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Abstract

A new species of Amphisbaena is described from the north of Espinhaço Mountain 
Range, municipality of Caetité, state of Bahia, Brazil. Amphisbaena amethysta sp. nov. 
can be distinguished from its congeners by the following combination of characters: 
(1) snout convex in profile, slightly compressed not keeled; (2) pectoral scales arranged 
in regular annuli; (3) four precloacal pores; (4) distinct cephalic shields; (5) 185–199 
dorsal half-annuli; (6) 13–16 caudal annuli; (7) conspicuous autotomic site between 
4th–6th caudal annuli; (8) 16–21 dorsal and ventral segments at midbody; (9) 3/3 su-
pralabials; (10) 3/3 infralabials; and (11) smooth and rounded tail tip. The new species 
is the 71st species of genus with four precloacal pores, and the 22nd species from the 
Caatinga morphoclimatic domain. The identification of Amphisbaena amethysta sp. 
nov. indicates that the reptile fossorial fauna in the Espinhaço Mountain Range region 
is far from being completely known and that it may harbour a much greater diversity of 
endemic taxa.
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Introduction

In the Caatinga 21 species of Amphisbaena have been recorded to date, with 
most being fully restricted to this morphoclimatic domain (Ribeiro and Eleu-
tério 2023). Of these, four have wide distributions in Caatinga: A. alba Linnaeus, 
1758, A. lumbricalis Vanzolini, 1996, A. pretrei Duméril & Bibron, 1839, and A. ver-
micularis Wagler, 1824, while nine have been found in a small number of local-
ities: A. anomala (Barbour, 1914), A. arenaria Vanzolini, 1991, A. bahiana Van-
zolini, 1964, A. carvalhoi Gans, 1965, A. frontalis Vanzolini, 1991, A. fuliginosa 
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Linnaeus, 1758, A. hastata Vanzolini, 1991, A. heathi Schmidt, 1936, and A. ig-
natiana Vanzolini, 1991. In addition, five species are known only from the type 
locality: A. arda Rodrigues, 2003, A. caetitensis Almeida, Freitas, Silva, Valverde, 
Rodrigues, Pires & Mott, 2018, A. longinqua Teixeira Junior, Dal Vechio, Recod-
er, Cassimiro, Sena & Rodrigues, 2019, A. mongoyo Teixeira Junior, Dal Vechio, 
Recoder, Cassimiro, Sena & Rodrigues, 2019, and A. uroxena Mott, Rodrigues, 
Freitas & Silva, 2008 (Vanzolini 1992; Teixeira Jr et al. 2014; Costa et al. 2015; 
Almeida et al. 2018; Ribeiro and Eleutério 2023).

In the last two decades, six species of Amphisbaena have been identified in 
the high-altitude areas of the Espinhaço Mountain Range in Bahia and Minas 
Gerais: A. bahiana, A. longinqua, A. metallurga Costa, Resende, Teixeira Jr, Dal 
Vechio & Clemente, 2015, A. mongoyo, A. uroxena, and A. caetitensis (Costa et al. 
2015; Almeida et al. 2018; Teixeira Junior et al. 2019). Four of which are known 
to be closely related phylogenetically (Teixeira Junior et al. 2019), while the po-
sition of the A. metallurga awaits analysis; and that of A. caetitensis awaits res-
olution of the phylogenetic relationship (Almeida et al. 2018). Such clustering 
points to a probable centre of endemism for this type of geological formation.

During a faunal rescue in the south of state of Bahia, Brazil, conducted as 
part of environmental activities carried by BAMIN (Bahia Mineração mining 
company), specimens of a species of Amphisbaena with four precloacal pores 
were collected, which could not be identified as belonging to any known am-
phisbaenid species. Accordingly, it was concluded that they represented a new 
taxon, which is described below.

Materials and methods

We analysed 48 specimens of non-identified Amphisbaena from the municipal-
ity of Caetité, state of Bahia, Brazil. The type series was deposited in the her-
petological collection from Pontifícia Universidade Católica de Goiás (CEPB), 
municipality of Goiânia, state of Goiás, Brazil. For morphological comparisons 
we used data from 370 analysed specimens of Amphisbaena (see list SI1). 
Additional morphological data was taken from the literature. The taxonomy fol-
lows the nomenclature of Guedes et al. (2023) for species (but not including 
subspecies). Nomenclature for the cephalic scales and for meristic data fol-
low Gans and Alexander (1962). Morphometric data follow the methodology 
of Perez et al. (2012). Head scale morphometric data were taken with digital 
callipers (precision 0.01 mm) on the right side of specimens. Head length was 
measured from the tip of the rostral shield to the anterior margin of the first 
dorsal half-annulus; and ventral length of head was measured from tip of ros-
tral shield to the anterior margin of first body annulus. Snout-vent length was 
measured with the aid of a nylon line and subsequently measured with a mil-
limetre rule. Counts for dorsal and ventral half-annuli were made on the right 
side of each specimen. Incomplete half-annuli were not included in the total 
count. Observations on specimen and annuli counts were made with the aid of 
a stereomicroscope. Infralabials, supralabials, and parietal shields variations 
are treated as “right/left”.

Our molecular data matrix comprises 81 terminals for six genes: three mito-
chondrial genes (16S– 16S Large Subunit Ribosomal RNA gene; 12S – Small 
Subunit Ribosomal RNA gene; and nd2 – NADH Dehydrogenase 2 gene) and 
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three nuclear genes (c-mos – Oocyte maturation factor Mos; bdnf – Brain-de-
rived neurotrophic factor; and rag1 – Recombinant activating gene 1). We se-
quenced four new DNA fragments (two for 12S and two for 16S) for two speci-
mens of Amphisbaena amethysta sp. nov. (see Suppl. material 1: table S1). We 
also included sequences available in GenBank (https://www.ncbi.nlm.nih.gov) 
for 79 species of Amphisbaenia. We rooted our phylogenetic tree using Lacer-
tidae (Lacerta media Lantz & Cyrén, 1920).

DNA was extracted from liver tissue using the PureLink extraction kit (Invitrogen, 
Massachusetts, USA), following the manufacturer’s protocol. Sequences were am-
plified by Polymerase Chain Reaction (PCR) using the primers 12S and 16S as de-
scribed by Graboski et al. (2023) following the amplification protocols described in 
Kearney and Stuart (2004) and Mott and Vieites (2009). Amplified fragments were 
purified with shrimp alkaline phosphatase and exonuclease I (GE Healthcare, Pis-
cataway, NJ, USA). Both strands were sequenced on an Applied Biosystems 3500 
Series Genetic Analyzer (Thermo Fisher Scientific, USA) at Laboratório de Genética 
e Biodiversidade da Universidade Federal de Goiás, Brazil. Both strands were quali-
ty-checked and, when necessary, edited manually. Consensus for both strands was 
generated using Geneious Prime 2022.1.1 (https://www.geneious.com).

Sequences were aligned using MAFFT 1.3.6 (Katoh and Standley 2013) 
through a plugin implemented in Geneious Prime. The 16S and 12S sequences 
were aligned under the E-INS-I algorithm, while nd2 and nuclear genes were 
aligned under the G-INS-i algorithm. We used default parameters for gap open-
ing and extension. The protein-coding gene alignments were visually checked 
using Geneious Prime to verify that all sequences follow the correct reading 
frame. All genes were concatenated using Geneious Prime.

We used PartitionFinder 2 (Lanfear et al. 2016) to identify the combined 
best-fitting of partitioning schemes and models of molecular evolution. Our 
input matrix was divided in 14 partitions (coding genes were partitioned by 
codon positions and each rRNA was analysed as a separate partition) and was 
analysed using the greedy option. We performed a run allowing the program to 
select (using the Akaike Information Criterion with correction: AIC) for molecular 
evolution models implemented on RAxML (models GTR and GTR+G). We 
performed a maximum likelihood (ML) analysis using RAxML 8.2.3 (Stamatakis 
2014). The ML tree was estimated using the RAxML algorithm that conducts a 
rapid bootstrap analysis and searches for best scoring ML tree in the same run 
(option -f a). We ran 1000 bootstrap replicates, and the best scoring ML tree was 
estimated 200 times using as a starting tree each fifth bootstrap tree. We also 
calculate uncorrected genetic distance (p-distance) using PAUP 4.0 (Swofford 
2003). We considered only bootstrap values above 70% as a strong support.

Results

Amphisbaena amethysta sp. nov.
https://zoobank.org/E34029C4-6E1A-4E87-89C7-99E70AC1B95A
Figs 1–4

Type material. Holotype: • male; CEPB 2311; municipality of Caetité, state of Ba-
hia, Brazil; [14°21'31"S, 42°32'19"W; 1012 m above sea level (a.s.l.)]; collected 
on 1 November 2022 by Faunal Rescue Team Tecsam (F. Santos, P. Belufi, and 
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G. Nascimento). Paratypes: • All from Caetité, Bahia, Brazil; collected by Faunal 
Rescue Team Tecsam (R. Assunção, A. Hirota, T. Silveira, F. Santos, P. Belufi, and 
G. Nascimento) • Female; CEPB 2301; (14°21'53"S, 42°32'20"W; 1013 m a.s.l.); 8 
June 2022 • Male; CEPB 2302; (14°01'16"S, 42°31'06"W; 1082 m a.s.l.); 13 Octo-
ber 2021 • Female; CEPB 2303; (14°21'50"S, 42°32'20"W; 1013 m a.s.l.); 26 May 
2022 • Female; CEPB 2308; (14°19'49"S, 42°32'44"W; 1011 m a.s.l.); 8 September 
2022 • Female; CEPB 2327; (14°19'52"S, 42°32'42"W; 1011 m a.s.l.); 1 October 
2022 • Female; CEPB 2331; (14°19'45"S, 42°32'45"W; 1011 m a.s.l.); 30 August 
2022 • Male; CEPB 2346; (14°22'08"S, 42°32'17"W; 923 m a.s.l.); 6 October 2022 
•  Male; CEPB 2379; (14°21'27"S, 42°32'20"W; 1033 m a.s.l.); 26 January 2023 
• Female; CEPB 2381; (14°21'27"S, 42°32'20"W; 1033 m a.s.l.); 26 January 2023.

Referred specimens. All from Caetité, Bahia, Brazil; collected by Faunal Res-
cue Team Tecsam (R. Assunção, A. Hirota, T. Silveira, F. Santos, P. Belufi, and G. 
Nascimento) • Female; CEPB 2298; (14°21'53"S, 42°32'20"W; 1013 m a.s.l.); 8 
June 2022 • Female; CEPB 2299; (14°21'53"S, 42°32'20"W; 1013 m a.s.l.); 8 June 
2022 • Male; CEPB 2300; (14°21'51"S, 42°32'21"W; 1011 m a.s.l.); 25 May 2022 
• Female; CEPB 2304; (14°21'53"S, 42°32'20"W; 1013 m a.s.l.); 8 June 2022 • Fe-
male; CEPB 2305; (14°21'53"S, 42°32'20"W; 1013 m a.s.l.); 8 June 2022 • Female; 
CEPB 2306; (14°21'53"S, 42°32'20"W; 1013 m a.s.l.); 13 August 2022 • Male; CEPB 
2307; (14°21'23"S, 43°32'07"W; 972 m a.s.l.); 23 November 2022 • Undetermined 
sex; CEPB 2309; (14 °19'46"S, 42°43'20"W; 1011 m a.s.l.); 1 September 2022 • Fe-
male; CEPB 2310; (14°19'55"S, 42°32'44"W; 1011 m a.s.l.); 8 October 2022 • Male; 
CEPB 2312; (14°19'56"S, 42°32'43"W; 1011 m a.s.l.); 12 October 2022 • Female; 
CEPB 2313; (14°22'08"S, 42°32'17"W; 9215 m a.s.l.); 6 October 2022 • Female; 
CEPB 2314; (14°22'08"S, 42°32'17"W; 925 m a.s.l.); 6 October 2022 • Female; 
CEPB 2315; (14°22'08"S, 42°32'17"W; 925 m a.s.l.); 6 October 2022 • Female; 
CEPB 2316; (14°19'47"S, 42°32'43"W; 1011 m a.s.l.); 1 September 2022 • Female; 
CEPB 2317; (14°19'55"S, 43°32'44"W; 1011 m a.s.l.); 1 October 2022 • Female; 
CEPB 2318; (14°19'46"S, 42°32'43"W; 1011 m a.s.l.); 1 September 2022 • Female; 
CEPB 2319; (14°20'37"S, 42°32'13"W; 1076 m a.s.l.); 3 August 2022 • Female; 
CEPB 2320; (14°20'38"S, 42°32'12"W; 1013 m a.s.l.); 2 June 2022 • Female; CEPB 
2321; (14°19'53"S, 42°32'43"W; 1011 m a.s.l.); 29 September 2022 • Female; 
CEPB 2322; (14°14'28"S, 42°32'47"W; 842 m a.s.l.); 17 September 2022 • Female; 
CEPB 2323; (14°19'49"S, 42°32'17"W; 1062 m a.s.l.); 13 August 2022 • Male; 
CEPB 2324; (14°19'48"S, 42°32'43"W; 1011 m a.s.l.); 6 September 2022 • Female; 
CEPB 2325; (14°19'55"S, 42°32'44"W; 1011 m a.s.l.); 1 October 2022 • Male; CEPB 
2326; (14°20'52"S, 43°32'16"W; 1053 m a.s.l.); 13 August 2022 • Female; CEPB 
2328; (14°21'53"S, 42°32'22"W; 1011 m a.s.l.); 28 September 2022 • Male; CEPB 
2329; (14°19'47"S, 42°32'43"W; 1011 m a.s.l.); 1 September 2022 • Male; CEPB 
2330; (14°19'55"S, 43°32'44"W; 1011 m a.s.l.); 1 October 2022 • Male; CEPB 2332; 
(14°20'50"S, 42°32'16"W; 1057 m a.s.l.); 13 August 2022 • Female; CEPB 2333; 
(14°14'28"S, 42°32'47"W; 842 m a.s.l.); 17 September 2022 • Female; CEPB 2334; 
(14°19'46"S, 42°32'43"W; 1011 m a.s.l.); 1 September 2022 • Female; CEPB 2336; 
(14°15'11"S, 45°32'16"W; 987 m a.s.l.); 3 August 2022 • Female; CEPB 2337; 
(14°20'38"S, 45°32'12"W; 1076 m a.s.l.); 3 August 2022 • Female; CEPB 2338; 
(14°21'31"S, 45°32'16"W; 1010 m a.s.l.); 13 August 2022 • Female; CEPB 2339; 
(14°14'28"S, 42°32'47"W; 842 m a.s.l.); 17 September 2022 • Male; CEPB 2356; 
(14°21'27"S, 42°32'21"W; 1033 m a.s.l.); 1 November 2022 • Male; CEPB 2379; 
(14°21'27"S, 42°32'20"W; 1033 m a.s.l.); 26 January 2023 • Female; CEPB 2380; 
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Figure 1. Amphisbaena amethysta sp. nov. (Holotype, CEPB 2311) A dorsal B lateral, and C ventral views of head. Scale 
bar: 3 mm.
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(14°21'27"S, 42°32'20"W; 1033 m a.s.l.); 26 January 2023 • Female; CEPB 2381; 
(14°21'27"S, 42°32'20"W; 1033 m a.s.l.); 26 January 2023.

Diagnosis and comparisons with other south American amphisbaenians. 
Amphisbaena amethysta sp. nov. is a medium-sized amphisbaenid (258 mm 
maximum snout-vent length), and can be distinguished from its congeners by 
the following combination of characters (see details in Table 1): (1) snout convex 
in profile view, slightly compressed not keeled; (2) pectoral scales arranged in 
regular annuli; (3) four precloacal pores; (4) distinct cephalic shields; (5) 185–
199 dorsal half-annuli; (6) 13–16 caudal annuli; (7) conspicuous autotomic site 
between 4th–6th caudal annuli; (8) 16–21 dorsal and ventral segments at midbody; 
(9) 3/3 supralabials; (10) 3/3 infralabials; and (11) smooth and rounded tail tip.

Amphisbaena amethysta sp. nov. differs from Amphisbaena acrobeles (Ri-
beiro, Castro-Mello & Nogueira, 2009), A. bilabialata (Stimson, 1972), A. kingi 
(Bell, 1833), A. anomala, Mesobaena huebneri Mertens, 1925; M. rhachiceph-
ala Hoogmoed, Pinto, Rocha & Pereira, 2009; and all Leposternon species, 
mainly in having the snout convex in profile view, slightly compressed not 
keeled (vs snout hardly compressed forming a sharp and prominent keel or 
snout depressed shovel-like). Differs still from A. anomala and all Leposternon 
species by having pectoral scales arranged in regular annuli (vs pectoral scales 
with an irregular form, and dermal annuli not regularly arranged).

Amphisbaena amethysta sp. nov. presents four precloacal pores, differing 
from all Amphisbaena species except A. acangaoba Ribeiro, Gomides & Costa, 
2020, A. alba, A. albocingulata Boettger, 1885, A. angustifrons Cope, 1861, A. arda, 
A. arenaria, A. arenicola Perez & Borges-Martins, 2019, A. bahiana, A. bakeri 
Stejneger, 1904, A. barbouri Gans & Alexander, 1962, A. bedai (Vanzolini, 1991), 
A. bolivica Mertens, 1929, A. borellii Peracca, 1897, A. brasiliana (Gray, 1865), 
A. caeca Cuvier, 1829, A. camura Cope, 1862, A. carlgansi Thomas & Hedges, 
1998, A. carioca Rocha, Barros-Filho & Sluys, 2023, A. carvalhoi, A. caudalis 
Cochron, 1928, A. cayemite Thomas & Hedges, 2006, A. cegei Montero, 
Sáfadez, Álvarez, 1997, A. cubana Gundlach & Peters, 1879, A. cuiabana 
(Strüssmann & Carvalho, 2001), A. cunhai Hoogmoed & Ávila-Pires, 1991, 

Figure 2. Tail of Amphisbaena amethysta sp. nov. (Holotype, CEPB 2311). Detail of the autotomic site and four precloacal 
pores. Scale bar: 3 mm.
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Figure 3. Amphisbaena amethysta sp. nov. in life (not identified specimen of type series) A lateral view and B dorsal. 
Photograph by T.B.S.
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A. darwini, A. elbakyanae Torres-Ramírez, Angarita-Sierra & Vargas-Ramírez, 
2021, A. fenestrata (Cope, 1861), A. frontalis, A. gonavensis Gans & Alexander, 
1962, A. gracilis Strauch, 1881, A. hastata, A. heathi, A. hogei Vanzolini, 1950, 
A. hoogmoedi Oliveira, Vaz-Silva, Santos-Jr, Graboski, Teixeira Jr, Dal Vechio & 
Ribeiro, 2018, A. hyporissor Thomas, 1965, A. innocens Weinland, 1862, A. kingi, 
A. kraoh (Vanzolini, 1971), A. leali Thomas & Hedges, 2006, A. lumbricalis, 
A. manni Barbour, 1914, A. medemi Gans & Mathers, 1977, A. metallurga, 
A. mongoyo, A. munoai Klappenbach, 1960, A. myersi Hoogmoed, 1989, A. nana 
Perez & Borges-Martins, 2019, A. nigricauda Gans, 1966, A. occidentalis Cope, 
1875, A. pericensis Noble, 1921, A. plumbea Gray, 1872, A. polygrammica 
Werner, 1901, A. prunicolor (Cope, 1885), A. ridleyi Boulenger, 1890, A. rozei 
Lancini, 1963, A. sanctaeritae Vanzolini, 1994, A. saxosa (Castro-Mello, 2003), 
A. schmidti Gans, 1964, A. slateri Boulenger, 1907, A. slevini Schmidt, 1936, 
A. spurrelli Boulenger, 1915, A. steindachneri Strauch, 1881, A. supernumeraria 
Mott, Rodrigues & Dos Santos, 2009, A. talisiae Vanzolini, 1995, A. tyaraju, 
Perez & Borges-Martins, 2019, A. townsendi Stejneger, 1911, A. tragorrhectes 
Vanzolini, 1971, A. uroxena, A. vanzolinii Gans, 1963, A. vermicularis, and A. xera 
Thomas, 1966.

Amphisbaena amethysta sp. nov. differs from Amphisbaena species with 
four precloacal pores mainly by following combination of meristic characters 
(Table 1): cephalic shield distinct (vs frontals and parietals shields not distinct 
in A. supernumeraria, ocular and second supralabial not distinct in A. cubana); 
snout slightly compressed (vs hard compressed in A. kingi and rounded in all 
other species, except A. kraoh, A. brasiliana, A. bahiana, A. bedai, and A. saxo-
sa); 185–199 dorsal half-annuli (vs < 170 annuli in A. cayemite and > 200 annuli 
in A. acangaoba, A. arda, A. arenaria, A. bahiana, A. bakeri, A. barbouri, A. be-
dai, A. borellii, A. brasiliana, A. caeca, A. carlgansi, A. carvalhoi, A. cayemite, 
A. cuiabana, A. cunhai, A. elbakyanae, A. fenestrata, A. frontalis, A. gonavensis, 
A. gracilis, A. hastata, A. hoogmoedi, A. kingi, A. kraoh, A. lumbricalis, A. man-
ni, A. medemi, A. mongoyo, A. munoai, A. myersi, A. nigricauda, A. occidenta-
lis, A. plumbea, A. polygrammica, A. rozei, A. sanctaeritae, A. saxosa, A. slevini, 
A. spurrelli, A. steindachneri, A. supernumeraria, A. talisiae, A. tyaraju, A. townsen-
di, A. uroxena, A. vanzolinii, A. vermicularis, and A. xera); 13–16 caudal annuli 
(vs > 16 annuli in A. albocingulata, A. arda, A. arenaria, A. arenicola, A. bedai, 
A. bolivica, A. borellii, A. carvalhoi, A. caudalis, A. cegei, A. cuiabana, A. cunhai, 
A. darwini, A. elbakyanae, A. frontalis, A. gracilis, A. hastata, A. hoogmoedi, A. le-
ali, A. lumbricalis, A. manni, A. medemi, A. metallurga, A. mongoyo, A. munoai, 
A. myersi, A. nana, A. nigricauda, A. occidentalis, A. polygrammica, A. prunicolor, 
A. rozei, A. sanctaeritae, A. saxosa, A. schmidti, A. slateri, A. slevini, A. spurrelli, 
A. steindachneri, A. supernumeraria, A. talisiae, A. tyaraju, A. townsendi, A. trag-
orrhectes, and A. vermicularis); conspicuous autotomic site between 4th–6th cau-
dal annuli (vs absent in A. acangaoba, A. alba, A. angustifrons, A. bakeri, A. bar-
bouri, A. brasiliana, A. carioca, A. carlgansi, A. cayemite, A. cunhai, A. fenestrata, 
A. gonavensis, A. hastata, A. hoogmoedi, A. innocens, A. lumbricalis, A. occiden-
talis, A. ridleyi, A. saxosa, and A. uroxena; or from the 7th caudal annuli in A. al-
bocingulata, A. arda, A. arenicola, A. carvalhoi, A. cegei, A. cuiabana, A. darwini, 
A. heathi, A. kingi,  A. metallurga, A. mongoyo, A. myersi, A. nana, A. prunicolor, 
A. schmidti, A. slateri, A. steindachneri, A. supernumeraria, A. talisiae, A. tyaraju, 
A. townsendi, A. tragorrhectes, and A. vanzolinii), smooth and rounded tail tip 
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[vs bluntly ridged tail tip in A. bahiana; slightly dorsally compressed in A. acan-
gaoba; with tubercles sit is depressed (compressed dorsoventrally) in A. uroxe-
na; with modified conic pointed tubercles in A. caetitensis; and vertically keeled 

Figure 4. Variation (grey in the drawings) of cephalic shields of Amphisbaena amethysta sp. nov. A dorsal view of the 
head of CEPB 2280 with frontal variation B dorsal view of CEPB 2309 with four parietal shields, and C lateral view of left 
side of CEPB 2303 (paratype) with supralabials fused. Scale bar: 3 mm.
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in A. borellii and A. steindachneri]; 16–21 dorsal segments at midbody (vs < 16 
in A. albocingulata, A. arenaria, A. arenicola, A. barbouri, A. carlgansi, A. carval-
hoi, A. cayemite, A. cuiabana, A. elbakyanae, A. fenestrata, A. heathi, A. hogei, 
A. elbakyanae, A. metallurga, A. munoai, A. nana, A. nigricauda, A. sanctaeritae, 
A. schmidti, A. slateri, A. slevini, A. supernumeraria, A. talisiae, A. tyaraju, A. trag-
orrhectes, A. uroxena, and  A. vanzolinii); and > 21 segments in A. alba, A. arda, 
A. bolivica, A. camura, A. hoogmoedi, and A. kraoh); 16–21 ventral segments at 
midbody (vs < 16 in A. rozei, A. sanctaeritae, and A. tragorrhectes; and > 21 seg-
ments in A. alba, A. arda, A. bolivica, A. camura, A. cegei, A. gonavensis, A. hy-
porissor, A. kraoh, A. occidentalis, and A. townsendi); 3/3 supralabials (vs 2/2 
in A. slevini and A. vanzolinii; and 4/4 in A. acangaoba, A. alba, A. angustifrons, 
A. arda, A. arenaria, A. bedai, A. camura, A. cayemite, A. occidentalis, A. plumbea, 
A. ridleyi, A. saxosa, A. townsendi, A. tragorrhectes, and A. vermicularis); and 3/3 
infralabials (vs 2/2 in A. slevini and A. vanzolinii; and or 4/4 in A. occidentalis, 
A. plumbea, A. ridleyi, A. saxosa, A. townsendi, and A. tragorrhectes).

Table 1. Diagnostic characters for the Amphisbaena species with four precloacal pores. PC – precloacal pore, CS – ce-
phalic shield, DA – dorsal half-annulus, CA – caudal annulus, AS – autotomic site, DS – dorsal segment, VS – ventral 
segment, SL – supralabial, IL – infralabial, PM – postmalar, SN – snout, DG – dorsal groove, VG – ventral groove, a – ab-
sent, cp – compressed, n/a – non-available data, p – present, rd – rounded, and sc – slightly compressed. Differences 
from the new species in bold.

Species PC CS DA CA AS DS VS SL IL PM SN DG VG Reference

A. amethysta sp. nov. 4 distinct and 
paired

185–199 13–16 4–6 16–21 16–21 3 3 a sc a a present study

A. acangaoba 4–8 distinct and 
paired

216–293 13–17 a 18–24 18–24 4 3 p rd a a Ribeiro et al. (2020)

A. alba 4–10 distinct and 
paired

198–248 13–21 a 30–42 35–46 4 3 p rd a a Gans (1962a)

A. albocingulata 4 distinct and 
paired

190–204 24–27 8–9 12–14 16–18 3 3 a rd a a Perez et al. (2012)

A. angustifrons 3–6 distinct and 
paired

190–215 12–18 a 20–31 21–30 4 3 p rd a a Gans (1965a); Gans and 
Diefenbach (1972)

A. arda 4 distinct and 
paired

242 30 8 23 23 4 3 p rd a a Rodrigues et al. (2003)

A. arenaria 4 distinct and 
paired

285–307 22–23 6–7 12–14 14–16 4 3 a rd a a Teixeira Junior et al. 
(2016)

A. arenicola 4 distinct and 
paired

199–216 20–22 8–9 12–14 16–18 3 3 P rd n/a n/a Perez and Borges-
Martins (2019)

A. bahiana 4 distinct and 
paired

204–223 14–16 4–5 12–16 14–16 3 3 p sc p p Gans (1964b); Dal 
Vechio et al. (2018)

A. bakeri 4 distinct and 
paired

239–255 14–16 a 14–16 16–17 3 3 a rd n/a n/a Gans and Alexander 
(1962)

A. barbouri 4–6 distinct and 
paired

226–240 13–18 a 12–14 16–18 3 3 a rd n/a n/a Gans and Alexander 
(1962); Thomas (1966)

A. bedai 4 distinct and 
paired

272–284 22–23 6 18–20 16–18 4 3 p sc a a Oliveira et al. (2018)

A. bolivica 4–6 distinct and 
paired

200–231 18–26 4–5 27–36 26–36 3 3 p rd a a Montero (1996)

A. borellii 4 distinct and 
paired

239–245 17–19 6–8 14–16 16–20 3 3 n/a rd a a Gans (1964b) and 
Oliveira et al. (2018)

A. brasiliana 4 distinct and 
paired

213–229 11–15 a 18–21 18–22 3 3 p sc P a Oliveira et al. (2018)

A. caeca 4–6 distinct and 
paired

217–236 13–18 4–8 13–18 14–20 3 3 p rd n/a n/a Gans and Alexander 
(1962)

A. caetitensis 4 distinct and 
paired

186–194 10–12 a 16 19–22 3 3 a rd a a Almeida et al. (2018)

A. camura 4–6 distinct and 
paired

188–207 14–19 4–5 28–42 29–46 4 3 p rd a a Gans (1965a); 
Hoogmoed and Ávila-

Pires (1991)
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Species PC CS DA CA AS DS VS SL IL PM SN DG VG Reference

A. carioca 4 distinct and 
paired

186 21 a 10–12 n/a 3 3 p rd a a Rocha et al. (2023)

A. carlgansi 4 distinct and 
paired

212–228 14–16 a 14 18–20 3 3 a rd a a Thomas and Hedges 
(1998)

A. carvalhoi 4 distinct and 
paired

231–245 19–22 7–8 12–14 16–18 3 3 a rd a a Gans (1965b)

A. caudalis 4 distinct and 
paired

193–217 17–21 6 12–16 18–21 3 3 a rd n/a n/a Gans and Alexander 
(1962); Thomas and 

Hedges (1998)

A. cayemite 4 distinct and 
paired

150–164 10–13 a 12–13 18 4 3 p rd n/a n/a Thomas and Hedges 
(2006)

A. cegei 4 distinct and 
paired

198 22 7 21–22 22–23 3 3 a rd n/a n/a Montero et al. (1997)

A. cubana 4–6 ocular and 
second SL fused

199–218 10–16 6–9 12–16 14–18 3 3 a rd n/a n/a Gans and Alexander 
(1962); Thomas (1966)

A. cuiabana 4 distinct and 
paired

286–292 18–20 9–10 14 16 3 3 a rd p a Strüssmann and 
Carvalho (2001)

A. cunhai 4 distinct and 
paired

226–239 25–26 a 14–16 14–18 3 3 p rd a a Hoogmoed and Ávila-
Pires (1991)

A. darwini 2–5 distinct and 
paired

174–195 19–25 7–10 13–19 16–23 3 3 n/a rd a a Perez et al. (2012)

A. elbakyanae 4 distinct and 
paired

245–257 20–24 6–7 13–15 16–18 3 3 p rd p a Torres-Ramírez et al. 
(2022)

A. fenestrata 4 distinct and 
paired

236–249 12–14 a 13–14 14–16 3 3 p rd n/a n/a Gans and Alexander 
(1962

A. frontalis 0–4 distinct and 
paired

235–275 23–29 5–7 14–18 14–16 3 3 a rd a a Ribeiro-Júnior et al. 
(2022)

A. gonavensis 4 distinct and 
paired

214–225 10–13 a 15–18 22–25 3 3 p rd n/a n/a Gans and Alexander 
(1962)

A. gracilis 4 distinct and 
paired

224–248 21–24 6–7 13–16 14–17 3 3 p rd p a Gonzales-Sponga and 
Gans (1971)

A. hastata 4 distinct and 
paired

266–273 40 a 18 16 3 3 a rd a p Vanzolini (1991)

A. heathi 4 distinct and 
paired

183–187 n/a 7–8 12 18–20 3 3 a rd a a Gans (1965b)

A. hogei 4 distinct and 
paired

177–191 15–19 4–7 10–13 14–18 3 3 p rd a a Gans (1966); Vanzolini 
(1950)

A. hoogmoedi 4 distinct and 
paired

247–252 27 7–8 22–24 19–21 3 3 a sc a a Oliveira et al. (2018)

A. hyporissor 4 distinct and 
paired

199–227 16–21 5 14–18 22–24 3 3 p rd n/a n/a Thomas (1965); Thomas 
and Hedges (2006)

A. innocens 4 distinct and 
paired

185–220 11–14 a 13–16 18–21 3 3 a rd n/a n/a Gans and Alexander 
(1962); Thomas and 

Hedges (1998)

A. kingi 4 distinct and 
paired

214–244 15–23 7 12–19 14–22 3 3 p cp a a Gans and Rhodes (1964); 
Oliveira et al. (2018)

A. kraoh 4–6 distinct and 
paired

270–281 15 5 28 24–27 3 3 n/a sc n/a n/a Oliveira et al. (2018)

A. leali 4 distinct and 
paired

188–206 17–20 6 14–16 20–22 3 3 a rd n/a n/a Thomas and Hedges 
(2006)

A. lumbricalis 2–6 distinct and 
paired

225–247 20–26 a 12–16 16–20 3 3 n/a rd a a Vanzolini (1996)

A. manni 4–9 distinct and 
paired

209–243 17–22 5–7 12–16 14–20 3 3 a rd n/a n/a Gans and Alexander 
(1962)

A. medemi 4 distinct and 
paired

230–235 17–18 5–7 16 18 3 3 a rd a p Gans and Mather (1977)

A. metallurga 2–4 distinct and 
paired

185–199 23–25 7–9 12–14 14–16 3 3 p or a rd a a Costa et al. (2019)

A. mongoyo 4 distinct and 
paired

208 25 10 14 16 3 3 a rd a a Teixeira Junior et al. 
(2019)

A. munoai 4 distinct and 
paired

202–218 18–23 5–9 10–14 13–18 3 3 p rd a a Perez and Borges-
Martins (2019)

A. myersi 4 distinct and 
paired

221 28 8 16 16 3 3 n/a rd a a Hoogmoed (1989)

A. nana 4 distinct and 
paired

195–216 18–22 7–10 12–14 14–17 3 3 p rd n/a n/a Perez and Borges-
Martins (2019)

A. nigricauda 4 distinct and 
paired

222–226 19–24 6–9 10 16 3 3 a rd a a Gans (1966)

A. occidentalis 4 distinct and 
paired

261–279 18–21 a 16–19 22–27 4 4 p rd p p Gans (1961)
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Species PC CS DA CA AS DS VS SL IL PM SN DG VG Reference

A. pericensis 4 distinct and 
paired

198–218 16–19 6–8 12–16 16–20 3 3 a rd a a Gans (1963a)

A. plumbea 4 distinct and 
paired

233–282 16–21 5–9 18–27 20–30 4 4 p rd a a Gans and Diefenbach 
(1972)

A. polygrammica 4 distinct and 
paired

270 20 n/a 18 16 n/a n/a n/a n/a n/a n/a Vanzolini (2002)

A. prunicolor 4 distinct and 
paired

181–215 18–27 7–10 10–17 14–20 3 3 p rd a a Perez et al. (2012)

A. ridleyi 4 distinct and 
paired

172–192 14–17 a 16–18 20–28 4 4 p rd a a Gans (1963b)

A. rozei 4 distinct and 
paired

205–209 20 6 or a 15–16 14 3 3 p rd a a Vanzolini (2002); Costa 
et al. (2019)

A. sanctaeritae 4 distinct and 
paired

269–288 18–20 6–7 10 14 3 3 p rd a a Costa et al. (2019)

A. saxosa 4 distinct and 
paired

253–272 17–21 a 18–24 16–21 4 4 p sc a a Oliveira et al. (2018)

A. schmidti 4 distinct and 
paired

198–202 20–22 7–8 14 16–17 3 3 p rd a a Gans (1964a)

A. slateri 4 distinct and 
paired

176–213 20–24 7–10 10–14 14–16 3 3 p or a rd a a Gans (1967); Costa et al. 
(2018)

A. slevini 4 distinct and 
paired

204–211 23–25 5–6 10–14 10–12 2 2 a rd p a present study

A. spurrelli 4 distinct and 
paired

218–222 18–20 6–7 16–18 16–18 3 3 p rd a a Gans (1962b); Costa 
(2020)

A. steindachneri 4 distinct and 
paired

256–266 17–18 7 14–16 16 3 3 a rd p p Gans (1964b)

A. supernumeraria 4 not distinct 333–337 22–23 10–12 14 17–18 3 3 n/a rd a n/a Mott et al. (2009)

A. talisiae 4 distinct and 
paired

205–234 17–29 7 10–14 14–18 3 3 a rd a a Vanzolini (1995); Costa 
et al. (2019)

A. tyaraju 4 distinct and 
paired

204–221 18–25 7–9 10–14 13–16 3 3 p rd n/a n/a Perez and Borges-
Martins (2019)

A. townsendi 4 distinct and 
paired

261–279 22–26 7–8 16–19 22–27 4 4 p rd n/a n/a Gans (1961)

A. tragorrhectes 4 distinct and 
paired

196 31 12 12 12 4 4 p rd a a present study

A. uroxena 0–4 distinct and 
paired

210–213 12–13 a 14 14–15 3 3 p rd a p Mott et al. (2008)

A. vanzolinii 4 distinct and 
paired

225–228 n/a 7 12–13 16–17 2 2 p rd a a Gans (1963c)

A. vermicularis 4 distinct and 
paired

211–254 23–34 5–7 18–26 18–25 4 3 n/a rd a a Gans and Amdur (1966)

A. xera 4 distinct and 
paired

225–234 13 –16 5 12–16 14–16 3 3 a rd a a Thomas (1966)

Description of the holotype. medium-sized specimen; snout-vent length 
233 mm plus 0.50 mm of cloacal portion; tail length 21.24 mm, representing 
9.1% of snout-vent length; midbody diameter 8.2 mm (3.5% of snout-vent 
length); head relatively small, 6.90 mm (~ 2.9% of snout-vent length); snout 
compressed in dorsal view and slightly convex in profile view, hardly keratinised, 
rostrum projecting forward beyond the jaw (prognathous). Anterior portion of 
body is slightly narrower. Rostral subtriangular, visible in dorsal and ventral view 
(Fig. 1), almost as high (2.21 mm) as wide (2.11 mm), in contact with nasal and 
first supralabial lateroposteriorly. Nasals subrectangular, aligned at the midline 
(1.00 mm suture) (Fig. 1A), almost as long (2.05 mm) as wide (1.99 mm), in 
contact with first supralabial laterally and prefrontals posteriorly, with nostrils 
placed near the antero-inferior angle of the nasal shield (Fig. 1B).

