestia is the most ecologically tolerant of the talitrid genera, with 
members classified as marsh hoppers, beach hoppers, forest hoppers, field hop-
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pers, or riparian hoppers. The wide variety of habitats implies a high adaptation 
ability, and many studies presumed that the terrestrial species have a coastal 
Floresorchestia ancestor (Bousfield 1984; Lowry and Springthorpe 2015, 2019). 
Platorchestia species, by contrast, are known primarily as beach hoppers, with 
only one species (P. negevensis Myers & Lowry, 2023) previously known as ripari-
an hoppers. In Thailand, there are five species of Floresorchestia: F. boonyanusithii 
Wongkamhaeng, Damrongrojwattana & Pattaratumrong, 2016, F. buraphana 
Wongkamhaeng, Damrongrojwattana & Pattaratumrong, 2016, F. kongsemae 
Suklom, Danaisawadi & Wongkamhaeng, 2021, F. amphawaensis Suklom, Kee-
tapithchayakul, Abdul Rahim & Wongkamhaeng, 2022 and F. pongrati Suklom, 
Keetapithchayakul, Abdul Rahim & Wongkamhaeng, 2022 (Azman et al. 2014; 
Wongkamhaeng et al. 2016; Suklom et al. 2021; Suklom et al. 2022). The latter 
two species were reported in agricultural and urban areas near the Mae Klong 
River. Although talitrid amphipods can inhabit the terrestrial environment, they re-
quire conditions of high humidity and can detect humidity gradients by the virgula 
davina, the same as terrestrial isopods (Friend and Richardson 1986; Lowry and 
Springthorpe 2015). Therefore, the dispersal of Floresorchestia in Thailand should 
correspond with the flood plain and may relate to the river basins. The genus Pla-
torchestia Bousfield (1982) was included in the subfamily Platorchestiinae Lowry 
and Myers (2022). Platorchestiinae is well known for its broad distribution. Cur-
rently, Platorchestia is present on Atlantic Ocean shores (including the Caribbean, 
Baltic, Mediterranean, and North seas), the Indian Ocean, the western coast of 
Australia, the Pacific Ocean, the western US Coast, and the East China Sea (Myers 
and Lowry 2023). This work is the first record of Platorchestia in Southeast Asia 
and of the first riparian hoppers in the Indo-Pacific. Additionally, the new species 
of Platorchestia are the first records of this genus in Southeast Asia.

Materials and methods

This study is based on material collected from leaf litter in ponds of rice fields 
and urban locations in Trat Province, including the shore of Klong Mai and Bang 
Pu, Samut Prakan, Thailand (Fig. 1). Specimens were collected using a pit-fall 
trap and were then carefully transferred into plastic containers. They were fixed 
in 70% ethanol and preserved in 95% ethanol. The specimens were examined 
under a dissecting microscope and later selected for dissection. Appendages 
of the specimens were examined, and representative figures were produced 
using a camera lucida attached to an Olympus CH30 light microscope. Pencil 
drawings were scanned and digitally inked using an iPad via the Procreate ap-
plication. Final plates were prepared using Adobe Photoshop CC 2017. Distri-
bution maps were plotted using SimpleMappr (Shorthouse 2010).

The palm length was measured as a percentage of the length of the propo-
dus of male gnathopod 2 and was calculated using the formula 100(1- a/b)% 
(Fig. 2), where ‘a’ is the length of the posterior margin measured from the seta 
at the corner of the palm to the base of the propodus and ‘b’ is the length of 
the propodus measured from the base of the dactylus to the base of the propo-
dus (Lowry and Springthorpe (2015: 6)). Terminology for setae and mouthparts 
follows Zimmer et al. (2009). Abbreviations used in figures are A, antenna; EP, 
epimera; G, gnathopod; LL, lower lip; MD, mandible; MX, maxilla; MP, maxilliped; 
P, pereopod; PL pleopod; T telson; U, uropod; UL, upper lip; R, right; L, left.
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Figure 1. Map showing the sampling area. Orange square represents type locality of 
Floresorchestia trisetosa sp. nov. and blue circle represents type locality of Platorchestia 
aquaticus sp. nov.

Results

Systematics

Superfamily Talitroidea Bulycheva, 1957
Family Talitridae Rafinesque, 1815
Subfamily Floresorchestiinae Myers and Lowry, 2020
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Floresorchestia Bousfield, 1984

Orchestia floresiana group: Bousfield 1971: 267. 
Floresorchestia Bousfield, 1984: 205. Miyamoto and Morino 2008: 838. Lowry 

and Springthorpe 2009: 121. Lowry and Springthorpe 2015: 7.

Type species. Orchestia floresiana Weber, 1892, original designation.
Diagnostic description. (modified from Lowry and Springthorpe 2009, 2015) 

Antenna 1 short, not longer than article 4 of antenna 2 peduncle. Antenna 2 pedun-
cular articles slender; article 3 without ventral process. Left mandible lacinia mobi-
lis 4–5-cuspidate. Maxilliped palp article 2 distomedial lobe well developed, article 
4 reduced, button-shaped. Gnathopod 1 sexually dimorphic; subchelate; posterior 
margin of merus, carpus and propodus each with lobe covered in palmate setae. 
Gnathopod 2 sexually dimorphic; subchelate; dactylus distally attenuated (except 
Floresorchestia papeari Lowry & Springthorpe, 2015 and F. ancheidos (H.K. Bar-
nard, 1916)). Pereopods 3–7 cuspidactylate (except F. odishi Bhoi, Myers, Kumar 
& Patro, 2024; pereopods 6 and 7 unidactylate). Pereopods 6 and 7 not sexually 
dimorphic. Pleopods all well developed, biramous. Epimera 1–3, 2 and 3, or 2 with 
slits just above ventral margins, vestigial on epimera 1 (except F. xueli Tong, Hoa, 
Liu, Li & Hou, 2021). Uropods 1, 2 not sexually dimorphic. Uropod 1 outer ramus 
without marginal robust setae. Uropod 2 outer ramus with marginal robust setae. 
Uropod 3 ramus subequal in length to peduncle. Telson with 3–7 robust setae.

Female (sexually dimorphic characters). Gnathopod 1 posterior margin of mer-
us, carpus and propodus each without lobe covered in palmate setae. Gnathopod 
2 mitten-shaped. Oostegites on gnathopod 2 to pereopod 5; setae straight.

Species composition. Floresorchestia includes 29 species: F. amphawaensis 
Suklom, Keetapithchayakul, Abdul Rahim & Wongkamhaeng, 2022; F. andre-
vo Lowry & Springthorpe, 2015; F. anomala (Chevreux, 1901); F. anoquesana 
(Bousfield, 1971); F. anpingensis Miyamoto & Morino, 2008; F. boonyanusithii 
Wongkamhaeng, Dumrongrojwattana & Pattaratumrong, 2016; F. buraphana 
Wongkamhaeng, Dumrongrojwattana & Pattaratumrong, 2016; F. floresiana 
(Weber, 1892); F. hanoiensis Hou & Li, 2003; F. kalili Lowry & Springthorpe, 2015; 
F. kongsemae Suklom, Danaisawadi & Wongkamhaeng, 2021; F. laurenae Lowry 
& Springthorpe, 2015; F. malayensis (Tattersall, 1922); F. mkomani Bichang’a 
& Hou in Bichang’A et al., 2021; F. odishi Bhoi, Myers, Kumar & Patro, 2024; F. 
oluanpi Lowry & Springthorpe, 2015; F. palau Lowry & Myers, 2013; F. papeari 
Lowry & Springthorpe, 2015; F. pohnpei Lowry & Myers, 2013; F. poorei Low-
ry & Springthorpe, 2009; F. pongratii Suklom, Keetapithchayakul, Abdul Rahim 
& Wongkamhaeng, 2022; F. samoana (Bousfield, 1971); F. seringat Lowry & 
Springthorpe, 2015; F. thienemanni (Schellenberg, 1931); F. trisetosa sp. nov.; 
F. vitilevana (J.L. Barnard, 1960); F. xueli Tong, Hao, Liu, Li & Hou, 2021; F. yap 
Lowry & Springthorpe, 2015; F. yehyuensis Miyamoto & Morino, 2008.

Remarks. The subfamily Floresorchestiinae is comprised of three genera 
(Austropacifica, Floresorchestia, and Gazia) and is defined by vertical slits on 
the ventral margin of epimera 1–3, 2 and 3, or only 2. Floresorchestia differs 
from Gazia in having a palmate lobe on the merus carpus and propodus of male 
gnathopod 1, whereas Gazia lacks a palmate lobe on the merus of male gnatho-
pod 1. Floresorchestia differs from Austropacifica in not having the mid-medial 
robust setae with a modified tip on the outer ramus of uropod 1.
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Figure 2. The measurement method for the length of male gnathopod 2 palm and pos-
terior margin of propodus.

Floresorchestia trisetosa sp. nov.
https://zoobank.org/5C7AA8E3-B49C-4264-80B0-0DBAC71E3FEF
Figs 3–6

Type material. Holotype • Thailand, 1 ♂; Muang Trat District, Trat; 12°15'12.9"N, 
102°30'31.3"E; 21 February 2021; Anotai Suklom; pit fall trap; THNHM-lv-20866. 
Allotype • 1 ♀; collected with holotype; THNHM-lv-20867. Paratypes • 2 ♂ and 2 
♀ collected with holotype; THNHM-lv-20868.

Type locality. A small creek near the restaurant, Muang Trat District, Trat, 
Thailand.

Ecological type. Riparian hoppers (edges of lakes under stones or in very 
wet vegetation, near or in streams, rivers, creeks, cascades, and waterfalls).

Diagnosis. Mandible lacinia mobilis 4-dentate. Gnathopod 1 with palmate 
lobes on merus, carpus and propodus; palm acute. Gnathopod 2 propodus 
palm reaching ~ 33% along posterior margin; dactylus attenuated distally. 
Pereopod 4 dactylus thickened proximally, with slight notch midway along pos-
terior margin. Epimeron 2 and 3 with slits just above ventral margins. Uropod 1 
outer ramus without marginal robust seta, with three marginal robust setae in 



374ZooKeys 1234: 369–396 (2025), DOI: 10.3897/zookeys.1234.140645

Anotai Suklom et al.: New Floresorchestia and Platorchestia from Thailand

Figure 3. Floresorchestia trisetosa sp. nov., holotype, male, 5.5 mm, THNHM-Iv-20866. Scale bars: 0.5 mm (A2, G1, G2); 
0.2 mm (A1).

one row. Uropod 3 peduncle with one robust seta; ramus with two apical robust 
setae. Telson with one apical robust seta, and two lateral robust seta per lobe. 
Description. Based on male holotype 8.7 mm, THNHM-lv-20866.

Head. Eye large (> 1/3 head length). Antenna 1 (Fig. 3, A1) short, rarely longer 
than article 4 of antenna 2 peduncle. Antenna 2 (Fig. 3, A2) < 1/2 body length, 
peduncular articles slender, article 5 longer than article 4. Upper lip (Fig. 4, UL) 
without robust setae, broad, rounded apex, apical marginal with fine setule. 
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Figure 4. Floresorchestia trisetosa sp. nov., holotype, male, 5.5 mm, THNHM-Iv-20866. Scale bars: 0.2 mm (X1, MX2, MP, 
LMD, RMD); 0.1 mm (UL, LL).

Lower lip (Fig. 4, LL) without inner plate, with fine setule on apex and inner mar-
gin. Left mandible (Fig. 4, LMD) incisor 5-dentate; left lacinia mobilis 4-dentate 
and five pappose setae type I in one row; molar strong with 20 striations and 
one pappose setae type II on the distal of molar. Right mandible (Fig. 4, RMD) 
incisor 5-dentate; lacinia mobilis with numerous cusps; molar strong with 26 
striations and 1 distal pappose seta. Maxilla 1 (Fig. 4, MX1) inner plate slender 
with 2 apical papposerrate setae type I; outer plate with 9 robust serrate setae 
type I and small palp 2-articulate on outer lateral margin. Maxilla 2 (Fig. 4, MX2) 
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inner plate slightly shorter than outer plate, subapical margin with 19 robust 
setae, with one mediolateral papposerrate seta type I: outer plate with 18 apical 
robust setae in two rows. Maxilliped (Fig. 4, MP) inner plate apical and subapi-
cal margins with papposerrate setae type II, and two large conical robust setae; 
outer plate subapical margin with robust setae and two pappose setae; palp 
article 2 distomedial lobe well developed; article 4 reduced, button shaped.

Pereon. Gnathopod 1 (Fig. 3, G1) sexually dimorphic; subchelate; coxa small-
er than coxa 2, anterior margin slightly convex distally; basis slightly expanded 
posteriorly, anterior margin with four robust setae, posterior margin with two 
marginal robust setae and two terminal robust setae; ischium subquadrate, 
shortest, anterior lobe slightly rounded; posterior margin of merus, carpus and 
propodus each with lobe covered in palmate setae; carpus longer than propo-
dus, carpus 1.27× as long as propodus, carpus 1.9× as long as broad; propo-
dus ‘subtriangular’ with well-developed posterodistal lobe, anterior margin with 
three groups of robust setae, lateral surface with four cuspidate setae, pos-
terolateral surface with three serrate setae, medial surface with five cuspidate 
setae, posterior margin without cuspidate setae, with three serrate setae; palm 
transverse, with five serrate setae; dactylus longer than palm, without spine 
patch on posterodistal corner . Gnathopod 2 (Fig. 3, G2) sexually dimorphic; sub-
chelate; coxal gill simple (or slightly lobate); basis slightly expanded; ischium 
with distally rounded posterodistal lobe on medial surface; posterior margin of 
merus, carpus and propodus each without lobe covered in palmate setae; car-
pus reduced, enclosed by merus and propodus, posterior absent, not projecting 
between merus and propodus; propodus subovate, 1.4× as long as wide; palm 
acute, reaching ~ 33% along posterior margin, smooth, evenly rounded, lined 
with robust setae, posteromedial surface of propodus with groove, without cu-
ticular patch at corner of palm; dactylus longer than palm, without anteroproxi-
mal bump, posterior margin smooth, attenuate distally; gill lobate.

Pereopods 3–4 (Fig. 5, P3–P7) coxae wider than deep. Pereopods 3–7 cuspi-
dactylate; dactyli without anterodistal patch of many rows of tiny setae. Pereo-
pod 3 (Fig. 5, P3) coxa wider than deep, ventral margin with four robust setae, 
posterior margin with acute process; basis slightly expanded, anterior margin 
slightly straight and naked, posterior margin with four robust setae; ischium 
subrectangular, shortest; merus longer than carpus and propodus, distally 
expanded, anterior margin with four robust setae, posterior margin with four 
robust setae; carpus as long as propodus, anterior margin with three setae, 
posterior margin with four robust setae; propodus slender, anterior margin with 
three robust setae, posterior margin with eight robust setae; dactylus without 
notch on posterior margin, anterior corner with one robust seta and posterior 
inner view with two robust setae. Pereopod 4 (Fig. 5, P4) significantly shorter 
than pereopod 3; coxa wider than deep, posterior margin with acute process; 
basis slightly expanded distally, anterior margin distally convex, posterior mar-
gin with five robust setae; ischium shortest, subquadrate, distally convex; mer-
us longer than carpus and propodus; carpus significantly shorter than carpus 
of pereopod 3; propodus slender, anterior margin with three groups of robust 
setae, posterior margin with three groups of robust setae; dactylus thickened 
proximally with a notch midway along posterior margin, dactylus without an-
terodistal setal patch. Pereopod 5 (Fig. 5, P5) coxa bilobed, anterior lobe dis-
tinctly larger than posterior lobe, posterior lobe with setae on ventral margin; 
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Figure 5. Floresorchestia trisetosa sp. nov., holotype, male, 5.5 mm, THNHM-Iv-20866. Scale bars: 0.5 mm.

basis ovate, anterior margin with eight robust setae, posterior margin with five 
minute setae; ischium shortest, subrectangular, posterior margin distally con-
vex; merus as long as carpus, distally expanded, anterior margin with five ro-
bust setae; carpus shorter than propodus, anterior margin with seven robust 
setae, posterior margin with one marginal robust seta and three robust setae 
distally; propodus distinctly longer than carpus; dactylus without anterodistal 
setal patch. Pereopods 6–7 (Fig. 5, P6 and P7) not sexually dimorphic. Pereo-
pod 6 (Fig. 5, P6) subequal in length to pereopod 7; coxa posterior lobe larger 
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than anterior lobe, inner view posteroventral corner rounded, posterior margin 
perpendicular to ventral margin, posterior lobe without ridge, without marginal 
setae; basis ovate, anterior margin with eight robust setae, posterior margin 
with nine or ten minute setae; ischium shortest; merus slightly expanded, ante-
rior margin crenulate with six robust setae, posterior margin convex with three 
robust setae; carpus as long as merus, anterior margin crenulate with eight 
robust setae, posterior margin with six robust setae in three groups; propo-
dus longer than carpus, slender, anterior margin with eight robust setae in four 
groups, posterior margin with nine robust setae; dactylus slender with setae in 
posterior corner. Pereopod 7 (Fig. 5, P7) coxa reduced; basis sub ovate, lateral 
sulcus absent, posterior margin with distinct minute serrations, each with a 
small seta, posterodistal lobe present, shallow, broadly rounded; ischium short-
est, subrectangular with posterior rounded process; merus posterior margin 
expanded distally, subtriangular; propodus slightly longer than carpus, anterior 
margin with seven robust setae, posterior margin with eight robust setae and 
three terminal minute setae; dactylus slender and with subapical setae.

Pleon. Pleopods 1–3 well developed, biramous; peduncle ventral margin 
without robust setae; rami without ventral robust setae. Pleopod 1 (Fig. 6, PL1) 
peduncle longer than rami; inner ramus subequal in length to outer ramus, with 
eight articles; outer ramus with nine articles. Pleopod 2 (Fig. 6, PL2) peduncle 
longer than rami; inner ramus with eight robust setae; outer ramus with eight 
robust setae. Pleopod 3 (Fig.6, PL3) peduncle longer than rami; inner ramus 
with nine robust setae; outer ramus with seven robust setae. Epimeron 1 (Fig. 
6, EP) posterior corner slightly projecting, and without slits. Epimera 2 and 3 
each with slits above ventral margin; posterior ventral corner and ventral mar-
gin smooth. Uropod 1 (Fig. 6, U1) peduncle slightly longer than ramus with 
6 robust setae, distolateral robust seta present, small (< 1/4 length of outer 
ramus), with simple tip; inner ramus subequal in length to outer ramus, inner 
ramus with three marginal robust setae (1 row), with four apical robust setae; 
outer ramus without marginal robust setae. Uropod 2 (Fig. 6, U2) not sexually 
dimorphic; peduncle shorter than rami with 3 robust setae; inner ramus sub-
equal in length to outer ramus, with marginal robust setae, with one lateral 
robust seta; outer ramus with marginal robust setae in one row. Uropod 3 (Fig. 
6, U3) peduncle longer than ramus with one robust seta; ramus not fused to 
peduncle; ramus 1.6× as long as broad. Telson (Fig. 6, T) longer than broad, 
apically incised, dorsal midline less than halfway, with one apical robust seta, 
and two lateral robust setae.

Female (Fig. 6) (sexually dimorphic characters). Based on allotype, female 
4.7 mm. THNHM-lv-20867.

Pereon. Gnathopod 1 (Fig. 6, G1♀) parachelate; coxa anterior margin 
straight, anteroventral margin with three robust setae; basis slender, anterior 
margin straight, posterior margin slightly expanded distally with two subter-
minal robust setae; ischium shortest, subrectangular, anterior margin slightly 
convex; posterior margin of merus, carpus and propodus without lobe covered 
in palmate setae; merus triangular with two groups of robust setae on posterior 
margin; carpus subtriangular, anterior margin curved with four terminal setae, 
posterior margin slightly convex with three robust setae; propodus slender, an-
terior margin crenulate with two marginal robust setae and four terminal se-
tae, posterior margin crenulate with three lateromedial robust setae; dactylus 
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Figure 6. Floresorchestia trisetosa sp. nov., holotype, male, 5.5 mm, THNHM-Iv- 20866, allotype, female, 4.7 mm, THNHM-
Iv-20867. Scale bars: 0.25 mm (PL1–3, EP); 0.2 mm (U1–2, U3); 0.1 mm (T) 0.5 mm (G1♀, G2 ♀).
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slender, anterior corner with one robust seta, posterior margin with one seta 
and two lateromedial robust setae. Gnathopod 2 (Fig. 6, G2♀) mitten-shaped; 
coxa as long as deep, anterior margin straight, posterior margin straight, ventral 
margin with minute setae; basis expanded, anterior margin naked, posterior 
margin straight with one seta; ischium as long as merus, anterior margin with 
rounded lobe, posterior margin straight with one terminal seta; merus shorter 
than carpus, anterior margin with rounded lobe, posterior margin with rounded 
lobe; carpus and propodus each with lobe covered in palmate setae; carpus 
subtriangular, longer than propodus; propodus subovate, lateromedial corner 
with three robust setae; dactylus slender, shorter than palm, anterior margin 
with one robust seta, posterior margin with two robust setae.

Distribution. Thailand. Trat town Municipality, Trat.
Etymology. Named for the character of three robust setae on each telsonic lobe.
Remarks. Floresorchestia trisetosa sp. nov. is closely related to F. boonya-

nusithii and F. amphawaensis by having the gnathopod 2 palm reaching be-
tween 31–35%, dactylus posterior margin smooth, proximal tooth absent, and 
mandible left lacinia mobilis 4-dentate. F. trisetosa can be separated from those 
two species by the combination of characteristics as follows (other species in 
paratheses): (1) gnathopod 1 carpus 1.2 × propodus (1.4× in F. boonyanusithii, 
1.5× in F. amphawaensis); (2) uropod 1 peduncle with six robust setae (6 in F. 
boonyanusithii; 4 in F. amphawaensis); (3) uropod 3 peduncle with two robust 
setae (4 in F. amphawaensis and 2 in F. boonyanusithii); (4) telson longer than 
broad, telsonic lobe with three robust setae (vs 4 robust setae in F. boonya-
nusithii, and F. amphawaensis).