Prefrontals paired, relatively large (41.6% of head length), with a shorter 
middorsal suture (2.01 mm; 29.3% of head length), longer than the nasal 
middorsal suture (1.00 mm, 14.6% of head length), almost as long as frontal 
middorsal suture (2.10 mm, 30.6% of head length), anterior border convex, 
lateroposterior portion projected, in contact with second supralabial and ocular 
laterally, frontals posteriorly and in point contact with postocular posteriorly 



13ZooKeys 1213: 1–27 (2024), DOI: 10.3897/zookeys.1213.122265

Síria Ribeiro et al.: A new four-pored Amphisbaena from the north of Espinhaço Mountains, Brazil

(Fig. 1A). Frontals subtriangular, longer (suture length) than wide (1.58 mm), 
aligned at midline (2.10 mm), in narrow contact with the oculars, and in broad 
contact posterolaterally with the postocular and parietal. Parietals in two larger 
irregulars segments, wider (1.48 mm) than long (1.04 mm), intercalated by 
four very smalls segments; not aligned at the midline, in narrow contact with 
postoculars laterally, and followed by the first dorsal half-annulus. Occipitals 
absent (Fig. 1A). Oculars almost diamond-shape, almost as long (1.57 mm) as 
high (1.51 mm), in contact with prefrontals and second supralabial anteriorly, third 
supralabial and postocular posteriorly, and in point contact with postsupralabial. 
Eyes slightly visible. Postocular longer than wide, sub-pentagonal, in contact 
with frontal, labial, parietal and the segments of the first dorsal half-annulus, 
and in point contact with prefrontal. Temporal subrectangular, higher (1.55 mm) 
than long (0.92 mm), in contact with third supralabial anteriorly, postocular and 
postsupralabial laterally and first dorsal half-annulus posteriorly (Fig. 1B).

Three supralabials, irregularly polygonal; first subtrapezoid, longer (2.05 mm) 
than high (1.50 mm), in contact with second supralabial posteriorly; second 
supralabial sub-pentagonal, higher (1.76 mm) than long (1.59 mm maximum 
length), in contact with prefrontal, ocular and third supralabial; third supralabial 
subtrapezoid, almost as high (1.37 mm) as long (1.24 mm), in contact with ocu-
lar and postsupralabial. Postsupralabial subquadrangular, representing almost 
50% of third supralabial high, in contact with temporal laterally and first half-an-
nulus posteriorly (Fig. 1B). Mental longer (1.72 mm) than wide, anterior border 
wider (1.72 mm) than posterior (1.08 mm), in contact with the first pair of in-
fralabials and postmental. Postmental longer (2.01 mm) than wide (1.65 mm), 
in contact with the first and second infralabial, narrowly with malar, and two 
anterior postgenials. Postgenials with five shields irregularly distributed, in con-
tact with malars and first ventral half-annuli (Fig. 1C).

Three infralabials, first medium sized, irregular polygonal, almost as long 
(1.55 mm) as wide (1.56 mm), in contact with second supralabial; second 
the largest, sub-pentagonal, wider (2.36 mm) than long (1.81 mm maximum 
length), in contact with third infralabial; third infralabial smallest, almost as long 
(1.24 mm) as wide (1.37 mm) (Fig. 1C).

Body annuli well demarcated, first and second annuli without enlarged dorsal 
segments. Segments become regularly rectangular toward posterior portion of 
body and progressively longer than wide, and smaller in size, and larger towards 
midventral areas starting from the fifth half-annulus. One hundred ninety-four 
dorsal and 195 ventral half-annuli, three lateral half-annuli, 14 caudal annuli plus 
tip rounded; tail relatively long with autotomy line on the fifth annulus, 18/18 
dorsal and ventral segments at midbody, respectively and 28 segments in fourth 
caudal annulus. Lateral sulci clearly visible from the forty-ninth annulus; dorsal 
and ventral sulci absent. Cloacal plate with six segments increasing in size from 
towards midline, eleven postcloacal segments; four precloacal pores strongly 
visible on the row of segments on the last ventral half-annulus; each pore placed 
on the posterior half of a single segment, and distributed along a continuous 
series of segments, but pores in the medial scales placed laterally (Fig. 2).

Intraspecific variation. The main variations in the type series for meristic 
and morphometric data are given in Table 2. Variation in the arrangement and 
contact of shields were also observed. CEPB 2280 presents frontal fused with 
the parietal and segments of first and second body annuli (Fig. 3A), CEPB 2309 
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Table 2. Variation in meristic and morphometric (mm) data in the type series of Amphisbaena amethysta sp. nov. S – 
sex, DA – dorsal half–annuli, LA – lateral half–annuli adjacent to cloacal region, VA – ventral half–annuli, CA – caudal 
annuli, AS – autotomic site, DS – dorsal segment in midbody, VS – ventral segment in midbody, SCA – segments of 
fourth caudal annulus, PRCL – precloacal segments, POCL – postcloacal segments, PGE – postgenials, PA – parietals, 
SVL – snout–vent length, TL – tail length, BW – body width in midbody, bs – brooked specimen, lta – last tail annuli, n/a 
– non-available data, +n – mutilated tail, * – tail cicatrised, ** – tail not cicatrised, un- unidentified.

Specimens S DA LA VA CA AS DS VS SCA PRCL POCL PGE1 PA SVL TL BW

CEPB 2311 (Holotype) male 194 3 195 14 5 18 18 28 6 11 5 1/1 233 21.2 8.2

CEPB 2301 (Paratype) female 191 3 191 5 + n lta5** 19 17 29 7 13 5 1/1 206 3.5 + n 6.4

CEPB 2302 (Paratype) male 194 4 192 15 5 20 18 31 7 13 5 1/1 199 17.8 7.2

CEPB 2303 (Paratype) female 194 4 197 5 + n lta5* 17 16 27 6 14 5 1/1 197 8.2 + n 7.0

CEPB 2308 (Paratype) female 195 4 196 15 5 18 18 28 n/a 13 4 1/1 150 13.0 5.1

CEPB 2327 (Paratype) female 196 3 196 14 5 20 19 31 6 13 5 1/1 205 16.5 6.0

CEPB 2331 (Paratype) female 197 4 195 15 5 18 16 30 6 11 5 1/1 175 14.4 5.8

CEPB 2346 (Paratype) male 195 4 195 14 5 18 18 29 6 14 5 1/1 138 11.3 4.3

CEPB 2379 (Paratype) male 185 4 189 5 + n lta5** 19 18 29 6 13 5 1/1 180 5.0 + n 7.0

CEPB 2381 (Paratype) female 189 4 189 15 4 16 16 24 6 12 5 1/1 165 14.8 5.6

CEPB 2298 female 199 3 199 14 n/a 18 18 30 7 13 5 1/1 215 16.7 7.4

CEPB 2299 female 193 4 193 6+n lta5* 18 15 29 6 13 4 1/1 186 7.6 + n 5.1

CEPB 2300 male 194 3 195 14 5 18 17 26 6 12 5 1/1 213 15.3 6.1

CEPB 2304 female 190 4 192 14 5 18 n/a 26 6 12 5 1/1 155 11.6 3.5

CEPB 2305 female 192 4 192 15 5 18 16 28 6 13 6 1/1 170 14.8 5.6

CEPB 2306 female 197 4 196 14 4 18 18 28 8 12 5 1/1 145 10.8 4.2

CEPB 2307 male 190 3 190 6 + n lta6** 18 17 27 6 13 5 2/2 220 6.8 + n 7.9

CEPB 2309 un 196 3 197 6 + n lta5* 19 16 n/a 6 14 6 1/2 125 7.9 + n 4.5

CEPB 2310 female 193 4 194 14 5 18 18 26 6 11 2 0/1 195 15.7 5.5

CEPB 2312 female 192 3 192 15 5 18 18 30 6 15 3 1/1 190 15.1 6.6

CEPB 2313 female 189 3 190 15 5 18 15 28 6 14 5 1/1 130 11.7 4.2

CEPB 2314 female 191 3 193 14 5 18 16 26 6 13 6 1/1 185 11.9 5.7

CEPB 2315 female 193 3 193 14 5 18 19 27 6 12 5 1/1 177 14.1 5.9

CEPB 2316 female 195 3 195 16 6 20 18 28 7 13 5 1/1 173 15.2 6.4

CEPB 2317 female 195 5 196 5 + n lta5** 18 n/a n/a 6 13 5 1/1 180 3.0 + n 5.3

CEPB 2318 female 196 3 195 15 5 20 18 31 6 11 5 1/1 120 16.1 4.3

CEPB 2319 female 186 4 186 5 + n lta5** 19 18 29 6 12 5 1/1 95 2.0 + n 3.2

CEPB 2320 female 185 4 182 15 5 19 18 26 7 13 2 1/1 92 7.7 2.6

CEPB 2321 female 194 3 192 16 6 18 18 30 6 12 5 1/1 160 14.1 6.0

CEPB 2322 female 196 4 195 5 + n lta5** 21 18 27 6 11 4 1/1 155 3.7 + n 5.3

CEPB 2323 female 194 4 193 15 5 16 16 24 6 13 2 1/1 112 8.8 3.0

CEPB 2324 male 193 3 193 16 6 19 18 31 6 13 5 1/1 162 14.6 5.7

CEPB 2325 female 193 4 190 14 5 19 18 27 6 11 5 1/1 174 14.2 6.1

CEPB 2326 male 198 3 197 16 6 17 17 28 6 10 5 1/1 195 16.4 6.4

CEPB 2328 female 192 3 194 15 6 18 18 28 6 12 5 1/1 173 15.5 6.5

CEPB 2329 male 195 4 196 15 5 19 18 30 6 13 6 1/1 170 13.0 5.7

CEPB 2330 male 194 4 193 5 + n lta5** 20 18 30 6 13 5 1/1 178 2.6 + n 6.0

CEPB 2332 male 190 + n 4 190 15 5 18 16 28 6 15 5 1/1 bs 11.1 4.0

CEPB 2333 female 196 3 194 15 n/a 18 17 26 6 10 2 1/1 203 16.9 6.3

CEPB 2334 female 194 3 192 5 + n 5 20 18 30 6 14 6 1/1 190 7.0 + n 7.3

CEPB 2335 female 197 3 197 14 5 20 18 31 6 12 5 1/1 135 9.7 3.9

CEPB 2336 female 190 4 190 15 6 18 17 29 6 13 4 1/1 105 9.1 3.4

CEPB 2337 female 186 4 185 5 + n lta5** 19 18 29 6 13 5 1/1 145 3.7 + n 4.9

CEPB 2338 female 190 + n 4 186 13 5 18 17 28 6 12 5 1/1 ~ 160 13.8 5.1

CEPB 2339 female 192 4 193 16 5 19 18 32 6 13 5 1/1 127 10.6 4.0

CEPB 2356 male 188 3 189 16 n/a 18 18 28 7 13 3 1/1 190 16.7 5.8

CEPB 2380 female 192 3 195 14 5 17 16 25 6 12 5 2/2 140 11.5 5.6

Minimum 185 3 182 13 4 16 15 24 6 10 2 92 2.2 2.6

Maximum 199 5 199 16 6 21 19 32 8 15 6 n/a 233 21.2 8.2

Mean 192.9 3.6 193.0 14.8 5.0 18.4 17.4 28.3 6.2 12.6 4.7 n/a 167.3 13.4 5.5

Mode 194 4 195 15 5 18 18 28 6 13 5 n/a 190 n/a n/a

Standard deviation 3.4 0.5 3.4 0.8 0.4 1.0 1.0 1.9 0.5 1.1 1.0 n/a 34.1 3.5 1.3
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present four parietals shields (Fig. 3B), and CEPB 2303 present supralabials 
fused in left side (Fig. 3C).

Colour in life. Dorsum and lateral parts with dark brown coloration on the seg-
ments, which is more pronounced in the vertebral (Fig. 4A) and dorsal section of 
the tail regions (Fig. 4B). Pink predominates in areas where the brown colour is less 
pronounced. We do not have photographs of the ventral region of the live specimen.

Colour in preservative (ethylic alcohol 70%). Dorsum cream, with brown co-
louring on the segments in the dorsum, lateral parts, and dorsal portions of the 
tail portions. Dorsal, lateral, and ventral portions of head pale brown, darker 
than the ventral portion. Venter cream coloured.

Etymology. The specific epithet refers to the mineral amethyst that is a type 
of quartz and also the name of the region of the type locality “Brejinho das Am-
etistas”, a district located south of the municipality of Caetité, state of Bahia. 
This region has been an amethyst mining centre since the beginning of the 20th 
century. Spix and Martius (1938) defined the mineral from the “Brejinho das 
Ametistas” mines as “the beautiful amethysts” on their trip through the “Alto 
Sertão” of Bahia at the beginning of the 19th century (Cotrim 2015). The region 
currently has an economy based on mining and energy activities focused on 
wind energy production. The type series was collected during the execution of 
environmental programs within the scope of Bahia Mineração (BAMIN), which 
operates in the exploration of iron ore in the “Brejinho das Ametistas” region.

Distribution and habitat. Amphisbaena amethysta sp. nov. is known 
from municipality of Caetité municipality, state of Bahia, Brazil (Fig. 5). 

Figure 5. Geographic distribution of Amphisbaena amethysta sp. nov. and others Amphisbaena species from Espinhaço 
Mountain Range locality. Black arrows indicate the type localities of the species with more than one known geographic record.
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The region is in the northern portion of the Espinhaço Mountain Range, has an 
average altitude of 1000 m a.s.l., and lies within the ecotone between two mor-
phoclimatic domains, Caatinga and Cerrado. In the region there are patches 
of deciduous and semi-deciduous forests [“Floresta Estacional Decidual” and 
“Floresta Semidecidual Montana” sensu IBGE (2023)] associated with valleys, 
slopes, and gallery forests, and containing floristic elements common to the 
vegetation of the Caatinga, Cerrado, and Atlantic Forest morphoclimatic do-
mains. Areas of savannah vegetation with rock outcrops, typical of the woody 
Caatinga, occur at higher elevations (Fig. 6).

Phylogenetic relationships. Our concatenated alignment totalled 4806 base 
pairs (1007 bp for 12S, 528 bp for 16S, 761 bp for nd2, 679 bp for bdnf, 574 bp for 
c-mos, and 1257 bp for rag1). Partition Finder identified a best-fit scheme com-
posed of ten partitions with the GTR + G model. The resulting ML topology (Fig. 7) 
for the higher-level affinities was similar to those reported by previous studies 

Figure 6. Caatinga site where the holotype of Amphisbaena amethysta sp. nov. was collected in the in the northern por-
tion of Espinhaço Mountain Range, in state of Bahia, Brazil.
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Figure 7. Maximum likelihood tree zoomed in Central and South American Amphisbaenidae resulting from the RAxML 
analysis based on six concatenated genes, three nuclear (BDNF, c-mos, and RAG1), and three mitochondrial (12S, 16S, 
and ND2) genes. Red branches denote the clade composed of the new species and its sister species. Numbers on 
branches represent bootstrap values RAxML (> 70%). The grey codes on the right side of the clades represent the South 
American subclades of Amphisbaena (G01–G09) and West Indies clades (WIC01–WIC02).
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(Mott and Vieites 2009; Longrich et al. 2015; Graboski et al. 2022) (Fig. 7). Am-
phisbaena amethysta sp. nov. was recovered as a sister group of A. caetitensis, 
with 92% of bootstrap support. The clade composed by Amphisbaena amethys-
ta sp. nov. and A. caetitensis was recovered as a sister group of A. angustifrons, 
A. darwini, A. kingi, A. leeseri, and A. munoai with low bootstrap support (21%). 
The genetic distance (p-distance) between Amphisbaena amethysta sp. nov. 
and A. caetitensis is 6.1% for 16S.

Discussion

Amphisbaena amethysta sp. nov. is the 73rd species of the genus with four 
precloacal pores, the 22nd species from Caatinga, and sixth species with a 
restricted distribution from this morphoclimatic domain. The recognition 
of A. amethysta as a new species is based on molecular data and on set of 
morphological characters that includes four precloacal pores, a slightly com-
pressed snout, 185–199 dorsal and 182–199 ventral half-annuli, 13–16 caudal 
annuli, 16–21 dorsal and ventral segments in the midbody, 3/3 supralabials and 
infralabials, a smooth and rounded tail tip, an autotomic site between 4th and 6th 
caudal annuli, and by the absence of fusion of the cephalic shields, postmalar 
shields, and of dorsal and ventral grooves.

The new species is most closely related to A. caetitensis (from an elevation 
of 854 m in the municipality of Caetité, state of Bahia), a sister species with 
a genetic distance (p distance) of 6.1% for the 16S gene, and which differs 
morphologically mainly in the modified conic pointed tubercules on the tip tail 
and absence of an autotomic site (see diagnosis). This tail shape appears to 
have arisen independently in A. caetitensis and A. uroxena. Almeida et al. (2018) 
reported a genetic distance of the 7.65% between A. uroxena and A. caetitensis, 
and stated that Bayesian inference does not allow a clear resolution of the 
relationship between the two species. Our phylogenetic analyses corroborate the 
results of Almeida et al. (2018), and do not structure a clade for species with 
the modified conic pointed tubercules on the tip tail. We found an even lower 
distance between A. caetitensis and A. amethysta sp. nov. and a phylogenetic 
correlation between the species (Fig. 7), and recovered A. uroxena with sister 
species of A. mongoyo, structuring a clade with A. longinqua and A. bahiana (Clade 
G05, Fig. 7). Additionally, with a low support, we retrieved the clade formed by 
Amphisbaena amethysta sp. nov. and A. caetitensis as a sister group to clade G02 
(Fig. 7) formed by A. leeseri, A. darwini, A. munoai, A. angustifrons, and A. kingi. 
This grouping showed a relationship between the species from the Espinhaço 
Mountain Range and those in other areas of the Atlantic Forest and Cerrado. 
Additionally, it can indicate a probably convergent evolution between the species 
with a tuberculate tail shield (A. caetitensis and A. uroxena) and those species 
present on mountain within the Espinhaço Mountain Range (clade 5; Fig. 7).

Amphisbaena amethysta appears to be endemic to the northern portion of the 
Espinhaço Mountain Range with an average altitude of 1000 m a.s.l. Within this, 
its known extent of occurrence is some 38 km. This distributional pattern is sim-
ilar to other five species of Amphisbaena restricted to the high-altitude areas of 
the Espinhaço Mountain Range in Bahia [A. bahiana, A. longinqua, A. metallurga, 
A. mon goyo, and A. uroxena (Costa et al. 2015; Teixeira Junior et al. 2019)], four 
of which are closely related phylogenetically, but show no close phylogenetic 
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relations with A. amethysta (A. metallurga has no molecular sample available) 
(Fig. 7). The other three species show no apparent relationship to those from the 
Espinhaço Mountain Range but also occur at similar altitudes and vegetation 
types: A. kiriri Ribeiro, Gomides & Costa, 2018 (at least 17 km from the nearest 
A. bahiana locality), A. acangaoba (occurring in sympatry with A. kiriri), and A. ig-
natiana (recorded from the lower sections of the northwestern extremity of the Es-
pinhaço Mountain Range) (Fig. 5) (Roberto et al. 2014; Ribeiro et al. 2018b, 2020).

In the last years morphological characters were commonly used to diagnose 
Amphisbaena, mainly meristics (e.g. Roberto et al. 2014; Costa et al. 2015; Ribeiro 
et al. 2016, 2019, 2018a, b, 2020; Torres-Ramírez et al. 2021; Ribeiro-Júnior et al. 
2022; Rocha et al. 2023) and morphometrics (e.g. Ribeiro et al. 2009; Oliveira et 
al. 2018) but also with the addition of genetic analyses (e.g., Almeida et al. 2018; 
Perez and Borges-Martins 2019; Ribeiro et al. 2019), but it is still unclear which 
characters best represent the interspecific variation of the genus. The identifica-
tion of diagnostic characters depends on the recognition of intraspecific varia-
tions of different species, as well as the analysis of relatively large numbers of 
samples for each species, the latter being hampered by the fossorial habits of 
the species in this group and the consequently low frequency of encounters with 
them. Cryptic species of Amphisbaena are rare in bibliographic citations, but re-
cent studies have described new species using diagnoses based on overlapping 
phenotypic variation and the divergence of the 16S and ND2 genes, complicating 
species identification using external morphology alone. To reduce the limitations 
in the identification of new amphisbaenid species, in addition to applying integra-
tive taxonomy whenever possible, we consider it important to standardise the 
use of meristic and morphometrics characters that do not overlap and to explore 
new characters, such as the morphometry of the shields (Ribeiro et al. 2008, 
2009, 2011, 2015, 2016, 2018a, 2019; Sindaco et al. 2014); analysing characters 
of internal morphology, such as osteology and gonadal morphology (Ribeiro et al. 
2015, 2018a; Oliveira et al. 2018; Angiolani-Larrea et al. 2021); and studying sim-
ilar species, including type series (Costa et al. 2019; Ribeiro-Júnior et al. 2022).

Amphisbaena amethysta sp. nov. varies in the number of dorsal and ventral 
half-annuli, caudal annuli, and dorsal and ventral segments in the midbody, the 
shape and number of parietal shields, and the position of the autotomic site. In 
addition to variations in shape and number of cephalic shields, specimens of the 
new species also included individuals with shield fusion, mainly in the parietal 
region (see discussion of variation). On the other hand, the sample did not vary 
the number and shape of supra and infralabials and postlabials; the presence of 
a malar; the shape of the rostral, prefrontal, and frontal shields; the presence and 
number of precloacal pores; nor in the shape of the segments of the half-annuli of 
the body and tail. Despite its use as an invariable character, the number of pores 
can vary intraspecifically. Among the other Amphisbaena species with four pre-
cloacal pores, 14 vary in the number of precloacal pores: A. acangaoba, A. alba, 
A. angustifrons, A. barbouri, A. bolivica, A. caeca, A. camura, A. cubana, A. darwini, 
A. frontalis, A. kraoh, A. lumbricalis, A. manni, and A. uroxena (Gans 1962a, 1965a; 
Gans and Alexander 1962; Thomas 1966; Gans and Diefenbach 1972; Hoogmoed 
and Ávila-Pires 1991; Montero 1996; Vanzolini 1996; Mott et al. 2008; Perez et al. 
2012; Ribeiro et al. 2020; Ribeiro-Júnior et al. 2022). Additionally, sexual dimor-
phism in the presence or absence of pores for Amphisbaena has already been re-
ported for A. frontalis and A. uroxena (Mott et al. 2011; Ribeiro-Júnior et al. 2022).
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Mining activities cause several irreversible changes to the environment, 
including the loss of habitat due to the removal of vegetation and the relocation and 
excavation of soil during the opening and operation of new mines. Such actions 
have a direct impact on terrestrial and fossorial species such as amphisbaenians. 
In this context, applied studies, such as the evaluation of species as biomarkers for 
metal exposure, mainly with fossorial reptile species, are neglected (Grillitsch and 
Schiesari 2010; Gil-Jiménez et al. 2021). In such circumstances, the development 
and execution of environmental programs are critical for effective impact 
mitigation. Such studies can form valuable tools when conducted by specialised 
teams with a focus on the scientific use of collected material (Vaz-Silva 2009), 
and teams concerned with the technical quality of the project, which would result 
in more careful projects in relation to the sampling design and analytical aspects 
of the results, allowing greater decision-making power for effective conservation 
actions (Dias et al. 2019). In this case, environmental studies have made an 
important contribution to knowledge of the biodiversity of the area under BAMIN’s 
control, Bahia Mineração. Finally, the identification of a new species indicates that 
the fossorial fauna, as well as that of other groups, in the Espinhaço Mountain 
Range region is far from being completely known and that it may harbour a much 
greater diversity of endemic taxa than has been realised so far.
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Short Communication

Abstract

Buninotus Maldonado Capriles, 1981 and Buninotus palikur Castro-Huertas, Forero & 
Melo, 2022 (Hemiptera, Reduviidae, Emesinae, Saicini) are recorded from Brazil for the 
first time. Taxonomic notes on Buninotus and its species are provided mainly based 
on the examination and photographs of the holotype and paratype of Buninotus niger 
Maldonado Capriles, 1981. Previous doubts on some characteristics of the genus are 
clarified. A hypothesis suggesting that the holotype and paratype of B. niger may be-
long to different species is presented. An updated key to the New World genera of 
Saicini is provided.

Key words: Heteroptera, Neotropics, Oncerotrachelus, Saicinae

Introduction

Reduviidae is one of the largest and most diverse family of predaceous Het-
eroptera, comprising approximately 7,000 species distributed across about 
20 subfamilies worldwide (Gil-Santana et al. 2015; Schuh and Weirauch 
2020; Standring et al. 2023). A new classification to the subfamily Eme-
sinae and some closely related subfamilies was proposed by Standring et al. 
(2023), which resulted in Saicinae and Visayanocorinae (the latter not occur-
ing in the New World) being considered as tribes of Emesinae. Additionally, 
the former emesine tribes Ploiariolini and Metapterini were treated as junior 
synonyms of Emesini, resulting in Emesinae sensu nov. having six tribes: 
Collartidini, Emesini, Leistarchini, Oncerotrachelini (as a new tribe), Saicini, 
and Visayanocorini.

Therefore, there are currently 10 genera of Saicini in the New World, three of 
which are currently monotypic (Gil-Santana et al. 2015; Castro-Huertas et al. 
2023). Gil-Santana et al. (2015) provided a summary of the taxonomy of this 
group. Several keys to New World genera of Saicinae have been presented in 
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the last four decades (e.g. Maldonado Capriles 1981; Blinn 1990; Melo and 
Coscarón 2005; Gil-Santana et al. 2006; Weirauch and Forero 2007a; Gil-San-
tana and Costa 2009; Gil-Santana et al. 2015, 2020). However, due to changes 
in the group, now considered as a tribe, including the exclusion of the ge-
nus Oncerotrachelus Stål, 1868 and new information on the genera Buninotus 
Maldonado Capriles, 1981 and Caprilesia Gil-Santana, Marques & Costa, 2006 
(Castro-Huertas et al. 2023; this work), all these keys have become outdated.

Little is known about the biology and natural history of Saicinae (Gil-Santana 
et al. 2010), and summaries or new data on this subject, have been provided by 
Gil-Santana et al. (2010), as well as Gil-Santana et al. (2015, 2020), Schuh and 
Weirauch (2020), and Castro-Huertas et al. (2023).

In addition to documenting the first records of Buninotus and B. palikur Cas-
tro-Huertas, Forero & Melo, 2022 from Brazil, the holotype and paratype females 
of B. niger Maldonado Capriles, 1981 were directly examined and photographed 
to record and clarify important characteristics and address any uncertainties.

An improved and updated key to the genera of New World genera of Saicini 
is presented.

Materials and methods

The female holotype and paratype of Buninotus niger (Figs 1–15), currently de-
posited in the National Museum of Natural History (NMNH), Smithsonian Insti-
tution, Washington, DC, USA, were directly examined and photographed (Figs 
1–3, 5–15) by the second author. The photograph of Fig. 4 was taken and kindly 
provided by Thomas Henry. Photographs were taken using a Leica DFC450 dig-
ital camera mounted on a Leica M205 C stereomicroscope. Composite images 
were assembled using the Leica Application Suite v. 4.5 and the Helicon Focus 
v. 6.2.2 software packages.

The female of Buninotus palikur (Figs 16–21) from Brazil was examined and 
imaged by the first author. Observations were made using a stereomicroscope 
(Zeiss Stemi). Photographs were taken using digital cameras (Nikon D5600 
with a AF-S Micro Nikkor 105 mm f/2.8G IF-ED lens and Sony DSC-W830). This 
specimen will be deposited in the Entomological Collection of the Museu Na-
cional da Universidade Federal do Rio de Janeiro, Rio de Janeiro, Brazil (MNRJ).

General morphological terminology primarily follows Schuh and Weirauch 
(2020) and Castro-Huertas et al. (2023). The latter authors introduced a new 
terminology, designating cuticular processes on the ventral surface of the head 
and labium as “spiniform setae” and “strong setae” instead of “spines,” as used 
by other authors. Setae without thickening were referred to as “simple setae” 
or simply “setae.” They argued that this revised terminology would facilitate 
the coding of homologous characters for future phylogenetic analyses. There-
fore, for the sake of uniformity, we will adhere to this approach in the present 
work. The visible segments of the labium are numbered as II–IV, considering 
that the first segment is either lost or fused to the head capsule in Reduviidae 
(Weirauch 2008).

When describing label data, a slash (/) separates lines, and a double slash 
(//) indicates different labels. Comments or translations to English of the label 
data are provided in square brackets ([ ]).
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Results

Subfamily Emesinae
Tribe Saicini

Buninotus Maldonado Capriles, 1981

Remarks. In 1981, Maldonado Capriles described Buninotus as a monotypic 
genus, designating B. niger as its type species. He outlined the following as 
the main characteristics of the genus: the body is mostly black, shiny, and pre-
dominantly glabrous; a subglobose posterior lobe on the head; only the first 
[visible] segment of the labium is spined; scutellum with a long inclined spine; 
mesoscutum with a short, broad, spinelike elevation. The fore coxa, femur, and 
tibia are spined, with the tibia curved. The forewing exhibits four closed cells.

Some characteristics recorded in Maldonado Capriles’s (1981: 404, 406) de-
scription of the genus being a female, deserves to be mentioned, such as: the 
“tylus” [clypeus] as “ending in a sharp spine that slightly surpasses [the] apex 
of [the] jugae. ... Legs: forecoxa with a strong “s-spine near base on anterior 
side, 3 strong s-spines on rear of inner face; trochanter with four s-spines along 
inner-lower surface, femur ... with 5 s-spines along upper surface ...; lower inner 
surface with 5 s-spines of nearly equal size ...; tibia strongly curved on lateral 
aspect ..., four long s-spines on inner side, the basal the shortest ...”

Castro-Huertas et al. (2023) stated that Buninotus could be characterized by 
the first and second visible labial segments with a pair of spiniform setae and 
strong setae, respectively; the anterior lobe of pronotum with four protuberanc-
es [“humps”], a pair on each anterior and posterior region. The humeral angles 
project into long spines; scutellum has a long and inclined process. The fore-
legs exhibit coxae, femora and tibiae with long spiniform setae; protibiae are 
curved. The meso and metafemora each have a pair of apically located spin-
iform setae. Additionally, the forewing is characterized by three closed cells.

Comments. Although the venation of the wings is considered excellent for tax-
onomic characteristics at the generic and tribal levels in Emesinae (Wygodzinsky 
1966) and has been extensively used to diagnose and/or separate supra-specif-
ic taxa, potential intra-specific variation might happen (Gil-Santana and Marques 
2005) such as in the intra-specific variation in the number of cells in the forewing of 
Mayemesa lapinhaensis (Wygodzinsky, 1950) (Emesini) (Gil-Santana et al. 1999).

In regard to the number of closed cells in the forewing, there is a discrepancy 
between Castro-Huertas et al. (2023) statement, noting three closed cells, and 
the description and figure by Maldonado Capriles (1981), which indicate four 
closed cells. Other authors, such as Gil-Santana et al. (2020), have adhered to 
the original description in their key for Saicinae genera. Castro-Huertas et al. 
(2023: 50) justified their observation by stating that they “examined an image of 
the holotype of B. niger, and it is very difficult to see the forewing vein structure 
without removing the forewings from the body because of the semi-hyaline to 
brown coloration. Using additional specimens of both B. niger and B. palikur,” 
they removed the forewings and found three closed cells in both species. How-
ever, it is possible that, due to the deep blackish coloration of the holotype of 
B. niger, the specimens examined by them as such may belong to a different 
species with a brownish general coloration (see below).
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Examination of both the holotype and paratype of B. niger (Figs 6, 7, 14) con-
firms that the veins near the base of the forewing are not united, thereby not 
forming a closed basal cell. Consequently, the forewing has only three closed 
cells in all specimens of Buninotus examined, supporting the observations of 
Castro-Huertas et al. (2023).

A striking characteristic of Buninotus described and illustrated by Maldona-
do Capriles (1981: fig. 7), but in need of confirmation, is a spine on the apex 
of the clypeus (“tylus”). This feature was not mentioned or questioned by Cas-
tro-Huertas et al. (2023) when discussing the characteristics of the genus. Ac-
cording to our observations, this spine is completely absent in both the holotype 
and paratype (Figs 2–4, 11). It is possible that the whitish apical portion of the 
labrum of the holotype of B. niger, which projects slightly forward (Figs 2–4), 
may have caused confusion for Maldonado Capriles when describing the spec-
imen. Clearly, it is definitive that there is no apical sharp spine on the clypeus, 
as described by Maldonado Capriles (1981).

The presence of a pair of spiniform setae and strong setae on first and sec-
ond visible labial segments, respectively, is confirmed in the holotype of B. niger 
(Fig. 3) and on a specimen of B. palikur from Brazil examined here (Fig. 17). In 
the paratype of B. niger the setae of the second visible labial segment is not 
visible (Fig. 11); they may have broken off, but it was not possible ascertain if 
the insertion hole of these setae are present or not because the head is covered 
by hyphae of mold (Figs 10–12).

Some portions of the type specimens and the specimen from Brazil are bro-
ken or missing, mainly on the legs, but, taking into account the remaining por-
tions and the previous descriptions (Maldonado Capriles 1981; Castro-Huertas 
et al. 2023) and the examination of these specimens, the number and location 
of spiniform/strong setae of fore legs could be added to characterization of the 
genus in more detail as follows: fore coxae with a dorsobasal and three ventral 
spiniform setae; fore trochanters with four spiniform setae, midventrally; fore 
femora with two rows of five spiniform setae, one row on anterodorsal portion 
and other on anteroventral region; fore tibiae with four anterodorsal spiniform 
setae, the most basal being shorter than the following ones.

Distribution. Brazil (new record), French Guiana and Panama.

Buninotus niger Maldonado Capriles, 1981
Figs 1–15

Type material examined. Buninotus niger. Female holotype: [printed label:] Pan-
ama-Chiriqui / Fortuna, 1050 m. / 8 44'N;82 15'W, / [handwritten:] ?2 [printed:] 
- [handwritten:] July [printed:] -197 [handwritten:] 7 / Henk Wolda // [handwritten 
label:] Buninotus / niger [in red:] TYPE / 1978 Maldonado // [printed red label:] 
HOLOTYPE // [printed label:] [at left side:] USNM_ENT [at right side:] QR CODE / 
UCR_ENT 00008023; Female paratype: [printed label:] Panama-Chiriqui / Fortu-
na, 1050 m. / 8 44'N;82 15'W, / [handwritten:] 10 [printed:] - [handwritten:] Nov 
[printed:] -197 [handwritten:] 6 / Henk Wolda // [handwritten:] Buninotus / niger 
/ Maldonado / [printed:] det. J. Maldonado C. [handwritten:] 81 // [printed label:] 
Drake Colln ex / J. Maldonado C. / Coll. 1996 // [printed red faded label:] PARA-
TYPE // [printed label:] USNMENT / QR CODE / 01918179 (NMNH).
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Maldonado Capriles (1981) described B. niger based on two females from 
Panama (Figs 1–7, 9–14). It seems like the definition of the species coloration 
was primarily based on the holotype, which is deep blackish and aligns with 
other details recorded by Maldonado Capriles (1981) (Figs 1–7). In contrast, 
the paratype exhibits a general pale-brownish coloration that does not match 
the aforementioned description (Figs 9–14).

Figures 1–5. Buninotus niger Maldonado Capriles, 1981, female holotype deposited in NMNH 1, 2 dorsal view 3–5 lateral 
view 2, 3 head 4 head, anterior portion of prothorax and fore coxa 5 upper portion of hind lobe of pronotum and meso- 
and metathorax. Scale bars: 2.0 mm (1); 0.5 mm (2–5).
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Castro-Huertas (2023) examined four females of Buninotus from Panama, 
also identified them as B. niger, and noted a dark-brownish general coloration.

Comments. The holotype of B. niger exhibits a characteristic not observed in 
any other specimen of Buninotus so far: a deep blackish, piceous general col-
oration (Figs 1–6). In contrast, all other specimens of Buninotus display a gen-
eral brownish coloration (Castro-Huertas et al. 2023; Figs 16–20), including the 
paratype of B. niger (Figs 9, 13). Additionally, the spiniform setae of the femur 
[only the left one was present when examined] are longer (Fig. 1) than those 
of the paratype (Fig. 9). Therefore, it is hypothesized here that the paratype of 
B. niger belongs to a different species than that of the holotype. In this case, the 
specimens identified by Castro-Huertas et al. (2023) as B. niger probably be-
long to this undescribed species. Finding more specimens, preferably including 
males, may help in confirming or disproving the hypothesis made here.