Floresochestia trisetosa is the first riparian hopper to be reported from Thai-
land (Fig. 7).

Figure 7. Ecological groups of Floresorchestia species in Southeast Asia.
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Subfamily Platorchestiinae Lowry & Myers, 2022

Platorchestia Bousfield, 1982

Platorchestia Bousfield, 1982: 26; Jo 1988: 160; Richardson 1991: 186; Morino and 
Ortal 1995: 825; Miyamoto and Morino 2004: 68; Myers and Lowry 2023: 486.

Type species. Platorchestia platensis (Krøyer, 1845), original designation.
Diagnostic description. (modified from Myers and Lowry 2023) Antenna 1 short, 

not longer than article 4 of antenna 2 peduncle. Antenna 2 peduncular article 3 
without ventral plate; articles 4 and 5 occasionally incrassate in males. Maxilliped 
palp article 2 with distomedial lobe; article 4 reduced, button-shaped. Gnathopod 
1 sexually dimorphic; subchelate; posterior margin of carpus and propodus each 
lobe covered in palmate setae; dactylus cuspidactylate. Gnathopod 2 subchelate 
in male, mitten-shaped in female; basis narrow or slightly expanded; propodus 
palm posterodistal corner without protuberance. Pereopods 3–7 cuspidactylate. 
Pereopod 7 occasionally incrassate in male. Uropod 1 outer ramus without mar-
ginal robust setae. Telson with apical and marginal robust setae.

Species composition. Platorchestia contains 13 species: P. ano Lowry & Bo-
piah, 2013; P. aquaticus sp. nov.; P. crassicornis (Costa, 1867); P. exter Myers & 
Lowry, 2023; P. griffithsi Myers & Lowry, 2023; P. munmui Jo, 1988; P. negevensis 
Myers & Lowry, 2023; P. oliveirae Myers & Lowry, 2023; P. pachypus (Derzhavin, 
1937); P. pacifica Miyamoto & Morino, 2004; P. paraplatensis Serejo & Lowry, 
2008; P. platensis (Krøyer, 1845); P. smithi Lowry, 2012.

Remarks. Miyamoto and Morino (2004) established three groups of Pla-
torchestia based on the presence or absence of sexual dimorphism. Lowry and 
Myers (2022) established the new subfamily Platorchestiinae, which accom-
modates 15 genera, including Platorchestia. The Platorchestia sensu stricto is 
equivalent to Group 1 of Miyamoto (antenna 2 and pereopods 6 and 7 are strong-
ly sexually dimorphic and represented by supralittoral species). Subsequently, 
Myers and Lowry (2023) described three new Platorchestia species and provid-
ed the diagnostic characteristics as antenna 2 sexually dimorphic by articles 4 
and 5, which are generally incrassate in males and pereopod 7 often incrassate 
in male articles 5–7. The combination of antenna 2 and pereopod 7 incrassate 
was classified into Group 1 and Group 2 by Miyamoto and Morino (2004).

Platorchestia aquaticus sp. nov.
https://zoobank.org/C7E46D2E-806F-48E8-ACBC-EB8F6322C004
Figs 8–12

Type material. Holotype • Thailand, 1 ♂; Bang Pu, Samut Prakan; 13°31.73'N, 
100°38.17'E; 21 February 2021; Anotai Suklom; pit fall trap; THNHM-lv-20869. 
Allotype • 1 ♀; collected with holotype; THNHM-lv-20870. Paratypes • 2 ♂ and 2 
♀ collected with holotype; THNHM-lv-20871.

Type locality. On the shore of Klong Mai, Bang Pu, Samut Prakan, Thailand.
Habitat. Riparian hoppers, living near urban areas in Bang Pu, Samut Prakan.
Ecological type. Riparian hoppers (on the shore of canal under leaf litter or 

around the fibrous root of aquatic plants).
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Diagnosis. Male antenna 2 and pereopod 7 strongly sexually dimorphic. Male 
gnathopod 1 rudimentary cusp on dactylus. Male gnathopod 2 propodus without 
notch on palmar margin. Coxa 6 posterior lobe with anterodistal corner subquad-
rate, with process, one or two marginal setae, posterior margin perpendicular to 
ventral margin, outer surface with ridge. Pleopod 2 with two marginal robust 
setae; pleopod 3 with three marginal robust setae. Uropod 1 peduncle with nine 
or ten robust setae in two rows. Uropod 3 ramus with one marginal robust seta.

Description. Based on holotype, male, 8.72 mm, THNHM-lv-20869. Head. 
Eye medium ~ 1/3–1/5 of head length. Antenna 1 (Fig. 8, A1) short, slightly lon-
ger than article 4 of antenna 2. Antenna 2 (Fig. 8, A2) slightly incrassate, shorter 
than half body length; peduncular articles occasionally expanded, with small 
setae along the peduncle; article 4 shorter than article 5; flagellum with 15 arti-
cles, final article cone-shaped with apical cluster of setae. Upper lip (Fig. 9, UL) 
broad, deep, apex round, without robust setae, apical margin with fine setules. 
Lower lip (Fig. 9, LL) present; without inner plate, with fine setules on the apex 
and inner margins. Left mandible (Fig. 9, LMD) incisor 5-dentate; lacinia mobilis 
5-dentate, with six pappose setae type I in one row; molar strong and concave, 
with 22 striations, with cluster of fine setae on anterior side and one pappose 
setae type II on the dorsal side of molar. Right mandible (Fig. 9, RMD) incisor 
5-dentate; lacinia mobilis with numerous cusps and four pappose setae type 
I in one row; molar strong and convex, with 22 striations, with cluster of fine 
setae on anterior side and one pappose seta type II on the dorsal side. Maxilla 
1 (Fig. 9, MX1) inner plate slender with two apical papposerrate setae type I; 
outer plate with seven robust serrate setae type I; outer margin with small 2-ar-
ticulate palp. Maxilla 2 (Fig. 9, MX2) inner plate slightly shorter than outer plate; 
with 25 subapical setae, one papposerrate seta type I and 15 simple slender 
setae on inner margin; outer plate with 12 simple setae type I and one pappos-
errate seta type I, inner margin with four robust setae. Maxilliped (Fig. 9, MP) 
inner plate with apical papposerrate setae type II and three large conical robust 
setae; outer plate with apical papposerrate setae; palp article two distomedial 
lobe well developed with numerous simple setae; article 4 present, reduced.

Pereon. Gnathopod 1 (Fig. 8, G1) sexually dimorphic; subchelate, coxa smaller 
than coxa 2, ventral margin with eight robust setae, anterior margin straight; basis 
expanded posteriorly, anterior margin with six robust setae, posterior margin with 
four robust setae; posterior margin of carpus and propodus each with lobe cov-
ered in palmate setae; ischium shortest; merus and carpus triangular; carpus 1.3× 
longer than propodus; propodus subtriangular with well-developed posterior lobe, 
palm straight with four robust setae in one row; dactylus cuspidactylate, shorter 
than palm. Gnathopod 2 (Fig. 8, G2) sexually dimorphic; subchelate; coxa as wide 
as deep without posterior process, ventral margin convex with 13 robust setae; 
basis expanded, anterior margin straight with six robust setae, posterior margin 
slightly concave with six robust setae; ischium subrectangular, anterior margin 
without notch; merus subequal in length to carpus, convex on posterior margin; 
carpus triangular; reduce; enclosed by merus and propodus, posterior lobe ab-
sent; propodus subovate, palm acute and reaching 34.5–35% along posterior 
margin, 1.5× as long as wide, posteromedial surface of propodus with groove, 
anterior margin with one distal robust seta, palmar margin slightly convex with 14 
robust setae; dactylus longer than palm and fitting in facial groove of propodus, 
attenuated distally. Pereopod 3 (Fig. 10, P3) coxa wider than deep without pos-
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Figure 8. Platorchestia aquaticus sp. nov., holotype, male, 8.7 mm, THNHM-Iv- 20869. Scale bars: 0.2 mm.
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terior process, ventral margin slightly convex and with 15 robust setae, anterior 
margin straight, anterior and posterior margins naked; basis slightly expanded 
distally, anterior margin straight with six robust setae, posterior margin slightly 
crenulate, with four groups of robust setae; ischium shortest, anterior margin with 
rounded process; merus slightly expanded, longer than carpus and propodus, an-
terior margin slightly rough and with seven robust setae, posterior margin slightly 
straight and with ten robust setae; carpus as long as propodus, anterior margin 
with three robust setae, posterior margin with five robust setae; propodus anterior 
margin with three groups of two robust setae in each group, posterior margin with 
three groups of three robust setae in each group, with two distal robust setae; 
dactylus posterior margin with one seta on anterior margin. Pereopod 4 (Fig. 10, 
P4) similar to pereopod 3 but shorter; coxa subrectangular, wider than deep, pos-
terior margin with posterior process, ventral margin with 13 robust setae; basis 
slightly expanded distally, anterior margin with group of distal robust setae; ischi-
um shortest, anterior margin convex, posterior margin straight with two robust 
setae; merus slightly expanded, longer than carpus and propodus, anterior margin 
crenulate with six robust setae, posterior margin crenulate with four groups of 
robust setae with two robust setae in each group; carpus as long as propodus, 
anterior margin straight with three robust setae, posterior margin slightly crenu-
late with seven robust setae; propodus slender, anterior margin with seven robust 
setae, posterior margin with three groups of robust setae; dactylus slender and 
longer than pereopod 3, thickened proximally with notch along posterior margin. 
Pereopod 5 (Fig. 10, P5) coxa bilobed, anterior lobe distinctly larger than pos-
terior lobe, ventral margin with minute setae; basis ovate, anterior margin with 
seven robust setae, posterior margin with eight minute setae; ischium subrectan-
gular, shortest, posterior margin notched; merus expanded distally, subequal in 
length to carpus, anterior margin slightly concave with seven robust setae, pos-
terior margin convex with seven robust setae; carpus anterior margin crenulate 
with three groups of robust setae with three robust setae in each group, posterior 
margin slightly straight; propodus slender, longer than merus and carpus, anterior 
margin with four groups of robust setae with three robust setae in each group, 
posterior margin crenulate with five robust setae; dactylus with two robust setae 
on anterior margin. Pereopod 6 (Fig. 10, P6) coxa bilobed, anterior lobe very small, 
anterior margin straight, posterior lobe inner view posteroventral corner rounded, 
posterior margin perpendicular to ventral margin, ventral margin serrate and with 
minute setae; basis ovate, anterior margin with eight robust setae, posterior mar-
gin with six minute setae; ischium shortest; anterior margin straight, posterior 
margin with rounded process; merus slightly expanded, anterior margin crenulate, 
with nine robust setae, posterior margin convex and with six robust setae; carpus 
as long as merus, anterior margin crenulate and with four groups of robust se-
tae, posterior margin crenulate with four groups of robust setae; propodus longer 
than merus and carpus, anterior margin slightly crenulate with 13 robust setae, 
posterior margin slightly crenulate with 16 robust setae; dactylus slender with 
subapical robust setae. Pereopod 7 (Fig. 10, P7) not sexually dimorphic, coxa 
reduced, ventral margin with minute setae; basis expanded without lateral sulcus, 
posterodistal lobe present, anterior margin with ten robust setae, posterior mar-
gin serrate with minute setae, ischium shortest with posterior process; merus as 
long as carpus, anterior margin slightly crenulate with ten robust setae, posterior 
margin with posteroventral lobe and five robust setae; carpus oblong; anterior 
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Figure 9. Platorchestia aquaticus sp. nov., holotype, male, 8.7 mm, THNHM-Iv- 20869. Scale bars 0.2 mm.
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Figure 10. Platorchestia aquaticus sp. nov., holotype, male, 8.7 mm, THNHM-Iv- 20869.Scale bars: 0.5 mm.
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margin slightly crenulate with eight robust setae, posterior margin crenulate with 
six robust setae; propodus slender, longer than merus and carpus, 1.17× as long 
as carpus anterior margin with 13 robust setae, posterior margin with eight robust 
setae; dactylus slender, apically acute without robust setae.