Distribution. Panama.

Buninotus palikur Castro-Huertas, Forero & Melo, 2022
Figs 16–21

Material examined. Brazil, Espírito Santo: Linhares, Reserva Natural Vale 
[Vale Natural Reserve] (RNV), 19°09'S, 40°04'W, José Simplício dos Santos leg., 
25.i.2007, 1 female (MNRJ).

Comments. Buninotus palikur was described based on six females from 
French Guiana (Castro-Huertas et al. 2023). The female examined here (Figs 16–
21), although has lost its antennae and hind legs (Fig. 16), corresponds well 
with the description and diagnosis of B. palikur provided by Castro-Huertas et 
al. (2023). Its general length measured 10.70 mm to the tip of the membrane; 
the protuberances of the fore lobe are slightly triangular (Figs 16, 18), and the 
forewings are brownish with pale spots (Figs 16, 20). Diverging from some 
characteristics recorded in the specimens described by Castro-Huertas et al. 

Figures 6–8. Buninotus niger Maldonado Capriles, 1981, female holotype deposited in NMNH 6, 7 forewings, dorsal view 
6 basal two thirds 7 basal third 8 labels. Scale bars: 0.5 mm (6, 7).
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(2023), the prothorax is almost uniform brownish without paler portions, the 
scutellar spine is curved at approximately its middle portion on lateral view 
(Figs 16, 18, 19), and the first spiniform setae of fore tibiae are longer (Fig. 21). 
However, we consider these differences as more probably intraspecific differ-
ences. If merely interindividual or geographical variations, only future examina-
tion of more specimens would allow to clarify their significance.

Distribution. Brazil (new record) and French Guiana.

Figures 9–15. Buninotus niger Maldonado Capriles, 1981, female paratype deposited in NMNH 9, 10 dorsal view 10, 
11 head 11, 12 lateral view 11 except upper surface 12 head and anterior portion of thorax 13, 14 dorsal view 13 prono-
tum 14 basal half of forewings 15 labels. Scale bars: 2.0 mm (9); 1.0 mm (14) 0.5 mm (12); 0.2 mm (10, 11, 13).
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Discussion. There is a need to collect more specimens, including males of 
Buninotus, for a better understanding of the genus and its species, possibly 
allowing a more comprehensive study of the systematics of Saicini in general. 
Finding a specimen of B. palikur in a natural reserve in Atlantic Forest in Brazil 
expands the distribution of the species and the genus Buninotus to a broader 
range of biogreographical regions.

Key to the New World genera of Saicini, based on Weirauch and Forero 
(2007a, 2007b), Gil-Santana and Costa (2009), Gil-Santana et al. (2015, 
2020), and Castro-Huertas et al. (2023)

1 Foreleg without spiniform setae, at most with erect setae ........................2
– Fore femur with two or three rows of spiniform setae, fore tibiae either with 

setae or with spiniform setae............................................................................... 4
2 Opposed surfaces of labium and head with spinelike setae or bristles; 

forewing with two or three cells; metapleura without a tubercle near coxal 
cavity ..............................................................................................................3

– Opposed surfaces of labium and head without spiniform setae or bristles; 
forewing with four cells; metapleura with a tubercle near coxal cavity .......
 .................................................................. Saicireta Melo & Coscarón, 2005

3 Process on lower anterior angle of prothorax acute to subacute; second an-
tennal segment about half as long as the first antennal segment; medial pro-
cess of male pygophore bifurcate; posterior margin of seventh abdominal 
sternite in females vertical or subvertical ........ Saica Amyot & Serville, 1843

– Process on the lower anterior angle of the prothorax subconical; second 
antennal segment about 3/4 as long as the first antennal segment; me-
dial process of male pygophore a single, erect barbless spine; posterior 

Figures 16–21. Buninotus palikur Castro-Huertas, Forero & Melo, 2022, female specimen from Brazil 16 dorsal view 
17 anterior portion of head, prothorax and some portions of the legs, lateroventral view 18, 19 lateral view 18 anterior 
portion of prothorax 19 spine of mesoscutum and scutellum 20, 21 dorsal view 20 hind lobe of pronotum and forewings 
21 left fore tibia. Scale bars: 3.0 mm (16); 1.0 mm (20) 0.5 mm (17, 19, 21); 0.2 mm (18).
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margin of seventh abdominal sternite in females sloping ventrocephalad 
 ................................................................................ Pseudosaica Blinn, 1990

4 Humeral angles of pronotum without processes, rounded ........................5
– Humeral angles of pronotum with spinelike processes .............................6
5 Ventral portion of the head below (between) the eyes spineless; fore tibiae 

with a three or four (T. femorata) stronger, spiniform setae implanted on 
anterodorsal portion..........................................................Tagalis Stål, 1860

– Head with a ventral pair of spiniform setae below (between) the eyes; fore 
tibiae with a single or double longitudinal row of numerous short spini-
form setae on median portion of inner surface ............................................
 ................................. Quasitagalis Gil-Santana, Oliveira & Zampaulo, 2020

6 Fore coxae and anterior pronotal lobe unarmed ...........................................
 ................................................................ Bagriella McAtee & Malloch, 1923

– Fore coxae spined, anterior pronotal lobe with four spines or rounded 
humps ............................................................................................................7

7 Fore lobe of pronotum with four spines................Paratagalis Monte, 1943
– Fore lobe of pronotum with four rounded protuberances ..........................8
8 Fore tibiae with a row of very short spiniform setae directed mediad; only 

apterous females known ....................Kiskeyana Weirauch & Forero, 2007
– Fore tibiae with three to six more or less large spiniform setae on antero-

dorsal surface, directed anteriad; all known females macropterous .........9
9 Ventral surface of labium: first visible segment with a pair of spiniform 

setae, second segment with a pair of strong setae; third segment without 
setae. Forewings with three closed cells ....... Buninotus Maldonado, 1981

– Ventral surface of labium: first and second visible labial segments with 
a pair of spiniform setae, third segment with a pair of strong setae. Fore-
wings with two closed cells ............................................................................
 .......................................... Caprilesia Gil-Santana, Marques & Costa, 2006

Recently Castro-Huertas and Melo (2023) have recovered Saicireta corren-
tina Melo & Coscarón, 2005 as sister species of some groups, including the 
clade Saicinae sensu stricto. However, they did not formally rule out Saicireta 
from Saicinae (Saicini), and neither did they include it in another taxonomic 
group. Therefore, because it has remained in Saicini, it was included in the key 
to this group.
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Research Article

Abstract

Four new species of Homidia are described from the Guangxi Zhuang Autonomous Re-
gion, China. Homidia longiantenna sp. nov. is characterised by its long antenna and slight-
ly expanded post-labial chaetae; H. guangxiensis sp. nov. by the presence of smooth 
chaetae on the post-labium and posterior face of the ventral tube; H. huapingensis sp. 
nov. by the presence of smooth post-labial chaetae and pointed tenent hairs; and H. oli-
goseta sp. nov. by the pointed tenent hairs and fewer macrochaetae on Abdomen IV. Ad-
ditions to the original description of Homidia acutus Jing & Ma, 2022 are also provided.

Key words: Chaetotaxy, COI, DNA sequences, Guangxi, springtails, taxonomy

Introduction

To date, 77 species of the genus Homidia have been described worldwide 
(Bellinger et al. 1996–2024). The main characters in the taxonomy of the ge-
nus include colour pattern, body chaetotaxy, chaetae of the labial base, claw 
structure and dental spines. The post-labial chaetae are rarely mentioned in 
species descriptions because they are usually not different from the normal 
ciliate chaetae present in most species, except for a few expanded ones. Prior 
to this study, smooth post-labial chaetae had not been reported in the genus. 
Here, we describe four new species of Homidia, among which one species has 
slightly expanded post-labial chaetae, two have smooth post-labial chaetae 
and the other one lacks expanded or smooth post-labial chaetae. Additions to 
the original description of Homidia acutus Jing & Ma, 2022 are also provided.

Material and methods

Taxon sampling and specimen examination

Specimens were collected with an aspirator and stored in 99% alcohol. They 
were mounted on glass slides in Marc André II solution and were studied with 
a Leica DM2500 phase contrast microscope. Photographs were taken using 
a Leica DFC300 FX digital camera mounted on the microscope and enhanced 
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with PHOTOSHOP CS2 (Adobe Inc.). Type specimens are deposited in the 
School of Life Sciences Nantong University, Jiangsu, China.

The nomenclature of the dorsal macrochaetotaxy of the head and interocu-
lar chaetae follows Jordana and Baquero (2005) and Mari-Mutt (1986). Labial 
chaetae are designated following Gisin (1964). Post-labial chaetae follow Chen 
and Christiansen (1993). Labral and tergal chaetae of the body follow Szeptycki 
(1973, 1979).

Molecular analysis

DNA was extracted by using an Ezup Column Animal Genomic DNA Purification 
Kit (Sangon Biotech, Shanghai, China) following the manufacturer’s standard pro-
tocols. Amplification of a 658 bp fragment of the mitochondrial COI gene was car-
ried out using a Prime Thermal Cycler (TECHNE, Bibby Scientific Limited, Stone, 
Staffordshire, UK), performed in 25 μl volumes using Premix Taq polymerase 
system (Takara Bio, Otsu, Shiga, Japan). The primers and polymerase chain re-
action (PCR) programs followed Greenslade et al. (2011). All PCR products were 
checked using a 1% agarose gel electrophoresis. Successful products were puri-
fied and sequenced on an ABI 3730XL DNA Analyser (Applied Biosystem, Foster 
City, CA, USA). All procedures were completed by Pucheng (Nanjing, China).

DNA sequences were assembled using SEQUENCHER 4.5 (Gene Codes 
Corp) and then deposited in GenBank (Table 1). Sequences were aligned using 
ClustalW implemented in MEGA 5.1 (Tamura et al. 2011) with default settings. 

Table 1. Number of individuals, GenBank accession numbers and source of sequences 
of the species in this study.

Species Number of 
individuals

GenBank accession 
number Source

Homidia huapingensis sp. nov. C7401 PP379450 This study
C7402 PP379451
C8201 PP379452
C8203 PP379453
C8204 PP379454
C8202 PP379455
C8303 PP379456

Homidia longiantenna sp. nov. C8107 PP379457 This study
C8103 PP379458
C8104 PP379459
C8105 PP379460
C8106 PP379461

Homidia guangxiensis sp. nov. C8302 PP379462 This study
C8304 PP379463
C8305 PP379464

Homidia oligoseta sp. nov. C8306 PP379465 This study
C8307 PP379466
C8308 PP379467
C8309 PP379468

Homidia acutus Jing & Ma, 2022 C44-3-a PP379469 This study
C29-2-a PP379470
C29-1-a PP379471
C2902 PP379472
C4404 PP379473
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Pairwise genetic distances were analysed in MEGA 5.1 employing the Kimura 
2-parameter (K2P) model (Kimura 1980).

Abbreviations

Ant. antennal segment(s);
Th. thoracic segment(s);
Abd. abdominal segment(s);
mac macrochaeta(e);

mes mesochaeta(e);
ms specialised microchaeta(e);
sens specialised ordinary chaeta(e).

Results

Class Collembola Lubbock, 1873
Order Entomobryomorpha Börner, 1913
Family Entomobryidae Tömösvary, 1882

Genus Homidia Börner, 1906

Diagnosis. Moderate size, usually 1–2 mm; eyes 8+8; antennae four segment-
ed; mucro bidentate and with a basal spine, subapical tooth much larger than 
apical one; dentes with spines; scales absent on body; macrochaetae on ante-
rior part of Abd. IV arranged as an irregular “collar”.

Homidia longiantenna sp. nov.
https://zoobank.org/67A3996A-CCA2-42CC-BD48-3C878435D11F
Figs 1–27, Tables 2, 3

Type material. Holotype • ♀ on slide, China, Guangxi Zhuang Autonomous Re-
gion, Guilin City, Longsheng Autonomous County, Huaping Natural Reserve, 
Tianping Mountain, 31-V-2023, 25°37′52″N, 109°54′47″E, 935.4 m asl, sample 
number 1281. Paratype • ♀ on slide, same data as holotype. All collected by 
Y-T Ma.

Description. Size. Body length up to 3.02 mm.
Coloration. Ground colour pale yellow; eye patches dark blue; scattered 

brown pigment present on body, especially tibiotarsus, lateral and posterior 
parts of Abd. IV, sometimes Ant. III–IV and Abd. II–III also with brown pigment 
(Fig. 1).

Head. Antenna not annulated and 0.98–1.07 times length of body. Ratio of 
Ant. I–IV as 1.00/1.24–1.50/1.06–1.30/2.06–2.60. Distal part of Ant. IV with 
many sensory chaetae and normal ciliate chaetae, apical bulb bilobed (Fig. 2). 
Sensory organ of Ant. III with two rod-like chaetae (Fig. 3). Sensory organ of 
Ant. II with 3(4) rod-like chaetae (Fig. 4). Eyes 8+8, G and H smaller than others, 
interocular chaetae as p, r, t mes. Dorsal chaetotaxy of head with four antennal 
(An), five median (M) and eight sutural (S) mac (Fig. 5). Prelabral and labral 
chaetae as 4/5, 5, 4, all smooth, a0, a1 longer than a2; labral papillae absent 
(Fig. 6). Basal chaeta on maxillary outer lobe almost as thick as apical one; sub-
lobal plate with three smooth chaetae-like processes (Fig. 7). Lateral process 
(l. p.) of labial palp E differentiated, as thick as normal chaeta, with tip almost 
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Figure 1. Habitus of Homidia longiantenna sp. nov. (lateral view). Scale bar: 500 μm.

Figures 2−8. Homidia longiantenna sp. nov. 2 apex of Ant. IV (dorsal view) 3 distal Ant. III (ventral view) 4 distal Ant. II 
(ventral view) 5 dorsal head (right side) 6 prelabrum and labrum 7 maxillary palp and outer lobe (right side) 8 labial palp. 
Scale bars: 20 μm.
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reaching apex of papilla E (Fig. 8). Labial base with MM1R1ReL1L2, chaeta e 
smooth and other ciliate, R1 sometimes absent, R 0.60–0.73 length of M; ante-
rior post-labial chaetae slightly expanded (Figs 9–11).

Thorax. Tergal ms formula on Th. II–Abd. V as 1, 0/1, 0, 1, 0, 0, sens as 2, 
2/1, 2, 2, 23, 3 (Figs 12, 18–20). Th. II with four medio-medial (m1, m2, m2i, 
m2i2), three medio-sublateral (m4, m4i, m4p), 30–38 posterior mac. Th. III with 
about 39–41 mac (Fig. 12). Coxal macrochaetal formula as 3/4+1, 3/4+2 (Figs 
13–15). Trochanteral organ with 71–76 smooth chaetae (Fig. 16). Tenent hair 
clavate, 0.95–0.98 length of inner edge of unguis; unguis with three inner teeth, 
basal pair located at 0.38–0.39 distance from base of inner edge of unguis, 
unpaired tooth at 0.62–0.64 distance from base; unguiculus lanceolate, outer 
edge slightly serrate (Fig. 17).

Figures 9−11. Homidia longiantenna sp. nov. 9 labial and post-labial chaetotaxy (right side) 10, 11 photographs of labial 
and post-labial chaetotaxy (right side). Scale bars: 20 μm.
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Figures 12−17. Homidia longiantenna sp. nov. 12 chaetotaxy of Th. II−III (right side) 13−15 coxal chaetotaxy of fore, 
middle and hind leg 16 trochanteral organ 17 hind foot complex (lateral view). Scale bars: 50 μm (12); 20 μm (13−17).

Abdomen. Range of Abd. IV length as 9.00–9.30 times as dorsal axial length 
of Abd. III. Abd. I with 11 (a1a, a1–3, m2i, m2–4, m4i, m4p and a5) mac. Abd. 
II with six (a2, a3, m3, m3e, m3ea, m3ep) central, one (m5) lateral mac. Abd. III 
with two (a2, m3) central, four (am6, pm6, m7a, p6) lateral mac (Fig. 18). Abd. 
IV with two (as, ps) normal sens, 14–20 anterior, 6–7 (A4–6, B4–6, Ae7, A4 
sometimes absent) posterior and 24–26 lateral mac (Fig. 19). Abd. V with three 
sens (Fig. 20). Anterior face of ventral tube not seen entirely, line connecting 
proximal (Pr) and external-distal (Ed) mac oblique to median furrow (Fig. 21); 
posterior face with five or eight distal smooth and numerous ciliate chaetae 
(Fig. 22); lateral flap with 7–8 smooth and 19–30 ciliate chaetae (Fig. 23). Ma-
nubrial plate dorsally with 14–15 ciliate mac and 3(2) pseudopores (Fig. 24); 
ventrally with 33–41 ciliate chaetae on each side (Fig. 25). Dens with 54–78 
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Figure 18. Chaetotaxy of Abd. I−III of Homidia longiantenna sp. nov. (right side). Scale bar: 50 μm.

Figure 19. Chaetotaxy of Abd. IV of Homidia longiantenna sp. nov. (right side). Scale bar: 50 μm.
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Figures 20−27. Homidia longiantenna sp. nov. 20 chaetotaxy of Abd. V (right side) 21 anterior face of ventral tube apically 
22 posterior face of ventral tube apically 23 lateral flap of ventral tube 24 manubrial plaque (dorsal view) 25 ventro-apical 
part of manubrium 26 proximal section of dens (circles also representing spines) 27 mucro. Scale bars: 20 μm.

smooth inner spines (Fig. 26). Mucro bidentate with subapical tooth larger than 
apical one; tip of basal spine reaching apex of subapical tooth; distal smooth 
section of dens almost equal to mucro in length (Fig. 27).

Etymology. Named after its characteristic long antennae.
Ecology. Found in the leaf litter.
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Table 2. Main differences among the new species and related species of Homidia.

Characters Homidia longiantenna 
sp. nov. Homidia apigmenta Homidia jordanai Homidia 

pseudofascia Homidia wanensis

Length ratio of 
antenna to body

0.98–1.07 0.50 about 1.00 0.59–0.67 0.60–0.62

An irregular 
transverse stripe on 
Abd. IV posteriorly

present absent absent present present

Chaetal formula of 
labial base

MM1(R1)ReL1L2 M(M1)ReL1L2, L1 & L2 
expanded

MReL1L2 MM1ReL1L2 MReL1L2

Anterior post-labial 
chaetae

slightly expanded strong expanded not expanded slightly expanded slightly expanded

Inner teeth on 
unguis

3 4 4 4 4

Mac on Abd. IV 
anteriorly

14–20 6–9 6–9 8–11 12–13

Mac on Abd. IV 
posteriorly

6–7 5 3(4) 7–9 7–9

Dental spines 54–78 18–39 20–40 36–50 83

Remarks. The new species is characterised by the long antennae and the 
slightly expanded post-labial chaetae, and can be easily distinguished from all 
known species of Homidia. It is similar to the species H. apigmenta Shi, Pan & 
Zhang, 2010, H. pseudofascia Pan, Zhang & Li, 2015, and H. wanensis Pan & 
Ma, 2021 in the expanded post-labial chaetae and colour pattern, but can be 
separated from them by the long antennae and other characters. It is also sim-
ilar to H. jordanai Pan, Shi & Zhang, 2011 in the long antennae, but significant 
differences exist between them, such as the post-labial chaetotaxy and central 
mac on Abd. III and other characters. The detailed character comparisons are 
listed in Table 2.

Homidia guangxiensis sp. nov.
https://zoobank.org/D3D8DC59-3275-448D-8E92-B82F205AF05B
Figs 28–56, Table 3

Type material. Holotype • ♀ on slide, China, Guangxi Zhuang Autonomous Region, 
Guilin City, Longsheng Autonomous County, Huaping Natural Reserve, Tianping 
Mountain, Power Station, 2-VI-2023, 25°37′40″N, 109°54′19″E, 682.0 m asl, sam-
ple number 1283. Paratypes • 3♀♀ on slides, same data as holotype • ♀ on slide, 
China, Guangxi Zhuang Autonomous Region, Guilin City, Longsheng Autonomous 
County, Huaping Natural Reserve, Tianping Mountain, 31-V-2023, 25°37′52″N, 
109°54′47″E, 935.4 m asl, sample number 1281. All collected by Y-T Ma.

Description. Size. Body length up to 2.86 mm.
Coloration. Ground colour pale white to yellow; eye patches dark blue; brown 

to blue-violet pigment present on whole dorsal body, antennae, legs, ventral 
tube, and manubrium. Some unpigmented irregular stripes or spots present on 
dorsal side of body (Figs 28, 29).

Head. Antenna not annulated and 0.60–0.80 times length of body. Ratio of 
Ant. I–IV as 1.00/1.27–1.70/1.21–1.40/1.67–2.41. Distal part of Ant. IV with 
many sensory chaetae and normal ciliate chaetae, apical bulb bilobed (Fig. 
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Figures 28, 29. Habitus of Homidia guangxiensis sp. nov. (lateral view). Scale bars: 500 μm.

30). Sensory organ of Ant. III with two rod-like chaetae (Fig. 31). Sensory or-
gan of Ant. II with 3–4 rod-like chaetae (Fig. 32). Eyes 8+8, G and H smaller 
than others, interocular chaetae as p, r, t mes. Dorsal chaetotaxy of head with 
four antennal (An), five median (M) and eight sutural (S) mac (Fig. 33). Prelabral 
and labral chaetae as 4/5, 5, 4, all smooth, a0, a1 longer than a2; labral papillae 
absent (Fig. 34). Basal chaeta on maxillary outer lobe slightly thicker than as 
apical one; sublobal plate with three smooth chaetae-like processes (Fig. 35). 
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Figures 30−36. Homidia guangxiensis sp. nov. 30 apex of Ant. IV (dorsal view) 31 distal Ant. III (ventral view) 32 distal 
Ant. II (ventral view) 33 dorsal head (right side) 34 prelabrum and labrum 35 maxillary palp and outer lobe (right side) 
36 labial palp. Scale bars: 20 μm.

Figures 37−39. Homidia guangxiensis sp. nov. 37 labial and post-labial chaetotaxy (right side) 38, 39 photographs of 
labial and post-labial chaetotaxy (right side). Scale bars: 20 μm.
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Figures 40−45. Homidia guangxiensis sp. nov. 40 chaetotaxy of Th. II−III (right side) 41−43 coxal chaetotaxy of fore, 
middle and hind leg 44 trochanteral organ 45 hind foot complex (lateral view). Scale bars: 50 μm (40); 20 μm (41−45).

Lateral process (l. p.) of labial palp E differentiated, as thick as normal chaeta, 
with tip almost reaching apex of papilla E (Fig. 36). Labial base with MRel1L2, 
M sometimes smooth, R ciliate and 0.50–0.53 length of M, chaetae e and l1 
smooth, L2 rarely smooth; some post-labial chaetae (G1–4, H2–4, sometimes X and 
an unnamed chaeta) smooth (Figs 37–39).

Thorax. Tergal ms formula on Th. II–Abd. V as 1, 0/1, 0, 1, 0, 0, sens as 2, 2/1, 
2, 2, 18–36, 3 (Figs 40, 46–48). Th. II with four medio-medial (m1, m2, m2i, m2i2), 
three medio-sublateral (m4, m4i, m4p), 33–39 posterior mac. Th. III with 44–49 
mac (Fig. 40). Coxal macrochaetal formula as 3/4+1, 3/4+2 (Figs 41–43). Trochan-
teral organ with 44–71 smooth chaetae (Fig. 44). Tenent hair clavate, 0.68–0.88 
length of inner edge of unguis; unguis with three inner teeth, basal pair located at 
0.32–0.40 distance from base of inner edge of unguis, unpaired tooth at 0.59–0.68 
distance from base; unguiculus lanceolate, outer edge slightly serrate (Fig. 45).

Abdomen. Range of Abd. IV length as 6.51–8.75 times as dorsal axial length 
of Abd. III. Abd. I with 11 (rarely 10) (a1–3, m2i, m2–4, m4i, m4p and a5, a1a 
rarely absent) mac. Abd. II with six (a2, a3, m3, m3e, m3ea, m3ep) central, one 
(m5) lateral mac. Abd. III with two (a2, m3) central, four (am6, pm6, m7a, p6) lat-
eral mac (Fig. 46). Abd. IV with two (as, ps) normal sens, 8–11 anterior, five (A5–
6, B4–6, Ae7) posterior and 20–23 lateral mac (Fig. 47). Abd. V with three sens 
(Fig. 48). Anterior face of ventral tube with 44–46 ciliate chaetae on each side, 
line connecting proximal (Pr) and external-distal (Ed) mac oblique to median 
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Figure 46. Chaetotaxy of Abd. I−III of Homidia guangxiensis sp. nov. (right side) Scale bar: 50 μm.

Figure 47. Chaetotaxy of Abd. IV of Homidia guangxiensis sp. nov. (right side). Scale bar: 50 μm.
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Figures 48−51. Homidia guangxiensis sp. nov. 48 chaetotaxy of Abd. V (right side) 49 anterior face of ventral tube 50 pos-
terior face of ventral tube apically 51 photomicrograph of posterior face of ventral tube apically. Scale bars: 20 μm.

Figures 52−56. Homidia guangxiensis sp. nov. 52 lateral flap of ventral tube 53 manubrial plaque (dorsal view) 54 ven-
tro-apical part of manubrium 55 proximal section of dens (circles also representing spines) 56 mucro. Scale bars: 20 μm.
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furrow (Fig. 49); posterior face with 9–18 smooth and numerous ciliate chae-
tae (Figs 50, 51); lateral flap with 7–12 (19) smooth and 11–19 ciliate chaetae 
(Fig. 52). Manubrial plate dorsally with 10–14 ciliate mac and three pseudo-
pores (Fig. 53); ventrally with (26) 40–47 ciliate chaetae on each side (Fig. 54). 
Dens with 24–48 smooth inner spines (Fig. 55). Mucro bidentate with subapical 
tooth larger than apical one; tip of basal spine reaching apex of subapical tooth; 
distal smooth section of dens almost equal to mucro in length (Fig. 56).

Etymology. Named after its locality: Guangxi Zhuang Autonomous Region.
Ecology. Found in the leaf litter.
Remarks. The new species can be easily distinguished from other species 

of the genus by the smooth post-labial chaetae and the number and location 
of smooth chaetae on the posterior face of the ventral tube. Among the known 
Homidia species, except those species with expanded post-labial chaetae, the 
post-labial chaetae are rarely mentioned because most have normal ciliate 
chaetae. Smooth post-labial chaetae are discovered for the first time in the 
genus. In addition, the smooth chaetae on the posterior face of the ventral tube 
are usually located at the most distal part of the ventral tube and their number 
is usually less than 10 in the genus. However, the number and location of the 
smooth chaetae on the posterior face of the new species are peculiar. It is 
similar to the species H. acutus Jing & Ma, 2022, H. pseudozhangi Jing & Ma, 
2023 and H. zhangi Pan & Shi, 2012 in the colour pattern, but can be separated 
from them by the smooth post-labial chaetae, inner teeth on unguis and other 
characters. The detailed character comparisons are listed in Tables 3, 4.

Homidia huapingensis sp. nov.
https://zoobank.org/164C2C44-EE5F-40AF-B682-D01ACA2BC432
Figs 57–86, Tables 3, 4

Type material. Holotype • ♀ on slide, China, Guangxi Zhuang Autonomous Re-
gion, Guilin City, Longsheng Autonomous County, Huaping Natural Reserve, Tian-
ping Mountain, 31-V-2023, 25°37′52″N, 109°54′47″E, 935.4 m asl, sample number 
1281. Paratypes • 2♀ on slides, China, Guangxi Zhuang Autonomous Region, 
Guilin City, Longsheng Autonomous County, Huaping Natural Reserve, Guangfu 
Mountain, 26-V-2023, 25°33′44″N, 109°56′16″E, 1341.0 m asl, sample number 
1274 • ♀ on slide, China, Guangxi Zhuang Autonomous Region, Guilin City, Long-
sheng Autonomous County, Huaping Natural Reserve, Guangfu Mountain, 29-V-
2023, 25°33′25″N, 109°56′38″E, 1340.5 m asl, sample number 1279 • ♀ on slide, 
China, Guangxi Zhuang Autonomous Region, Guilin City, Longsheng Autonomous 
County, Huaping Natural Reserve, Tianping Mountain, 31-V-2023, 25°37′52″N, 
109°54′47″E, 935.4 m asl, sample number 1281 • 2♀ on slides, China, Guangxi 
Zhuang Autonomous Region, Guilin City, Longsheng Autonomous County, Hua-
ping Natural Reserve, Tianping Mountain, Power Station, 2-VI-2023, 25°37′40″N, 
109°54′19″E, 682.0 m asl, sample number 1283. All collected by Y-T Ma.

Description. Size. Body length up to 2.92 mm.
Coloration. Ground colour pale white to yellow; eye patches dark blue; brown 

to blue-violet pigment present on whole dorsal body, antennae, legs, ventral 
tube, and manubrium. Some unpigmented irregular stripes or spots present on 
dorsal side of body (Figs 57, 58).
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Figures 57, 58. Habitus of Homidia huapingensis sp. nov. (lateral view). Scale bars: 500 μm.

Head. Antenna not annulated and 0.59–0.64 times length of body. Ratio of 
Ant. I–IV as 1.00/1.28–1.40/1.11–1.36/2.00–2.25. Distal part of Ant. IV with 
many sensory chaetae and normal ciliate chaetae, apical bulb bilobed (Fig. 59). 
Sensory organ of Ant. III with two rod-like chaetae (Fig. 60). Sensory organ of 
Ant. II with 4–5 rod-like chaetae (Fig. 61). Eyes 8+8, G and H smaller than others, 
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Figures 59−65. Homidia huapingensis sp. nov. 59 apex of Ant. IV (dorsal view) 60 distal Ant. III (ventral view) 61 distal 
Ant. II (ventral view) 62 dorsal head (right side) 63 prelabrum and labrum 64 maxillary palp and outer lobe (right side) 
65 labial palp. Scale bars: 20 μm.

interocular chaetae as p, r, t mes. Dorsal chaetotaxy of head with four antennal 
(An), five median (M) and eight sutural (S) mac (Fig. 62). Prelabral and labral chae-
tae as 4/5, 5, 4, all smooth, a0, a1 longer than a2; labral papillae absent (Fig. 63). 
Basal chaeta on maxillary outer lobe slightly thicker than as apical one; sublobal 
plate with three smooth chaetae-like processes (Fig. 64). Lateral process (l. p.) 
of labial palp E differentiated, as thick as normal chaeta, with tip almost reaching 
apex of papilla E (Fig. 65). Labial base with MRel1L2, M rarely smooth, R ciliate 
and 0.50–0.69 length of M, chaetae e and l1 smooth, L2 ciliate; some post-labial 
chaetae (G1–4, H2–4, rarely X, X3 and 1–2 unnamed chaetae) smooth (Figs 66–68).

Thorax. Tergal ms formula on Th. II–Abd. V as 1, 0/1, 0, 1, 0, 0, sens as 2, 
2/1, 2, 2, 23–37, 3 (Figs 69, 77–79). Th. II with four medio-medial (m1, m2, 
m2i, m2i2), three medio-sublateral (m4, m4i, m4p), 32–42 posterior mac. Th. 
III with 45–57 mac (Fig. 69). Coxal macrochaetal formula as 3/4+1, 3/4+2 
(Figs 70–72). Trochanteral organ with about 40–70 smooth chaetae (Fig. 73). 
All tenent hairs pointed and 0.53–0.68 length of inner edge of unguis; unguis 
with three inner teeth, basal pair located at 0.29–0.35 distance from base of 
inner edge of unguis, unpaired tooth at 0.59–0.62 distance from base; unguic-
ulus lanceolate, outer edge slightly serrate (Figs 74–76).
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Abdomen. Range of Abd. IV length as 6.43–7.50 times as dorsal axial length 
of Abd. III. Abd. I with 11 (sometimes 12) (a1a, a1–3, m2i, m2–4, m4i, m4p and 
a5, an unnamed mac sometimes present) mac. Abd. II with six (a2, a3, m3, m3e, 
m3ea, m3ep) central, one (m5) lateral mac. Abd. III with two (a2, m3) central, 
four (am6, pm6, m7a, p6) lateral mac (Fig. 77). Abd. IV with two (as, ps) normal 
sens, 9–12 anterior, 5–6 (A5–6, B5–6, Ae7, A4 sometimes present) posteri-
or and 19–23 lateral mac (Fig. 78). Abd. V with three sens (Fig. 79). Anterior 
face of ventral tube with 44–55 ciliate chaetae on each side, line connecting 
proximal (Pr) and external-distal (Ed) mac oblique to median furrow (Fig. 80); 

Figures 66−68. Homidia huapingensis sp. nov. 66 labial and post-labial chaetotaxy (right side) 67, 68 photographs of 
labial and post-labial chaetotaxy (right side). Scale bars: 20 μm.
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Figures 69−76. Homidia huapingensis sp. nov. 69 chaetotaxy of Th. II−III (right side) 70−72 coxal chaetotaxy of fore, 
middle and hind leg 73 trochanteral organ 74−76 foot complex of fore, middle and hind leg (lateral view). Scale bars: 
50 μm (69); 20 μm (70−76).

posterior face with 5–9 smooth and numerous ciliate chaetae (Fig. 81); lateral 
flap with 9–11 smooth and 16–25 ciliate chaetae (Fig. 82). Manubrial plate 
dorsally with 12–17 ciliate mac and 2–4 pseudopores (Fig. 83); ventrally with 
39–60 ciliate chaetae on each side (Fig. 84). Dens with 37–66 smooth inner 
spines (Fig. 85). Mucro bidentate with subapical tooth larger than apical one; 
tip of basal spine reaching apex of subapical tooth; distal smooth section of 
dens almost equal to mucro in length (Fig. 86).
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Figure 77. Chaetotaxy of Abd. I−III of Homidia huapingensis sp. nov. (right side). Scale bar: 50 μm.

Figure 78. Chaetotaxy of Abd. IV of Homidia huapingensis sp. nov. (right side). Scale bar: 50 μm.



61ZooKeys 1213: 41–73 (2024), DOI: 10.3897/zookeys.1213.123839

Rong Zhou et al.: Four new species of Homdia from China

Figures 79−86. Homidia huapingensis sp. nov. 79 chaetotaxy of Abd. V (right side) 80 anterior face of ventral tube api-
cally 81 posterior face of ventral tube apically 82 lateral flap of ventral tube 83 manubrial plaque (dorsal view) 84 ven-
tro-apical part of manubrium 85 proximal section of dens (circles also representing spines) 86 mucro. Scale bars: 20 μm.

Etymology. Named after its locality: Huaping Natural Reserve, Guangxi 
Guangxi Zhuang Autonomous Region.

Ecology. Found in the leaf litter.
Remarks. The new species is very similar to H. guangxiensis sp. nov. and 

H. acutus Jing & Ma, 2022 in the colour pattern, smooth post-labial chaetae, 
inner teeth on unguis and central chaetae on Abd. IV posteriorly, but can be 
separated from them by the tenent hair, central chaetae on Abd. IV anterior-
ly and smooth chaetae on the posterior face of the ventral tube. The detailed 
character comparisons are listed in Tables 3, 4.
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Table 3. Variation in some characters of the species described in the present paper.

Species Specimen 
number

Mac on 
Abd. I

Anterior mac 
on Abd. IV

Posterior 
mac on 
Abd. IV

Lateral 
mac on 
Abd. IV

Tip of tenent 
hair

Smooth 
post-labial 

mac

Smooth mac on 
posterior face of 

ventral tube

Homidia longiantenna 
sp. nov.

1281-3A 11+11 14+15 6+7 25+25 clavate absent ?

1281-3B 11+11 18+20 6+7 24+26 clavate absent 8

Homidia guangxiensis 
sp. nov.

1281-13 10+11 10+10 5+5 20+22 clavate present 10

1283-8A 11+11 10+? 5+5 ?+? clavate present 9

1283-8B 11+12 9+10 5+5 23+? clavate present 12

1283-9A 11+11 8+10 5+5 23+? clavate preent 17

1283-9B 11+11 9+11 5+5 20+22 clavate present 18

Homidia huapingensis 
sp. nov.

1274-2B 11+11 10+11 5+5 19+20 point present ?

1274-2C 11+12 10+11 5+6 20+20 point present 9

1279-6B 11+12 11+12 6+6 21+? point present 6

1281-10A 11+11 9+10 5+6 19+20 point present 9

1281-10B 11+11 9+9 5+5 22+22 point present 8

1283-8C 12+? 9+10 5+6 22+23 point present 5

Homidia oligoseta
sp. nov.

1281-11A 11+11 3+5 4+4 16+17 point ? 7

1281-11B 11+? 3+3 4+5 16+16 point absent 7

1281-11C 10+10 3+4 4+4 16+17 point absent 7

1282-4A 11+11 3+4 4+4 15+? point absent 5

1282-4B 11+11 3+3 4+4 12+? point absent 5

1282-5 11+11 3+3 4+4 13+? point absent 5

1282-6 11+11 3+3 4+4 13+15 point absent 6

1283-1A 11+11 3+3 4+4 13+13 point absent 5

1283-1B 11+11 3+4 4+4 13+? point absent 5

1283-2A 10+11 4+5 4+4 12+14 point absent 5

1283-2B 10+11 3+3 4+4 11+? point absent ?

1283-3 10+11 3+3 4+4 13+14 point absent 5

1283-10A 11+11 4+4 4+4 14+? point absent 5

1283-10B 11+11 4+4 4+5 13+13 point absent 5

Homidia acutus 1229-1A 11+11 6+6 5+5 15+? point present 6

1229-1B 11+? 6+6 5+5 1516 point present 6

1229-2A 11+11 ?+? 5+5 16+? point present 6

1229-2B 11+11 6+6 5+5 16+16 point present ?

*? not clearly seen.

Homidia oligoseta sp. nov.
https://zoobank.org/F75FD2C9-613D-415C-A090-F9BAC8ED6ECB
Figs 87–116, Tables 3, 4

Type material. Holotype • ♀ on slide, China, Guangxi Zhuang Autonomous Re-
gion, Guilin City, Longsheng Autonomous County, Huaping Natural Reserve, Tian-
ping Mountain, 31-V-2023, 25°37′52″N, 109°54′47″E, 935.4 m asl, sample num-
ber 1281. Paratypes • 2♀ on slides, same data as holotype • 4♀ on slides, China, 
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Table 4. Main differences among the three new species and related species of Homidia.

Characters Homidia 
guangxiensis sp. nov.

Homidia 
huapingensis sp. nov.

Homidia oligoseta 
sp. nov.

Homidia 
acutus

Homidia 
pseudozhangi

Homidia 
zhangi

Medial stripe on Th. 
II–III

absent absent absent absent present absent

Smooth post-labial 
chaetae

present present absent present absent absent

Tenent hair clavate pointed pointed pointed clavate clavate

Inner teeth on unguis 3 3 3 3 4 4

Smooth chaetae on 
posterior face of 
ventral tube

9–18 5–9 5–7 6 4–5 4

Relative position of 
ms to sens on Abd. I

antero-external antero-external antero-external antero-
external

antero-external antero-
internal

Relative position of 
middle sens to m3 on 
Abd. V

postero-external postero-external postero-external postero-
external

antero-external postero-
external

Mac on Abd. IV 
anteriorly

8–11 9–12 3–4(5) 6 7–12 8–10

Mac on Abd. IV 
posteriorly

5 5–6 4(5) 5 6 3(4)

Figures 87−89. Habitus of Homidia oligoseta sp. nov. (lateral view). Scale bars: 500 μm.
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Guangxi Zhuang Autonomous Region, Guilin City, Longsheng Autonomous 
County, Huaping Natural Reserve, Tianping Mountain, 1-VI-2023, 25°38′01″N, 
109°54′30″E, 707.8 m asl, sample number 1282 • 7♀ on slides, China, Guangxi 
Zhuang Autonomous Region, Guilin City, Longsheng Autonomous County, Hua-
ping Natural Reserve, Tianping Mountain, Power Station, 2-VI-2023, 25°37′40″N, 
109°54′19″E, 682.0 m asl, sample number 1283. All collected by Y-T Ma.

Description. Size. Body length up to 2.21 mm.
Coloration. Ground colour pale white to yellow; eye patches dark blue; brown 

to blue-violet pigment present on whole dorsal body, antennae, legs, ventral 
tube, and manubrium; some unpigmented irregular stripes or spots present on 
dorsal side of body; Th. II often with less brown pigment (Figs 87–89).

Head. Antenna not annulated and 0.56–0.62 times length of body. Ratio of 
Ant. I–IV as 1.00/1.25–1.47/1.00–1.43/2.00–2.71. Distal part of Ant. IV with 
many sensory chaetae and normal ciliate chaetae, apical bulb bilobed (Fig. 
90). Sensory organ of Ant. III with two rod-like chaetae (Fig. 91). Sensory organ 
of Ant. II with 2–3 rod-like chaetae (Fig. 92). Eyes 8+8, G and H smaller than 
others, interocular chaetae as p, r, t mes. Dorsal chaetotaxy of head with four 
antennal (An), five median (M) and eight sutural (S) mac (Fig. 93). Prelabral 
and labral chaetae as 4/5, 5, 4, all smooth, a0, a1 longer than a2; labral papillae 
absent (Fig. 94). Basal chaeta on maxillary outer lobe slightly thicker than as 
apical one; sublobal plate with three smooth chaetae-like processes (Fig. 95). 
Lateral process (l. p.) of labial palp E differentiated, as thick as normal chae-
ta, with tip reaching or exceeding apex of papilla E (Fig. 96). Labial base with 
MRel1L2, chaetae e and l1 smooth, other ciliate; R 0.53–0.60 length of M. All 
post-labial chaetae ciliate (Figs 97, 98).

Thorax. Tergal ms formula on Th. II–Abd. V as 1, 0/1, 0, 1, 0, 0, sens as 2, 
2/1, 2, 2, 39–55, 3 (Figs 99, 107–109). Th. II with four medio-medial (m1, m2, 
m2i, m2i2), three medio-sublateral (m4, m4i, m4p), 32–37 posterior mac. Th. III 
with 45–50 mac (Fig. 99). Coxal macrochaetal formula as 3(4)/4+1, 3(4)/4+2 
(Figs 100–102). Trochanteral organ with 40–57 smooth chaetae (Fig. 103). All 
tenent hairs pointed and 0.60–0.86 length of inner edge of unguis; unguis with 
three inner teeth, basal pair located at 0.30–0.36 distance from base of inner 
edge of unguis, unpaired tooth at 0.58–0.71 distance from base; unguiculus 
lanceolate, outer edge slightly serrate (Figs 104–106).

Abdomen. Range of Abd. IV length as 4.75–6.25 times as dorsal axial length of 
Abd. III. Abd. I with 11 (10) (a1–3, m2i, m2–4, m4i, m4p and a5, a1a sometimes 
absent) mac. Abd. II with six (a2, a3, m3, m3e, m3ea, m3ep) central, one (m5) 
lateral mac. Abd. III with two (a2, m3) central, four (am6, pm6, m7a, p6) lateral 
mac (Fig. 107). Abd. IV with two (as, ps) normal sens, 3–4(5) anterior, 4(5) (A4–6, 
B4–5, A5 rarely present) posterior and 11–17 lateral mac (Fig. 108). Abd. V with 
three sens (Fig. 109). Anterior face of ventral tube with 19–24 ciliate chaetae 
on each side, line connecting proximal (Pr) and external-distal (Ed) mac oblique 
to median furrow (Fig. 110); posterior face with 5–7 smooth and numerous cil-
iate chaetae (Fig. 111); lateral flap with 6–10 smooth and 7–12 ciliate chaetae 
(Fig. 112). Manubrial plate dorsally with 9–12 ciliate mac and three pseudopores 
(Fig. 113); ventrally with 22–30 ciliate chaetae on each side (Fig. 114). Dens with 
16–31 smooth inner spines (Fig. 115). Mucro bidentate with subapical tooth 
larger than apical one; tip of basal spine reaching apex of subapical tooth; distal 
smooth section of dens almost equal to mucro in length (Fig. 116).



65ZooKeys 1213: 41–73 (2024), DOI: 10.3897/zookeys.1213.123839

Rong Zhou et al.: Four new species of Homdia from China

Figures 90−96. Homidia oligoseta sp. nov. 90 apex of Ant. IV (dorsal view) 91 distal Ant. III (ventral view) 92 distal Ant. II 
(ventral view) 93 dorsal head (right side) 94 prelabrum and labrum 95 maxillary palp and outer lobe (right side) 96 labial 
palp. Scale bars: 20 μm.

Figures 97, 98. Homidia oligoseta sp. nov. 97 labial and post-labial chaetotaxy (right side) 98 photograph of labial and 
post-labial chaetotaxy (right side). Scale bars: 20 μm.
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Figures 99−106. Homidia oligoseta sp. nov. 99 chaetotaxy of Th. II−III (right side) 100, 102 coxal chaetotaxy of fore, 
middle and hind leg 103 trochanteral organ 104−106 foot complex of fore, middle and hind leg (lateral view). Scale bars: 
50 μm (99); 20 μm (100−106).

Figure 107. Chaetotaxy of Abd. I−III of Homidia oligoseta sp. nov. (right side) Scale bar: 50 μm.
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Etymology. The name of the new species is derived from the Latin oligo and 
seta, which means only a few chaetae are present on each side of the anterior 
part of Abd. IV.

Ecology. Found in the leaf litter.
Remarks. The new species is very similar to H. huapingensis sp. nov. and 

H. acutus Jing & Ma, 2022 in the colour pattern and pointed tenent hair, but can 
be separated from them by the chaetotaxy of Abd. IV and smooth post-labial 
chaetae. The detailed character comparisons are listed in Tables 3, 4.

Homidia acutus Jing & Ma, 2022
Figs 117–120

Material examined. Holotype and three paratypes • China, Jiangxi Province, 
Pingxiang City, Luxi County, Gate of Wugong Mountain, 7-XI-2020, 27°29′27″N, 
114°07′33″E, 393.0 m asl, sample number 1229, collected by Y-T Ma.

Additions to original description. Colour pattern shown in Fig. 117. Ps2 mac 
present on dorsal head (Fig. 118) (Ps2 is not shown in the original figure be-
cause of my carelessness). Post-labial chaetae G1–4 and H2–4 smooth, some-
times an unnamed chaeta also smooth, chaeta H1 slightly ciliate and others 
normal ciliate (Figs 119, 120).

Figure 108. Chaetotaxy of Abd. IV of Homidia oligoseta sp. nov. (right side) Scale bar: 50 μm.
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Figures 109−116. Homidia oligoseta sp. nov. 109 chaetotaxy of Abd. V (right side) 110 anterior face of ventral tube 111 pos-
terior face of ventral tube apically 112 lateral flap of ventral tube 113 manubrial plaque (dorsal view) 114 ventro-apical part 
of manubrium 115 proximal section of dens (circles also representing spines) 116 mucro Scale bars: 20 μm.

Molecular results

Sequenced individuals in the present study had a mean K2P distance of COI se-
quences between 0.177–0.329. The shortest interspecific distance was 0.177 
between H. guangxiensis sp. nov. and H. oligoseta sp. nov. and the greatest was 
0.329 between H. huapingensis sp. nov. and H. longiantenna sp. nov. (Table 5). 
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Figure 117. Habitus of Homidia acutus Jing & Ma, 2022 (lateral view). Scale bar: 500 μm.

Figures 118−120. Homidia acutus Jing & Ma, 2022 118 dorsal head (right side) 119 labial and post-labial chaetotaxy 
(right side) 120 photograph of labial and post-labial chaetotaxy (right side). Scale bars: 20 μm.
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Table 5. Genetic distances (mean K2-P divergence) within and between species in this study.

Species Homidia huapingensis 
sp. nov.

Homidia 
longiantenna sp. nov.

Homidia 
guangxiensis sp. nov.

Homidia oligoseta 
sp. nov. H. acutus

Homidia huapingensis 
sp. nov.

0.005−0.074

Homidia longiantenna 
sp. nov.

0.305−0.329 0.000−0.004

Homidia guangxiensis 
sp. nov.

0.250−0.275 0.225−0.234 0.000−0.005

Homidia oligoseta sp. 
nov.

0.257−0.288 0.182−0.197 0.177−0.193 0.000−0.061

Homidia acutus 0.235−0.261 0.290−0.300 0.235−0.246 0.242−0.259 0.000−0.053

Figure 121. Neighbour joining tree (using K2P model) of five Homidia species based on COI sequences.
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Therefore, the interspecific distances of COI between the four new species were 
more than the accepted barcoding gap recently reported for species of Entomo-
bryidae (Zhang et al. 2018) and Tomoceridae (Yu et al. 2018). The molecular 
distances coincided with the morphological divergences, thus further support-
ing the separation of the four distinct species (Fig. 121).

Discussion

Like the chaetae on the labial base, the post-labial chaetae are also of various 
types. Three species (H. acutus Jing & Ma, 2022; H. huapingensis sp. nov. and 
H. oligoseta sp. nov.) have smooth post-labial chaetae; three species (H. longi-
antenna sp. nov., H. pseudofascia Pan, Zhang & Li, 2015 and H. wanensis 
Pan & Ma, 2021) have slightly expanded post-labial chaetae and five species 
(H. apigmenta Shi, Pan & Zhang, 2010, H. latifolia Chen & Li, 1999, H. polyseta 
Chen, 1998, H. qimenensis Yi & Chen, 1999 and H. triangulimacula Pan & Shi, 
2015) have strongly expanded post-labial chaetae; most species have normal 
post-labial ciliate chaetae, or the form of the chaetae is not mentioned.

Colour pattern is a very important character in the taxonomy of Collembola, 
but some different species may share a very similar colour pattern, such as 
H. acutus, H. guangxiensis sp. nov., H. huangxiensis sp. nov. and H. oligoseta sp. 
nov. Therefore, it is necessary to combine colour pattern with other characters, 
such as the tip of the tenent hair, post-labial chaetae and smooth chaetae on 
the posterior face of the ventral tube, in the taxonomy of Collembola. In addi-
tion, COI sequences are useful in separating morphologically similar species.
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Abstract

Stink bugs (Heteroptera: Pentatomidae) have received a lot of attention as there are 
many economically important pest species. However, the status of species richness, 
distribution, and taxonomy remain overlooked and outdated in Kentucky (USA). Having 
such information at a regional scale is crucial to allow the development of suitable pest 
management and conservation programs. Here, the stink bug fauna of Kentucky was ex-
amined from museum specimens, literature, and public online repositories. Overall, 42 
species in 28 genera and three subfamilies (Asopinae, Podopinae, and Pentatominae) 
are listed from Kentucky. Thirteen species are new records for Kentucky, 10 species 
are considered to be of economic importance and eight are strict predators. Pictures 
of species are provided along with the first key for the identification of the stink bug 
species of Kentucky.

Key words: Economic importance, public databases, sampling biases, species diversity, 
taxonomy

Introduction

The family Pentatomidae, also called stink bugs or turtle bugs, is the third most 
speciose family within the suborder Heteroptera, comprising 4949 species 
worldwide included in nine subfamilies (Asopinae, Cyrtocorinae, Discocephali-
nae, Edessinae, Pentatominae, Phyllocephalinae, Podopinae, Serbaninae, and 
Stirotarsinae), only surpassed by Reduviidae (~6000 species) and the Miridae 
(>11,000) (Schaefer and Panizzi 2000; Weirauch 2008; Cassis and Schuh 2012; 
Rider et al. 2018; Schuh and Weirauch 2020). Although stink bugs are more 
diverse in the Neotropical region (>1400 species) (Grazia et al. 2015), Nearctic 
pentatomids are probably among the best-studied insects in terms of diver-
sity (~300 species), life history and distribution (Henry and Froeschner 1988, 
1992). However, given the complexity of the group, both taxonomic and distri-
butional changes are still emerging (Rider and Swanson 2021; Roca-Cusachs 
et al. 2022; Paim et al. 2022).

Adopting a regional approach to studying the pentatomid fauna provides 
a more accurate view of the group and facilitates the identification of 
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species for either scientific or educational purposes (Packauskas 2012; 
Paiero et al. 2013). In this regard, the revision of Pentatomoidea provided by 
McPherson (1982) remains the most comprehensive taxonomic work in the 
northeastern United States. However, it emphasizes the fauna of Illinois and 
does not provide habitus illustrations for most of the species (N = 120), thus 
the identification process could be challenging. Recent efforts to update 
the stink bug fauna at the state scale include the pentatomids of Connecti-
cut (O’Donnell and Schaefer 2012), Kansas (Packauskas 2012), Michigan 
(Swanson 2012), Minnesota (Koch et al. 2014), Missouri (Sites et al. 2012), 
New Mexico (Bundy 2012), North Dakota (Rider 2012), Ohio (Furth 1974), 
Virginia (Hoffman 1971), Washington (Zack et al. 2012), and the province of 
Ontario, Canada (Paiero et al. 2013).

The identification of most North American stink bugs can be reasonably con-
ducted based on external morphology (some species groups can be challeng-
ing however, see Paim et al. 2022). Stink bugs are of moderate to large size, 
ranging from 4 to 20 mm in length, and generally ovoid or broadly elliptical in 
shape (Schuh and Weirauch 2020). Phytophagous stink bugs are usually more 
or less round in shape (some species associated with grasses are somewhat 
more elongated), usually with five-segmented antennae, three-segmented tarsi, 
and a subtriangular scutellum (Panizzi et al. 2000). In contrast, predatory stink 
bugs (subfamily Asopinae) are distinguished by an incrassate rostrum, particu-
larly the first segment, which can swing forward fully, and the posterior margins 
of the buccula are merged (De Clercq 2008; Schuh and Weirauch 2020).

Pentatomids are considered an economically important group as most spe-
cies are plant feeders (~90%), and about 10% prey upon arthropods, includ-
ing many that are considered to be pests (McPherson and McPherson 2000; 
Schaefer and Panizzi 2000), in many agricultural systems (Panizzi and Slansky 
1985; Pezzini et al. 2019). However, there are phytophagous species acting as 
facultative predators, but basic aspects of the biology of such species remain 
unknown, especially regarding behavior, population dynamics, and host dam-
age (McPherson 1982). Moreover, stink bugs are associated with the trans-
mission of plant pathogens causing boll rot, yeast spot, leaf spot, and different 
witch broom symptoms (Mitchell et al. 2018). Monitoring and identifying stink 
bugs in agricultural systems is critical for pest management purposes (Koch 
et al. 2014, 2017; Pezzini et al. 2019), especially when invasive species resem-
bling native pentatomids are present. Several exotic species of economic im-
portance reported in the United States can be easily misidentified and confused 
with native species without the help of suitable keys, e.g., the brown marmorat-
ed stink bug Halyomorpha halys Stål, the painted bug Bagrada hilaris (Burmeis-
ter), and the southern green stink bug Nezara viridula Linnaeus (Hoebeke and 
Carter 2003; McPherson 2018).

Color variation in adults can be a deceiving characteristic in species identifi-
cation, for example, the predaceous species Stiretrus anchorago Fabricius dis-
plays contrasting bicolored and unicolored forms (Waddill and Shepard 1974). 
Species of the genus Banasa Stål and Thyanta Stål have seasonal green or 
brown forms (Thomas and Yonke 1981; Rider and Chapin 1992), and species 
of the Euschistus Dallas complex are often confused by the difficult taxonomic 
characters and multiple forms within a species (Paim et al. 2022). In addition, 
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identifying immature stink bugs is a challenging task as there are not many 
studies on immature stages (DeCoursey and Allen 1968; Herring and Ashlock 
1971; Brugnera et al. 2022).

Accurate identification of stink bugs at the regional scale is crucial to al-
low the development of suitable pest management and conservation programs 
(Grazia et al. 2015). Therefore, taxonomic keys supported by relevant informa-
tion are valuable resources that help to avoid ambiguity and confusion in the 
identification of pentatomids. The purpose of this work is to provide an updat-
ed checklist and a key to the species of Pentatomidae occurring in Kentucky.

Material and methods

The examined material was obtained from the University of Kentucky Insect 
Collection (UKIC), the Insect Collection of the University of Louisville (ULIC), 
and the University of Kentucky´s Research and Education Center (UKREC) at 
Princeton, KY. Additionally, species occurrence records of Pentatomidae were 
downloaded from the Global Biodiversity Information Facility (GBIF 2023) and 
the Symbiota Collections of Arthropods Network (SCAN 2023). These databas-
es contained observation records from seven different sources, namely iNat-
uralist, Broward College, Monte L. Bean Life Science Museum, Oregon State 
Arthropod Collection (OSAC), Colorado State University (CSU), North Carolina 
State University (NCSU), Carnegie Museum of Natural History (CMNH), The 
Field Museum of Natural History, Illinois Natural History Survey (INHS) Insect 
Museum, and Texas A&M University (TAMU). Only research-grade observations 
from iNaturalist were carefully considered in this work, as many identifications 
of pentatomids can only be made by personal examination of specimens. Spe-
cies synonyms are provided in this document following the literature indicated 
in Table 1. See Rider (2015) for more details about synonyms and previous 
combination names. After standard data cleaning (Chapman 2005), only re-
cords containing location and collection date were entered into a database to 
produce a distribution map and to create a plot of observations across time. 
Duplicate observations were removed from the final database.

The species checklist was ordered alphabetically, summarizing information 
about the distribution, size, feeding habits, and economic importance. The 
taxonomic catalog used in this study follows the distribution, size, and ecol-
ogy listed by McPherson (1982) and the synonyms provided by Henry and 
Froeschner (1988), and Rider and Swanson (2021). The economic importance 
of species was based on the criteria of Schaefer and Panizzi (2000). Pictures 
of specimens were taken using an AmScope 18MP camera mounted on a Leica 
S6D stereoscopic microscope. Images were stacked and cleaned with Adobe 
PHOTOSHOP v. 22.4.3. Images of 37 species reported in this study are present-
ed in Plates 1–5, as not all the specimens were found in the visited collections. 
The distribution map and plot were computed in R v. 74.3.1. (R Core Team 
2023). Species determinations were conducted following Furth (1974), Lariv-
ière (1992), Thomas and Yonke (1981), McPherson (1982), Paiero et al. (2013), 
Packauskas (2012), and Swanson (2012). The morphological terminology fol-
lowed Schuh and Weirauch (2020) and Kment and Vilímová (2010) (Figs 1, 2). 
The occurrence database can be found in the Suppl. material 1.
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Table 1. Checklist of species of Pentatomidae occurring in Kentucky. EI = Economic importance (marked with “x”). 
North America (NA) refers to Canada (CAN), United States (US), and Mexico (MX). Central America (CA), South America 
(SA). Cardinal directions are displayed in lower cases. Size is expressed as the length in millimeters. FH = Feeding 
habit. Phytophagous (Ph), Predator (Pr) and facultative predator (FaP). The source column indicates the sources used to 
identify the species. *New record for Kentucky State.

Taxon Synonym EI Distribution Size FH Source
Asopinae
Apoecilus cynicus (Say, 1831) e US 13–20 Pr Phillips 1983
Euthyrhynchus floridanus (Linnaeus, 1767)* e US to SA 12.0–17.0 Pr Henry and Froeschner 1988; Thomas 1992
Perillus bioculatus (Fabricius, 1775) x NA 8.5–11.5 Pr Thomas 1992
Perillus strigipes (Herrich-Schäffer, 1853) e US 7.5–10.0 Pr Thomas 1992
Podisus brevispinus Thomas, 1992 CAN to n US 8.0–11.0 Pr Phillips 1983; Thomas 1992
Podisus maculiventris (Say, 1831) x NA 8.5–13.0 Pr Furth 1974; Thomas 1992
Podisus serieventris (Uhler, 1871) CAN to US 8.0–11.5 Pr Thomas 1992; Henry and Froeschner 1988
Stiretrus anchorago (Say, 1828) se CAN to CA 7.0–10.0 Pr McPherson 1982; Paiero et al. 2013
Pentatominae
Aelini
Aelia americana Dallas, 1851* w CAN and US 7.0–9.0 Ph Henry and Froeschner 1988
Neottiglossa cavifrons Stål 1872 s US 4.0–5.2 Ph Rider 1989
Neottiglossa sulcifrons Stål, 1872 s US 4.0–5.0 Ph Rider 1989
Neottiglossa undata (Say, 1832)* s CAN and n US 4.5–6.0 Ph Rider 1989
Cappaeini
Halyomorpha halys (Stål, 1855) x Cosmopolitan 12.0–17.0 Ph Rider et al. 2002
Carpocorini
Coenus delius (Say, 1832)* s CAN and US 8.5–10.5 Ph Rider 1996
Cosmopepla lintneriana (Kirkaldy, 1909) NA 4.0–7.0 Ph McDonald 1986
Euschistus politus Uhler, 1897* e US 8.2–10.0 Ph Henry and Froeschner 1988; Paim et al. 2022
Euschistus servus (Say, 1832) x NA to CA 10.0–15.0 Ph, FaP Rolston 1974; Paim et al. 2022
Euschistus tristigmus (Say, 1832) x e CAN to CA 8.0–12.0 Ph, FaP Rolston 1974; Paim et al. 2022
Euschistus variolarius (Palisot de Beauvois, 1805) x se CAN to n MX 11.0–15.0 Ph, FaP Rolston 1974; Paim et al. 2022
Holcostethus limbolarius (Stål, 1872)* NA 7.0–9.0 Ph McDonald 1974
Hymenarcys nervosa (Say, 1832) e US to n MX 8.5–11.5 Ph Rolston 1973
Mcphersonarcys aequalis (Say, 1832) e US to MX 6.0–8.5 Ph Thomas 2012
Menecles insertus (Say, 1832) s CAN to n MEX 12.0–14.0 Ph, FaP Rolston 1972
Mormidea lugens (Fabricius, 1775) e CAN to ne MX 5.0–7.2 Ph Rolston 1978
Oebalus pugnax (Fabricius, 1775) x e US to MX 8.0–12.0 Ph, FaP Sailer 1957
Proxys punctulatus (Palisot de Beauvois, 1818)* e US to SA 11.0–13.0 Ph, FaP Rider and Chapin 1992
Trichopepla semivittata (Say, 1832)* se CAN to MX 5.5–8.0 Ph McDonald 1976
Halyini
Brochymena cariosa Stål, 1872 e US and ne MX 15.8–19.3 Ph Larivière 1992
Brochymena quadripustulata (Fabricius, 1775) NA to CA 12.0–18.6 Ph Henry and Froeschner 1988; 

McPherson and Ahmad 2007
Parabrochymena arborea (Say, 1825) se CAN to CA 10.0–18.0 Ph, FaP McPherson 1982
Parabrochymena punctata punctata Van Duzee, 1909 se US 14.0–17.0 Ph Larivière 1992
Nezarini
Chinavia hilaris (Say, 1832) x NA 13.0–19.0 Ph, Pr McPherson 1982
Nezara viridula (Linnaeus, 1758)* x Cosmopolitan 14.0–17.0 Ph Ferrari et al. 2010
Thyanta calceata (Say, 1832) e US 7.0–10.5 Ph Rider and Chapin 1992
Thyanta custator accerra McAtee, 1919 s CAN to n MEX 9.0–13.0 Ph Rider and Chapin 1992
Pentatomini
Banasa calva (Say, 1832) NA to CA 8.5–12.0 Ph Thomas and Yonke 1981
Banasa dimidiata (Say, 1832)* NA to CA 8.5–11.0 Ph Thomas and Yonke 1981
Banasa euchlora (Stål, 1872)* NA to CA 9.0–11.0 Ph Thomas and Yonke 1981
Banasa sordida (Uhler, 1871) s CAN to n MEX 10.0–11.5 Ph Thomas and Yonke 1981
Procleticini
Dendrocoris humeralis (Uhler, 1877)* se CAN to MX 6.0–8.5 Ph, FaP Henry and Froeschner 1988
Strachiini
Murgantia histrionica (Hahn, 1834) x NA to CA 8.0–11.5 Ph McPherson 1982
Podopinae
Amaurochrous cinctipes (Say, 1828)* se CAN and e US 5.0–7.5 Ph Barber and Sailer 1953
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Figure 1. Key morphological features used to identify Pentatomidae (dorsal view).

Figure 2. Key morphological features used to identify Pentatomidae (ventral view). Herbivore (A–C) and predatory stink 
bug (B–D).
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Figure 3. Distribution and source of records of Pentatomidae across Kentucky. Hollow 
counties lack occurrence records. GBIF = Global Biodiversity Information Facility, SCAN 
= Symbiota Collections of Arthropods Network, UKIC= University of Kentucky insect 
collection, UKREC= University of Kentucky’s Research and Education Center.

Figure 4. Historical records of Pentatomidae in Kentucky across time.

Results

Overall, the family Pentatomidae is represented by 42 species in 28 genera and 
3 subfamilies (Asopinae, Podopinae, and Pentatominae) in Kentucky. Pictures 
of all species are displayed in Plates 1-5. Thirteen species are new records 
for Kentucky, 10 species are considered to be of economic importance and 
seven are strict predators. Nine species are presumably facultative predators 
(Table 1). Chinavia hilaris (Say) and Halyomorpha halys were commonly re-
corded (53%) and 12 species were found as singletons and doubletons. Out 
of the 1837 records found in Kentucky, 41.3% were obtained from GBIF and 
30.3% from SCAN, 22.3% from the UKIC, and 6.1% from the UKREC (Fig. 3). 
Most records were found around the Louisville and Lexington areas, and 13% of 
the counties did not have any records of pentatomids: Grayson (West region), 
Washington, Henry, Owen, Trimble, Gallatin, Montgomery (Central), Lawrence, 
Martin, Knott, Clay, Leslie, Owsley, Green, Adair, Russell, Cumberland (East) 
(Fig. 3). Historically, the number of records in Kentucky has been within the 
order of 20 observations per year. However, observation records remarkably 
started to increase in 2019 (Fig. 4).
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Plate 1. Asopinae and Podopinae.

Plate 2. Carpocorini.
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Plate 3. Carpocorini.

Plate 4. Pentatomini, Aelini, Procleticini, Strachiini.
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Key to species of Pentatomidae of Kentucky

1 Eyes pedunculate; scutellum U-shaped, enlarged, covering hemelytral 
membrane ................ (subfamily Podopinae) Amaurochrous cinctipes Say

– Eyes not pedunculate; scutellum either U-shaped or triangular .................2
2 Rostrum thickened, always directed away from the head; first segment 

short, thick, never held to the thoracic venter nor contained between the 
bucculae (Predatory species) ............................... (subfamily Asopinae) 35

– Rostrum not thickened; first segment slender, lying between the 
bucculae ............................................................(subfamily Pentatominae) 3

3 Mandibular plates with subapical tooth; pronotum with anterolateral mar-
gins coarsely dentate ....................................................................................4

– Mandibular plates without subapical tooth; pronotum smooth or crenulate 
but never strongly dentate ............................................................................7

4 Basal fourth of scutellum distinctly elevated above the remainder (ob-
served in lateral view); humeri subquadrate .............................................
 ................................................................... Parabrochymena arborea Say

– Basal fourth of scutellum not distinctly elevated above the remainder; 
humeri subtriangular .....................................................................................5

Plate 5. Cappaeini, Halyini, Nezarini.
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5 Mandibular plates distinctly longer than clypeus and usually converging 
before clypeus ................................ Brochymena quadripustulata Fabricius

– Mandibular plates equal or slightly longer than clypeus; never converging 
before clypeus ...............................................................................................6

6 Head appearing roundly truncate anterior to subapical teeth; body greyish 
white to pale yellowish brown ..... Brochymena punctata punctata Van Duzee

– Head appearing triangular anterior to subapical teeth; body strikingly mot-
tled with ivory ......................................................... Brochymena cariosa Stål

7 Abdominal sternite 3 (second visible) medially armed with spine or tuber-
cle ...................................................................................................................8

– Abdominal sternite 3 (second visible) medially unarmed ........................14
8 Mandibular plates longer than clypeus and converging in front of it; hu-

meri often outlined in red ................................ Dendrocoris humeralis Uhler
– Mandibular plates not surpassing clypeus, but if so, not converging in 

front of it; humeri variable .............................................................................9
9 Large species (> 13 mm long), color entirely green dorsally, except for a 

few black or pale markings; spine on sternite 3 variable ..........................10
– Small species (< 13 mm long), dorsal color different; spine on sternite 3 

obtuse ..........................................................................................................11
10 Peritreme long, extending laterally; spine on sternite 3 acute ......................

 ......................................................................................... Chinavia hilaris Say
– Peritreme short, not extending laterally; spine on sternite 3 obtuse............

 ................................................................................ Nezara viridula Linnaeus
11 Pronotum with anterior area strongly contrasting with darker color of pos-

terior area .....................................................................................................12
– Pronotum with anterior area concolorous with posterior area ................13
12 Scutellum uniformly brown color, except for the pale green integument at 

apex .....................................................................................Banasa calva Say
– Scutellum with anterior half and apex green, posterior lateral margins 

brown ...........................................................................Banasa dimidiata Say
13 Dorsal color green with distinct pale markings irregularly spread through-

out; anterior angles of pronotum with conspicuous ivory-white spots........
 .......................................................................................Banasa euchlora Stål

– General color brown dorsally; abdominal venter with four rows of dark 
spots ............................................................................ Banasa sordida Uhler

14 Color predominantly black with red, yellow, or white markings ...............15
– Color predominantly brown or green with variable markings ...................17
15 Small species (< 7 mm); pronotum with red cross; apex of scutellum with 

2 red dots .................................................. Cosmopepla lintneriana Kirkaldy
– Large species (> 8 mm), different marking pattern ...................................16
16 Color black and orange; humeri rounded, without spines ............................

 ............................................................................ Murgantia histrionica Hahn
– Color black, apex of scutellum white; humeri with sharp spines directed 

laterally .......................................... Proxys punctulatus Palisot de Beauvois
17 Scutellum equal to or longer than corium .................................................18
– Scutellum shorter than corium ...................................................................22
18 Clypeus distinctly elevated above mandibular plates .... Coenus delius Say
– Clypeus scarcely elevated above mandibular plates ................................19
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19 Prostethium with anterior margin extending beyond anterior margin of 
eye; costal margin of coria distinctly paler than the inner area ....................
 ................................................................................... Aelia americana Dallas

– Prostethium, if present, with anterior margin not reaching anterior margin 
of eye; coria concolorous ............................................................................20

20 Dorsal surface of head and propleura with pale yellow-brown areas; cly-
peus with median yellow line .................................Neottiglossa undata Say

– Head and propleura different ......................................................................21
21 Apex of head broadly rounded, dorsal surface of head deeply concave and 

covered with short inward-curving hairs ...........Neottiglossa cavifrons Stål
– Apex of head more tapering, narrowly rounded; dorsal surface of head not 

distinctly concave and without short hairs ..... Neottiglossa sulcifrons Stål
22 Clypeus distinctly elevated above mandibular plates ...................................

 ........................................................................Mcphersonarcys aequalis Say
– Clypeus scarcely elevated above mandibular plates ................................23
23 Base of antennal segment 5 and apex and base of segment 4 pale; venter 

of head and thorax with clusters of dark (metallic green under bright light) 
punctures ................................................................. Halyomorpha halys Stål

– Antennae color without pale bands; body punctures without metallic re-
flections .......................................................................................................24

24 Humeri with sharp spine directed anteriorly ...... Oebalus pugnax Fabricius
– Humeri unarmed, if spines present, then not projecting anteriorly ..........25
25 Anterolateral margin of pronotum crenulate .............................................26
– Anterolateral margin of pronotum not crenulate .......................................29
26 Abdominal sterna with 1–4 median black spots, which are occasionally 

reduced or obsolete ............................................ Euschistus tristigmus Say
– Abdominal sterna immaculate, if black spot present, then only on male 

pygophore ....................................................................................................27
27 Small species (< 10 mm); anterolateral margins of pronotum weakly cren-

ulate; posterior margin of pygophore with V-shaped excavation medially ..
 ................................................................................. Euschistus politus Uhler

– Larger species (> 10 mm); anterolateral margins of pronotum distinctly 
crenulate; posterior margin of pygophore not notched or excavated ......28

28 Mandibular plates equal or subequal in length to clypeus; antennae with 
segment five and apical half of segment four black; humeri acute to spi-
nose; male pygophore with a medial black spot ...........................................
 ...................................................Euschistus variolarius Palisot de Beauvois

– Mandibular plates distinctly longer than clypeus; antennae not as above; 
humeri obtuse; pygophore without markings .......... Euschistus servus Say

29 Pronotum with margins explanate, projecting forward to eye; pronotum 
and anterior half of scutellum with pale longitudinal ridge along middle ...
 ....................................................................................Menecles insertus Say

– Without the combination above; margins of pronotum not projecting for-
ward to eye ...................................................................................................30

30 Anterolateral pronotal margins arcuate; hemelytral membrane with veins 
anastomosing ........................................................Hymenarcys nervosa Say

– Anterolateral pronotal margins not arcuate; hemelytral membrane with 
veins not anastomosing ..............................................................................31
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31 Scutellum completely black, ivory color on lateral margins; pronotum with 
1 ivory transversal stripe behind anterior margin ..........................................
 ............................................................................ Mormidea lugens Fabricius

– Scutellum at most only with black markings; pronotum without transver-
sal stripes.....................................................................................................32

32 Mandibular plates longer than clypeus by distance equal to at least width 
of clypeus apex .............................................. Holcostethus limbolarius Stål

– Mandibular plates equal to or slightly longer than clypeus ......................33
33 Body distinctly covered with fine pubescence Trichopepla semivittata Say
– Body distinctly bare, without distinct pubescence ....................................34
34 Anterolateral pronotal margins black ......................... Thyanta calceata Say
– Anterolateral pronotal margins not black .. Thyanta custator accerra McAtee
35 Anterior femora armed with ventral spine or tubercle at distal third to 

fourth ............................................................................................................36
– Anterior femora unarmed ...........................................................................38
36 Scutellum U-shaped, broadly rounded apically and almost reaching tip of 

abdomen ..................................................................Stiretrus anchorago Say
– Scutellum not U-shaped, nor rounded; never reaching tip of abdomen ...38
37 Anterior femora with tubercle obsolescent; pronotum with yellow or 

orange longitudinal stripe on midline ......................................................
......................................................... Perillus strigipes Herrich-Schäffer

– Anterior femora with stout tubercle or spine; color markings variable 
(white, yellow or red) ....................................... Perillus bioculatus Fabricius

38 Rostrum reaching abdominal sternite 3; abdominal sternite 3 medially un-
armed ....................................................Euthyrhynchus floridanus Linnaeus

– Rostrum not reaching abdominal sternite 3; abdominal sternite 3 medially 
with distinct spine .......................................................................................39

39 Mandibular plates longer than clypeus; large species (> 14 mm) ...............
 .................................................................................... Apoecilus cynicus Say

– Mandibular plates equal than clypeus; small species (< 12 mm) ............40
40 Humeri produced into outward-projecting spines; spine on sternite 3 long, 

reaching anterior margin of hind coxae .............Podisus maculiventris Say
– Humeri blunt, not produced into spines; spine on sternite 3 variable, but 

not reaching anterior margin of hind coxae...............................................41
41 Hind femora almost immaculate; spine on sternite 3 short, not reaching 

hind coxae ....................................................... Podisus brevispinus Thomas
– Hind femora heavily covered with black spots; spine on sternite 3 reaching 

posterior margin of hind coxae ..........................Podisus serieventris Uhler

Discussion

The taxonomy of the family Pentatomidae is known to be entangled due to the 
large diversity and challenging species complexes, which has led to copious 
attempts to solve these issues over the last decades. Overall, the taxonomy 
of stink bugs in North America is well developed but outdated; thus, regional 
keys have become relevant for understanding the distribution, conservation, 
and management of species in agricultural systems (Packauskas 2012; Paiero 
et al. 2013; Koch et al. 2014, 2017; Pezzini et al. 2019). In this work, the first list 
and key to species occurring in Kentucky are presented. Furthermore, pictures 
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of all species are provided for comparison and identification purposes. This 
becomes valuable to extension educators, students, and non-specialists, espe-
cially since some species can be easily confused without taxonomic training 
or available keys.