Pleon. Pleopods 1–3 well developed, biramous; Pleopod 1 (Fig. 11, PL1) pe-
duncle longer than rami, without marginal robust setae; inner ramus as long as 
outer ramus, with 15 articles; outer ramus with 14 articles. Pleopod 2 (Fig. 11, 
PL2) peduncle slightly longer than rami, with marginal robust setae on posterior 
margin; inner ramus as long as outer ramus, with 12 articles; outer ramus with 12 
articles. Pleopod 3 (Fig. 11, PL3) peduncle longer than rami, posterodistal mar-
gin with 3 robust setae; inner ramus longer than outer ramus. with 11 articles; 
outer ramus with ten articles. Epimera 1–3 posterior margin slightly serrate, pos-
teroventral corners of epimera 2 and 3 reduced. Uropod 1 (Fig. 11, U1) peduncle 
1.5× longer than rami, with seven robust setae in two rows, without distolateral 
robust setae; inner ramus subequal in length to outer ramus, with four marginal 
robust setae and three apical robust setae; outer ramus without marginal robust 
setae and with three apical robust setae. Uropod 2 (Fig. 11, U2) peduncle 1.3× 
longer than rami, with four marginal robust setae; inner ramus with four marginal 
robust setae and 3 apical robust setae; outer ramus with one or two marginal 
robust setae and three apical robust setae. Uropod 3 (Fig. 11, U3) peduncle sub-
equal in length to ramus, with three robust setae; ramus slender, more than 3.5× 
longer than broad, with one marginal robust seta and four apical robust setae. 
Telson (Fig. 11, T) longer than broad, apically incised, with three marginal robust 
setae and three apical robust setae per lobe; dorsal midline entire.

Male (minor form). Based on paratype, male 7.9 mm. THNHM-lv-20871.
Head. Antenna 2 (Fig. 12, A2) peduncle not incrassate, peduncle slender.
Pereon. Gnathopod 1 (Fig. 12, G1); basis slightly expanded posteriorly, anteri-

or margin with two robust setae, posterior margin with two robust setae; carpus 
1.4× longer than propodus; propodus anterior margin with two groups of robust 
setae; dactylus subequal to palm. Gnathopod 2 (Fig. 12, G2) coxa ventral margin 
with ten robust setae; basis anterior margin slightly concave with two robust se-
tae, posterior margin expanded with four robust setae; ischium subrectangular, 
anterior margin with lobe; merus longer than carpus, convex on posterior mar-
gin; carpus triangular; reduced; enclosed by merus and propodus, posterior lobe 
absent; propodus subovate, palm acute reaching 45% along posterior margin, 
1.4× as long as wide, palmar margin slightly convex with six robust setae; dacty-
lus longer than palm and fitting in facial groove of propodus, attenuated distally.

Female (sexually dimorphic characters) based on allotype type, female 
7.8 mm. THNHM-lv-20870.

Pereon. Antenna 2 (Fig. 12, A2♀) peduncle slender. Gnathopod 1 (Fig. 12, G1♀) 
parachelate; posterior margin of merus, carpus and propodus without lobe covered 
in palmate setae; basis slightly expanded with posterodistal rounded process, ante-
rior margin with six robust setae, posterior margin with three robust setae; ischium 
shortest, anterior margin with rounded lobe; merus triangular, posterior margin with 
six robust setae; carpus subtriangular, anterior margin straight with four robust se-
tae, posterior margin convex with six robust setae in two groups, propodus subrect-
angular, palm acute, anterior margin with nine robust setae, posterior margin with 
11 robust setae; dactylus much longer than palm, posterior margin with three ro-
bust setae. Gnathopod 2 (Fig. 12, G2♀) mitten-shaped, coxa posterior margin with 
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Figure 11. Platorchestia aquaticus sp. nov., holotype, male, 8.7 mm, THNHM-Iv- 20869. Scale bars: 0.5 mm (PL1–3); 
0.2 mm (U1–2); 0.1 mm (U3, T).
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Figure 12. Platorchestia aquaticus sp. nov., paratype male 7.9 mm, THNHM-Iv- 20871, And allotype female 7.8 mm, 
THNHM-Iv- 20870. Scale bars: 0.5 mm (A2, G2); 0.2 mm (G1).
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acute process, ventral margin with minute setae; basis expanded, anterior margin 
convex with minute setae; ischium subrectangular, anterior margin with round lobe, 
posterior margin with four robust setae; merus, carpus, and propodus each with 
lobe covered in palmate setae; merus posterior lobe well developed with seven 
robust setae; carpus subtriangular; propodus subovate, palm obtuse, laterodistal 
corner with six robust setae in one line; dactylus slender, not longer than palm.

Distribution. Thailand. Klong Mai, Bang Pu, Samut Prakan.
Etymology. Named for the freshwater habitat where the species was collected.
Remarks. Platorchestia aquaticus sp. nov. is the first species of Platorchestia 

recorded from Southeast Asia. The genus Platorchestia is classified as supra-litto-
ral and terrestrial and is sexually dimorphic in antenna 2 and gnathopods 1 and 2. 
Males present two different forms in the population. The major form of P. aquati-
cus, based on the male holotype, appears similar to P. pacifica (Miyamoto & Mo-
rino, 2004), P. paraplatensis (Serejo & Lowry, 2008), and P. smithi (Lowry, 2012) in 
the following characteristics: 1) mandible left lacinia mobilis 5 dentate, 2) coxae 3 
and 4 as wide as deep, 3) gnathopod 1 dactylus slightly short or subequal to palm, 
4) gnathopod 1 propodus subtriangular, palm transverse, 5) Uropod 3 peduncle 
with two or three robust setae, 6) telson longer than broad. However, Platorchestia 
aquaticus sp. nov. may be distinguished from other closely related species as fol-
lows: 1) gnathopod 1 with rudimentary cusps on dactylus (P. pacifica and P. para-
platensis gnathopod 1 with distinct cusp on dactylus), 2) propodus of gnathopod 
2 without notch on palmar margin, 3) uropod 1 peduncle with nine or ten robust 
setae in two rows, 4) uropod 3 ramus with single robust marginal seta, 5) telson 
with three robust marginal setae and three robust apical setae per lobe.

Key to species of the Floresorchestia in Southeast Asia and 
neighboring regions (modified from Suklom et al. 2022)

1 Gnathopod 1 carpus subequal or ? (1.7×) to propodus ..........................2
– Gnathopod 1 carpus > 1.7× than propodus ...............................................

 .........................................................F. thienemanni (Schellenberg, 1931)
2(1) Gnathopod 1 carpus significantly > 1.2–1.5× than propodus ................3
– Gnathopod 1 carpus subequal in length to propodus ............................5
3(2) Gnathopod 1 carpus 1.2–1.3× than propodus ........................................4
– Gnathopod 1 carpus significantly > 1.5× than propodus ......................10
4(2) Telson approximately as long as broad; antenna 2 longer than head and 

first 3 pereonites ....................... F. seringat Lowry & Springthorpe, 2015
– Telson longer than broad; antenna 2 shorter than head and first 3 pere-

onites .................................................. F. kongsemae Suklom et al., 2021
5(3) Gnathopod 2 propodus 1.3–1.4× as long as wide ..................................6
– Gnathopod 2 propodus 1.5–1.8× as long as wide ..................................9
6(5) Uropod 1 peduncle without robust setae ... F. malayensis (Tattersall, 1922)
– Uropod 1 peduncle with 4–6 robust setae ..............................................6
7(5) Left lacinia mobilis 5-dentate ..................F. pongrati Suklom et al., 2022
– Left lacinia mobilis 4-dentate ...................................................................8
8(7) Uropod 3 peduncle with 2 robust setae; telsonic lobe with 3 robust 

setae ...............................................................................F. trisetosa sp. nov.
– Uropod 3 peduncle with 4 robust setae; telsonic lobe with 4 robust 

setae ................................................ F. amphawaensis Suklom et al., 2022
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9(5) Left lacinia mobilis 5-dentate; uropod 1 peduncle without marginal se-
tae; uropod 3 ramus without marginal robust setae .................................
 .................................................. F. yehyuensis Miyamoto & Morino, 2008

– Left lacinia mobilis 4-dentate; uropod 1 peduncle bearing more than 6 
robust setae; uropod 3 ramus with 1 marginal seta .................................
 ................................................ F. buraphana Wongkamhaeng et al., 2016

10(3) Epimera 2 and 3 with slits ......................................................................11
– Epimera 1–3 with slit ............... F. laurenae Lowry & Springthorpe, 2015
– Epimera 1–3 without slits ................................ F. xueli Tong & Hou, 2021
11(9) Gnathopod 2 propodus 1.4× as long as wide ........................................12
– Gnathopod 2 propodus 1.5–1.6× as long as wide ................................13
12(11) Telson broader than long; Gnathopod palm without protuberance near 

dactylar hinge; Uropod 3 ramus without marginal robust setae ..............
 ...................................................................... F. hanoiensis Hou & Li, 2003

– Telson longer than broad; Gnathopod palm with rounded protuberance 
near dactylar hinge; Uropod 3 ramus with marginal robust setae ...........
 .........................................................................F. floresiana (Weber, 1892)

13(11) Gnathopod palm reaching 40–50% of propodus ..................................14
– Gnathopod palm reaching 30–40% of propodus ......................................

 ......................................... F. boonyanusithii Wongkamhaeng et al., 2016
14(13)  Uropod 2 outer ramus with 2 marginal setae ...........................................

 .................................................F. anpingensis Miyamoto & Morino, 2008
– Uropod 2 outer ramus with 2 marginal setae ............................................

 ..................................................... F. oluanpi Lowry & Springthorpe, 2015

Discussion

The genus Floresorchestia occupies several ecological types, including marsh 
hoppers, field hoppers, beach hoppers, riparian hoppers, and forest hoppers 
(Lowry and Myers 2019). In Thailand, species of Floresorchestia are either field 
hoppers (F. buraphana, F. boonyanusithii, and F. kongsemae) or marsh hoppers 
(F. amphawaensis and F. pongrati) (Suklom et al. 2021, 2022). Floresorchestia 
trisetosa sp. nov. is the first record of riparian hopper to be recorded in Thai-
land. Another riparian hopper reported from Southeast Asia is F. thienemanni, 
which is present near a waterfall among the stand of aroid Colocasia in central 
Java, Indonesia, at 1,400 m altitude. The new species F. trisetosa sp. nov. occu-
pies the edge of a small creek in Muang Trat District, Trat at 0 m a.s.l.; therefore, 
the distribution of Floresorchestia is not affected by altitude.

The subfamily Floresorchestiinae is characterized by vertical slits on the ven-
tral margin of epimera 1–3 (Myers and Lowry 2020), but Floresorchestia xueli 
lacks this character. Therefore, the taxonomic status of F. xueli should be revised.

Morino (2024) described the variability of certain characteristics of Platorches-
tia and Dermaorchestia from the coast of Japan. This variability included 12 char-
acters. The new species Platorchestia aquaticus sp. nov. presents variations in 
the following characters: 1) article 3 of antenna 1 with four marginal robust setae; 
2) antenna 2 peduncle slightly incrassate; 3) gnathopod 1 without cusps on dacty-
lus; 4) ratio of propodus to carpus of gnathopod 1 ~ 0.67; 5) gnathopod 2 posterior 
margin with sharp cusps; 6) gnathopod 2 palm with smooth margins; 7) without 
robust setae on posterior margin of gnathopod 2; 8) ratio of carpus length to width 
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Table 1. A summary of the diagnostic characteristics that serve to distinguish closely related Platorchestia species (P = 
peduncle, In = inner ramus, Out = outer ramus, M = marginal, A = apical).

Species A2 
peduncle G1 dactylus G1 carpus G2 palm 

margin

G2 
posterior 

notch

Pereopod 
6 coxa

Pereopod 
7 carpus

Uropod 
1 inner 
ramus

Uropod 
2

Uropod 
3 Telson

Platorchestia ano 
Lowry & Bopiah, 
2013

5th longer 
than 4th

Subequal in 
length to palm, 
cuspidactylate

2× longer 
than 

propodus

rounded – Not 
protruded

slender 3 robust 
setae

P 7–8 P 3 7 per 
lobeIn 4 M 2

Out 2 A 4–5

Platorchestia 
crassicornis 
(Costa, 1867)

– Longer than 
palm, -

1.5× longer 
than 

propodus

2 strong 
processes

– – Not strong – – – 8 per 
lobe

Platorchestia exter 
Myers & Lowry, 
2023

5th longer 
than 4th

Shorter 
than palm, 

cuspidactylate

Less than 
3× of width

Slightly mid 
notch

Distinctly 
protruded

very 
enlarged

7 robust 
setae

P 7–8 P 1 3–5 per 
lobeIn 2 M 3

Out 1 A3–4

Platorchestia 
griffithsi Myers & 
Lowry, 2023

5th longer 
than 4th

Much shorter 
than palm

Over 1.5× of 
propodus

with subdistal 
notch

– Not 
protruded

Incrassate, 
subovoid

6 robust 
setae

P 7–10 P 3 3–5 per 
lobeIn 1 row M 1

Out 1 A 3

Platorchestia 
munmui Jo, 1988

5th 1.4× as 
long as 4th

Shorter than 
palm

– Notch near 
posterior

acute Not 
protruded

incrassate + – – 8 per 
lobe

Platorchestia 
negevensis Myers 
& Lowry, 2023

5th longer 
than 4th

Shorter 
than palm, 

cuspidactylate

– Nearly 
straight

– Not 
protruded

slender 8 robust 
setae

P 8–9 P 3 5–7 per 
lobeIn 6 M 2

Out 2 A 3

Platorchestia 
oliveirae Myers & 
Lowry, 2023

5th longer 
than 4th

Overlapping 
palm

– strong mid 
palmar notch

– Not 
protruded

Weakly 
expanded

7 robust 
setae

P 7–10 P 1 5–6 per 
lobeIn 2 M 2–3

Out - A 3–4

Platorchestia 
pachypus 
(Derzhavin, 1937)

– Shorter 
than palm, 

cuspidactylate

– rounded – Not 
protruded

Distinctly 
incrassate

1 
subapical 
2 apical

– – +

Platorchestia 
pacifica Miyamoto 
& Morino, 2004

5th 1.4× as 
long as 4th

Shorter 
than palm, 

cuspidactylate

0.6× as 
long as 

propodus

with subdistal 
notch

acute Distinctly 
protruded

weakly 
incrassate

7 robust 
setae

P 6 P 4 5 per 
lobeIn 4 M 3

Out 1 A 3

Platorchestia 
paraplatensis 
Serejo & Lowry, 
2008

– Shorter 
than palm, 

cuspidactylate

– Well-
developed 
mid-palmar 

notch

obtuse Distinctly 
protruded

incrassate 7 robust 
setae

P 7–10 P 2–3 3–5 per 
lobeIn 5 M 2

Out 3 A 4–5

Platorchestia 
platensis (Krøyer, 
1845)

5th 1.4× as 
long as 4th

Weakly 
overlapping 

palm

– with subdistal 
notch

acute Distinctly 
protruded

incrassate 
subovate

7 robust 
setae

P 8 P 2–3 3–5 per 
lobeIn 2 M 0–2

Out 2 A 3–4

Platorchestia 
smithi Lowry, 2012

5 subequal 
than 

article 4

subequal in 
length to palm

– Weakly notch smooth Distinctly 
protruded

slender 11 robust 
setae

P 4 P 3 3–6 per 
lobeIn 1 M 2

Out 1 A 5

Platorchestia 
aquaticus sp. nov.

5th 1.7× as 
long as 4th

Shorter 
than palm, 

cuspidactylate

1.3× longer 
than 

propodus

rounded smooth Not 
protruded

slender 4 robust 
setae

P 6 P 3 6 per 
lobe

In 4 M 1

Out 
1–2

A 4

~ 1.67; 9) pereopod 6 posterior lobe of coxa without protrusion; 10) pereopod 7 
carpus not incrassate; 11) the number of robust setae on the outer margins of 
pleopods 2 and 3 with three and two robust setae, respectively; 12) six robust 
setae on the left lobe of telson.

Previously, Platorchestia species in the Indo-Pacific were classified as beach 
hoppers, primarily residing among algal debris on upper marine shores and oc-
casionally found in estuaries and mangrove habitats (Lowry and Myers 2019, 
2022; Myers and Lowry 2023). Significantly, Platorchestia aquaticus sp. nov. was 
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Figure 13. Ecological groups of Platorchestia species in the Indo-Pacific region.

found on the edge of the Mai freshwater canal, which runs parallel to Sukhumvit 
Road and is not directly connected to the coast (Fig. 13).

Platorchestia paraplatensis and P. griffithsi are two extant species pres-
ent on the margin of the Swan River, Western Australia and Knysna Lagoon, 
South Africa, respectively, which are considered to be brackish water. Pla-
torchestia negevensis was found near springs and wells in the Negev desert, 
Israel (Morino and Ortal 1995). Due to their habitat on the edge of water 
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bodies, P. negevensis and P. aquaticus sp. nov. are considered to be riparian 
hoppers. Two hypotheses of amphipod invasion were proposed by Herbst 
and Dimentman (1983) as follows: the marine origin that penetrated into in-
land waters and the sea level decreased and left the amphipods along the 
regression (Herbst and Dimentman 1983). The second hypothesis possibly 
explains the appearance of P. aquaticus sp. nov. and P. negevensis, which 
may have settled down in their (type) localities after the sea level decreased.
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Abstract

Heterosmilax is a unique dioecious genus of Smilacaceae (Liliales, Monocotyledon) in 
that both male and female flowers are sympetalous, ellipsoid, and almost closed. Our 
field observations in the Ryukyu Islands of Japan showed that H. japonica flowers are 
visited and pollinated exclusively by females of one cecidomyiid gall midge species, 
whose larvae breed in fallen male flowers and feed initially on pollen and later on floral 
tissue. This is the first example of obligate gall midge-associated brood-site pollination 
mutualism in which the pollinator brood site is fallen male flowers. The pollinator gall 
midge is described as Dasineura heterosmilacicola sp. nov. (tribe Dasineurini, supertribe 
Lasiopteridi). A molecular phylogenetic analysis reveals that it derived from a flower par-
asite or flower-bud galler. The sympetalous ellipsoid male flowers are thought to have 
adapted to allow pollen dusting on the post-abdomen of the pollinator midge, in addition 
to protecting and incubating internal pollinator larvae in the fallen flowers.

Key words: Dasineura, dioecy, obligate pollination mutualism, sympetaly

Introduction

In plant–insect pollination mutualism, pollinators visit flowers to seek floral 
rewards, whether portable, such as nectar and pollen, or non-portable, such 
as floral tissue and seeds. In the typical, widespread form of pollination 
mutualism, pollinators collect portable rewards. However, there are also 
unique, always female pollinators that visit flowers and oviposit on them, 
such that their larvae utilize non-portable rewards. In this interaction, called 
brood-site pollination mutualism (Sakai 2002a), the partners are usually 
highly specific to each other. Especially when seeds are the reward, coevo-
lution between the plant and the seed-parasitic pollinator under conditions 
of a plant–herbivore chemical arms race causes a highly specific obligate 
mutualism (Riley 1892; Kato and Kawakita 2017).

The insect groups identified that take part in brood-site pollination mu-
tualism thus far include Curculionidae (Coleoptera) in Zamia (Zamiaceae: 
Tang 1987), Eupomatia (Eupomatiaceae: Armstrong and Irving 1990) and 
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various genera of Arecaceae (Henderson 1986), thrips (Thysanoptera) in 
Chloranthus (Chloranthaceae: Luo and Li 1999), Phoridae (Diptera) in Aristo-
lochia (Aristolochiaceae: Sakai 2002b), and Drosophilidae (Diptera) in Nypa 
(Arecaceae: Essig 1973) and several genera of Araceae (Carson and Okada 
1980; Takenaka et al. 2006; Takano et al. 2012).

The gall midges (Cecidomyiidae, Nematocera, Diptera) are the smallest, but 
they represent the most diverse insect clade participating in brood-site pollina-
tion mutualism. Gall midges typically lay eggs in the young tissues of plants, 
inducing plant tissue overgrowth that provides a food source for their larvae, 
which grow by feeding on the induced galls (Gagné 1989). However, some spe-
cies of midges oviposit on flowers without inducing plant galls; these species 
contribute to the pollination of the host flower, which in turn supports larval 
growth. This type of brood-site pollination mutualism of gall midges occurs 
in Kadsura (Schisandraceae: Luo et al. 2017, 2018), Illicium (Schisandraceae: 
Luo et al. 2010), Siparuna (Monimiaceae: Feil 1992), Aspidistra (Asparagaceae: 
Vislobokov et al. 2014), Artocarpus (Moraceae: Sakai et al. 2000; Gardner et 
al. 2018), and Phyllanthus (Phyllanthaceae: Kawakita et al. 2022; Elsayed and 
Kawakita 2022) (Table 1). However, in addition to brood-site pollination mutu-
alism, gall midges contribute to pollination, such as in Amborella (Amborellace-
ae: Thien et al. 2003), Kadsura (Schisandraceae: Yuan et al. 2008), Schisandra 
(Schisandraceae: Yuan et al. 2007) and Anthurium (Araceae: Etl et al. 2022). 
Why various types of gall midge pollination systems have evolved several times 
in basal angiosperm clades (Luo et al. 2018) is unclear.