Our knowledge of the pentatomid fauna of Kentucky significantly increased 
after this work (42 species of which 13 are new records); which also provides 
insights into species distributions (see Table 1). Apoecilus cynicus, Brochymena 
cariosa, Euschistus politus, Hymenarcys nervosa, Mcphersonarcys aequalis, Oe-
balus pugnax, and Thyanta calceata are restricted to the eastern United States 
north of Mexico. Other species, such as Perillus strigipes Herrich-Schäffer, Neot-
tiglossa sulcifrons Stål, N. cavifrons Stål, Brochymena punctata punctata Van 
Duzee, were recorded in Kentucky more than three decades ago (Froeschner 
1988; Furth 1974; Larivière 1992, respectively); however, they were not found in 
the visited collections or public databases. Perhaps future works could corrobo-
rate the presence of these species in Kentucky and provide proper photographs.

It was not surprising to find the brown marmorated stink bug, Halyomorpha 
halys as the most commonly recorded species in Kentucky (30%), as this inva-
sive species (originally from East Asia) is well established in the eastern United 
States (Lee et al. 2013). The brown marmorated stink bug is known for its im-
pact on agriculture as it severely damages tree fruit and other crops in North 
America (Leskey and Nielsen 2018). Besides H. halys, we found eight stink bug 
species occurring in Kentucky that are considered pests in agricultural sys-
tems. All of them are widespread across North America and some (3 species) 
occur all the way down to Central America. Nezara viridula was not recorded 
in Kentucky before this work. This cosmopolitan species, referred to as the 
southern green stink bug, has long been considered a key pest in the tropical 
and subtropical regions worldwide (especially attacking Glycine max L. Merrill), 
between latitudes 45°N and 45°S, and it is still spreading to new areas (Todd 
1989). Although formerly abundant populations have been declining in the last 
15 years in warmer areas of the Americas, presumably given the combination 
of several factors, i.e., climate change, parasitism, competition, weed control, 
and cropping systems (Panizzi and Lucini 2016).

Even though many species found in Kentucky are phytophagous, 25% exhibit 
predaceous habits and 17.5% are strict predators (subfamily Asopinae). Pred-
atory stink bugs play a key role in natural and agricultural habitats since they 
control the population of arthropods (Richman and Whitcomb 1978). There are 
about 300 species of Asopinae described worldwide that are generalist preda-
tors mainly feeding on slow-moving, soft-bodied insects, primarily larval forms 
of the Lepidoptera, Coleoptera, and Hymenoptera (De Clercq 2008). Podisus 
maculiventris was the most common predacious species recorded in Kentucky 
(1.8% of records). This species has been widely studied in North America since 
it is usually found in agricultural systems (Mukerji and LeRoux 1969; Wieden-
mann and O’Neil 1991; Linder et al. 2023). In Kentucky, it is not rare to find 
P. maculiventris in field crops during the growing season, but it could be mistak-
en for Euschistus species without a trained eye.

Occurrence data of stink bugs in Kentucky provided important insights into 
the understanding of sampling bias and gaps. In this case, several counties in 
the central and eastern regions do not have records of pentatomids, namely 
Grayson (West region), Washington, Henry, Owen, Trimble, Gallatin, Montgomery 
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(Central), Lawrence, Martin, Knott, Clay, Leslie, Owsley, Green, Adair, Russell, 
Cumberland (East). Most observations/collects were found around highly pop-
ulated areas in Kentucky i.e., Louisville and Lexington (U.S. Census Bureau 
2024). Insect sampling is typically influenced by cities and roads, which are 
known as handy locations to take samples or simply take pictures (Falcon-Brin-
dis et al. 2021). The exponential increase in observations starting in 2019 can 
be attributed to the active participation of citizens on insect identification fo-
rums such as iNaturalist. In fact, 92% of the records downloaded from GBIF 
were research-grade observations from this open-source platform.

Conclusion

In this study, we provided an up-to-date list of stink bugs (Pentatomidae) 
found in Kentucky, a dichotomous key of stink bugs, and high-quality pictures 
of all species. Overall, the family Pentatomidae is represented by 42 species 
in 28 genera and three subfamilies (Asopinae, Podopinae, and Pentatominae). 
This study establishes a baseline of the knowledge of stink bug fauna and 
will leverage the integrated pest management programs needing monitoring 
and identification of native and exotic species. This work also summarizes 
the distribution, size, and economic importance of the Pentatomidae species 
occurring in Kentucky. Both preserved specimens and public records of stink 
bugs greatly contributed to the understanding of sampling efforts and biases 
(i.e., towards populated areas).
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Abstract

Micropholcus Deeleman-Reinhold & Prinsen, 1987 is one of only two Pholcidae genera 
known to occur both in the Old and New Worlds. However, there are major morphological 
and ecological differences among geographically separate groups of species, and it was 
mainly molecular data that have resulted in our current view of uniting all these species 
into a single genus. In the Old World, only four species have previously been described. 
Here, current knowledge about Old World Micropholcus is reviewed, redescribing three 
of the four previously known species, and describing twelve new species, originating 
from Saudi Arabia (M. dhahran Huber, sp. nov., M. harajah Huber, sp. nov., M. alfara Hu-
ber, sp. nov., M. abha Huber, sp. nov., M. tanomah Huber, sp. nov., M. bashayer Huber, 
sp. nov., M. maysaan Huber, sp. nov.), Oman (M. darbat Huber, sp. nov., M. shaat Huber, 
sp. nov.), Morocco (M. ghar Huber, sp. nov., M. khenifra Huber, Lecigne & Lips, sp. nov.), 
and the Philippines (M. bukidnon Huber, sp. nov.). We provide an exploratory species 
delimitation analysis based on CO1 barcodes, extensive SEM data, and first records of 
Acroceridae (Diptera) larvae in Pholcidae, extracted from book lungs.

Key words: CO1 barcode, genetic distances, Morocco, Oman, Philippines, Saudi Arabia, 
species delimitation, taxonomy

Academic editor: Alireza Zamani 
Received: 26 July 2024 
Accepted: 20 August 2024 
Published: 26 September 2024

ZooBank: https://zoobank.org/
B8E6EE1A-023D-4B64-8D3A-
C1843F0D8376

Citation: Huber BA, Meng G (2024) 
Old World Micropholcus spiders, with 
first records of acrocerid parasitoids 
in Pholcidae (Araneae). ZooKeys 1213: 
95–182. https://doi.org/10.3897/
zookeys.1213.133178

ZooKeys 1213: 95–182 (2024)  
DOI: 10.3897/zookeys.1213.133178



96ZooKeys 1213: 95–182 (2024), DOI: 10.3897/zookeys.1213.133178

Bernhard A. Huber & Guanliang Meng: Old World Micropholcus

Table of contents

Abstract ................................................................................................................96
Introduction ..........................................................................................................96
Materials and methods ........................................................................................97
Results ..................................................................................................................98

Molecular analysis ...........................................................................................98
Taxonomy .......................................................................................................101

Genus Micropholcus Deeleman-Reinhold & Prinsen, 1987 .....................101
Micropholcus fauroti (Simon, 1887) .....................................................116
Micropholcus jacominae Deeleman-Reinhold & van Harten, 2001 ....117
Micropholcus dhahran Huber, sp. nov. .................................................123
Micropholcus harajah Huber, sp. nov. ..................................................127
Micropholcus alfara Huber, sp. nov. .....................................................131
Micropholcus abha Huber, sp. nov. ......................................................135
Micropholcus tanomah Huber, sp. nov. ................................................139
Micropholcus bashayer Huber, sp. nov. ................................................142
Micropholcus maysaan Huber, sp. nov. ................................................146
Micropholcus darbat Huber, sp. nov. ....................................................151
Micropholcus shaat Huber, sp. nov. .....................................................155
Micropholcus agadir (Huber, 2011) ......................................................158
Micropholcus ghar Huber, sp. nov. .......................................................162
Micropholcus khenifra Huber, Lecigne & Lips, sp. nov. .......................167
Micropholcus bukidnon Huber, sp. nov. ...............................................171

Discussion ..........................................................................................................176
Conclusions ........................................................................................................178
Acknowledgements ...........................................................................................179
References ..........................................................................................................179

Introduction

Pholcid spiders have a worldwide distribution, with the large majority of spe-
cies restricted to tropical and subtropical regions (Huber and Chao 2019). A 
few species have followed humans around the world, but in general, distribu-
tions of most species and even genera are limited to much smaller geographic 
regions. Only two of the currently recognised 95 extant genera are known to be 
present in both the Old and New Worlds: Pholcus Walckenaer, 1805 and Micro-
pholcus Deeleman-Reinhold & Prinsen, 1987. Pholcus is very species-rich and 
widely distributed in the Old World, but in the New World limited to a few spe-
cies geographically restricted to the USA. These New World Pholcus species 
are considered to constitute a monophyletic group, and nine of the ten formally 
described species are known from the TGA area only (Tennessee, Georgia, Ala-
bama), suggesting a relict distribution (Huber 2011).

Micropholcus was originally thought be an Old World genus, represented by 
only two species: the pantropical type species M. fauroti (Simon, 1887) and the 
putatively closely related M. jacominae Deeleman-Reinhold & van Harten, 2001 
from the Arabian Peninsula (Yemen). Molecular data then suggested that nu-
merous New World species running under the name Leptopholcus Simon, 1893 
were in fact misplaced and more closely related to M. fauroti than to the type 
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species of Leptopholcus (Dimitrov et al. 2013). These misplaced species were 
formally transferred to Micropholcus in Huber et al. (2014), making Microphol-
cus appear much more diverse in the New than in the Old World. Geographical-
ly, New World Micropholcus appear largely restricted to the Greater Antilles and 
to semi-arid regions in Brazil (Huber et al. 2005; Huber and Wunderlich 2006; 
Huber et al. 2014).

In 2018, it was again molecular data that showed that Old World Microphol-
cus have a much wider distribution than suggested by the single known autoch-
thonous species from the Arabian Peninsula. Huber et al. (2018) (based on the 
data in Eberle et al. 2018) transferred the Moroccan Pholcus agadir Huber, 2011 
to Micropholcus, and an undescribed species from the Philippines was also 
placed in Micropholcus, as “M. Phi114”. Here we review all the available data 
about Old World Micropholcus, describing the species from the Philippines and 
several additional new species from the Arabian Peninsula and Morocco, and 
redescribing previously published species as far as possible.

Materials and methods

Material examined

This study is based on the examination of 362 adult specimens of Old World 
Micropholcus, deposited in the following institutions: Muséum d’histoire na-
turelle, Genève (MHNG); Museum of Arthropods, College of Food and Agri-
culture Sciences, King Saud University, Riyadh (KSMA); Naturalis Biodiversity 
Center, Leiden (RMNH), and Zoologisches Forschungsmuseum Alexander Koe-
nig, Bonn (ZFMK). Further material deposited in Institut Royal des Sciences 
Naturelles de Belgique (Brussels), Collection Carles Ribera (Barcelona), and 
Collection Robert Bosmans (Ghent), was examined by the first author in 2010 
(Huber 2011) but not re-examined for the present study.

Taxonomy and morphology

Taxonomic descriptions follow the style of recent publications on Pholcidae 
(e.g., Huber 2019; based on Huber 2000). Measurements were done on a dis-
secting microscope with an ocular grid and are in mm unless otherwise noted; 
eye measurements are +/- 5 µm. Photos were made with a Canon EOS 2000D 
digital camera mounted on a Nikon SMZ18 stereo microscope or a Nikon 
Coolpix 995 digital camera mounted on a Leitz Dialux 20 compound micro-
scope. CombineZP (https://combinezp.software.informer.com/) was used for 
stacking photos. Drawings are partly based on photos that were traced on a 
light table and later improved under a dissecting microscope, or they were di-
rectly drawn with a Leitz Dialux 20 compound microscope using a drawing tube. 
Cleared female genitalia were stained with chlorazol black. The number of deci-
mals in coordinates gives a rough indication of the accuracy of the locality data: 
four decimals means that the collecting site is within ~ 10 m of the indicated 
spot; three decimals: within ~ 100 m; two decimals: within ~ 1 km. The distribu-
tion maps were generated with ArcMap 10.0. For SEM photos, specimens were 
dried in hexamethyldisilazane (HMDS) (Brown 1993) and photographed with a 
Zeiss Sigma 300 VP scanning electron microscope. Abbreviations used in the 
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text: ALE = anterior lateral eye(s); ALS = anterior lateral spinneret(s); AME = an-
terior median eye(s); L/d = length/diameter; PLS = posterior lateral spinnerets; 
PME = posterior median eye(s); PMS = posterior median spinneret(s).

Molecular analysis

We newly generated CO1 barcodes of 19 specimens of Micropholcus (Table 1). 
To this we added previously published CO1 barcodes of eight further speci-
mens of Micropholcus (from Astrin et al. 2006; Dimitrov et al. 2013; Eberle et al. 
2018). We also included the barcode of “Pholcus sp.” from Dimitrov et al. (2008) 
because a separate phylogenetic analysis (pers. obs.; G. Meng, D. Dimitrov, L. 
Podsiadlowski, pers. comm. 26 July 2024) had suggested that this sequence 
is in fact based on a representative of Micropholcus. Finally, we added one out-
group species belonging to the closely related genus Micromerys Bradley, 1877 
(from Eberle et al. 2018), and (for rooting the tree) Artema bahla Huber, 2019 
(from Eberle et al. 2018).

One or two legs of specimens stored in non-denatured pure ethanol (~ 99%) 
at -20 °C were used for DNA extraction. Extracted genomic DNA is deposited at 
and available from the LIB Biobank, Museum Koenig, Bonn. DNA was extracted 
and amplified as in Huber et al. (2024a). The CO1 primers used were LCO1490-
JJ and HCO2198-JJ (Astrin et al. 2016; primer versions JJ2 served as backup). 
PCR products were sent for bidirectional Sanger sequencing to Macrogen (Am-
sterdam, The Netherlands).

CO1 barcode assembly, confirmation of source, and barcode alignment was 
as in Huber et al. (2024a). A neighbor-joining (NJ) tree (Saitou and Nei 1987) and 
genetic distances among specimens were calculated using the Kimura 2-param-
eter model (Kimura 1980) in MEGA 11 (Tamura et al. 2021), during which pair-
wise deletion of gaps in the alignment was applied. The NJ tree was assessed 
with 5000 bootstrap replications (Felsenstein 1985). The online tool iTOL (v. 6.9) 
(Letunic and Bork 2021; https://itol.embl.de/) was used for tree visualisation.

The online tool ASAP Web (https://bioinfo.mnhn.fr/abi/public/asap/; Puil-
landre et al. 2021) was used for species delimitation using the CO1 MSA. The 
Kimura 2-parameter (K2P) model (Kimura 1980) was applied for genetic dis-
tance calculation. Ten delimitation schemes with best scores (the smaller the 
better) were kept. At every stage of the process, ASAP groups objects (either a 
node or a specimen) within the same distance range into a node, each node at 
each stage has its own probability calculated. If a node’s probability falls below 
the specified threshold, ASAP will adjust the number of potential species, split-
ting any nodes with probabilities below the threshold (Puillandre et al. 2021). 
We used the default probability cutoff 0.01. Ten delimitation schemes with the 
best scores were kept.

Results

Molecular analysis

The CO1 NJ-tree (Fig. 1) is primarily intended to illustrate inter- and intraspe-
cific distances. The exact individual values are shown in Table S1. Our sample 
of intraspecific distances is very low (5), and most distances are below 2%. 
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Only the two sequenced specimens of M. maysaan sp. nov. have a higher dis-
tance, of 7.4%. This is also reflected in the ASAP analysis (Fig. 2), in which the 
partition with the best score splits M. maysaan sp. nov. into two species.

Interspecific distances within Micropholcus have a mean value of 19.8% 
(3.4%–25.7%). Only seven of the 371 distance values are at or below 10%. All 
of them refer to species within either the northern or southern Saudi Arabi-
an groups. In the northern Saudi Arabian group, distances between M. may-
saan sp. nov. and the other two species (M. tanomah sp. nov., M. bashayer sp. 
nov.) range from 8.0–10.0%. The distance between M. tanomah sp. nov. and 
M. bashayer sp. nov. is only slightly higher (10.2%). Despite these low values, 
the two partitions with the best scores in the ASAP analysis separate these 
three species.

In the southern Saudi Arabian group, M. alfara sp. nov. and M. dhahran 
sp. nov. are particularly close (3.4%); the distances of these two species 
to M. harajah sp. nov. are slightly higher (6.1–6.7%). Most partitions in the 
ASAP analysis resolve M. alfara sp. nov. and M. dhahran sp. nov. as a single 
species, and only the best (and the worst) resolve M. harajah sp. nov. as a 
distinct species.

Figure 1. Neighbor-joining tree of analysed CO1 sequences using the Kimura 2-parameter model; numbers on the branch-
es are bootstrap supports from 5000 replications (%). The labels North and South refer to two geographically and mor-
phologically distinct species groups within Saudi Arabia.
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Taxonomy

Order Araneae Clerck, 1757
Family Pholcidae C.L. Koch, 1850

Genus Micropholcus Deeleman-Reinhold & Prinsen, 1987

Micropholcus Deeleman-Reinhold & Prinsen, 1987: 73; type species: Pholcus 
fauroti Simon, 1887.

Micropholcus – Deeleman-Reinhold and van Harten 2001: 199. Huber 2011: 24. 
Huber et al. 2014: 435.

Figure 2. ASAP species delimitation analysis based on CO1 data. The analysis was performed on the web server https://
bioinfo.mnhn.fr/abi/public/asap/. The Kimura 2-parameter model was applied. The ten best partitions are shown. The 
numbers for each column (partition) are: (1) Total number of species as identified by ASAP in the corresponding parti-
tion. (2) Score, an indicator of how good a partition is (the lower the score, the better the partition). (3) Rank of the scores. 
Note that the partition with the lowest (best) score splits M. maysaan sp. nov. into two species but joins M. alfara sp. nov. 
and M. dhahran sp. nov.
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Mariguitaia González-Sponga, 2004: 66; type species: Mariguitaia divergentis 
Gonzalez-Sponga 2004. Synonymised in Huber 2009.

Diagnosis. Old World species are long-legged, eight-eyed pholcids with an oval 
abdomen (Figs 3, 4); New World species are more variable, sometimes without 
AME, sometimes with elongate to worm-shaped abdomens. Most known spe-
cies (except M. bukidnon sp. nov.) with unique modified hair at tip of male palpal 
trochanter apophysis (Fig. 9A–D; see also Huber 2000: figs 105, 106; Huber and 
Wunderlich 2006: figs 4h, 8d; Huber 2011: fig. 95; Huber et al. 2014: figs 32, 57). 
Male chelicerae with frontal apophyses with modified hairs (Fig. 6), i.e., similar 
to putative sister genus Cantikus Huber but different from other close relatives 
(Leptopholcus Simon, Pehrforsskalia Deeleman-Reinhold & van Harten, and 
Micromerys Bradley). Procursus and bulb morphology highly variable and not 
diagnostic at genus level (contra Huber 2011). Females not diagnosable mor-
phologically at genus level (highly variable and similar to closely related genera).

Note. Most parts in this general section about Micropholcus refer to the 
entire genus. The following description is limited to Old World taxa because 
they are relatively homogeneous, while some New World species (in particular 
those on the Caribbean islands) are superficially extremely different from South 
American (in particular Brazilian) and Old World species.

Description (Old World taxa). Male. Measurements. Total body length ~ 
2.3–3.9. Carapace width 0.8–1.5. Diameter PME 60–100 µm; diameter AME 
usually 35–55 µm, in M. bukidnon sp. nov. only 15 µm. Tibia 1 length 5.0–10.2. 
Tibia 1 L/d: 57–85. Leg formula 1243. Diameters of leg femora (at half length) 
80–150 µm, of leg tibiae 75–120 µm.

Colour (in ethanol). Prosoma and legs pale ochre-yellow to grey, carapace 
with dark pattern, legs with darker patellae and tibia-metatarsus joints; abdo-
men ochre-grey to whitish, monochromous or with whitish marks. Live speci-
mens (Figs 3, 4) similar in colour but slightly darker.

Body. Ocular area slightly raised (distinct in frontal view; Fig. 5). Carapace 
without thoracic groove. Clypeus unmodified. Sternum slightly wider than long, 
unmodified. Abdomen approximately twice as long as wide. Gonopore with 
four (rarely five) epiandrous spigots (Fig. 10; see also Huber 2000: fig. 123; 
Huber 2011: fig. 99). ALS with one strongly widened spigot, one long pointed 
spigot, and six cylindrical spigots (Fig. 9; see also Huber 2000: figs 158, 159; 
Huber 2011: fig. 100); PMS with two conical spigots; PLS without spigots.

Chelicerae. Chelicerae with pair of strong frontal apophyses provided with 
conical or globular, strongly sculptured modified hairs (Fig. 6; see also Huber 
2011: fig. 98), usually with one or two pairs of proximal processes; without 
stridulatory files.

Palps. Palpal coxa unmodified. Trochanter with retrolateral-ventral apophy-
sis usually with distinctive modified (short cylindrical) hair at tip (Fig. 9A–D), 
modified hair absent in M. bukidnon sp. nov. Femur variable in shape, often 
with rounded processes (usually ventrally and retrolaterally, sometimes also 
dorsally). Femur-patella joints shifted towards prolateral side. Tibia larger than 
femur, with two trichobothria. Tibia-tarsus joints shifted towards retrolateral 
side. Palpal tarsus with large capsulate tarsal organ (Fig. 11H, I; see also Huber 
2011: fig. 97), outer diameter 30–35 µm, diameter of opening 15–20 µm; more 
open (almost exposed) in M. bukidnon sp. nov. (Fig. 11J). Procursus complex, 
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often with distinct dorsal hinged process (e.g., Figs 16C, 43C, 52C), in most 
species with transparent prolateral membranous flap densely set with teeth 
(Figs 7A, D, 8B). Genital bulb with distinct proximal sclerite connecting to tar-
sus, membranous or partly sclerotised embolus, and variably complex set of 

Figure 3. Micropholcus Deeleman-Reinhold & Prinsen; live specimens from Saudi Arabia A M. dhahran Huber, sp. nov., male 
from ‘Asir, W of Dhahran Al Janub B M. harajah Huber, sp. nov., female with egg-sac from ‘Asir, SE of Harajah C, D M. alfara 
Huber, sp. nov., male and female with egg-sac from ‘Asir, S of Al Fara E M. abha Huber, sp. nov., male from ‘Asir, N of Abha 
F M. tanomah Huber, sp. nov., male from ‘Asir, NW of Tanomah G M. bashayer Huber, sp. nov., female with egg-sac from 
‘Asir, NW of Al Bashayer H M. maysaan Huber, sp. nov., male from Mecca, NW of Maysaan. Photographs BAH.
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Figure 4. Micropholcus Deeleman-Reinhold & Prinsen; live specimens from Oman, Morocco, and the Philippines 
A, B M. darbat Huber, sp. nov., male and female with egg-sac from Oman, Dhofar, near Qairoon Hairitti C M. shaat Huber, 
sp. nov., male from Oman, Dhofar, Shaat sinkhole D, E M. agadir (Huber), male and female with egg-sac from Morocco, 
Souss-Massa, Paradise Valley F M. ghar Huber, sp. nov., male from Morocco, Fès-Meknès, Kef El Ghar G M. khenifra 
Huber, Lecigne & Lips, sp. nov., male from Morocco, Béni Mellal-Khénifra, near Sidi Ben Daoud H M. bukidnon Huber, sp. 
nov., male from Philippines, Mindanao, Blue Water Cave. Photographs BAH.



105ZooKeys 1213: 95–182 (2024), DOI: 10.3897/zookeys.1213.133178

Bernhard A. Huber & Guanliang Meng: Old World Micropholcus

Figure 5. Micropholcus Deeleman-Reinhold & Prinsen; SEM images of prosomata (frontal views) and tips of female palps 
(dorsal views) A M. tanomah Huber, sp. nov.; female B M. darbat Huber, sp. nov.; male C, D M. ghar Huber, sp. nov.; male 
and female E, F M. bukidnon Huber, sp. nov.; male and female; note small AME G M. tanomah Huber, sp. nov., left palp 
H M. ghar Huber, sp. nov., right palp. Scale bars: 100 µm (A–D); 200 µm (E, F); 10 µm (G, H).
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Figure 6. Micropholcus Deeleman-Reinhold & Prinsen; SEM images of male chelicerae: distal apophyses with modi-
fied hairs and total view (D) A, B M. alfara Huber sp. nov. C M. tanomah Huber, sp. nov. D, E M. darbat Huber, sp. nov. 
F, G M. ghar Huber, sp. nov. H M. bukidnon Huber, sp. nov. Scale bars: 10 µm (A–C, F–H); 100 µm (D); 2 µm (E).
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Figure 7. Micropholcus Deeleman-Reinhold & Prinsen; SEM images of male palpal structures A, B M. alfara Huber, sp. 
nov.; prolateral membranous flap on left procursus and right bulbal processes, prolateral view C, D M. tanomah Huber, 
sp. nov., tip of left procursus and prolateral membranous flap on left procursus E M. tanomah Huber, sp. nov., left procur-
sus, dorsal view (bold arrow points at tip of procursus) F, G M. tanomah Huber, sp. nov., left bulbal processes, prolateral 
view, and embolus of same palp in slightly more distal view H M. darbat Huber, sp. nov., left procursus, retrolateral view. 
Abbreviations: b, genital bulb; e, embolus; hp, dorsal hinged process; mf, membranous prolateral flap; rr, retrolateral ridge; 
ta, tarsus; tm, transparent membrane. Scale bars: 10 µm (A); 100 µm (B, E, F, H); 20 µm (C, D, G).



108ZooKeys 1213: 95–182 (2024), DOI: 10.3897/zookeys.1213.133178

Bernhard A. Huber & Guanliang Meng: Old World Micropholcus

Figure 8. Micropholcus Deeleman-Reinhold & Prinsen; SEM images of male palpal structures A, B M. darbat Huber, sp. 
nov.; right bulb and procursus, prolateral view (bold arrow in A points at trochanter apophysis), and prolateral membra-
nous flap of procursus at higher magnification C M. darbat Huber, sp. nov., left bulbal processes D M. ghar Huber, sp. nov., 
left procursus, retrolateral view E, F M. ghar Huber, sp. nov., right bulbal processes, prolateral and prolateral-ventral views 
G M. bukidnon Huber, sp. nov., left procursus, prolateral-distal view H M. bukidnon Huber, sp. nov., left bulbal processes, 
prolateral distal view. Abbreviations: a, putative appendix; b, genital bulb; e, embolus; hp, dorsal hinged process; mf, mem-
branous prolateral flap; pr, procursus; ta, tarsus; u, putative uncus. Scale bars: 100 µm (A, D–H); 10 µm (B); 20 µm (C).
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Figure 9. Micropholcus Deeleman-Reinhold & Prinsen; SEM images of male palpal trochanter tips and of spinnerets 
A M. alfara Huber, sp. nov. B M. tanomah Huber, sp. nov. C M. darbat Huber, sp. nov. D M. ghar Huber, sp. nov. E M. bukidnon 
Huber, sp. nov. F, G M. tanomah Huber, sp. nov., male ALS, and male spinnerets and anal cone (asterisk) H, I M. ghar 
Huber, sp. nov., male ALS and male spinnerets J M. bukidnon Huber, sp. nov., male ALS. Scale bars: 10 µm (A–F, H, J), 
100 µm (G), 20 µm (I).
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Figure 10. Micropholcus Deeleman-Reinhold & Prinsen; SEM images of male gonopores with epiandrous spigots and of 
female epigyna A, B M. tanomah Huber, sp. nov. C, D M. darbat Huber, sp. nov. E, F M. ghar Huber, sp. nov. G, H M. bukidnon 
Huber, sp. nov. Abbreviations: aep, anterior epigynal plate; k, epigynal ‘knob’; pep, posterior epigynal plate. Scale bars: 
10 µm (A, G); 100 µm (B, D, F, H); 20 µm (C, E).
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Figure 11. Micropholcus Deeleman-Reinhold & Prinsen; SEM images of epigynal knobs (A–C), trichobothria (D), and 
tarsal organs (E–J) A M. tanomah Huber, sp. nov. B M. darbat Huber, sp. nov. C M. ghar Huber, sp. nov. D M. alfara Huber, 
sp. nov., female left palpal tibia E M. alfara Huber, sp. nov., male right tarsus 2 F M. tanomah Huber, sp. nov., female left 
tarsus 2 G, H M. darbat Huber, sp. nov., female right tarsus 2 and male palpal tarsus I M. ghar Huber, sp. nov., male palpal 
tarsus J M. bukidnon Huber, sp. nov., male palpal tarsus. Scale bars: 20 µm (A); 10 µm (B–D, H–J); 2 µm (E–G).
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sclerotised apophyses, sometimes likely homologues of the Pholcus ‘appendix’ 
and ‘uncus’, sometimes of uncertain homology (Figs 7B, F, 8C, E, F, H).

Legs. Without spines and curved hairs. Without slender metatarsal hairs (cf. 
Huber et al. 2023a). Without sexually dimorphic short vertical hairs. Chemore-
ceptive hairs ~ 20–25 µm long, with few side branches (Fig. 12A, H), mostly 
near leg tips. Retrolateral trichobothrium of tibia 1 at 5–10% of tibia length. Pro-
lateral trichobothrium absent on tibia 1, present on tibiae 2–4. Base of trichobo-
thria evenly rounded, without proximal ridge (cf. Fig. 11D). Legs with roundish 
cuticular plates (Fig. 12E; diameter ~ 6–8 µm) and rimmed pores (Fig. 12B; out-
er diameter 2 µm, diameter of opening 0.2 µm) apparently on all leg segments. 
Tarsus 1 with ~ 20–30 pseudosegments, distally usually fairly distinct. Leg tar-
sal organs capsulate (Figs 11E–G, 12F; diameter 12–17 µm, diameter of open-
ing 5–7 µm). Tarsus 4 with single row of comb-hairs on prolateral side (Fig. 12G, 
H; see also Huber 2011: fig. 96). Main tarsal claws with ~ 10 teeth (Fig. 12 C, D).

Female. In general, very similar to males (Figs 3, 4). Legs slightly shorter than 
in males (male / female tibia 1 length: ~ 1.1–1.4, but sample sizes mostly small); 
tibia 1 length 4.3–9.1. Palpal tarsal organ smaller than in males (outer diameter: 
18–25 µm, diameter of opening: 6–10 µm). Palpal tarsus ending distally in point-
ed tip and pair of strong dorsal hairs (Fig. 5G, H). Spinnerets, leg hairs, cuticular 
plates, rimmed pores, comb-hairs, leg tarsal organs, and tarsal claws as in male. 
Epigynum anterior plate usually weakly sclerotised, with rounded process (‘knob’; 
Fig. 11A–C) in varying position; posterior epigynal plate short and indistinct. In-
ternal genitalia often complex, highly variable, with distinct pair of pore plates.

Distribution. The type species Micropholcus fauroti has attained a circum-
tropical distribution, with most records from between 25°S and 30°N (Fig. 5A).

Micropholcus is one of only two Pholcidae genera (together with Pholcus) 
with autochthonous species in both the Old and New Worlds. New World spe-
cies are mostly known from the Greater Antilles and from semi-arid regions 
in Brazil; the genus seems to be largely absent from the humid regions of the 
Amazon basin. Old World species are currently known from the Arabian Penin-
sula, Morocco, and the Philippines (Fig. 5B–D). Specimens have been collected 
from sea level to 2370 m. In Saudi Arabia, all new species described herein 
were collected above 1200 m. Several of the localities visited below 1000 m 
had suitable habitats but no Micropholcus.

Natural history. Old World Micropholcus seem to be very homogeneous with 
respect to their preferred microhabitats. Most species have been collected from 
rocks: in caves and at cave entrances, in small caverns of rock walls, and on the un-
dersides of large boulders (Fig. 14). They share this type of microhabitat with most 
South American species, and with the majority of species of the putative sister 
genus (Cantikus), suggesting that this might be the plesiomorphic microhabitat. 
The unusual microhabitat reported for M. jacominae (dry plant debris in an irrigat-
ed banana plantation) needs confirmation. The synanthropic M. fauroti is usually 
found in the upper corners and edges of rooms. Caribbean species have shifted 
to the undersides of leaves, probably explaining their significantly different general 
body shape and colour (see Huber and Wunderlich 2006; Huber et al. 2014).

Old World and Brazilian Micropholcus spiders build fine dome-shaped webs but 
during the day, most species (except those deeper in caves, e.g., M. ghar sp. nov.) 
sit flat on the rock surface (Fig. 15). The webs of leaf-dwelling Caribbean spe-
cies have not yet been described. Upon disturbance, the spiders show a range of 
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reactions, from refusing to move, bouncing, walking or running away, to dropping 
out of the web. Egg sacs are round (in Caribbean species elongated), covered by 
a barely visible sparse layer of silk (Figs 3, 4), and contain up to ~ 35 eggs; egg di-
ameters range from 0.54 to 0.71 mm. For more detailed observations on Brazilian 
species, see Huber et al. (2014). For detailed life history data of M. fauroti under 

Figure 12. Micropholcus Deeleman-Reinhold & Prinsen, SEM images of leg structures A M. tanomah Huber, sp. nov., 
putative chemoreceptor B M. tanomah Huber, sp. nov., rimmed pore (arrow) on left tarsus 3 C, D M. tanomah Huber, sp. 
nov., tarsal claws of left legs 1 and 3 E M. ghar Huber, sp. nov., cuticular plate (arrow) and regular mechanoreceptor on 
right metatarsus 3 F M. ghar Huber, sp. nov., pseudosegmentation (and tarsal organ) of right tarsus 3 G M. ghar Huber, 
sp. nov., comb-hairs on male tarsus 4 H M. bukidnon Huber, sp. nov., comb-hairs on male tarsus 4. Scale bars: 2 µm (A); 
1 µm (B); 20 µm (C); 10 µm (D–H).
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lab conditions see Ahmad and Abou-Setta (2017). For anecdotal observations on 
further Old World species, see individual species descriptions below.

Relationships. The molecular analysis of Eberle et al. (2018) placed 
Micropholcus as sister to the South-East Asian genus Cantikus Huber, 2018, 
within a clade that included three further Old World genera: Leptopholcus Simon, 
1893; Pehrforsskalia Deeleman-Reinhold & van Harten, 2001; and Micromerys 
Bradley, 1877. That analysis included ten species of Micropholcus: the type spe-
cies M. fauroti, two further Old World species (M. agadir and M. bukidnon sp. nov.) 
and seven New World species. The monophyly of the genus received maximum 
support. New World species were nested within a paraphyletic Old World group.

Our NJ tree (Fig. 1) is not expected to reliably reflect phylogenetic relationships. 
However, some clades that receive reasonable to high support are either congru-
ent with the results of Eberle et al. (2018) (Caribbean clade) or include geograph-
ically neighbouring species: the Moroccan clade, the southern Saudi Arabian 
clade, and the northern Saudi Arabian clade. The latter two are also supported by 
several morphological similarities each, but it is not clear which of these are syn-
apomorphies and which not. Thus, relationships within Micropholcus are largely 
unresolved and Fig. 1 should not be misinterpreted in a phylogenetic context.