Molecular phylogenetic studies have revealed that most of the diversity 
of Cecidomyiidae followed the diversification of angiosperms, and that tran-
sitions from mycophagy to phytophagy occurred only once or twice in the 
evolution of the subfamily (Dorchin et al. 2019). The diversification of Ce-
cidomyiidae is reflected in the high host specificity of its genera (Carneiro 
et al. 2009). Among the diverse clades of gall midges, three genera of one 
supertribe, Cecidomyiidi (Resseliella, Asphondylia and Clinodiplosis), have 
been shown to take part in brood-site pollination (Table 1).

Recently, we found a further example of gall-midge-associated pollina-
tion mutualism, in a monocot clade growing on the islands of the Ryukyu 
Archipelago, Japan. Smilacaceae is a monocot family of Liliales character-
ized by tuberous or stoloniferous rhizomes, reticulate leaf venation, paired 
petiolar tendrils, radial dioecious flowers, umbellate inflorescences, fleshy 
berries, and a mostly woody, climbing habit (Qi et al. 2013). This family of 
~210 species is widely distributed in the tropics and subtropics, but it has 
diversified especially in Asia and the Americas (Qi et al. 2013). Smilacaceae 
has been classified into two genera, Smilax and Heterosmilax, differentiat-
ed, respectively, by their schizopetalous and sympetalous ellipsoid flowers 
(Koyama 1984). Recent morphological and molecular phylogenetic studies, 
however, have shown that Heterosmilax is a monophyletic group within the 
genus Smilax and should be synonymized under Smilax (Qi et al. 2013). 
Schizopetalous flowers of some Smilax species emit a carrion-like odor and 
are visited and pollinated by pollen-seeking insects such as bees, beetles, 
and flies (Sawyer and Anderson 1998). By contrast, the pollination system 
of sympetalous ellipsoid flowers of Heterosmilax was unknown.
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Our preliminary observations suggest that the Heterosmilax flowers are visit-
ed exclusively by cecidomyiid midges of the genus Dasineura and that the midge 
larvae breed in male flowers. Dasineura is a species-rich genus of Cecidomyiidae 
(tribe Oligotrophini, supertribe Lasiopteridi, subfamily Cecidomyiidae) comprising 
476 species (Gagné and Jaschhof 2021) and generally associated with the flow-
ers of diverse angiosperms (Gagné 1989). Thus, the newly identified interaction 
between Heterosmilax and Dasineura gall midges provides novel insights into how 
a flower parasite became a mutualistic pollinator, and how brood-site pollination 
mutualism has evolved in a monocot clade. In the following, we describe the pol-
lination system of Heterosmilax japonica and report the pollinator gall midge as 
a new species. The phylogenetic position of the pollinator based on a molecular 
phylogenetic study and the evolution of pollination mutualism are discussed.

Materials and methods

Studied plants and field sites

Heterosmilax japonica grows along the fringes of evergreen forests in the 
Ryukyu Archipelago and bears flowers from March to August. Insect visits 
to the flowers were observed directly at Amami-Ôshima Island (Higashi-na-
kama: 28.2856°N, 129.4355°E, altitude 120 m), Iriomote Island (Funaura: 
24.3987°N,123.8040°E, altitude 20 m, and Komi: 24.2929°N, 123.8964°E, alti-
tude 140 m) and Yonaguni Island (Mt Kubura: 24.4572°N, 122.9586°E, altitude 
90 m) and photographed using time-lapse and video cameras. Insect behav-
ior was also observed directly. Samples of female flowers were obtained and 
examined for pollen attachment on stigmas and insect herbivory on flowers. 
Male flowers were sampled and examined for pollen production in anthers and 
insect infestation of pollen and petals. Because preliminary observation sug-
gested that male flowers fall 1 day after they bloom, fallen male flowers were 
collected and examined for insect infestation on floral tissue.

Table 1. A lisgt of plants taking part in brood-site pollination mutualism with gall midges.

Plant Pollinator cecidomyiid midge
References

Order Family Genus Sex expression Brood site Supertrribe Tribe Genus

Austrobaileyales Schisandraceae Kadsura (in 
part)

monoecious resin chamber 
of male flower

Cecidomyiidi ? Resseliella Fan et al. 2011; 
Luo et al. 2017

Austrobaileyales Schisandraceae Illicium (in 
part)

hermaphrodite heated brood 
chamber

Cecidomyiidi ? Clinodiplosis Luo et al. 2010

Laurales Monimiaceae Siparuna monoecious male flower Cecidomyiidi Asphondyliini Asphondylia 
(=Asynapta)

Feil 1992

Asparagales Asparagaceae Aspidistra (in 
part)

hermaphrodite anther Cecidomyiidi not identified Vislobokov et 
al. 2014

Liliales Smilacaceae Heterosmilax dioecious fallen male 
flower

Lasiopteridi Dasineurini Dasineura This study

Rosales Moraceae Artocarpus 
(in part)

monoecious fungus-
infected male 

inflorescen

Cecidomyiidi ? Clinodiplosis Gardner et al. 
2018

Malpighiales Phyllanthaceae Phyllanthus 
(in part)

monoecious galled male 
flower bud

Cecidomyiidi ? Clinodiplosis Kawakita et al. 
2022; Elsayed 
and Kawakita 

(2022)
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Observation of floral visitors

Insect visitors to male and female flowers were observed using a time-lapse 
camera on 4–5 June 2018 on Yonaguni Island, on 14–16 June on Amami Is-
land, on 15–16 April 2023 at Funaura, Iriomote Island, and on 5–6 April 2024 
at Komi, Iriomote Island. Some of the visitors were collected directly into killing 
jars for later identification and determination of pollen attachment.

After each observation, 60–200 female flowers visited by insects were collected 
and examined for pollen attachment on the stigmas and for deposited eggs. In ad-
dition, 200–300 male flowers visited by the insects were collected and examined 
for eggs/larvae of the insects. The male flowers were placed in plastic cases filled 
with vermiculite and kept moist in an incubator at 25 °C for about a month.

The gall midges collected on the flowers, having emerged in the rearing 
cases, were either pinned using micropins (stainless steel pins A1, Watkins 
& Doncaster Co.) and freeze-dried in a refrigerator or preserved in 99% and 
70% ethanol. Some of these specimens were later dissected according to the 
method outlined by Gagné (1989) and then mounted on permanent microscop-
ic slides using Euparal (Waldeck GmbH & Co. KG). Gall-midge larvae collected 
from male flowers were also preserved in 99% and 70% ethanol. The pupa is 
unknown. The specimens and slides were examined under a microscope (VHS-
7000; Keyence). The terminology used to describe adult morphology followed 
that of McAlpine et al. (1981). The type specimens are deposited at the Na-
tional Museum of Nature and Science, Tokyo (NSMT), and other specimens at 
Kyoto University Museum, Japan.

Phylogeny of the pollinator gall midge

As Dasineura is a species-rich, polyphyletic genus (Dorchin et al. 2019), the ap-
proximate phylogenetic position of the gall midge associated with Heterosmilax 
japonica was investigated by sequencing the nuclear 28S ribosomal RNA gene 
and the mitochondrial cytochrome c oxidase subunit I (COI) gene of one adult 
gall midge collected on a flower at Funaura, Iriomote Island. The obtained se-
quences were analyzed using the 28S rRNA and COI gene dataset of Dorchin et 
al. (2019), who studied the phylogenetic relationships of all Cecidomyiinae (the 
largest subfamily of Cecidomyiidae). Two additional adults and 10 larvae col-
lected on the flowers at Funaura were further sequenced for the mitochondrial 
COI gene to confirm that the adults and larvae belonged to the same species.

Genomic DNA was extracted using the NucleoSpin Tissue DNA extraction 
kit (Macherey-Nagel, Germany). The primers used for the PCR were D2 and 
D3R (Belshaw et al. 2001) and LCO and HCO (Folmer et al. 1994) for the 28S 
rRNA and COI genes, respectively. The PCR conditions were those described 
in Dorchin et al. (2019). The PCR products were purified using the ExoSAP-
IT cleanup kit (Thermo Fisher Scientific), and sequencing was outsourced to 
FASMAC (Kanagawa, Japan). Electropherograms and multiple sequence align-
ments were assessed using MEGA v. 11 software (Tamura et al. 2021). Multi-
ple sequence alignments were conducted using ClustalW, as implemented in 
MEGA, with default settings; obvious misalignments were corrected by visual 
inspection. A maximum-likelihood (ML) analysis of the concatenated 28S and 
COI dataset was performed using raxmlGUI 2.0 software (Edler et al. 2021). 
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The nucleotide substitution model that best fit each gene partition was select-
ed under default settings, and the resulting TPM3uf+I+G4 and GTR+I+G4 mod-
els were used for the 28S and COI gene partitions, respectively. Branch support 
was evaluated in a bootstrap analysis with 1,000 replications. Newly obtained 
sequences were deposited in GenBank under accession numbers PV203684 
and PV199165–PV199177 (see the Suppl. material 1 for the accession num-
bers of all sequences used in the ML analysis).

Results

Pollination mutualism

Heterosmilax japonica is a woody, dioecious climber growing along the edges 
of evergreen forests, with flowers on solitary umbels at the basal leaf axils of 
branches (Fig. 1A). The flowering season is from March to July, but in this study 
male flowers were observed only in March. On each umbel, 10–30 male and 
8–20 female flowers are borne on long peduncles (Fig. 1B, C). Both male and fe-
male flowers are ellipsoid, with three fused perianths: male flowers (Fig. 1B) are 
ellipsoid and slenderer than the ovoid female flower (Fig. 1C). A male flower has 
three (rarely six) stamens, whose filaments are fused at the basal 1/4–1/2 por-
tion (Fig. 1D). At flowering, the connate perianth dehisces only at the tip, and an-
thers are concealed in the connate perianths. A female flower has three stigmas, 
which protrude slightly from the connate perianths at flowering (Fig. 1F, G). Both 
male and female flowers are pendent and almost closed at flowering (Fig. 1B, C).