Composition. The genus now includes 30 described species: the Dominican 
amber fossil M. kiskeya (Huber & Wunderlich, 2006) and 29 extant species. Of the 
latter, seven occur in South America, six on the Caribbean islands, and 16 in the 
Old World. All Old World species are treated below except for M. tegulifer Barri-
entos, 2019 (a loan request was denied by the curator of arthropods, Museu de 
Ciències Naturals de Barcelona). Numerous undescribed New World species are 
available in collections, in particular from Brazil (L.S. Carvalho, pers. comm. 2 July 
2020). At least one further undescribed species is known to occur in Morocco, 

Figure 13. Known distribution of Micropholcus fauroti (Simon) (A) and of Old World Micropholcus in Mindanao (B), on the 
Arabian Peninsula (C) and in Morocco (D).
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Figure 14. Typical habitats of Micropholcus Deeleman-Reinhold & Prinsen in the Old World A Saudi Arabia, ‘Asir, SE of 
Harajah (type locality of M. harajah Huber, sp. nov.) B Saudi Arabia, ‘Asir, S of Al Fara (type locality of M. alfara Huber, sp. 
nov.) C Saudi Arabia, ‘Asir, N of Abha (type locality of M. abha Huber, sp. nov.) D Saudi Arabia, Mecca, NW of Maysaan 
(type locality of M. maysaan Huber, sp. nov.) E Oman, Dhofar, near Shaat sinkhole (type locality of M. shaat Huber, sp. 
nov.) F Morocco, Fès-Meknès, Kef El Ghar (type locality of M. ghar Huber, sp. nov.) G Morocco, Béni Mellal-Khénifra, Imi 
n’Ifri (M. khenifra Huber, Lecigne & Lips, sp. nov.) H Philippines, Mindanao, Kabyaw Cave (M. bukidnon Huber, sp. nov.). 
Photos BAH.
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represented by a single male specimen deposited in the Muséum d’histoire na-
turelle, Genève, Switzerland (“sp. Gen377” in Fig. 13D). It resembles M. tegulifer 
but has a very different uncus. It originates from the Gorges du Dades area in 
the Drâa-Tafilalet Region, ~ 31.535°N, 5.918°W. Our molecular data indicate that 
the “Pholcus sp.” CO1 barcode published in Dimitrov et al. (2008) is also from a 
Micropholcus, different from M. agadir, M. ghar sp. nov., and M. khenifra sp. nov. 
(Figs 1, 2). It could be M. tegulifer, M. sp. Gen377, or a different new species. Its 
geographic origin cannot be reconstructed, and the only available (juvenile) spec-
imen is lost (D. Dimitrov and C. Ribera, pers. comm. 20 Mar. and 19 Apr. 2024).

Micropholcus fauroti (Simon, 1887)
Figs 16–18

Notes. For synonymy, type information, and redescription, see Huber (2011). 
Numerous further records and an updated distribution map were published in 
Huber et al. (2017). Since then, new records have been published for Egypt 
(Ahmad and Abou-Setta 2017), Sri Lanka (Huber 2019), Venezuela (Huber and 
Villarreal 2020) and India (Vishnudas and Sudhikumar (2021). The map in Fig. 
13A summarises all the previous records plus the new records below.

New records. Colombia: La Guajira • 3 ♂♂, 5 ♀♀; Palomino; 11.2451°N, 
73.5619°W; 10 m a.s.l.; in building; 17 Sep. 2022; B.A. Huber leg.; ZFMK Ar 24653.

Mexico: Guerrero • 1 ♂, 3 ♀♀; Coyuca de Benitez; 17.0075°N, 100.0893°W; 
20 m a.s.l.; in building; 3 Oct. 2019; B.A. Huber leg.; ZFMK Ar 24654. Nuevo 

Figure 15. Section of cave ceiling (16 × 11 cm), showing nine adult specimens of M. tanomah Huber, sp. nov.; from NW 
of Tanomah, ‘Asir, Saudi Arabia.
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León • 1 ♂, 8 ♀♀, 1 juv.; Santiago; 25.4237°N, 100.1463°W; 450 m a.s.l.; in build-
ing; 14 Oct. 2019; B.A. Huber leg.; ZFMK Ar 24655 • 5 ♂♂, 5 ♀♀, in pure etha-
nol (one male palp and two female abdomens transferred to ZFMK Ar 24655); 
same collection data as for preceding; ZFMK Mex286.

United Arab Emirates: Dubai • 2 ♂♂, 1 ♀ (“Micropholcus cf. fauroti” in Feul-
ner and Roobas 2016); Dubai, near Emirates Towers; 25.219°N, 55.282°E; 5 m 
a.s.l.; 3 Jun. 2015; G.R. Feulner leg.; ZFMK Ar 24680.

Oman: Ash Sharqiyah South • 3 ♂♂, 5 ♀♀, 2 juvs; Wadi Tiwi; 22.801°N, 59.240°E; 
on banana leaves; 60 m a.s.l.; 22 Mar. 2017; B.A. Huber leg.; ZFMK Ar 24656 • 1 ♂, 
2 juvs, in pure ethanol; same collection data as for preceding; ZFMK Om27.

Diagnosis. Males are easily distinguished from known congeners by long 
and slender dorsal hinged process on procursus (Fig. 17C; similar but relatively 
shorter in some Saudi Arabian species, cf. Figs 24C, 40C, etc.); also by unique 
prolateral process on procursus (arrowed in Fig. 17A) and by unique shapes of 
processes of genital bulb (Fig. 17D, E). Females are distinguished by distinct 
U-shaped internal structure visible through epigynal plate in uncleared speci-
mens (Fig. 18A); similar dark internal structures occur in some Saudi Arabian 
species (e.g., Figs 26A, 30A); also by very large pore plates and large anterior 
membranous element of internal genitalia (Fig. 18D).

Micropholcus jacominae Deeleman-Reinhold & van Harten, 2001
Figs 19–22

Micropholcus jacominae Deeleman-Reinhold & van Harten, 2001: 199, figs 17, 
18, 21–26 (♂♀).

Figure 16. Micropholcus fauroti (Simon, 1887); male from Mexico, Nuevo León, Santiago (ZFMK Ar 24655). Left palp 
in prolateral (A), dorsal (B), and retrolateral (C) views. Abbreviations: b, genital bulb; c, coxa; f, femur; hp, dorsal hinged 
process; pa, patella; pr, procursus; ta, tarsus; ti, tibia; tr, trochanter. Scale bar: 0.3 mm.
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Material examined. Yemen – Al Mahwit • 1 ♂, 1 ♀, paratypes; Khamis Bani Sa’d; 
15.185°N, 43.510°E (see Note below); 490 m a.s.l.; 11 Oct. 1999; A. van Harten 
leg.; RMNH ARA 15019.

Note. The coordinates in Deeleman-Reinhold and van Harten (2001) 
(15°11'N, 43°25'E) mark a spot 10 km W of Khamis Bani Sa’d, at ~ 440 m a.s.l. 
(rather than 550 m as reported in the original description). We suspect that our 
coordinates above are closer to the actual collecting site that could only be re-
constructed as being “close to Khamis Bani Sa’d, but not in the village” (A. van 
Harten, pers. comm. 22 Apr. 2021, 13 Mar. 2024).

Figure 17. Micropholcus fauroti (Simon, 1887); male from Mexico, Nuevo León, Santiago (ZFMK Ar 24655) A–C left pro-
cursus in prolateral, dorsal, and retrolateral views; arrow in A points at distinctive prolateral process D, E left genital bulb 
in prolateral and retrolateral views; bold arrows in D point at distinctive processes of unclear homology. Abbreviations: e, 
embolus; hp, dorsal hinged process; ps, proximal bulbal sclerite. Scale bars: 0.3 mm.
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Diagnosis. Easily distinguished from known congeners by numerous details of 
male palp: long ventral apophysis on trochanter (Fig. 19C; similar in some Saudi 
Arabian species, cf. Figs 27C, 31C); distinct dorsal process on femur (arrowed in 
Fig. 19C; similar only in M. abha sp. nov., cf. Fig. 35C); dorsal-distal hinged process 
on procursus short and directed towards prolateral (Fig. 20A–C); unique process-
es of genital bulb (Fig. 20E, F), and by female epigynum and internal genitalia (Figs 
21C, 22): extensible knob in posterior position; pair of strongly curved lateral in-
ternal sclerites; long pore plates widening and only slightly converging anteriorly.

Figure 18. Micropholcus fauroti (Simon, 1887); female from Mexico, Nuevo León, Santiago (ZFMK Ar 24655) A, B abdo-
men, ventral and lateral views C, D cleared genitalia, ventral and dorsal views. Abbreviations: k, epigynal ‘knob’; pp, pore 
plate. Scale bars: 0.5 mm (A, B); 0.2 mm (C, D).
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Redescription. Male. Measurements. Total body length 2.3, carapace width 
0.85. Distance PME-PME 200 µm; diameter PME 65 µm; distance PME-ALE 
20 µm; distance AME-AME 25 µm; diameter AME 45 µm. Leg 1: 23.3 (5.9 + 0.4 
+ 5.7 + 10.2 + 1.1), tibia 2: 3.5, tibia 3: 2.1, tibia 4: 2.9; tibia 1 L/d: 76; diameters 
of leg femora (at half length) 0.08–0.09; of leg tibiae 0.07–0.08.

Colour (in ethanol). Prosoma and legs pale ochre-whitish, carapace with com-
plex brown median mark similar to Saudi Arabian species (cf. Fig. 3); legs with 
darkened patellae and tibia-metatarsus joints; abdomen pale grey to whitish.

Body. Habitus similar to Saudi Arabian species (cf. Fig. 3). Ocular area raised 
(distinct in frontal view). Carapace without thoracic groove. Clypeus unmodi-
fied. Sternum wider than long (0.50/0.40), unmodified. Abdomen oval, almost 
twice as long as wide.

Chelicerae. As in Fig. 21A, B; with pair of relatively long distal apophyses 
near laminae, each with two modified (cone-shaped) hairs; pair of proximal lat-
eral processes weakly sclerotised and directed towards proximal; and pair of 
small but distinct proximal frontal processes.

Palps. As in Fig. 19; coxa unmodified; trochanter with long ventral apophysis 
with very indistinct retrolateral hump proximally and modified hair at tip (Fig. 
20D); femur with weakly sclerotised but distinct processes retrolateral-dorsally 
and prolateral-ventrally; femur-patella joints shifted toward prolateral side; tib-
ia-tarsus joints shifted toward retrolateral side; tarsus with large tarsal organ. 
Procursus (Fig. 20A–C) proximally with sclerotised prolateral hump; at half 
length with prolateral sclerotised ridge transforming distally into transparent 
membrane, and brush of dorsal hairs; distally with retrolateral ridge, membra-
nous ventral-prolateral flap, pointed prolateral process, and distinctive dorsal 

Figure 19. Micropholcus jacominae Deeleman-Reinhold & van Harten, 2001; male paratype from Yemen, Al Mahwit, 
Khamis Bani Sa’d (RMNH). Left palp in prolateral (A), dorsal (B), and retrolateral (C) views; arrow in C points at distinctive 
dorsal process on femur. Scale bar: 0.3 mm.
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hinged process. Genital bulb (Fig. 20E, F) with strong proximal sclerite; two 
sclerites of unclear homology, with two pointed processes each; and mostly 
semi-transparent short embolus, proximally sclerotised, distally membranous 
with pointed transparent extension.

Figure 20. Micropholcus jacominae Deeleman-Reinhold & van Harten, 2001; male paratype from Yemen, Al Mahwit, 
Khamis Bani Sa’d (RMNH) A–C left procursus in prolateral, dorsal, and retrolateral views D tip of left trochanter apophysis 
E, F left genital bulb in prolateral and retrolateral views; bold arrows in E point at distinctive processes of unclear homol-
ogy. Abbreviations: e, embolus; hp, dorsal hinged process; mf, membranous prolateral flap; ps, proximal bulbal sclerite; 
rr, retrolateral ridge; Scale bars: 0.3 mm (A–C, E, F); 0.05 mm (D).
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Figure 21. Micropholcus jacominae Deeleman-Reinhold & van Harten, 2001; paratypes from Yemen, Al Mahwit, Khamis 
Bani Sa’d (RMNH) A, B male chelicerae, frontal and lateral views C cleared female genitalia, dorsal view. Abbreviations: 
k, epigynal ‘knob’; pp, pore plates. Scale bars: 0.3 mm.

Figure 22. Micropholcus jacominae Deeleman-Reinhold & van Harten, 2001; female paratype from Yemen, Al Mahwit, Khamis 
Bani Sa’d (RMNH) A epigynum, ventral view B, C cleared female genitalia, ventral and dorsal views. Scale bars: 0.3 mm.
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Legs. Without spines, without curved hairs, without sexually dimorphic short 
vertical hairs (many hairs missing); retrolateral trichobothrium of tibia 1 at 8%; 
prolateral trichobothrium absent on tibia 1; tarsus 1 with > 20 pseudosegments, 
distally distinct.

Female. In general very similar to male but ocular area slightly less raised 
and triads closer together (PME-PME 170 µm), carapace pattern more frag-
mented than in male. Tibia 1: 4.4. Epigynum (Fig. 22A) anterior plate oval, pro-
truding, with membranous, possibly expandable knob in posterior position, tip 
directed towards posterior; lateral internal sclerites clearly visible in untreated 
specimens; posterior epigynal plate very short and indistinct. Internal genitalia 
(Figs 21C, 22B, C) with pair of long pore plates converging and widening an-
teriorly, pair of lateral sclerites, and transversal ventral sclerotised band; with 
sclerotised anterior arc continued to posterior margin.

Distribution. Known from type locality only, in western Yemen (Fig. 13C).
Natural history. Deeleman-Reinhold and van Harten (2001) report that the 

spiders were shaken from dry plant debris in an irrigated banana plantation. 
This microhabitat is unusual for Micropholcus on the Arabian Peninsula and 
needs confirmation.

Micropholcus dhahran Huber, sp. nov.
https://zoobank.org/2D3B13EE-4099-47C8-A36F-6DC154FA3742
Figs 3A, 23–26

Type material. Holotype. Saudi Arabia – ‘Asir • ♂; W of Dhahran Al Janub, ‘site 
2'; 17.7010°N, 43.3891°E; 2000 m a.s.l.; 24 Mar. 2024; B.A. Huber leg.; KSMA. 
Paratypes. Saudi Arabia – ‘Asir • 2 ♂♂, 1 ♀, and 1 cleared ♀ abdomen; same 
collection data as for holotype; ZFMK Ar 24657.

Other material. Saudi Arabia – ‘Asir • 1 ♀ (abdomen cleared and transferred 
to ZFMK Ar 24657), in pure ethanol; same collection data as for holotype; 
ZFMK SA121.

Diagnosis. Distinguished from known congeners by unique shapes of bulbal 
processes (Fig. 24D, E; similar only in M. abha sp. nov. but without strong retro-
lateral spine; without distinctive pointed prolateral sclerite as in geographically 
closest species, M. harajah sp. nov. and M. alfara sp. nov.); from most congeners 
(except M. harajah sp. nov. and M. alfara sp. nov.) by rectangular dorsal hinged 
process of procursus with obtuse tip and ventral terminal pointed process and 
small proximal spine (in other Saudi Arabian species procursus wider and more 
curved dorsally, without proximal spine; in M. fauroti relatively longer and with-
out spine); most congeners (except for three species above and M. jacominae 
and M. darbat sp. nov.) also by long trochanter apophysis (Fig. 23C; longer than 
palpal femur). Female with pair of distinct internal crescent-shaped structures 
(arrows in Fig. 25C), similar only in M. harajah sp. nov. and M. alfara sp. nov., but 
without external pockets as in M. harajah sp. nov., crescent-shaped structures 
farther apart than in M. alfara sp. nov., and anterior arc wider and with different 
curvature than in M. harajah sp. nov. and M. alfara sp. nov.

Description. Male (holotype). Measurements. Total body length 2.5, car-
apace width 0.8. Distance PME-PME 180 µm; diameter PME 85 µm; dis-
tance PME-ALE 20 µm; distance AME-AME 20 µm; diameter AME 55 µm. 
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Leg 1: 27.1 (6.9 + 0.4 + 6.7 + 12.0 + 1.1), tibia 2: 4.0, tibia 3: 2.1, tibia 4: 3.1; tibia 
1 L/d: 84; diameters of leg femora (at half length) 0.09–0.10; of leg tibiae 0.08.

Colour (in ethanol). Carapace pale ochre-yellow with distinct brown mark, oc-
ular area and clypeus without darker pattern; sternum monochromous whitish; 
legs ochre-yellow, patellae brown, tibia-metatarsus joints with indistinct brown 
ring, femur 1 proximally barely darkened; abdomen pale ochre-grey, dorsally 
and laterally with whitish internal marks.

Body. Habitus as in Fig. 3A. Ocular area slightly raised. Carapace without 
thoracic groove. Clypeus unmodified. Sternum wider than long (0.62/0.50), un-
modified. Abdomen oval, approximately twice as long as wide.

Chelicerae. As in Fig. 25A, B; with pair of distal apophyses near laminae, each 
with two cone-shaped hairs; with pair of low proximal frontal humps; with prox-
imal lateral processes in relatively distal position and directed towards distal.

Palps. As in Fig. 23; coxa unmodified; trochanter with long ventral apoph-
ysis with distinct proximal retrolateral hump and modified hair on distal tip; 
femur distally widened, with distinct ventral hump; femur-patella joints shifted 
toward prolateral side; tibia-tarsus joints shifted toward retrolateral side; tar-
sus with large tarsal organ. Procursus (Fig. 24A–C) proximally with sclerotised 
prolateral hump; at half-length with prolateral sclerotised ridge transforming 
distally into transparent membrane, and brush of dorsal hairs; distally with 
small retrolateral ridge and strong ventral apophysis, large bifid membranous 
ventral-prolateral flap, and distinctive dorsal hinged process. Genital bulb (Fig. 
24D, E) with strong proximal sclerite; with two sclerotised processes of un-
clear homology: prolateral process with dorsal row of teeth with short hair-like 
processes, retrolateral process originating from basis of embolus, S-shaped 
and distally slightly spiralling; and mostly semi-transparent short embolus with 
distinct pointed extension.

Figure 23. Micropholcus dhahran Huber, sp. nov.; male from Saudi Arabia, ‘Asir, W of Dhahran Al Janub (ZFMK Ar 24657). 
Left palp in prolateral (A), dorsal (B), and retrolateral (C) views. Scale bar: 0.3 mm.
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Legs. Without spines, without curved hairs, without sexually dimorphic short 
vertical hairs; retrolateral trichobothrium of tibia 1 at 7%; prolateral trichobothri-
um absent on tibia 1; tarsus 1 with > 20 pseudosegments, only distally distinct.

Variation (male). Tibia 1 in two other males: 6.5, 6.7.
Female. In general very similar to male. Tibia 1 in one female: 4.3 (missing 

in second female). Epigynum (Fig. 26A, B) barely protruding, anterior plate oval, 
with indistinct knob-shaped process posteriorly; with pair of lateral and medi-
an internal dark structures visible through cuticle; posterior epigynal plate very 

Figure 24. Micropholcus dhahran Huber, sp. nov.; male from Saudi Arabia, ‘Asir, W of Dhahran Al Janub (ZFMK Ar 24657) 
A–C left procursus in prolateral, dorsal, and retrolateral views; bold arrow in C points at proximal spine on hinged process 
D, E left genital bulb in prolateral and retrolateral views; bold arrows in D point at distinctive processes of unclear homol-
ogy. Abbreviations: e, embolus; hp, dorsal hinged process; mf, membranous prolateral flap; ps, proximal bulbal sclerite; 
rr, retrolateral ridge; tm, transparent membrane; Scale bars: 0.3 mm.
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Figure 25. Micropholcus dhahran Huber, sp. nov.; from Saudi Arabia, ‘Asir, W of Dhahran Al Janub (ZFMK Ar 24657) 
A, B male chelicerae, frontal and lateral views C cleared female genitalia, dorsal view; bold arrows point at crescent-shaped 
structures. Abbreviation: pp, pore plate. Scale bars: 0.3 mm.

Figure 26. Micropholcus dhahran Huber, sp. nov.; female from Saudi Arabia, ‘Asir, W of Dhahran Al Janub (ZFMK Ar 
24657) A, B abdomen, ventral and lateral views C, D cleared genitalia, ventral and dorsal views. Scale bars: 0.3 mm.
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short and indistinct. Internal genitalia (Figs 25C, 26C, D) with pair of elongated 
pore plates in transversal position; with pair of lateral sclerites, median cres-
cent-shaped structures, and large membranous anterior arc.

Etymology. The species name is derived from the type locality; noun in 
apposition.

Distribution. Known from type locality only, in Saudi Arabia, ‘Asir Province 
(Fig. 13C).

Natural history. The spiders were found sitting on the undersides of large 
boulders, in small cave-like spaces between ground and boulder.

Micropholcus harajah Huber, sp. nov.
https://zoobank.org/249E0B68-DBB7-4601-81CF-FD7CCFD414AF
Figs 3B, 27–30

Type material. Holotype. Saudi Arabia – ‘Asir • ♂; SE of Al Harajah, ‘site 1’; 
17.8681°N, 43.3943°E; 2370 m a.s.l.; 22 Mar. 2024; B.A. Huber leg.; KSMA. 
Paratypes. Saudi Arabia – ‘Asir • 2 ♂♂, 7 ♀♀; same collection data as for holo-
type; ZFMK Ar 24658 and 24659.

Other material. Saudi Arabia – ‘Asir • 3 ♀♀, in pure ethanol; same collection 
data as for holotype; ZFMK SA114.

Diagnosis. Distinguished from known congeners by unique shapes of bul-
bal processes, in particular distinctive prolateral sclerite (arrowed in Fig. 28D; 
similar only in M. alfara sp. nov.) and by unique subdistal conical projection on 
hinged process of procursus (arrowed in Fig. 28C); from most congeners (ex-
cept M. alfara sp. nov. and M. dhahran sp. nov.) also by rectangular hinged pro-
cess of procursus with obtuse tip and small ventral terminal pointed process 
and small proximal spine (in other Saudi Arabian species procursus wider and 
more curved dorsally, without proximal spine; in M. fauroti relatively longer and 
without spine); from most congeners (except for three species above and M. 
jacominae and M. darbat sp. nov.) also by long trochanter apophysis (Fig. 27C; 
longer than palpal femur). Female with unique pair of external epigynal pockets 
(arrowed in Fig. 30A); with distinct internal crescent shaped structures (Fig. 
29C; similar only in M. dhahran sp. nov. and M. alfara sp. nov.), crescent-shaped 
structures farther apart than in M. alfara sp. nov., and anterior arc narrower and 
with different curvature than in M. dhahran sp. nov.

Description. Male (holotype). Measurements. Total body length 2.7, cara-
pace width 0.9. Distance PME-PME 200 µm; diameter PME 80 µm; distance 
PME-ALE 20 µm; distance AME-AME 25 µm; diameter AME 55 µm. Leg 1: 26.2 
(6.5 + 0.5 + 6.4 + 11.6 + 1.2), tibia 2: 4.0, tibia 3: 2.3, tibia 4: 3.3; tibia 1 L/d: 75; 
diameters of leg femora (at half length) 0.10–0.11; of leg tibiae 0.085.

Colour (in ethanol). Carapace pale ochre-yellow with large brown median 
mark connected posteriorly to series of small lateral marks, ocular area slightly 
darkened, clypeus without darker pattern; sternum mostly whitish, posterior-
ly slightly darkened; legs ochre-yellow, patellae brown, tibia-metatarsus joints 
with indistinct brown ring, femur 1 proximally slightly darkened; abdomen pale 
ochre-grey, dorsally and laterally with larger whitish internal marks.

Body. Habitus as in M. dhahran sp. nov. (cf. Fig. 3A). Ocular area slight-
ly raised (more distinct in frontal view). Carapace without thoracic groove. 
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Figure 27. Micropholcus harajah Huber, sp. nov.; male from Saudi Arabia, ‘Asir, SE of Harajah (ZFMK Ar 24658). Left palp 
in prolateral (A), dorsal (B), and retrolateral (C) views. Scale bar: 0.3 mm.

Clypeus unmodified. Sternum wider than long (0.66/0.50), unmodified. Abdo-
men oval, approximately twice as long as wide.

Chelicerae. As in Fig. 29A, B; with pair of distal apophyses near laminae, 
each with two cone-shaped hairs; with pair of very low proximal frontal humps; 
with prominent pair of proximal lateral processes.

Palps. As in Fig. 27; coxa unmodified; trochanter with very long ventral 
apophysis with small proximal retrolateral hump and modified hair on distal 
tip; femur small relative to tibia, distally widened, with distinct ventral hump; 
femur-patella joints shifted toward prolateral side; tibia-tarsus joints shifted 
toward retrolateral side; tarsus with large tarsal organ. Procursus (Fig. 28A–C) 
proximally with sclerotised prolateral hump; at half-length with prolateral-ven-
tral sclerotised ridge, prolateral thick sclerotised ridge, and brush of dorsal 
hairs; distally with small retrolateral ridge and strong ventral apophysis, large 
membranous ventral-prolateral flap, and distinctive dorsal hinged process. 
Genital bulb (Fig. 28D, E) with strong proximal sclerite; two sclerotised pro-
cesses of unclear homology: prolateral process with distinctive strong point-
ed cone directed towards bulbous part of genital bulb; retrolateral process 
originating from basis of embolus, heavily sclerotised with retrolateral row of 
four variably strong pointed processes; and mostly semi-transparent short em-
bolus with distinct pointed process and subdistal row of transparent hair-like 
processes prolaterally.

Legs. Without spines, without curved hairs, without sexually dimorphic short 
vertical hairs; retrolateral trichobothrium of tibia 1 not seen in holotype, in para-
type at 7%; prolateral trichobothrium absent on tibia 1; tarsus 1 with > 25 pseu-
dosegments, distally distinct.

Variation (male). Tibia 1 in other male: 5.9; missing in third male.
Female. In general very similar to male. Tibia 1 in ten females: 4.3–5.9 

(mean 4.9). Epigynum (Fig. 30A, B) variably protruding, anterior plate oval, 
with indistinct knob-shaped process posteriorly; with pair of lateral sclerites, 
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Figure 29. Micropholcus harajah Huber, sp. nov.; from Saudi Arabia, ‘Asir, SE of Harajah A, B male chelicerae, frontal and 
lateral views (ZFMK Ar 24658) C cleared female genitalia, dorsal view (ZFMK Ar 24659). Scale bars: 0.3 mm.

Figure 28. Micropholcus harajah Huber, sp. nov.; male from Saudi Arabia, ‘Asir, SE of Harajah (ZFMK Ar 24658) A–C left 
procursus in prolateral, dorsal, and retrolateral views; bold arrowed in C points at distinctive subdistal projection on 
hinged process D, E left genital bulb in prolateral and retrolateral views; bold arrowed in D points at distinctive cone on 
prolateral bulbal process. Abbreviations: e, embolus; ps, proximal bulbal sclerite. Scale bars: 0.3 mm.
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each provided at posterior end with small pocket, and median internal dark 
structure visible through cuticle; posterior epigynal plate very short and indis-
tinct. Internal genitalia (Figs 29C, 30C, D) with pair of elongated pore plates 
in transversal position; with pair of lateral sclerites, median crescent-shaped 
structures, and large membranous anterior arc.

Etymology. The species name is derived from the type locality; noun in 
apposition.

Distribution. Known from type locality only, in Saudi Arabia, ‘Asir Province 
(Fig. 13C).

Natural history. The spiders were found sitting on the undersides of large 
boulders (Fig. 14A), in small cave-like spaces between boulders and between 
the ground and boulder. Two egg sacs contained ~ 30–35 eggs each, with an 
egg diameter of 0.58–0.60 mm.

Figure 30. Micropholcus harajah Huber, sp. nov.; female from Saudi Arabia, ‘Asir, SE of Harajah (ZFMK Ar 24659) 
A, B abdomen, ventral and lateral views; arrows in A point at unique epigynal pockets C, D cleared genitalia, ventral and 
dorsal views. Scale bars: 0.3 mm.
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Micropholcus alfara Huber, sp. nov.
https://zoobank.org/EC6070DD-193E-427D-B5A6-1354760EE20C
Figs 3C, D, 6A, B, 7A, B, 9A, 11D, E, 31–34

Type material. Holotype. Saudi Arabia – ‘Asir • ♂; S of Al Fara; 18.0487°N, 
42.7096°E; 2250 m a.s.l.; 21 Mar. 2024; B.A. Huber leg.; KSMA. Paratypes. Sau-
di Arabia – ‘Asir • 4 ♂♂, 5 ♀♀ (1 ♂, 1 ♀ used for SEM); same collection data as 
for holotype; ZFMK Ar 24660 to 24661.

Other material. Saudi Arabia – ‘Asir • 1 ♂, 1 ♀, in pure ethanol; same collec-
tion data as for holotype; ZFMK SA112.

Diagnosis. Distinguished from known congeners by unique shapes of bul-
bal processes, in particular distinctive prolateral sclerite (arrowed in Fig. 32D; 
similar only in M. harajah sp. nov., cf. Fig. 28D); from most congeners (except 
M. harajah sp. nov. and M. dhahran sp. nov.) also by rectangular hinged pro-
cess of procursus with obtuse tip and small ventral terminal pointed process 
and small proximal spine (in other Saudi Arabian species procursus wider and 
more curved dorsally, without proximal spine; in M. fauroti relatively longer and 
without spine); from most congeners (except for three species above and M. ja-
cominae and M. darbat sp. nov.) also by long trochanter apophysis (Fig. 31C; 
longer than palpal femur). Female with distinct internal crescent-shaped struc-
tures (Fig. 33C), similar only in M. dhahran sp. nov. and M. harajah sp. nov., but 
closer together; anterior arc narrow (Fig. 33C), similar only in M. harajah sp. 
nov. (cf. Fig. 29C), in M. dhahran sp. nov. wider and with different curvature. 
From M. harajah sp. nov. also distinguished by absence of subdistal conical 
projection on hinged process of procursus (cf. Fig. 28C) and by absence of pair 
of external epigynal pockets (cf. Fig. 30A).

Figure 31. Micropholcus alfara Huber, sp. nov.; male from Saudi Arabia, ‘Asir, S of Al Fara (ZFMK Ar 24660). Left palp in 
prolateral (A), dorsal (B), and retrolateral (C) views. Scale bar: 0.3 mm.
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Description. Male (holotype). Measurements. Total body length 2.6, cara-
pace width 1.0. Distance PME-PME 185 µm; diameter PME 80 µm; distance 
PME-ALE 25 µm; distance AME-AME 20 µm; diameter AME 55 µm. Leg 1: 28.4 
(7.1 + 0.4 + 6.9 + 12.8 + 1.2), tibia 2: 4.1, tibia 3: 2.3, tibia 4: 3.3; tibia 1 L/d: 81; 
diameters of leg femora (at half length) 0.09–0.10; of leg tibiae 0.085.

Colour (in ethanol). Carapace pale ochre-yellow with large brown median 
mark connected posteriorly to series of small lateral marks, ocular area slightly 
darkened, clypeus without darker pattern; sternum whitish; legs ochre-yellow, 
patellae brown, tibia-metatarsus joints with indistinct brown ring, femur 1 prox-
imally slightly darkened (very indistinct); abdomen ochre-grey, dorsally and lat-
erally with large whitish internal marks.

Figure 32. Micropholcus alfara Huber, sp. nov.; male from Saudi Arabia, ‘Asir, S of Al Fara (ZFMK Ar 24660) A–C left 
procursus in prolateral, dorsal, and retrolateral views D, E left genital bulb in prolateral and retrolateral views; arrow in D 
points at distinctive cone on prolateral bulbal process. Scale bars: 0.3 mm.
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Body. Habitus as in Fig. 3C. Ocular area slightly raised (more distinct in fron-
tal view). Carapace without thoracic groove. Clypeus unmodified. Sternum wid-
er than long (0.64/0.48), unmodified. Abdomen oval, approximately twice as 
long as wide.

Chelicerae. As in Fig. 33A, B; with pair of distal apophyses near laminae, 
each with two cone-shaped hairs (Fig. 6A, B); with pair of proximal frontal pro-
cesses; with prominent pair of proximal lateral processes.

Palps. As in Fig. 31; coxa unmodified; trochanter with very long ventral 
apophysis with small proximal retrolateral hump and modified hair on distal 
tip (Fig. 9A); femur small relative to tibia, distally widened, with distinct ven-
tral hump; femur-patella joints shifted toward prolateral side; tibia-tarsus joints 
shifted toward retrolateral side; tarsus with large tarsal organ. Procursus (Fig. 
32A–C) proximally with sclerotised prolateral hump; at half-length with prolat-
eral-ventral sclerotised ridge, prolateral thick sclerotised ridge, and brush of 
dorsal hairs; distally with small retrolateral ridge and strong ventral apophysis, 
membranous ventral-prolateral flap (Fig. 7A), and dorsal hinged process. Gen-
ital bulb (Figs 7B, 32D, E) with strong proximal sclerite; with two sclerotised 
processes of unclear homology: prolateral process with strong pointed cone 
directed towards bulbous part of genital bulb; retrolateral process originat-
ing from basis of embolus, heavily sclerotised with retrolateral row of pointed 
cones of similar sizes; and mostly semi-transparent short embolus with mem-
branous pointed extension and subdistal row of transparent hair-like process-
es prolaterally.

Legs. Without spines, without curved hairs, without sexually dimorphic short 
vertical hairs; retrolateral trichobothrium of tibia 1 at 6%; prolateral trichobo-
thrium absent on tibia 1; tarsus 1 with > 20 pseudosegments, distally distinct.

Variation (male). Tibia 1 in five males: 6.8–7.2 (mean 7.0).
Female. In general very similar to male. Tibia 1 in five females: 4.6–5.4 

(mean 5.0). Epigynum (Fig. 34A, B) variably protruding, anterior plate oval, 

Figure 33. Micropholcus alfara Huber, sp. nov.; from Saudi Arabia, ‘Asir, S of Al Fara A, B male chelicerae, frontal and lat-
eral views (ZFMK Ar 24660) C cleared female genitalia, dorsal view (ZFMK Ar 24661). Scale bars: 0.3 mm.
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with small and indistinct knob-shaped process posteriorly; with pair of later-
al sclerites bent towards lateral anteriorly, without small pockets at posteri-
or ends; and median internal dark structure visible through cuticle. Posterior 
epigynal plate very short and indistinct. Internal genitalia (Figs 33C, 34C, D) with 
pair of elongated pore plates in transversal position; with pair of lateral scler-
ites, median crescent-shaped structures, and large membranous anterior arc.

Etymology. The species name is derived from the type locality; noun in 
apposition.

Distribution. Known from type locality only, in Saudi Arabia, ‘Asir Province 
(Fig. 13C).

Natural history. The spiders were found sitting on the undersides of large 
boulders (Fig. 14B), in small cave-like spaces between ground and boulder. Two 
egg sacs had diameters of 2.0–2.2 mm, and contained ~ 25–35 eggs each, 
with an egg diameter of 0.58–0.62 mm.

Figure 34. Micropholcus alfara Huber, sp. nov.; female from Saudi Arabia, ‘Asir, S of Al Fara (ZFMK Ar 24661) A, B abdo-
men, ventral and lateral views C, D cleared genitalia, ventral and dorsal views. Scale bars: 0.3 mm.
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Micropholcus abha Huber, sp. nov.
https://zoobank.org/60AE7E1A-D17E-48E5-9318-462D97404995
Figs 3E, 35–38

Type material. Holotype. Saudi Arabia – ‘Asir • ♂; N of Abha; 18.4168°N, 
42.4646°E; 2160 m a.s.l.; 21 Mar. 2024; B.A. Huber leg.; KSMA. Paratypes. Sau-
di Arabia – ‘Asir • 4 ♂♂, 1 ♀, and 1 cleared ♀ abdomen; same collection data 
as for holotype; ZFMK Ar 24662.

Other material. Saudi Arabia – ‘Asir • 1 ♂, 3 ♀♀ (one abdomen transferred 
to ZFMK Ar 24662), in pure ethanol; same collection data as for holotype; 
ZFMK SA111.

Diagnosis. Distinguished from known congeners by presence of dorsal process 
on palpal femur (arrowed in Fig. 35C; similar only in M. jacominae), by bipartite tip 
of dorsal hinged process of procursus (arrowed in Fig. 36C), and by unique shapes 
of bulbal processes (Fig. 36D, E; similar to M. dhahran sp. nov. but with unique 
retrolateral pointed process); from similar congeners of southern Saudi Arabia 
(M. abha sp. nov., M. harajah sp. nov., M. dhahran sp. nov.) also by hinged process 
of procursus without small proximal spine; from most congeners (except for three 
species above and M. jacominae and M. darbat sp. nov.) also by long trochanter 
apophysis (Fig. 35C; longer than palpal femur). Female with unique lateral sacs in 
internal genitalia (arrows in Fig. 37C); with distinct anterior arc as in similar conge-
ners from southern Saudi Arabia (M. alfara sp. nov., M. harajah sp. nov., M. dhahran 
sp. nov.) but without distinct internal crescent-shaped structures (possible homo-
logues visible between pore plates). From M. harajah sp. nov. also distinguished 
by absence of subdistal conical projection on hinged process of procursus (cf. 
Fig. 28C) and by absence of pair of external epigynal pockets (cf. Fig. 30A).

Figure 35. Micropholcus abha Huber, sp. nov.; male from Saudi Arabia, ‘Asir, N of Abha (ZFMK Ar 24662). Left palp in prolat-
eral (A), dorsal (B), and retrolateral (C) views; arrow in C points at distinctive dorsal process on femur. Scale bar: 0.3 mm.
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Description. Male (holotype). Measurements. Total body length 2.4, cara-
pace width 0.9. Distance PME-PME 195 µm; diameter PME 70 µm; distance 
PME-ALE 20 µm; distance AME-AME 25 µm; diameter AME 50 µm. Leg 1: 27.1 
(6.8 + 0.4 + 6.8 + 11.9 + 1.2), tibia 2: 4.1, tibia 3: 2.5, tibia 4: 3.5; tibia 1 L/d: 85; 
diameters of leg femora (at half length) 0.085–0.095; of leg tibiae 0.080.

Colour (in ethanol). Carapace pale ochre-yellow with large brown medi-
an mark divided medially, ocular area not darkened, clypeus slightly dark-
ened; sternum monochromous whitish; legs pale ochre-yellow, patellae and 
tibia-metatarsus joints barely darkened, femur 1 proximally barely dark-
ened; abdomen pale ochre-grey, dorsally and laterally with large whitish 
internal marks.

Figure 36. Micropholcus abha Huber, sp. nov.; male from Saudi Arabia, ‘Asir, N of Abha (ZFMK Ar 24662) A–C left procursus 
in prolateral, dorsal, and retrolateral views; arrow in C pointsat distinctive bipartite tip of hinged process D, E left genital 
bulb in prolateral and retrolateral views; arrow in E points at distinctive retrolateral pointed process. Scale bars: 0.3 mm.
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Body. Habitus as in Fig. 3E. Ocular area slightly raised (distinct in frontal 
view). Carapace without thoracic groove. Clypeus unmodified. Sternum wider 
than long (0.66/0.54), unmodified. Abdomen oval, approximately twice as long 
as wide.

Chelicerae. As in Fig. 37A, B; with pair of distal apophyses near laminae, 
each with two cone-shaped hairs; with pair of very low proximal frontal humps; 
with prominent pair of proximal lateral processes.

Palps. As in Fig. 35; coxa unmodified; trochanter with very long ventral 
apophysis with distinct proximal bend and modified hair on distal tip; femur 
small relative to tibia, distally widened, with distinct ventral and dorsal humps; 
femur-patella joints shifted toward prolateral side; tibia-tarsus joints shifted to-
ward retrolateral side; tarsus with large tarsal organ. Procursus (Fig. 36A–C) 
proximally with sclerotised prolateral hump; at half-length with prolateral-ven-
tral sclerotised ridge transforming prolaterally into transparent membrane, and 
brush of dorsal hairs; distally with small retrolateral ridge and strong ventral 
apophysis, large membranous ventral-prolateral flap, and distinctive dorsal 
hinged process. Genital bulb (Fig. 36D, E) with strong proximal sclerite; with 
two sclerotised processes of unclear homology: prolateral process with strong 
pointed cone directed towards bulbous part of genital bulb and with some hair-
like extensions; retrolateral process originating from basis of embolus, heavily 
sclerotised with strong retrolateral pointed process and flattened distal apoph-
ysis; and mostly semi-transparent short embolus with fringed membranous tip.

Legs. Without spines, without curved hairs, without sexually dimorphic short 
vertical hairs; retrolateral trichobothrium of tibia 1 at 6%; prolateral trichobo-
thrium absent on tibia 1; tarsus 1 with > 20 pseudosegments, distally distinct.

Variation (male). Tibia 1 in five males (incl. holotype): 5.9–6.8 (mean 6.3); 
clypeus in other males not or barely darkened.

Female. In general very similar to male; sternum margins slightly darkened. 
Tibia 1 in two females: 4.7, 5.2 (missing in other females). Epigynum (Fig. 38A, 

Figure 37. Micropholcus abha Huber, sp. nov.; from Saudi Arabia, ‘Asir, N of Abha (ZFMK Ar 24662) A, B male chelicerae, 
frontal and lateral views C cleared female genitalia, dorsal view; arrows point at distinctive lateral sacs. Scale bars: 0.3 mm.



138ZooKeys 1213: 95–182 (2024), DOI: 10.3897/zookeys.1213.133178

Bernhard A. Huber & Guanliang Meng: Old World Micropholcus

B) slightly protruding, anterior plate oval, with long but transparent and indis-
tinct knob-shaped process posteriorly; with pair of dark brown lateral sclerites, 
and median internal dark structure poorly visible through cuticle; posterior 
epigynal plate very short and indistinct. Internal genitalia (Figs 37C, 38C, D) 
with pair of elongated pore plates in transversal position; with pair of lateral 
sclerites, pair of large distinctive lateral sacs, median ridges, and large mem-
branous anterior arc.

Etymology. The species name is derived from the type locality; noun in 
apposition.

Distribution. Known from type locality only, in Saudi Arabia, ‘Asir Province 
(Fig. 13C).

Natural history. The spiders were found in small caverns at rock outcrops in 
an open environment (Fig. 14C), i.e., in less sheltered microhabitats than most 
other species.

Figure 38. Micropholcus abha Huber, sp. nov.; female from Saudi Arabia, ‘Asir, N of Abha (ZFMK Ar 24662) A, B abdomen, 
ventral and lateral views C, D cleared genitalia, ventral and dorsal views. Scale bars: 0.3 mm.
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Micropholcus tanomah Huber, sp. nov.
https://zoobank.org/6D679588-8300-427F-89A7-6CA93102C27C
Figs 3F, 5A, G, 6C, 7C–G, 9B, F, G, 10A, B, 11A, F, 12A–D, 39–42

Type material. Holotype. Saudi Arabia – ‘Asir • ♂; NW of Tanomah; 19.0220°N, 
42.1247°E; 2250 m a.s.l.; 19 Mar. 2024; B.A. Huber leg.; KSMA. Paratypes. Saudi 
Arabia – ‘Asir • 21 ♂♂, 24 ♀♀, 1 juv. (1 ♂, 1 ♀ used for SEM); same collection 
data as for holotype; ZFMK Ar 24663 to 24664.

Other material. Saudi Arabia – ‘Asir • 3 ♀♀, 4 juvs; in pure ethanol; same 
collection data as for holotype; ZFMK SA100.

Diagnosis. Distinguished from similar species in the northern Saudi Arabian 
group (M. bashayer sp. nov., M. maysaan sp. nov.) by very slender main bulbal 
process (Fig. 40D; wider in other species), and by epigynal ‘knob’ in posterior rath-
er than central position on epigynal plate (Fig. 42A, B); from M. maysaan sp. nov. 
also by less widened hinged process of procursus (Fig. 40C); from species of the 
southern Saudi Arabian group and M. jacominae by shorter male palpal trochan-
ter apophysis (Fig. 39C), internal female genitalia with membranous central ele-
ment rather than distinct arc (Fig. 41C), and without crescent-shaped structures.

Description. Male (holotype). Measurements. Total body length 3.4, cara-
pace width 1.2. Distance PME-PME 210 µm; diameter PME 80 µm; distance 
PME-ALE 20 µm; distance AME-AME 20 µm; diameter AME 45 µm. Leg 1: 28.7 
(7.0 + 0.5 + 7.1 + 12.7 + 1.4), tibia 2: 4.5, tibia 3: 2.9, tibia 4: 4.0; tibia 1 L/d: 71; 
diameters of leg femora (at half length) 0.11–0.12; of leg tibiae 0.10.

Figure 39. Micropholcus tanomah Huber, sp. nov.; male from Saudi Arabia, ‘Asir, NW of Tanomah (ZFMK Ar 24663). Left 
palp in prolateral (A), dorsal (B), and retrolateral (C) views. Scale bar: 0.3 mm.
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Colour (in ethanol). Carapace pale ochre-yellow with distinct brown mark, ocular 
area not darkened, clypeus with very indistinct darker pattern; sternum monochro-
mous whitish; legs ochre-yellow to light brown, patella dark brown, tibia-metatar-
sus joints with small brown ring, femur 1 ventrally proximally brown (less distinct 
also femur 2); abdomen pale ochre-grey, with indistinct darker internal marks.

Body. Habitus as in Fig. 3F. Ocular area slightly raised (distinct in frontal view). 
Carapace without thoracic groove. Clypeus unmodified. Sternum wider than long 
(0.74/0.58), unmodified. Abdomen oval, approximately twice as long as wide. 
Gonopore with four epiandrous spigots (Fig. 10A). Spinnerets as in Fig. 9F, G.

Chelicerae. As in Fig. 41A, B; with pair of distal apophyses near laminae, 
each with two cone-shaped hairs (Fig. 6C); with pair of distinct proximal frontal 
apophyses; with pair of very low and indistinct lateral humps.

Palps. As in Fig. 39; coxa unmodified; trochanter with long ventral apophysis 
with distinct proximal retrolateral hump and modified hair on distal tip (Fig. 9B); 

Figure 40. Micropholcus tanomah Huber, sp. nov.; male from Saudi Arabia, ‘Asir, NW of Tanomah (ZFMK Ar 24663) 
A–C left procursus in prolateral, dorsal, and retrolateral views D, E left genital bulb in prolateral and retrolateral views. 
Abbreviation: hp, dorsal hinged process. Scale bars: 0.3 mm.
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femur distally widened, with subdistal ventral hump; femur-patella joints shifted 
toward prolateral side; tibia-tarsus joints shifted toward retrolateral side; tarsus 
with large tarsal organ. Procursus (Fig. 40A–C) proximally with sclerotised pro-
lateral hump; at half length with prolateral sclerotised ridge transforming distally 
into transparent membrane, and brush of dorsal hairs; distally with small retro-
lateral ridge, large bifid membranous ventral-prolateral flap (Fig. 7C, D), and dor-
sal hinged process. Genital bulb (Fig7F, G, 40D, E) with strong proximal sclerite; 
with two sclerotised processes of unclear homology: prolateral process long 
and slender, with small, pointed branch on retrolateral side; retrolateral process 
simple, originating from basis of embolus and directed parallel to prolateral pro-
cess; and mostly semi-transparent short embolus with membranous extensions.

Legs. Without spines, without curved hairs, without sexually dimorphic short 
vertical hairs; retrolateral trichobothrium of tibia 1 at 6%; prolateral trichobo-
thrium absent on tibia 1; tarsus 1 with > 20 pseudosegments, distally distinct.

Variation (male). Tibia 1 in 21 other males: 5.1–7.3 (mean 6.5). Carapace pat-
tern very consistent. Abdomen usually with large white marks dorsally and laterally.

Female. In general very similar to male but anterior leg femora proximally not 
darkened; ocular area with large median and small lateral brown marks. Tibia 
1 in 24 females: 4.4–5.9 (mean 5.2). Epigynum (Figs 10B, 42A, B) protruding, 
anterior plate oval, mostly dark brown except medially posteriorly, with small 
knob-shaped process (Fig. 11A) near posterior margin; posterior epigynal plate 
very short and indistinct, light brown. Internal genitalia (Figs 41C, 42C, D) with 
pair of elongated pore plates in transversal position; with pair of lateral scler-
ites and complex system of membranous structures.

Etymology. The species name is derived from the type locality; noun in 
apposition.

Distribution. Known from type locality only, in Saudi Arabia, ‘Asir Province 
(Fig. 13C).

Figure 41. Micropholcus tanomah Huber, sp. nov.; male from Saudi Arabia, ‘Asir, NW of Tanomah A, B male chelicerae, 
frontal and lateral views (ZFMK Ar 24663) C cleared female genitalia, dorsal view (ZFMK Ar 24664); bold arrow points at 
membranous central element. Abbreviations: k, epigynal ‘knob’; pp, pore plate. Scale bars: 0.3 mm.
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Natural history. The spiders were found in caverns among and under boul-
ders, often together with a representative of Smeringopus Simon, 1890 (Arane-
ae: Pholcidae). Both species sometimes occurred in very high densities. In one 
case, a ceiling of a cave was estimated to measure ~ 3 m2 and to contain ~ 250 
large (adult and penultimate instar) specimens (i.e., with average distances be-
tween specimens of ~ 10 cm) (Fig. 15). One egg sac had a diameter of 2.5 mm, 
and contained ~ 35 eggs. Egg diameters ranged from 0.69 to 0.71 mm.

Micropholcus bashayer Huber, sp. nov.
https://zoobank.org/3B85B5E5-99F7-46EB-B1D0-0380D127FC33
Figs 3G, 43–46

Type material. Holotype. Saudi Arabia – ‘Asir • ♂; NW of Al Bashayer; 19.8194°N, 
41.8824°E; 1850 m a.s.l.; 19 Mar. 2024; B.A. Huber leg.; KSMA. Paratypes. Saudi 

Figure 42. Micropholcus tanomah Huber, sp. nov.; female from Saudi Arabia, ‘Asir, NW of Tanomah (ZFMK Ar 24664) 
A, B abdomen, ventral and lateral views C, D cleared genitalia, ventral and dorsal views. Scale bars: 0.5 mm.
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Arabia – ‘Asir • 8 ♂♂, 10 ♀♀; same collection data as for holotype; ZFMK Ar 
24665 to 24666.

Other material. Saudi Arabia – ‘Asir • 2 ♂♂, 3 ♀♀; in pure ethanol; same 
collection data as for holotype; ZFMK SA96.

Diagnosis. Distinguished from most similar known species (M. maysaan sp. 
nov.) by less widened dorsal hinged process of procursus (Fig. 44C), by pointed 
projection of bulbal process (arrowed in Fig. 44E) not directed towards bulbous 
part, and by darkened central area of epigynal plate (Fig. 46A; rather than anteri-
or part, cf. Fig. 50A). From third species in northern Saudi Arabian group (M. ta-
nomah sp. nov.) by wider main bulbal process (Fig. 44D), by epigynal ‘knob’ in cen-
tral rather than posterior position on epigynal plate (Fig. 46A). From species of the 
southern Saudi Arabian group and M. jacominae by shorter male palpal trochanter 
apophysis (Fig. 43C), internal female genitalia with membranous central element 
rather than distinct arc (Fig. 45C) and without crescent-shaped structures.

Description. Male (holotype). Measurements. Total body length 3.0, cara-
pace width 1.0. Distance PME-PME 195 µm; diameter PME 80 µm; distance 
PME-ALE 20 µm; distance AME-AME 20 µm; diameter AME 50 µm. Leg 1: 23.7 
(6.0 + 0.5 + 5.9 + 10.1 + 1.2), tibia 2: 3.6, tibia 3: 2.3, tibia 4: 3.4; tibia 1 L/d: 66; 
diameters of leg femora (at half length) 0.10–0.11; of leg tibiae 0.09.

Colour (in ethanol). Carapace pale ochre-yellow with distinct brown mark, 
ocular area and clypeus also with indistinct darker pattern; sternum monochro-
mous whitish; legs ochre-yellow to light brown, patella dark brown, tibia-meta-
tarsus joints with small brown ring, femur 1 ventrally proximally brown (less 
distinct also femur 2); abdomen pale ochre-grey, dorsally and laterally with 
whitish internal marks.

Figure 43. Micropholcus bashayer Huber, sp. nov.; male from Saudi Arabia, ‘Asir, NW of Al Bashayer (ZFMK Ar 24665). Left 
palp in prolateral (A), dorsal (B), and retrolateral (C) views. Scale bar: 0.3 mm.
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Body. Habitus as in M. maysaan sp. nov. (cf. Fig. 3H). Ocular area slightly 
raised. Carapace without thoracic groove. Clypeus unmodified. Sternum wider 
than long (0.68/0.48), unmodified. Abdomen oval, approximately twice as long 
as wide.

Chelicerae. As in Fig. 45A, B; with pair of distal apophyses near laminae, 
each with two cone-shaped hairs; with pair of distinct proximal frontal apophy-
ses; without proximal lateral processes.

Palps. As in Fig. 43; coxa unmodified; trochanter with long ventral apoph-
ysis with distinct proximal retrolateral hump and modified hair on distal tip; 
femur distally widened, otherwise unmodified; femur-patella joints shifted to-
ward prolateral side; tibia-tarsus joints shifted toward retrolateral side; tarsus 

Figure 44. Micropholcus bashayer Huber, sp. nov.; male from Saudi Arabia, ‘Asir, NW of Al Bashayer (ZFMK Ar 24665) 
A–C left procursus in prolateral, dorsal, and retrolateral views D, E left genital bulb in prolateral and retrolateral views; 
bold arrow in E points at retrolateral process originating from embolus. Abbreviation: e, embolus. Scale bars: 0.3 mm.
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with large tarsal organ. Procursus (Fig. 44A–C) proximally with sclerotised 
prolateral hump; at half length with prolateral sclerotised ridge transform-
ing distally into transparent membrane, and brush of dorsal hairs; distally 
with small retrolateral ridge, large bifid membranous ventral-prolateral flap, 
and distinctive dorsal hinged process. Genital bulb (Fig. 44D, E) with strong 
proximal sclerite; with two sclerotised processes of unclear homology: pro-
lateral process large but simple, with small, pointed side branch; retrolateral 
process very simple, originating from basis of embolus and directed parallel 
to prolateral process; and mostly semi-transparent short embolus with mem-
branous extension.

Legs. Without spines, without curved hairs, without sexually dimorphic short 
vertical hairs; retrolateral trichobothrium of tibia 1 at 6%; prolateral trichobo-
thrium absent on tibia 1; tarsus 1 with > 20 pseudosegments, distally distinct.

Variation (male). Tibia 1 in nine males (incl. holotype): 5.5–6.7 (mean 6.0).
Female. In general, very similar to male but anterior leg femora proximally 

not darkened. Tibia 1 in ten females: 4.4–5.4 (mean 4.9). Epigynum (Fig. 
46A, B) protruding, anterior plate oval, with knob-shaped process medially; 
with large brown mark slightly divided medially, anteriorly light, posteriorly 
with small median dark line; posterior epigynal plate very short and indis-
tinct. Internal genitalia (Figs 45C, 46C, D) with pair of pore plates in trans-
versal position; with pair of lateral sclerites and complex system of membra-
nous structures.

Etymology. The species name is derived from the type locality; noun in 
apposition.

Distribution. Known from type locality only, in Saudi Arabia, ‘Asir Province 
(Fig. 13C).

Natural history. The spiders were found sitting on the undersides of large 
boulders, in small cave-like spaces between boulder and ground. One egg sac 
contained approximately 30 eggs, with an egg diameter of 0.60 mm. One fe-
male had an acrocerid larva in her book lung (Fig. 76A–D).

Figure 45. Micropholcus bashayer Huber, sp. nov.; from Saudi Arabia, ‘Asir, NW of Al Bashayer A, B male chelicerae, 
frontal and lateral views (ZFMK Ar 24665) C cleared female genitalia, dorsal view (ZFMK Ar 24666). Scale bars: 0.3 mm.
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Micropholcus maysaan Huber, sp. nov.
https://zoobank.org/F5E999F5-8646-4083-9F4F-9B9943F2201F
Figs 3H, 47–51

Type material. Holotype. Saudi Arabia – Mecca • ♂; NW of Maysaan; 20.7717°N, 
40.7985°E; 2560 m a.s.l.; 29 Mar. 2024; B.A. Huber leg.; KSMA. Paratypes. Sau-
di Arabia – Mecca • 4 ♂♂, 5 ♀♀; same collection data as for holotype; ZFMK 
Ar 24667 to 24668.

Other material. Saudi Arabia – Mecca • 2 ♀♀, 4 juvs; in pure ethanol; same 
collection data as for holotype; ZFMK SA140 – Al Bahah • 2 ♂♂, 6 ♀♀; NW of 
Al Bahah, ‘site 2’; 20.2095°N, 41.3700°E; 2250 m a.s.l.; 16 Mar. 2024; B.A. Hu-
ber leg.; ZFMK Ar 24669 • 1 ♂, 4 ♀♀; in pure ethanol; same collection data as 
for preceding; ZFMK SA88 • 1 ♂; S of Al Bahah, ‘site 2’; 19.9896°N, 41.4373°E; 
1250 m a.s.l.; 17 Mar. 2024; B.A. Huber leg.; ZFMK Ar 24670.

Figure 46. Micropholcus bashayer Huber, sp. nov.; female from Saudi Arabia, ‘Asir, NW of Al Bashayer (ZFMK Ar 24666) 
A, B abdomen, ventral and lateral views C, D cleared genitalia, ventral and dorsal views. Scale bars: 0.5 mm.
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Diagnosis. Distinguished from other species in northern Saudi Arabian group 
(M. bashayer sp. nov., M. tanomah sp. nov.) by strongly widened dorsal hinged 
process of procursus (Fig. 48C), by pointed process originating from embolus 
directed towards bulbous part (arrowed in Fig. 48E); from M. bashayer sp. nov. 
also by darkened anterior area of epigynal plate (Fig. 50A; rather than central 
area, cf. Fig. 46A); from M. tanomah sp. nov. also by wider main bulbal process 
(Fig. 48D), and by epigynal ‘knob’ in central rather than posterior position on 
epigynal plate (Figs 50A, B, 51A, B). From species of the southern Saudi Arabi-
an group and M. jacominae by shorter male palpal trochanter apophysis (Fig. 
47C), internal female genitalia with membranous central element rather than 
distinct arc (Fig. 49C), and without crescent-shaped structures.

Description. Male (holotype). Measurements. Total body length 3.1, cara-
pace width 1.1. Distance PME-PME 200 µm; diameter PME 90 µm; distance 
PME-ALE 30 µm; distance AME-AME 40 µm; diameter AME 50 µm. Leg 1: 26.3 
(6.6 + 0.5 + 6.6 + 11.3 + 1.3), tibia 2: 4.2, tibia 3: 2.7, tibia 4: 3.7; tibia 1 L/d: 69; 
diameters of leg femora (at half length) 0.10–0.11; of leg tibiae 0.09–0.10.

Colour (in ethanol). Carapace pale ochre-yellow with distinct brown mark, 
clypeus also with indistinct darker pattern; sternum monochromous whitish; 
legs ochre-yellow to light brown, patella dark brown, tibia-metatarsus joints with 
small brown ring, femur 1 ventrally proximally brown (less distinct also femur 
2); abdomen pale ochre-grey, dorsally and laterally with whitish internal marks.

Body. Habitus as in Fig. 3H. Ocular area slightly raised. Carapace without 
thoracic groove. Clypeus unmodified. Sternum wider than long (0.72/0.58), un-
modified. Abdomen oval, approximately twice as long as wide.

Figure 47. Micropholcus maysaan Huber, sp. nov.; male from Saudi Arabia, Mecca, NW of Maysaan (ZFMK Ar 24667). Left 
palp in prolateral (A), dorsal (B), and retrolateral (C) views. Scale bar: 0.3 mm.
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Chelicerae. As in Fig. 49A, B; with pair of distal apophyses near laminae, 
each with two cone-shaped hairs; with pair of distinct proximal frontal apophy-
ses; without proximal lateral processes.

Palps. As in Fig. 47; coxa unmodified; trochanter with long ventral apophysis 
with distinct proximal retrolateral hump and modified hair on distal tip; femur 
distally widened, otherwise unmodified; femur-patella joints shifted toward pro-
lateral side; tibia-tarsus joints shifted toward retrolateral side; tarsus with large 
tarsal organ. Procursus (Fig. 48A–C) proximally with sclerotised prolateral 
hump; at half length with prolateral sclerotised ridge transforming distally into 
transparent membrane, and brush of dorsal hairs; distally with small retrolateral 
ridge, large bifid membranous ventral-prolateral flap, and distinctively widened 
dorsal hinged process. Genital bulb (Fig. 48D, E) with strong proximal sclerite; 

Figure 48. Micropholcus maysaan Huber, sp. nov.; male from Saudi Arabia, Mecca, NW of Maysaan (ZFMK Ar 24667) 
A–C left procursus in prolateral, dorsal, and retrolateral views D, E left genital bulb in prolateral and retrolateral views; 
bold arrow in E points at retrolateral process originating from embolus. Abbreviation: e, embolus. Scale bars: 0.3 mm.



149ZooKeys 1213: 95–182 (2024), DOI: 10.3897/zookeys.1213.133178

Bernhard A. Huber & Guanliang Meng: Old World Micropholcus

Figure 49. Micropholcus maysaan Huber, sp. nov.; male from Saudi Arabia, Mecca, NW of Maysaan (ZFMK Ar 24667), 
female from Saudi Arabia, Al Bahah, NW of Al Bahah (ZFMK Ar 24669) A, B male chelicerae, frontal and lateral views 
C cleared female genitalia, dorsal view. Scale bars: 0.3 mm.

Figure 50. Micropholcus maysaan Huber, sp. nov.; female from Saudi Arabia, Mecca, NW of Maysaan (ZFMK Ar 24668) 
A, B abdomen, ventral and lateral views C, D cleared genitalia, ventral and dorsal views. Scale bars. 0.5 mm.
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with two sclerotised processes of unclear homology: prolateral process large 
but simple, with small, pointed side branch; retrolateral process very simple, 
originating from basis of embolus and pointing towards globular part of bulb; 
and mostly semi-transparent short embolus with membranous extensions.

Legs. Without spines, without curved hairs, without sexually dimorphic short 
vertical hairs; retrolateral trichobothrium of tibia 1 at 6%; prolateral trichoboth-
rium absent on tibia 1; tarsus 1 with ~ 20 pseudosegments, distally distinct.

Variation (male). Tibia 1 in eight males (incl. holotype): 5.1–7.1 (mean 6.1). 
Males from NW of Maysaan and from NW of Al Bahah appear essentially identi-
cal. In the single male from S of Al Bahah, the shape of the dorsal hinged process 
of the procursus is slightly different: its widest point is at one third of its length 
rather than at half-length. Also, the retrolateral bulbal process in this specimen is 
(in prolateral view) less strongly protruding from behind the prolateral process.

Female. In general, very similar to male but anterior leg femora proximally not 
darkened. Tibia 1 in ten females: 4.6–5.5 (mean 4.9). Epigynum (Fig. 50A, B) 
protruding, anterior plate oval, with prominent knob-shaped process medially; 

Figure 51. Micropholcus maysaan Huber, sp. nov.; female from Saudi Arabia, Mecca, NW of Al Bahah (ZFMK Ar 24669) 
A, B abdomen, ventral and lateral views C, D cleared genitalia, ventral and dorsal views. Scale bars: 0.5 mm.
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posterior epigynal plate very short and indistinct. Internal genitalia (Figs 49C, 
50C, D, 51C, D) with pair of oval pore plates in transversal position; with pair 
of lateral sclerites and complex system of membranous structures. Females 
from NW of Maysaan and from NW of Al Bahah appear essentially identical. No 
female is available from S of Al Bahah.

Etymology. The species name is derived from the type locality; noun in 
apposition.

Distribution. Known from three localities in Saudi Arabia, in Mecca and 
Al Bahah Provinces (Fig. 13C).

Natural history. At the type locality, the spiders were found in small caverns 
under large boulders on a hill (Fig. 14D), where they were tightly pressed against 
the rock on the ceiling. Upon disturbance, they were very reluctant to move; only 
when the sparse sheet of silk covering the spider was removed, they started to run 
away over the rock. NW of Al Bahah most specimens were collected from a small 
hole under a flat rock; distances between specimens ranged from ~ 10–20 cm. 
One egg sac contained ~ 12 eggs, with an egg diameter of 0.62 mm.

Micropholcus darbat Huber, sp. nov.
https://zoobank.org/A7E37832-2C7E-43AA-B85F-DDFCCBA26009
Figs 4A, B, 5B, 6D, E, 7H, 8A–C, 9C, 10C, D, 11B, G, H, 52–55

Micropholcus sp. n. Om74 – Huber and Eberle 2021, Suppl. material 1.

Type material. Holotype. Oman – Dhofar • ♂; Wadi Darbat; between 17.086°N, 
54.444°E and 17.095°N, 54.452°E; 200–230 m a.s.l., 23 Feb. 2018; B.A. Huber 
leg.; ZFMK Ar 24671.

Other material. Oman – Dhofar • 9 ♂♂, 7 ♀♀, 1 juv. (1 ♂, 1 ♀ used for SEM); 
same collection data as for holotype; ZFMK Ar 24672, 24699 • 1 ♂, 3 ♀♀, in 
pure ethanol; same collection data as for holotype; ZFMK Om133 • 2 ♂♂, 2 ♀♀; 
Ain Athoom; 17.1185°N, 54.3667°E; 280 m a.s.l.; in small cave; 28 Feb. 2018; 
B.A. Huber leg.; ZFMK Ar 24673 • 1 ♂, 1 ♀, in pure ethanol; same collection data 
as for preceding; ZFMK Om147 • 3 ♂♂, 1 ♀; near Qairoon Hairitti; 17.2600°N, 
54.0808°E; 845 m a.s.l.; in small cave; 27 Feb. 2018; B.A. Huber leg.; ZFMK Ar 
24674 • 2 ♀♀, in pure ethanol; same collection data as for preceding; ZFMK 
Om146 • 3 ♂♂, 5 ♀♀, 1 juv.; Wadi Nahiz; 17.140°N, 54.123°E; 140 m a.s.l.; in 
small caverns; 26 Feb. 2018; B.A. Huber leg.; ZFMK Ar 24675 • 1 ♀, 3 juvs, in 
pure ethanol; same collection data as for preceding; ZFMK Om142.

Diagnosis. Males are easily distinguished from known congeners by shape 
of procursus with distinctive dorsal hinged process split into two branches 
(Fig. 53C); also by shapes of bulbal processes (Fig. 53D, E; prolateral apophy-
sis simple, with small proximal prolateral hump) and cheliceral processes (Fig. 
54A, B; proximal frontal processes very low and indistinct); from geographically 
close M. shaat sp. nov. also by longer trochanter apophysis without distinct 
proximal process (Fig. 52C). Females differ from known congeners by pair of 
internal pockets visible also in uncleared specimens (arrows in Fig. 55); from 
geographically close M. shaat sp. nov. also by epigynum without median scle-
rotised band (Fig. 55A), pore plates oval and converging anteriorly (Fig. 55C), 
and internal genitalia without large membranous sac.
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Description. Male (holotype). Measurements. Total body length 3.2, cara-
pace width 1.2. Distance PME-PME 250 µm; diameter PME 90 µm; distance 
PME-ALE 20 µm; distance AME-AME 15 µm; diameter AME 55 µm. Leg 1: 36.5 
(9.1 + 0.6 + 9.1 + 16.1 + 1.6), tibia 2: 5.9, tibia 3: 3.8, tibia 4: 5.1; tibia 1 L/d: 83; 
diameters of leg femora (at half length) 0.12–0.13; of leg tibiae 0.11.

Colour (in ethanol). Prosoma and legs pale ochre-yellow, carapace with 
brown median mark; legs with darkened patellae and tibia-metatarsus joints; 
abdomen pale grey to whitish.

Body. Habitus as in Fig. 4A. Ocular area raised (distinct in frontal view; Fig. 
5B). Carapace without thoracic groove. Clypeus unmodified. Sternum wider 
than long (0.75/0.60), unmodified. Abdomen oval, approximately twice as long 
as wide. Gonopore with four epiandrous spigots (Fig. 10C).

Chelicerae. As in Figs 6D, 54A, B; with pair of distal apophyses near laminae, 
each with two cone-shaped hairs (Fig. 6E); pair of proximal lateral processes 
weakly sclerotised and directed towards distal; and pair of very low proximal 
frontal humps.

Palps. As in Fig. 52; coxa unmodified; trochanter with long ventral apophysis 
with retrolateral hump at basis and modified hair at tip (Fig. 9C); femur proximally 
with low dorsal hump, distally with weakly sclerotised rounded process on prolater-
al-ventral side; femur-patella joints shifted toward prolateral side; tibia-tarsus joints 
shifted toward retrolateral side; tarsus with large tarsal organ. Procursus (Figs 7H, 
53A–C) proximally with sclerotised prolateral hump; at half length with prolater-
al sclerotised ridge transforming distally into transparent membrane, and dense 
brush of dorsal hairs; distally with small retrolateral ridge, ventral apophysis direct-
ed towards prolateral, membranous ventral-prolateral flap (Fig. 8A, B), and distinc-
tive dorsal hinged process split into two branches. Genital bulb (Figs 8C, 53D, E) 
with strong proximal sclerite, prolateral sclerite simple with small proximal prolat-
eral hump, simple retrolateral sclerite, and mostly semi-transparent short embolus.

Figure 52. Micropholcus darbat Huber, sp. nov.; male from Oman, Dhofar, Wadi Darbat (ZFMK Ar 24672). Left palp in 
prolateral (A), dorsal (B), and retrolateral (C) views. Scale bar: 0.3 mm.
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Legs. Without spines, without curved hairs, without sexually dimorphic short 
vertical hairs (most hairs missing in holotype but confirmed in males from near 
Qairoon Hairitti); retrolateral trichobothrium of tibia 1 at 6%; prolateral trichobo-
thrium absent on tibia 1; tarsus 1 with > 30 pseudosegments, distally distinct.

Variation (male). Tibia 1 in 16 males (incl. holotype): 6.9–9.2 (mean 8.2). Dis-
tance between eye triads 190–250 µm. Some males with white marks dorsally 
on abdomen.

Figure 53. Micropholcus darbat Huber, sp. nov.; male from Oman, Dhofar, Wadi Darbat (ZFMK Ar 24672) A–C left procur-
sus in prolateral, dorsal, and retrolateral views D, E left genital bulb in prolateral and retrolateral views; bold arrow in D 
points at proximal hump on prolateral bulbal process. Abbreviations: e, embolus; hp, dorsal hinged process; ps, proximal 
bulbal sclerite. Scale bars: 0.3 mm.
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Figure 54. Micropholcus darbat Huber, sp. nov.; from Oman, Dhofar, Wadi Darbat (ZFMK Ar 24672) A, B male chelicerae, 
frontal and lateral views C cleared female genitalia, dorsal view. Scale bars: 0.3 mm.

Figure 55. Micropholcus darbat Huber, sp. nov.; female from Oman, Dhofar, Wadi Darbat (ZFMK Ar 24672) A epigynum, 
ventral view B, C cleared female genitalia, ventral and dorsal views. Arrows point at distinctive internal pockets. Scale 
bars: 0.3 mm.
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Female. In general very similar to male but abdomen often much wider, ocular 
area slightly less raised and triads closer together (PME-PME 180–190 µm). Tibia 
1 in 13 females: 5.7–7.1 (mean 6.3). Epigynum (Figs 10D, 55A) anterior plate oval, 
protruding, with membranous knob (Fig. 11B) in posterior position and slightly di-
rected towards anterior; lateral internal sclerites clearly visible in untreated spec-
imens; posterior epigynal plate very short and indistinct. Internal genitalia (Fig. 
54C, 55B, C) with pair of oval pore plates converging anteriorly, pair of lateral scler-
ites and pair of ventral pockets (arrows in Fig. 55); with sclerotised anterior arc.

Etymology. The species name is derived from the type locality; noun in 
apposition.

Distribution. Known from several localities in Dhofar, western Oman (Fig. 13C).
Natural history. In Wadi Darbat and Wadi Nahiz, the spiders were abundant on 

the vertical rocks and rock shelters lining the valleys. They were tightly pressed 
against the rock surface, making them difficult to spot. Upon disturbance, they 
ran away or dropped to the ground. Near Qairoon Hairitti, the spiders were col-
lected in a small and shallow cave. At Ain Athoom, most specimens were found 
in a small cave, but juveniles were also found under rocks in the neighbouring 
area. Two egg sacs contained 21 and 27 eggs, respectively, with an egg diam-
eter of 0.59 mm (Huber and Eberle 2021). One male had an acrocerid larva in 
his book lung (Fig. 76E, F).

Micropholcus shaat Huber, sp. nov.
https://zoobank.org/03BCF62A-51BC-46EF-9CA1-FC2B8720C36C
Figs 4C, 56–59

Type material. Holotype. Oman – Dhofar • ♂; Shaat sinkhole, in wadis leading 
to sinkhole; 16.774°N, 53.587°E; 850 m a.s.l.; 25 Feb. 2018; B.A. Huber leg.; 
ZFMK Ar 24676.

Other material. Oman – Dhofar • 4 ♂♂, 2 ♀♀, 1 juv.; same collection data as 
for holotype; ZFMK Ar 24677 • 1 ♀, 1 juv.; same collection data as for holotype 
but 24 Feb. 2018; ZFMK Ar 24678 • 3 ♀♀, in pure ethanol; same collection data 
as for holotype but 24–25 Feb. 2018; ZFMK Om137.

Diagnosis. Males are easily distinguished from known congeners by several 
details of male palp (Figs 56, 57; proximal process on trochanter; slender femur 
without distinct processes; procursus with simple dorsal hinged process; pro-
lateral sclerite on genital bulb simple and slender). Females are easily distin-
guished from known congeners by anterior position of epigynal ‘knob’ (Fig. 58C), 
by distinctive sclerotised band medially on epigynal plate (Fig. 59A), and by pres-
ence of large membranous sac in internal genitalia (Fig. 59D); from geograph-
ically close M. darbat sp. nov. also by larger and wider pore plates (Fig. 58C).

Description. Male (holotype). Measurements. Total body length 2.6, cara-
pace width 0.9. Distance PME-PME 260 µm; diameter PME 85 µm; distance 
PME-ALE 15 µm; distance AME-AME 20 µm; diameter AME 45 µm. Leg 1: 27.3 
(6.8 + 0.5 + 6.9 + 11.7 + 1.4), tibia 2: 4.3, tibia 3: 2.6, tibia 4: 3.6; tibia 1 L/d: 81; 
diameters of leg femora (at half length) 0.09–0.10; of leg tibiae 0.08–0.09.