Our observation of insect visits to Heterosmilax flowers showed that both 
male and female flowers were seldom visited by any insects, except during the 
early morning. Just before sunrise, male flowers started dehiscing the tip of 
the perianth tube. Around the same time, minute gall midges started to swarm 
around male Heterosmilax flowers, visiting them successively (Fig. 1H). The 
midge belongs to the genus Dasineura (Cecidomyiidae) and is described as a 
new species in the following section. Male flowers were visited only by this spe-
cies of gall midge (Cecidomyiidae, genus Dasineura), but the gregarious visits 
of the midges to the flowers ended within an hour. Midge visits to Heterosmilax 
flowers were observed from 6:12 to 6:52 on 15 April 2023 at Funaura, Iriomote 
Island, from 7:15 to 7:33 on 6 April 2024 at Komi, Iriomote Island, and from 7:34 
to 8:25 on 5 March 2019 at Mt Kubura, Yonaguni Island. Each female midge 
visited a newly opened pendent male flower, walked to the opening of the peri-
anth, extended its abdomen, and then inserted it into the perianth tube from the 
apical opening to lay eggs. The average time spent by a Dasineura midge on a 
male flower was 109 ± 46 s on 6 April 2024 at Iriomote Island and 97 ± 41 s on 
5 March 2019 at Yonaguni Island.

All Dasineura midges that visited male Heterosmilax flowers were females, 
whose bodies, especially the abdomen, were dusted by plant pollen (Figs 1K, M, 
2B–D). Dipteran eggs were found on the inner walls of the connate perianths of 
male flowers that had been visited by the Dasineura midge.

Almost all male flowers, together with their peduncles, fell the day after an-
thesis, i.e., the flowering period of a male flower is 24–36 h. Dissecting the fall-
en male flowers revealed that most contained one or two (rarely three) midge 
larvae (Fig. 2F, G), and rarely thrips (Fig. 1E). The midge larvae were initially 
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found feeding on pollen and later infesting the perianth and filaments of the fall-
en flowers. Full-grown larvae were left the flowers and pupated in vermiculite in 
a plastic case. From the rearing case containing the flowers that bloomed on 5 
March 2019, adults emerged on 29–31 March. Thus, the time spent for growth, 

Figure 1. Male and female flowers of Heterosmilax japonica visited by a Dasineura midge A male plant with male inflo-
rescences B male inflorescence C female inflorescence D cross section of a male flower E male flower visited by thrips 
F female flower G cross-section of a female flower H–M male flowers visited by Dasineura gall midges N female flower 
visited by a Dasineura midge. Observations were made on Amami-Ôshima Island (A, C, L, N), Iriomote Island (D, F–K), 
and Yonaguni Island (B, E, M).
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from egg deposition to adult emergence, was 24–26 days. The emerged midg-
es were morphologically identical to those that had visited the flower, suggest-
ing that the midge utilizes male Heterosmilax flowers as a brooding site.

Female flowers were visited by the Dasineura midge in the evening, but its 
visits were rarely observed. The female midge visited female flowers, extended 
its abdomen, touched stigma (Fig. 1N), and engaged in pollination (Fig. 2A). 
While oviposition was not confirmed, eggs resembling those deposited on male 
flowers were observed deposited on the inner wall of the perianth tube (Fig. 2A). 
The infestation of female flower tissue by midge larvae was not observed.

Figure 2. Attachment of Heterosmilax japonica pollen on the stigma and pollinator body, and larvae of the pollinator Dasi-
neura midge breeding within male flowers A stigma of a female flower visited by the midge (arrow points to a deposited 
egg) B–D Dasineura gall midges that have visited female flowers (B body C abdomen D 7–8 segments of abdomen) 
E cross-section of a male flower visited by a Dasineura midge (arrow points to a deposited egg) F two larvae (arrows) 
feeding on pollen in a male flower G third instar larva having infested pollen and floral tissue H midge larva in dorsal view. 
Scale bars: 1 mm (A, B, E–H); 0.1 mm (C, D).
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Taxonomy of the pollinator midge

Dasineura heterosmilacicola sp. nov.
https://zoobank.org/A0D631C9-74F4-42EA-ABB3-83B4087DD40C
Figs 3–7

Material examined. Holotype: Japan • 1 ♂, NSMT-I-Dip 36246, microscopic 
slide; Mt Kubura, Yonaguni Island, Yonaguni-chô, Yaeyama-gun, Okinawa Pre-
fecture; 24.4572°N, 122.9586°E; altitude 90 m; 5-III-2019 (as larva in male flow-
er of Heterosmilax japonica), emerged on 30-III-2019; M. Kato leg.

Paratypes: Japan • 2 ♂ 3 ♀, NSMT-I-Dip 36241–36245, freeze-dried speci-
mens; NSMT-I-Dip 36247, microscopic slide; same data as holotype, emerged 
on 30–31-III-2019 M. Kato leg. • 2 ♂ 3 ♀, NSMT-I-Dip 36248–36250, freeze-
dried specimens & NSMT-I-Dip 36251–36252, microscopic slides; Funaura, 
Iriomote Island, Taketomi-chô, Yaeyama-gun, Okinawa Prefecture; 16-IV-2023 
(as larva in male flowers), emerged on 5–8-V-2023; M. Kato leg. • 1 ♂ 2 ♀, 
NSMT-I-Dip 36253–36255, freeze-dried specimens); Funaura, Iriomote Island, 
Taketomi-chô, Yaeyama-gun, Okinawa Prefecture; 5-VI-2018 (as larva in male 
flowers), emerged on 19–20-VI-2018; M. Kato leg.

Other material. Japan • 1 ♂ 3 ♀; same data as holotype, emerged on 30–31-
III-2019 • 1 ♂ 3 ♀; Funaura, Iriomote Island, Taketomi-chô, Yaeyama-gun, Okina-
wa Prefecture; 5-VI-2018 (as larva on male flower), emerged on 19–22-VI-2018 
• 1 ♂ 3 ♀; Funaura, Iriomote Island, Taketomi-chô, Yaeyama-gun, Okinawa Pre-
fecture; 16-IV-2023 (as larva on male flower), emerged on 8-V-2023 • 1 ♂ 4 ♀; 
Higashinakama, Amami-Ôshima Island, Kagoshima Prefecture; 13-VI-2018 (as 
larva on male flower), emerged on 1-VII-2018; all these non-types M. Kato leg.

Diagnosis. A small species (wing length 1.2–1.5 mm); antenna with 12–13 
flagellomeres in males, 11–12 in females. Eyes holoptic, with a distinct constric-
tion at the middle. Tarsal claws bifid, each strongly curved downward beyond mid 
length. Male gonostylus basal 1/3 swollen, apically forming a dark brown sclero-
tized claw. Female abdomen with segments 7–8 protrusive; extended ovipositor 
9–10× as long as 7th tergite; eighth tergite divided into two separate, narrow longi-
tudinal sclerites, with a pair of anterior granular sensillae. Larva feeds on internal 
tissue of fallen male flower of Heterosmilax japonica (Smilacaceae).

Description. Adult male (Figs 3, 4):
Head (Fig. 3E, H, M): eyes holoptic, with a distinct constriction at the mid-

dle, along the frontal margin around antennae sockets. Eye facets circular; eye 
bridge 5–6 facets long. Antenna (Fig. 3C): scape and pedicel white and round-
ed; pedicel 2/3 as long as the scape (Fig. 3H); flagellomeres12–13, brownish, 
with short, naked neck; neck length about 1/4 as long as node; circumfila com-
posed of a continuous sub-basal band joined with a partial subapical band; 
13–15 long subapical and 12–14 short sub-basal setae with enlarged alveoli 
(Fig. 3G, J–L). Palpus 4-segmented; segments 2–3 of similar length, 1.7 times 
as long as the 1st and 0.66 times as long as the 4th (Fig. 3I, M); each segment 
with several strong setae and covered by brownish scales (Fig. 3H).

Thorax: wing (Fig. 3B) length 1.3–1.4 mm; R1 joining C before mid-length of 
wing; R5 curving anteriorly and joining C before wing apex. M3+4 connected with 
Cu, forming a fork. Wing membrane with dense, dark microtrichia. Halter brown-
ish. Scutum, scutellum, mediotergite, propleuron, anepisternum, katepisternum, 
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and katatergite brown; other parts whitish (Fig. 3D). Anepisternum with 5–6 se-
tae on dorsal third; anepimeron with 7–8 setae; remaining pleura bare.

Legs slender and brown, but inner sides paler. Tarsal claws bifid on all legs; 
each claw strongly curved downward beyond mid-length; empodia as long as 
tarsal claws (Fig. 3F).

Figure 3. Dasineura heterosmilacicola sp. nov. male A habitus, lateral B wing C head and thorax, dorsal D body, lateral E head, 
frontal F tarsal claw of foreleg G antenna, lateral H head, lateral I mouthpart, frontal J segments 2–6 of an antenna, dorsal K, 
L 5th segment of an antenna, dorsal and lateral M head, frontal. Scale bars: 1 mm (A); 0.1 mm (B–E, G–I, M); 0.01 mm (F, J–L).
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Figure 4. Dasineura heterosmilacicola sp. nov. male abdomen A abdomen, lateral B abdomen ventral C–F genitalia in 
dorsal (C, E), posterior (D) and ventral (F) views G hypoproct. Abbreviations: aed, aedeagus; cerc, cercus; goncx, gono-
cocxite; gonst, gonostylus; hyprct, hypoproct; mb lb, mediobasal lobe. Scale bars: 0.1 mm.

Abdomen: tergites 1–6 rectangular, each with a single row of setae along 
posterior margin and lateral setae, elsewhere mostly covered with brownish 
scales; 7th tergite unsclerotized, with a pair of medial setae (Figs 3D, 4A); 8th 
tergite unsclerotized. Sternites 1–7 rectangular, divided transversely, sclero-
tized as two pigmented transversal bands, each bearing a row of setae; 8th ster-
nite smaller than others, emarginate posteromedially (Fig. 4A, B), setulose.
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Terminalia (Fig. 4C–G): gonocoxite stout cylindrical, setulose, with se-
tae on apical half and densely setose inward. Gonostylus tapering distal-
ly, weakly arched inward, sparsely setulose, apically forming dark-brown 
sclerotized claw. Mediobasal lobe subdivided, sheathing aedeagus, slightly 
shorter than aedeagus, densely covered with setulae directed backward. 
Hypoproct shorter than cerci, with narrow lobes, U-shaped incision about 
1/3 length of hypoproct, uniformly covered with microtrichia and with one 
apical seta on each lobe (Fig. 4G). Cerci ovate, deeply separated, setose 
distally. Aedeagus with subtriangular apex.

Adult female (Figs 5, 6)
Head: similar to male except the antenna. Antenna (Fig. 5C); scape and ped-

icel pale and rounded, pedicel 2/3 as long as scape (Fig. 5D, G); 11–12 flagel-
lomeres (Fig. 4C), brownish without neck; circumfila composed of a continuous 
sub-basal band and a partial subapical band joined by two connectives: dorsal-
ly with 6–7 basal setae with large alveoli; ventrally with 6–7 long subapical and 
6–7 short sub-basal setae with enlarged alveoli (Fig. 5I, J).

Thorax: wing (Fig. 5E) length 1.2–1.5 mm. Wing venation similar to male. 
Notum pale brown with a pair of dark longitudinal stripes covered by long setae 
and brownish scales (Fig. 5C). Legs similar to male (Fig. 5K).

Abdomen: tergites 1–6 rectangular, 5th–6th each narrower than the previ-
ous one; all with single row of posterior setae, elsewhere mostly covered with 
scales (Fig. 5B, D); 7th tergite narrow, with many setae on posterior margin, cov-
ering only the anterior half of 7th segment; posterior half naked without scale; 8th 
tergite divided into two separate, narrow longitudinal sclerites; sclerites slightly 
divergent anteriorly and subparallel posteriorly, with a pair of anterior granular 
sensillae (Fig. 5B). Sternites 1–7 rectangular, divided transversely, sclerotized 
as two pigmented transversal bands, each bearing a row of setae (Fig. 6C). 
Long tubular ovipositor, usually housed in segments 6–8, but protruding and 
extended at oviposition (Fig. 6F, G); extended ovipositor (from base of 8th seg-
ment to cercus apex) 9–10× as long as 7th tergite. Cerci as long as 7th tergite, 
fused medially into a single terminal lamella, evenly microtrichose; hypoproct 
narrow, microtrichose, with a pair of distal setae (Fig. 6E).

Larva. full-grown larva (Figs 2H, 7): yellowish white, cylindrical, slightly 
flattened dorso-ventrally, pointed anteriorly, blunt posteriorly (Fig. 2H). Head 
capsule hemispherical, cephalic apodemes about as long as head capsule, 
antennae about twice as long as wide (Fig. 7A, B). Sternal spatula anteriorly 
bidentate with V-shaped emargination, slightly extended laterally just posterior 
to teeth; length/width ratio is 3–4 (Fig. 7C, D). Thoracic and abdominal seg-
ments dorsally with three inner and two outer lateral papillae on each side; each 
papilla with seta, except the central inner papilla (Fig. 7A, E). Terminal segment 
dorsally with eight terminal papillae, each with seta (Fig. 7E).

Etymology. The name heterosmilacicola denotes living on Heterosmilax.
Japanese name. Karasukibasankirai-hana-tamabae.
Host plant. Male flower of Heterosmilax japonica (Smilacaceae).
Biological notes. An adult female visits a male flower of the host plant spe-

cies and lays an egg in the perianth tube. The larva grows by feeding on the 
pollen and the floral tissue of the fallen male flower. This species is the obligate 
pollinator of the host plant, breeding in fallen male flowers.

Distribution. Japan: Ryukyu Archipelago.
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Figure 5. Dasineura heterosmilacicola sp. nov. female A habitus, lateral B body, lateral C habitus dorsal D head, lateral 
E wing F head, frontal G head, dorsal H segments 3–5 of an antenna, lateral I, J 5th segment of an antenna, dorsal and 
ventral K tarsal claw of hindleg, lateral. Abbreviations: sg2–sg8, 2nd–8th segments. Scale bars: 1 mm (A); 0.1 mm (B–H); 
0.01 mm (I–K).



409ZooKeys 1234: 397–416 (2025), DOI: 10.3897/zookeys.1234.146453

Makoto Kato & Atsushi Kawakita: Pollination mutualism between Heterosmilax and a cecidomyiid gall midge

Figure 6. Dasineura heterosmilacicola sp. nov. female abdomen A segments 6–8, lateral B, C segments5–8, dorsal and 
ventral D segments 7–8, dorsal E cercus, lateral F post-abdomen with fully protruded ovipositor, lateral G protruded ovi-
positor. Abbreviations: cerc, cercus; hyprct, hypoproct; sg6–sg8, 6–8th segments; st5–st7, 5–7th sternites; tg5–tg8, 5–8th 
tergites. The arrow indicates sensilla on the 8th tergite. Scale bars: 0.1 mm (A–D, F); 0.01 mm (E, G).

Remarks. So far, 10 Dasineura species are known from Japan (host plant: 
Pinaceae 3 spp., Fabaceae 3 spp., Symplocaceae, 1 sp., Rubiaceae 1 sp., As-
teraceae 1 sp., Adoxaceae 1 sp.: Yukawa 1971; Elsayed et al. 2017). No spe-
cies has been collected from monocots, and there are no described species 
closely related to this one. The species resembles D. wisteriae, which induces 
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gall formation on flower buds of Wisteria (Fabaceae) (Nakawatase and Yuka-
wa 1984), but there are fewer flagellomeres than in the latter (male: 12–13 vs 
14–15), and the life cycle is multivoltine (the latter univoltine). This species 
most closely resembles D. camassiae, whose larva grows in the flower bud 
galls of two monocot species of Camassia (Asparagaceae, Agavoideae), but 
is discriminated from the latter by the number of flagellomeres (male: 12–13 
in this species, 13–15 in the latter; female: 11–12 in this species, 13–14 in 
the latter), the morphology of the male terminalia (cerci deeply incised in this 
species, but shallowly incised in the latter), the morphology of the female 7th 
tergite (subparallel in the former, but distinctly constricted at the middle in the 
latter), and the larval morphology (tergite dorsally in each side, with five papil-
lae in the former and four in the latter; length/width ratio of sternal spatula is 
3–4 in this species and 7–8 in the latter).

Phylogeny of the pollinator gall midge

Molecular phylogenetic analysis of the 28S rRNA and COI genes revealed 
that the pollinator midge is closely related to Dasineura miki, a flower par-
asite on Asteraceae (Fig. 8). The 615-bp COI sequences of the three adults 
and 10 larvae were all identical, except for one adult and one larval sequence 
that differed by a single base, confirming that all sampled adults and larvae 
belonged to a single species.

Figure 7. Dasineura heterosmilacicola sp. nov. full-grown larva A head and thorax, dorsal B head, dorsal C sternal spatula, 
ventral D head and thorax, ventral E 8th and terminal segments, left dorso-lateral. Abbreviations: ip, inner papilla; op, outer 
papilla. Scale bars: 0.1 mm.
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Discussion

Brood-site pollination mutualism

A mutualistic interaction between Heterosmilax japonica and a newly identified 
flower-parasitic gall midge, Dasineura heterosmilacicola sp. nov., which breeds 
in the male flowers, was observed on several islands of the Ryukyu Archipela-
go, Japan. This example of brood-site pollination mutualism associated with 
a gall midge is the second to be observed in monocots, and the first report of 
mutualism associated with the cecidomyiid supertribe Lasiopteridi (Table 1). 
Similar to other examples of gall-midge-associated brood-site pollination mu-
tualism, Heterosmilax has unisexual flowers, and pollinator larvae breed only in 
fallen male flowers (Table 1).

In contrast to other descriptions of mutualism, the female pollinator gall 
midge identified in this study visited male flowers almost exclusively during 
the early morning, and male flowers fell the day after anthesis, whether or 
not they had been visited by gall midges. When the post-abdomen of a fe-
male midge is inserted into a male ellipsoid flower from the narrow flower 
entrance, it becomes dusted with pollen. The fallen male flower must there-
fore be the brood site for the pollinator gall midge larvae, with the larvae ini-
tially feeding on pollen and later on floral tissue. Thus, the sympetalous ellip-

Figure 8. Maximum-likelihood tree of the gall midge tribe Dasineurini based on combined 28S rRNA and COI gene sequences, 
showing the phylogenetic position of the Dasineura gall midge that pollinates Heterosmilax japonica. Numbers above the 
branches are bootstrap values based on 1,000 replications. Sequence data are from Dorchin et al. (2019), except the newly 
obtained sequence for the pollinator of Heterosmilax japonica. The long terminal branch of Taxomyia taxi was trimmed.
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soid flower seems to have adapted to allow pollen dusting on the elongated 
post-abdomen of the female gall midge while also protecting and incubating 
gall midge larvae. This example of brood-site pollination mutualism therefore 
differs from other mutualisms in the sexual expression of the flowers, the 
morphology and persistence of the male flowers, the brood site for pollinator 
larvae, and the food of those larvae.

As a female gall midge that has visited female flowers is dusted with pol-
len (Fig. 2B–D), it acts as a potential pollination agent if other such midges 
also visit female flowers. While visits to female flowers were rarely observed 
(Fig. 1N), the eggs that were presumably laid by the female gall midges were 
often deposited on pollinated flowers (Fig. 2A), suggesting that female flowers 
also attract female gall midges via floral odor by deceit. The absence of larvae 
on female flowers suggests that larvae are unable to grow in female flowers. 
Rather, female gall midges visit both male and female Heterosmilax flowers to 
oviposit, with the deposited eggs able to grow only on fallen male flowers. In 
addition, the observation that Heterosmilax flowers on all three islands (Yona-
guni, Iriomote, and Amami-Ôshima) were visited exclusively by the same gall 
midge species suggests that the mutualism is highly specific and obligate.

Because male flowers contribute to the production of pollinator gall midges, 
pollination efficiency presumably depends on their abundance. The flowering 
season of Heterosmilax is long, lasting up to five months (from March to July), 
and only male flowers bloom during the early flowering season. This flowering 
pattern can be understood as reproductive strategy of male plants.

Heterosmilax is monophyletic (Qi et al. 2013) and comprises 11 species 
found in Southeast and East Asia (Koyama 1984). Further studies on other con-
generic species will reveal whether sympetalous ellipsoid flowers have evolved 
to allow similar brood-site pollination mutualism, and whether parallel cospe-
ciation has occurred in the plant and pollinator lineages.

Evolution of the pollinator gall midge

The pollinator gall midge is a newly discovered species within the diverse ge-
nus Dasineura; it is also the first pollinator species recognized within the tribe 
Dasineurini and the supertribe Lasiopteridi. All previously known pollinating 
gall midge species belong to the supertribe Cecidomyiidi (Table 1).

The phylogenetic tree (Fig. 8) suggests the evolution from flower-galler/
parasite to mutualistic flower parasite on Heterosmilax flowers. For example, 
D. camassiae is a flower bud galler of Camassia leichtlinii (Asparagaceae, Aga-
voideae) that reduces the fitness of the host plant by feeding on the ovules 
of bisexual flowers (Gagné et al. 2014). A comparison of the two Dasineura 
species shows that tergites 6 and 7 are much wider in D. heterosmilacicola 
than in D. camassiae, such that the post-abdomen is covered by larger num-
bers of setae and scales, which may promote pollen attachment. D. cam-
assiae females oviposit on the flower buds of the host plant, with the larvae 
that leave the bud galls entering hibernation until the next flower season, in 
spring, indicative of a univoltine life cycle. Dasineura heterosmilacicola, by con-
trast, is multivoltine, with several generations occurring during the long (up 
to 5 months) flowering season.
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The timing of flower visitation would be expected to differ between parasitic 
and mutualistic gall midges. Many females of D. heterosmilacicola were seen to 
gregariously visit newly opened male flowers in the morning, while D. camassiae 
visits flower buds before anthesis. Further studies on the temporal changes in 
floral odor from flower bud formation to anthesis and the corresponding respons-
es of gall midges are needed. Furthermore, assuming that the genus Dasineura 
is highly diverse, reflecting its associations with a diverse group of angiosperm 
flowers, comparisons based on phylogenetic relationships will provide insights 
into the transition from flower parasites to brood-site pollinators.
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