Colour (in ethanol). Prosoma and legs ochre-yellow, carapace with brown 
median mark; leg femora 1 and 2 proximally darkened; legs with darkened pa-
tellae and tibia-metatarsus joints; abdomen pale ochre-grey.
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Body. Habitus as in Fig. 4C. Ocular area raised (distinct in frontal view). Car-
apace without thoracic groove. Clypeus unmodified. Sternum wider than long 
(0.65/0.50), unmodified. Abdomen oval, approximately twice as long as wide.

Chelicerae. As in Fig. 58A, B; with pair of distal apophyses near laminae, 
each with two cone-shaped hairs; pair of lateral, indistinct, weakly sclerotised 
humps; and pair of distinct proximal frontal apophyses.

Palps. As in Fig. 56; coxa unmodified; trochanter with long ventral apophysis 
with distinct proximal process directed towards coxa; femur slender, distally 
widened, with indistinct ventral hump at half length; femur-patella joints shifted 
toward prolateral side; tibia-tarsus joints shifted toward retrolateral side; tarsus 
with large tarsal organ. Procursus (Fig. 57A–C) proximally with sclerotised pro-
lateral hump; at half length with prolateral sclerotised ridge transforming dis-
tally into transparent membrane, and brush of dorsal hairs; distally with small 
retrolateral ridge, bifid membranous ventral-prolateral flap, and distinctive dor-
sal hinged process. Genital bulb (Fig. 57D, E) with strong proximal sclerite, pro-
lateral process simple and slender, and short embolus proximally sclerotised, 
distally with transparent extensions.

Legs. Without spines, without curved hairs, without sexually dimorphic short 
vertical hairs; retrolateral trichobothrium of tibia 1 at 6%; prolateral trichobo-
thrium absent on tibia 1; tarsus 1 with > 25 pseudosegments, distally distinct.

Variation (male). Tibia 1 in five males (incl. holotype): 6.2–7.8 (mean 6.8). 
Distance between eye triads 250–270 µm. Some males with white marks dor-
sally on abdomen.

Female. In general very similar to male but abdomen often wider, ocular area 
slightly less raised and triads closer together (PME-PME 200 µm). Tibia 1 in 

Figure 56. Micropholcus shaat Huber, sp. nov.; male from Oman, Dhofar, Shaat sinkhole (ZFMK Ar 24677). Left palp in 
prolateral (A), dorsal (B), and retrolateral (C) views; arrow in C points at distinctive process proximally on trochanter 
apophysis. Scale bar: 0.3 mm.
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five females: 5.2–5.6 (mean 5.3). Epigynum (Fig. 59A) anterior plate roundish, 
anterior margin weakly curved, posterior margin strongly curved, with distinc-
tive median sclerotised band, membranous knob at anterior end of sclerotised 
band, directed towards posterior; lateral internal sclerites clearly visible in 
untreated specimens; posterior epigynal plate very short and indistinct. Inter-
nal genitalia (Figs 58C, 59B–E) with pair of large sclerotised pore plates, with 

Figure 57. Micropholcus shaat Huber, sp. nov.; male from Oman, Dhofar, Shaat sinkhole (ZFMK Ar 24677) A–C left pro-
cursus in prolateral, dorsal, and retrolateral views D, E left genital bulb in prolateral and retrolateral views. Abbreviation: 
hp, dorsal hinged process. Scale bars: 0.3 mm.
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roughly square-shaped sclerotised opening leading into large round membra-
nous sac (collapsed in Fig. 59D; removed in Fig. 59B, C, E); with complex sys-
tem of lateral membranous structures.

Etymology. The species name is derived from the type locality; noun in 
apposition.

Distribution. Known from type locality only, in Dhofar, western Oman (Fig. 13C).
Natural history. The spiders were found in niches and small caverns in the 

walls of the wadis leading to Shaat sinkhole (Fig. 14E). They rested in the apex 
of very fine and poorly visible dome-shaped webs directly on the rock surface.

Micropholcus agadir (Huber, 2011)
Figs 4D, E, 60–63

Pholcus agadir Huber, 2011: 331, figs 1530–1531, 1553–1554, 1606–1611 
(♂♀). Eberle et al. 2018 (molecular data).

Micropholcus agadir – Huber et al. 2018: 83. Huber and Eberle 2021, Suppl. 
material 1.

New records. Morocco: Souss-Massa • 3 ♂♂, 2 ♀♀; Paradise Valley; 30.588°N, 
9.528°W; 305 m a.s.l.; 13 Sep. 2018; B.A. Huber leg.; ZFMK Ar 24679 • 2 ♂♂, 
2 ♀♀ (one abdomen transferred to ZFMK Ar 24679), in pure ethanol; same col-
lection data as for preceding; ZFMK Mor76 • 2 ♀♀, in pure ethanol; Agadir, path 
to Kasbah Hill; 30.4289°N, 9.6186°W; 60 m a.s.l.; 28 Nov. 2016; S. Huber leg.; 
ZFMK Sieg27 • 4 ♀♀, in pure ethanol; Agadir, path to Kasbah Hill; 30.4297°N, 
9.6189°W; 110 m a.s.l.; 7 Sep. 2014; S. Huber leg.; ZFMK Sieg11 • 1 ♂, in pure 
ethanol; Road Agadir-Alma; 30.4864°N, 9.5650°W; 440 m a.s.l.; 27 Nov. 2016; 
S. Huber leg.; ZFMK Sieg25. Marrakech-Safi • 1 ♀; NE of Tizi n’Test; 30.897°N, 
8.339°W; 2075 m a.s.l.; 12 Sep. 2018; B.A. Huber leg.; ZFMK Ar 24683.

Figure 58. Micropholcus shaat Huber, sp. nov.; from Oman, Dhofar, Shaat sinkhole (ZFMK Ar 24677) A, B male chelicerae, 
frontal and lateral views C cleared female genitalia, dorsal view. Abbreviations: k, epigynal ‘knob’; pp, pore plates. Scale 
bars: 0.3 mm.
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Diagnosis. Distinguished from similar congeners (M. tegulifer, M. ghar sp. 
nov.) by short and distally widened dorsal hinged process of procursus (Fig. 61C), 
by rounded uncus with scales (Fig. 61D, E; similar only in M. khenifra sp. nov., 

Figure 59. Micropholcus shaat Huber, sp. nov.; two females from Oman, Dhofar, Shaat sinkhole (ZFMK Ar 24677) A epigy-
num, ventral view B, C cleared female genitalia, ventral and dorsal views, same specimen as in A; membranous sac 
removed D, E cleared female genitalia of second female, dorsal views; membranous sac is shown in D (arrows), but was 
removed for E. Abbreviation: k, epigynal ‘knob’. Scale bars: 0.3 mm.
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cf. Fig. 69E), and by flat and oval appendix with small proximal spine and prolat-
eral ridge (Fig. 61D); from M. tegulifer also by presence of two pairs of process-
es proximally on male chelicerae (Fig. 62A, B; absent in M. tegulifer), by lateral 
marks on carapace (Fig. 4D, E; absent in M. tegulifer), and by oval rather than 
elongate pore plates in female internal genitalia. From M. ghar sp. nov. also 
distinguished by smaller triangular plate posteriorly on epigynum (compare Fig. 
63B with Fig. 67A).

Description (amendments; see also Huber 2011). Tibia 1 length in seven 
males (incl. holotype): 6.0–7.4 (mean 6.7); in 12 females (including those 
in Huber 2011): 4.8–5.9 (mean 5.6). The drawings in Huber (2011) are from 
the male holotype and from a topotypical female. Compared to the newly 
collected males, the procursus of the holotype was slightly twisted towards 
prolateral; thus, the dorsal hinged process was described as “prolateral 
branch”. The new material also shows that the dorsal process is connected 
to the main part of the procursus by slightly membranous cuticle, i.e., it is 
hinged, comparable with the dorsal processes of congeneric species. The 
female epigynal knob was originally said to be on the posterior plate (Huber 
2011). Instead, it is situated on a small, slightly separate triangular part of 
the anterior plate. The posterior epigynal plate in M. agadir is indistinct (Fig. 
63B); it was indicated by a row of hairs in Huber (2011: fig. 1610), but not 
explicitly drawn.

Distribution. Known from several localities in southern Morocco, in 
Souss-Massa and Marrakech-Safi regions (Fig. 13D).

Figure 60. Micropholcus agadir (Huber, 2011); male from Morocco, Souss-Massa, Paradise Valley (ZFMK Ar 24679). Left 
palp in prolateral (A), dorsal (B), and retrolateral (C) views. Scale bar: 0.3 mm.
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Natural history. In Paradise Valley, the spiders were found on overhanging 
rock-surfaces, often in very close proximity to Holocnemus reini (C. Koch, 1873). 
While the latter had large and distinct webs, the webs of Micropholcus were 
barely visible. Two egg sacs had diameters of 1.9 and 2.4 mm, respectively, con-
tained 23/31 eggs with an egg diameter of 0.60–0.63 (Huber and Eberle 2021).

Figure 61. Micropholcus agadir (Huber, 2011); male from Morocco, Souss-Massa, Paradise Valley (ZFMK Ar 24679) 
A–C left procursus in prolateral, dorsal, and retrolateral views D, E left genital bulb in prolateral and retrolateral views. 
Abbreviations: a, putative appendix; e, embolus; hp, dorsal hinged process; ps, proximal bulbal sclerite; u, putative uncus. 
Scale bars: 0.3 mm.
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Figure 62. Micropholcus agadir (Huber, 2011); male from Morocco, Souss-Massa, Paradise Valley (ZFMK Ar 24679), fe-
male from Morocco, Souss-Massa, 7 km N Agadir (IRSB) A, B male chelicerae, frontal and lateral views C cleared female 
genitalia, dorsal view (from Huber 2011). Abbreviation: pp, pore plate. Scale bars: 0.3 mm.

Micropholcus ghar Huber, sp. nov.
https://zoobank.org/7D4B69A6-ED3D-4AA2-B9C4-AAAEADCDC383
Figs 4F, 5C, D, H, 6F, G, 8D–F, 9D, H, I, 10E, F, 11C, I, 12E–G, 64–67

Type material. Holotype. Morocco – Fès-Meknès • ♂; Kef el Ghar (=Rhar); 
34.4788°N, 4.2766°W; 620 m a.s.l.; 22 Sep. 2018; B.A. Huber leg.; ZFMK 
Ar 24684.

Other material examined. Morocco – Fès-Meknès • 14 ♂♂, 12 ♀♀ (1 ♂, 1 ♀ 
used for SEM); same collection data as for holotype; ZFMK Ar 24685 to 24686 • 
2 ♂♂, 2 ♀♀, 1 juv., in pure ethanol; same collection data as for holotype; ZFMK 
Mor100 • 1 ♂, 2 ♀♀; same locality as for holotype, 2 Jun. 1978; P. Strinati leg.; 
MHNG • 1 ♂, 4 ♀♀, 6 juvs; same locality as for holotype, 2 Jun. 1978; B. Hauser 
leg.; MHNG.

Diagnosis. Distinguished from similar congeners (M. agadir, M. tegulifer) 
by unique shape of uncus (Fig. 65D, E; with sickle-shaped process and series 
of pointed processes along edge), by unique shape of appendix (Fig. 65D, E; 
two small pointed processes proximally, larger process distally, and mem-
branous distal area), and by large sclerotised triangular plate on epigynum 
with whitish median area (Fig. 67A); also by pair of distinctive membranous 
structures laterally in female internal genitalia (arrows in Fig. 66C); from 
M. tegulifer also by presence of two pairs of processes proximally on male 
chelicerae (Fig. 66A, B; absent in M. tegulifer), by lateral marks on carapace 
(Fig. 4F; absent in M. tegulifer), and by roundish rather than elongate pore 
plates (Fig. 66C).

Description. Male (holotype). Measurements. Total body length 3.6, cara-
pace width 1.2. Distance PME-PME 200 µm; diameter PME 85 µm; distance 
PME-ALE 25 µm; distance AME-AME 20 µm; diameter AME 45 µm. Leg 1: 
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37.6 (9.7 + 0.6 + 9.7 + 15.9 + 1.7), tibia 2: 6.8, tibia 3: 4.2, tibia 4: 5.7; tib-
ia 1 L/d: 84; diameters of leg femora (at half length) ~ 0.13; of leg tibiae 
0.11–0.12.

Colour (in ethanol). Prosoma and legs mostly pale ochre-yellow, carapace 
with light brown marks, ocular area and clypeus without darker pattern, sternum 
with brown margins and three light brown marks posteriorly; legs with slightly 
darkened patellae, tibia-metatarsus joints not darkened; abdomen monochro-
mous pale grey to whitish.

Figure 63. Micropholcus agadir (Huber, 2011); female from Morocco, Souss-Massa, Paradise Valley (ZFMK Ar 24679) 
A, C abdomen, ventral and lateral views B epigynum, ventral view D, E cleared genitalia, ventral and dorsal views. Abbrevia-
tions: aep, anterior epigynal plate; k, epigynal ‘knob’; pep, posterior epigynal plate. Scale bars: 0.5 mm (A, C); 0.3 mm (B, D, E).
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Body. Habitus as in Fig. 4F. Ocular area raised (distinct in frontal view; Fig. 5C). 
Carapace without thoracic groove. Clypeus unmodified. Sternum wider than long 
(0.80/0.60), unmodified. Abdomen oval, approximately twice as long as wide. 
Gonopore with four epiandrous spigots (Fig. 10E). Spinnerets as in Fig. 9H, I.

Chelicerae. As in Fig. 66A, B; with pair of long distal frontal apophyses, 
each with two cone-shaped hairs (Fig. 6F, G); and two pairs of smaller proxi-
mal processes.

Palps. As in Fig. 64; coxa unmodified; trochanter with retrolateral-ventral 
apophysis provided with terminal modified hair (Fig. 9D); femur cylindrical with 
distinct ventral process proximally; femur-patella joints shifted toward prolat-
eral side; tibia-tarsus joints slightly shifted toward retrolateral side. Procursus 
(Figs 8D, 65A–C) proximally with sclerotised prolateral ridge; at half length 
with strong prolateral-ventral sclerotised ridge or process; distally with dorsal 
hinged process; tip of procursus partly sclerotised and apparently also hinged 
against proximal part. Genital bulb (Figs 8E, F, 65D, E) with strong proximal 
sclerite; putative appendix with three pointed processes directed towards bul-
bous part, distally widened and membranous, with fringed membrane; putative 
uncus flat with series of pointed processes and one long curved process; and 
mostly semi-transparent embolus.

Legs. Without spines, without curved hairs, without sexually dimorphic short 
vertical hairs (many hairs missing in holotype but confirmed in other males); 
retrolateral trichobothrium of tibia 1 at 5%; prolateral trichobothrium absent on 
tibia 1; tarsus 1 with > 20 pseudosegments, distally distinct.

Figure 64. Micropholcus ghar Huber, sp. nov.; male from Morocco, Fès-Meknès, Kef el Ghar (ZFMK Ar 24685). Left palp 
in prolateral (A), dorsal (B), and retrolateral (C) views. Scale bar: 0.3 mm.
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Variation (male). Tibia 1 in 18 males (incl. holotype): 6.2–10.2 (mean 8.1). 
While most elements of the bulbal processes (and procursus) appear to be very 
consistent, there is substantial variation in the row of pointed processes on the 
uncus. The number of larger processes ranges from two to four; the smaller 
processes may be absent or replaced by a single (sometimes larger) process; 
several males were asymmetric in this respect.

Female. In general very similar to male but abdomen often much wider. 
Tibia 1 in 14 females: 6.0–9.1 (mean 7.3). Epigynum (Figs 10F, 67A) anterior 

Figure 65. Micropholcus ghar Huber, sp. nov.; male from Morocco, Fès-Meknès, Kef el Ghar (ZFMK Ar 24685) A–C left 
procursus in prolateral, dorsal, and retrolateral views D, E left genital bulb in prolateral and retrolateral views; numbers 
1–3 denote pointed processes of appendix. Abbreviations: a, putative appendix; e, embolus; hp, dorsal hinged process; 
ps, proximal bulbal sclerite; u, putative uncus. Scale bars: 0.3 mm.
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Figure 66. Micropholcus ghar Huber, sp. nov.; from Morocco, Fès-Meknès, Kef el Ghar A, B male chelicerae, frontal and 
lateral views (ZFMK Ar 24685) C cleared female genitalia, dorsal view (ZFMK Ar 24686); arrows point at distinctive mem-
branous structures. Scale bars: 0.3 mm.

Figure 67. Micropholcus ghar Huber, sp. nov.; female from Morocco, Fès-Meknès, Kef el Ghar (ZFMK Ar 24686) A epigy-
num, ventral view B, C cleared female genitalia, ventral and dorsal views. Scale bars: 0.3 mm.
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plate divided into two sections, anterior section weakly sclerotised, with 
curved ridges and hairs; posterior section smooth, medially whitish, lateral-
ly brown to black, i.e., heavily sclerotised; small knob-shaped process (Fig. 
11C) between posterior and anterior parts; posterior epigynal plate short and 
very indistinct. Internal genitalia (Figs 66C, 67B, C) with pair of small oval 
pore plates, distinctive median sclerite, and pair of large membranous struc-
tures laterally.

Etymology. The species name is derived from the type locality; noun in 
apposition.

Distribution. Known from two localities in Morocco, both in Fès-Meknès Re-
gion (Fig. 13D). We could not examine the single male specimen mentioned in 
Lecigne et al. (2023: 71), originating from Tazekka National Park, Ghar Admam, 
34.0278°N, 4.1509°W. However, photographs of the male palp kindly provided 
by S. Lecigne leave little doubt that this is the same species.

Natural history. The spiders were very abundant within the first ~ 100 m of 
the cave; no specimens were seen outside the cave or in deeper sections. They 
built their fine and slightly domed webs close to the floor, often under small 
rock overhangs. They were hanging in the apex of the dome rather than sitting 
on the rock. At disturbance, they bounced slightly and walked towards the rock.

Micropholcus khenifra Huber, Lecigne & Lips, sp. nov.
https://zoobank.org/A1FA9AD3-2DCE-4303-B128-9966534808DE
Figs 4G, 68–71

Type material. Holotype. Morocco – Béni Mellal-Khénifra • ♂; Imi n’Ifri; 
31.724°N, 6.971°W; 1050 m a.s.l.; 26 Sep. 2018; B.A. Huber leg.; ZFMK Ar 24687.

Other material. Morocco – Béni Mellal-Khénifra • 5 ♂♂, 5 ♀♀; same col-
lection data as for holotype; ZFMK Ar 24688 to 24689 • 2 ♂♂, 1 ♀, in pure 
ethanol; same collection data as for holotype; ZFMK Mor104 • 4 ♂♂, 4 ♀♀; 
near Sidi Ben Daoud; 32.5347°N, 6.1285°W; 700 m a.s.l.; 25 Sep. 2018; B.A. 
Huber leg.; ZFMK Ar 24690 to 24691 • 1 ♂, 1 ♀, 2 juvs, in pure ethanol; same 
collection data as for preceding; ZFMK Mor102 • 4 ♂♂, 3 ♀♀, 1 juv.; W of El 
Ksiba; 32.560°N, 6.053°W – 32.562°N, 6.050°W; 950 m a.s.l.; 25 Sep. 2018; 
B.A. Huber leg.; ZFMK Ar 24692 to 24693 • 1 ♀, 1 juv., in pure ethanol; same 
collection data as for preceding; ZFMK Mor103 • 1 ♀; Jbel Bou-Guergour, 
Ghar-el-Ghazi; 32.869°N, 5.689°W (?); 970 m a.s.l.; 26 May 2001; C. Ribera 
leg.; ZFMK Ar 24700.

Diagnosis. Easily distinguished from known congeners by whitish dorsal pro-
cess of male palpal tarsus (asterisk in Fig. 69C; absent in congeners), by large 
and prominent flat ventral process of procursus (arrowed in Fig. 69C; much 
smaller or absent in congeners), by complex tip of procursus with distinctive 
dorsal spine (Fig. 69A–C), by rounded uncus (Fig. 69E, F; similar only in M. aga-
dir), by very small appendix (larger and more complex in Moroccan congeners), 
by long prominent embolus (Fig. 69E, F; in Moroccan congeners shorter and in 
prolateral view largely hidden behind uncus and appendix), by pair of dark inter-
nal structures visible at anterior margin of epigynum (Fig. 71A; absent in conge-
ners), by distinctive m-shaped dorsal arc in female internal genitalia (Fig. 71C), 
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and by very narrow (short) sclerotised band posteriorly on epigynum carrying 
epigynal ‘knob’ (Fig. 71A).

Description. Male (holotype). Measurements. Total body length 3.9, cara-
pace width 1.5. Distance PME-PME 205 µm; diameter PME 90 µm; distance 
PME-ALE 30 µm; distance AME-AME 20 µm; diameter AME 50 µm. Leg 1: 34.5 
(8.7 + 0.6 + 9.0 + 14.4 + 1.8), tibia 2: 6.4, tibia 3: 4.0, tibia 4: 5.3; tibia 1 L/d: 75; 
diameters of leg femora (at half length) 0.14–0.15; of leg tibiae 0.12.

Colour (in ethanol). Prosoma and legs mostly ochre-yellow, carapace with 
brown median mark, ocular area and clypeus without darker pattern, sternum 
with brown margins; legs with slightly darkened patellae, anterior femora ven-
trally only very slightly darkened, tibia-metatarsus joints not darkened; abdo-
men monochromous pale grey.

Body. Habitus as in Fig. 4G. Ocular area raised (distinct in frontal view). 
Carapace without thoracic groove. Clypeus unmodified. Sternum wider than 
long (0.88/0.72), unmodified. Abdomen oval, approximately twice as long 
as wide.

Chelicerae. As in Fig. 70A, B; with pair of strong distal frontal apophyses, 
each with two cone-shaped hairs; and two pairs of smaller proximal processes.

Palps. As in Fig. 68; coxa unmodified; trochanter with ventral apophysis 
provided with terminal modified hair (Fig. 69D); femur cylindrical, proximal-
ly with small retrolateral process and larger prolateral-ventral process; fe-
mur-patella joints shifted toward prolateral side; tibia very large relative to fe-
mur; tibia-tarsus joints not shifted to one side; tarsus with cone-shaped light 
dorsal process carrying tarsal organ. Procursus (Fig. 69A–C) proximally with 
sclerotised prolateral ridge; proximal half with flat ventral process (arrowed 
in Fig. 69C), distally divided into dorsal and ventral parts and complex hinged 
structure between them (mostly on prolateral side), with pointed process 

Figure 68. Micropholcus khenifra Huber, Lecigne & Lips, sp. nov.; male from Morocco, Béni Mellal-Khénifra, Imi n’Ifri 
(ZFMK Ar 24688). Left palp in prolateral (A), dorsal (B), and retrolateral (C) views. Scale bar: 0.5 mm.
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originating from membranous connection between dorsal part and hinged 
process. Genital bulb (Fig. 69E, F) with strong proximal sclerite; putative ap-
pendix small; putative uncus flat with retrolateral process; and long, partly 
sclerotised embolus.

Legs. Without spines, without curved hairs, without sexually dimorphic 
short vertical hairs; retrolateral trichobothrium of tibia 1 at 9%; prolateral 
trichobothrium absent on tibia 1; tarsus 1 with > 30 pseudosegments, distal-
ly distinct.

Figure 69. Micropholcus khenifra Huber, Lecigne & Lips, sp. nov.; male from Morocco, Béni Mellal-Khénifra, Imi n’Ifri 
(ZFMK Ar 24688) A–C left procursus in prolateral, dorsal, and retrolateral views; bold arrow in A points at pointed process 
that is absent in males from near Sidi Ben Daoud and from W of El Ksiba; asterisk in C marks distinctive whitish process 
of tarsus; bold arrow in C points at flat ventral process of procursus D tip of palpal trochanter apophysis E, F left genital 
bulb in prolateral and retrolateral views. Abbreviations: a, putative appendix; e, embolus; ps, proximal bulbal sclerite; u, 
putative uncus. Scale bars: 0.3 mm (A–C, E, F); 0.05 mm (D).
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Figure 70. Micropholcus khenifra Huber, Lecigne & Lips, sp. nov.; from Morocco, Béni Mellal-Khénifra, Imi n’Ifri A, B male cheli-
cerae, frontal and lateral views (ZFMK Ar 24688) C cleared female genitalia, dorsal view (ZFMK Ar 24689). Scale bars: 0.3 mm.

Figure 71. Micropholcus khenifra Huber,Lecigne & Lips, sp. nov.; female from Morocco, Béni Mellal-Khénifra, near Sidi Ben 
Daoud (ZFMK Ar 24689) A epigynum, ventral view B, C cleared female genitalia, ventral and dorsal views. Abbreviations: 
aep, anterior epigynal plate; k, epigynal ‘knob’; pep, posterior epigynal plate. Scale bars: 0.5 mm.
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Variation (male). Tibia 1 in 14 males (incl. holotype): 6.9–9.2 (mean 8.2). 
There was very slight variation in palpal structures among localities: in males 
from near Sidi Ben Daoud and from W of El Ksiba, the uncus was slightly round-
er, the appendix slightly larger, and one small, pointed element of the dorsal 
part of the procursus (arrowed in Fig. 69A) was absent. The number of modi-
fied hairs on the frontal cheliceral apophyses was two or three, and was some-
times asymmetrical (as in Fig. 70A).

Female. In general very similar to male. Tibia 1 in 12 females: 7.1–8.4 
(mean 7.7). Epigynum (Fig. 71A) anterior plate mostly light, anteriorly with 
pair of dark internal structures variably visible in untreated specimens, pos-
teriorly with narrow darker transversal band and median ‘knob’; posterior 
epigynal plate short and very indistinct. Internal genitalia (Figs 70C, 71B, C) 
with pair of small oval pore plates and distinctive ventral and dorsal anterior 
arches and sclerites.

Etymology. The species name is derived from Béni Mellal-Khénifra, the region 
in Morocco where all available specimens were collected; noun in apposition.

Distribution. Known from several localities in Morocco, all in Béni Mel-
lal-Khénifra Region (Fig. 13D).

Natural history. At Imi N’ifri (Fig. 14G) and west of Ksiba, the spiders were 
found in small cavities of rocks, on the undersides of very large boulders, 
and in small caverns at ground level. Near Sidi Ben Daoud, the spiders were 
found in a small cave from which a brook emerged. The spiders sat flat on 
the rock and appeared very unwilling to leave the spot upon disturbance. At 
all localities, M. khenifra sp. nov. was found in close proximity with Holoc-
nemus reini.

Micropholcus bukidnon Huber, sp. nov.
https://zoobank.org/F99122C7-C6F3-40B3-81BB-1DED94C7718E
Figs 4H, 5E, F, 6H, 8G, H, 9E, J, 10G, H, 11J, 12H, 72–75

Micropholcus Phi114 – Eberle et al. 2018 (molecular data). Huber et al. 2018: 
fig. 11.

Micropholcus sp. n. Phi114 – Huber and Eberle 2021, Suppl. material 1.

Type material. Holotype. Philippines – Mindanao • ♂; Bukidnon Province, Cen-
tral Mindanao University, Faculty Hill; 7.852°N, 125.048°E; 330 m a.s.l.; on rocks 
in degraded forest; 10 Feb. 2014; B.A. Huber leg.; ZFMK Ar 24694.

Other material. Philippines – Mindanao • 7 ♂♂, 10 ♀♀, 1 juv. (1 ♂, 1 ♀ used 
for SEM); same collection data as for holotype; ZFMK Ar 24695 to 24696 • 
2 ♂♂, 3 ♀♀, in pure ethanol; same collection data as for holotype; ZFMK Phi 
273 • 3 ♂♂, 2 ♀♀; Barangay San Jose, Blue Water Cave; 7.705°N, 125.035°E; 
230 m a.s.l.; at rocks at cave entrance; 16 Feb. 2014; B.A. Huber leg.; ZFMK 
Ar 24697 • 2 ♂♂, 2 ♀♀, 1 juv., in pure ethanol; same collection data as for pre-
ceding; ZFMK Phi 250 • 7 ♀♀; Barangay San Jose, Kabyaw Cave; ~ 7.704°N, 
125.038°E; ~ 260 m a.s.l.; at rocks at cave entrance; 16 Feb. 2014; B.A. Huber 
leg.; ZFMK Ar 24698.

Diagnosis. Easily distinguished from known congeners by unusually long 
proximal frontal apophyses on male chelicerae (Fig. 74B); by long ventral 
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process of palpal femur (Fig. 72C); by long rod-shaped putative appendix (Fig. 
73D, E), and by distinctive shapes of processes on procursus (Fig. 73A–C; in 
particular large flat dorsal process). Female genitalia very simple externally 
(Fig. 75A), distinguished from congeners by absence of external knob (Fig. 
10H) and by distinctive internal structures (round pore plates; m-shaped dor-
sal arch; concentric ventral arches; distinctive median membranous struc-
tures posteriorly).

Description. Male (holotype). Measurements. Total body length 2.8, car-
apace width 1.1. Leg 1: 28.1 (6.7 + 0.5 + 7.1 + 12.4 + 1.4), tibia 2: 4.5, tibia 
3: 2.9, tibia 4: 3.8; tibia 1 L/d: 77. Distance PME-PME 190 µm, diameter PME 
100 µm, distance PME-ALE ~ 30 µm; distance AME-AME 30 µm, diameter 
AME 15 µm.

Colour (in ethanol). Carapace pale ochre with dark median band widening 
posteriorly, ocular area and clypeus only slightly darkened; sternum pale ochre 
with narrow dark margins; legs ochre to light brown, with dark brown patellae 
and tibia-metatarsus joints; abdomen monochromous pale grey.

Body. Habitus as in Fig. 4H; ocular area slightly raised (Fig. 5E); carapace with-
out median furrow; clypeus unmodified; sternum wider than long (0.65/0.55), 
unmodified. Gonopore of scanned male with five epiandrous spigots (Fig. 10G). 
Anterior lateral spinnerets with one strongly widened, one pointed, and six cylin-
drically shaped spigots (Fig. 9J).

Figure 72. Micropholcus bukidnon Huber, sp. nov.; male from Philippines, Mindanao, Central Mindanao University (ZFMK 
Ar 24695); left palp in prolateral (A), dorsal (B), and retrolateral (C) views; arrow in C points at distinctive ventral process 
on femur. Scale bar: 0.3 mm.
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Chelicerae. As in Fig. 74A, B; proximally with pair of long frontal apophyses and 
pair of short lateral processes directed towards proximal, distally with pair of dark 
apophyses near laminae, each provided with five modified (globular) hairs (Fig. 6H).

Palps. As in Fig. 72; coxa unmodified; trochanter with retrolateral apophy-
sis, tip of apophysis without modified hair (Fig. 9E); femur with low retrolateral 
hump proximally and with distinctive ventral process; procursus (Figs 8G, 73A–
C) very complex distally, with apparently hinged ventral structures and large 
dorsal flap; genital bulb (Figs 8H, 73D, E) with strong proximal sclerite, with long 
weakly sclerotised embolus and heavily sclerotised cylindrical putative appen-
dix with proximal round protrusion and short subdistal branch.

Figure 73. Micropholcus bukidnon Huber, sp. nov.; male from Philippines, Mindanao, Central Mindanao University (ZFMK 
Ar 24695) A–C left procursus in prolateral, dorsal, and retrolateral views D, E left genital bulb in prolateral and retrolateral 
views. Abbreviations: a, putative appendix; e, embolus; ps, proximal bulbal sclerite. Scale bars: 0.3 mm.
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Legs. Without spines and curved hairs; without sexually dimorphic short 
vertical hairs; retrolateral trichobothrium on tibia 1 at 10%; prolateral trichobo-
thrium absent on tibia 1, present on other tibiae; tarsus 1 with ~ 15 pseudoseg-
ments, only distally distinct. Tarsus 4 comb-hairs as in Fig. 12H.

Variation (male). Tibia 1 in nine other males: 5.4–7.3 (mean 6.5); specimens 
from Barangay San Jose have consistently shorter legs than specimens from 
Faculty Hill (5.4–5.7 versus 6.6–7.3).

Female. In general similar to male; eye triads at almost same distance 
(PME-PME: 170 µm; Fig. 5F). Dark band on carapace in some females 
posteriorly not widened. Tibia 1 in 19 females: 4.3–6.0 (mean: 5.2). As in 
males, specimens from Barangay San Jose have consistently shorter legs 
than specimens from Faculty Hill (4.3–5.2 versus 5.4–6.0). Epigynum very 
simple (Figs 10H, 75A–C), weakly sclerotised, without external ‘knob’; in-
ternal genitalia (Figs 74C, D, 75D, E) with round pore plates, m-shaped dor-
sal arch, concentric ventral arches, and distinctive median membranous 
structures posteriorly.

Etymology. The species name is derived from the type locality; noun in 
apposition.

Distribution. Known from three localities (two of them very close to each 
other) in central Mindanao, Philippines (Fig. 13B).

Figure 74. Micropholcus bukidnon Huber, sp. nov.; from Philippines, Mindanao, Central Mindanao University A, B male 
chelicerae, frontal and lateral views (ZFMK Ar 24695) C, D cleared female genitalia, ventral and dorsal views (ZFMK Ar 
24696). Scale bars: 0.3 mm.
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Figure 75. Micropholcus bukidnon Huber, sp. nov.; females from Philippines, Mindanao, Central Mindanao University. 
(ZFMK Ar 24696) A abdomen, ventral view B, C epigyna of two females, ventral views D, E cleared genitalia, ventral and 
dorsal views. Scale bars: 0.5 mm (A); 0.3 mm (B–E).

Natural history. The spiders were found on rocks, either on the undersides 
of large rocks with sufficient space to the ground, or in small depressions of 
near-vertical rock-surfaces (Fig. 14H). Two egg sacs contained 11 and 25 eggs, 
respectively, with an egg diameter of 0.54–0.57 mm (Huber and Eberle 2021).



176ZooKeys 1213: 95–182 (2024), DOI: 10.3897/zookeys.1213.133178

Bernhard A. Huber & Guanliang Meng: Old World Micropholcus

Discussion

Species limits

Our data on Saudi Arabian Micropholcus are difficult to interpret. From a morpho-
logical perspective, there are consistent differences among specimens assigned 
herein to different nominal species. These differences are at approximately 
the same level of distinctness as between congeners in many other Pholcidae 
genera. In addition, the respective traits are very homogeneous within putative 

Figure 76. Acroceridae larvae in book lungs of Pholcidae; arrows point at larvae as seen in untreated abdomens A female 
abdomen of Micropholcus bashayer Huber, sp. nov., from Saudi Arabia, ‘Asir, NW of Al Bashayer (ZFMK Ar 24666) 
B–D Acroceridae larva extracted from A E male abdomen of Micropholcus darbat Huber, sp. nov., from Oman, Dhofar, 
Wadi Darbat (ZFMK Ar 24672) F Acroceridae larva extracted from E G Mesabolivar eberhardi Huber, 2000, from Colom-
bia, Magdalena, at Cascada Valencia (ZFMK Col138) H Acroceridae larva extracted from G. Scale bars: 0.5 mm (A, E, G); 
0.1 mm (B, F, H); 0.05 mm (C, D).
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species. From a molecular perspective, however, our data suggest different spe-
cies limits, in particular among the southern group of Saudi Arabian species: 
M. alfara sp. nov., M. dhahran sp. nov., and M. harajah sp. nov. Among these, the 
genetic distances of 3.4–6.7% are clearly below the problematic range of over-
lap between intra- and interspecific distances reported for Pholcidae (usually ~ 
8–12%; Astrin et al. 2006; Huber et al. 2023b, 2024a, 2024b). The ASAP analysis 
suggests that this group contains only one or two species, rather than three. We 
here give more weight to the morphological evidence, but acknowledge that this 
is in need of further research. At this point, almost every locality at higher eleva-
tions with suitable habitats visited in Saudi Arabia has its own ‘species’ of Micro-
pholcus, and we predict that further collecting in this area and in neighbouring 
Yemen will dramatically increase the number of possible species.

The geographic origin of Micropholcus fauroti

Synanthropic species, i.e., species ecologically associated with humans, have 
often attained their wide distributions long before they were studied in any de-
tail (Baumann 2023), and their geographic origins and spreading histories are 
thus usually undocumented (e.g., Molero-Baltanás et al. 2024). Their ancestral 
areas can only be reconstructed by phylogenetic and geographic analyses of 
the most closely related taxa (e.g., García-Vázquez and Ribera 2016). In Pholci-
dae, a dozen species have attained worldwide or pan-tropical distributions, and 
a few more have probably extended their ranges with the aid of humans. Their 
spreading histories are mostly undocumented (but see Fürst and Blandenier 
1993) and can only be reconstructed indirectly.

Micropholcus fauroti was first described from Djibouti (Simon 1887) but a few 
years later recorded from Myanmar (Thorell 1895, as Pholcus infirmus), and in 1929 
from the New World, from Brazil (Mello-Leitão 1929, as Leptopholcus occidentalis) 
and from Puerto Rico (Petrunkevitch 1929, as Pholcus unicolor). It has long been 
thought to have an Old World origin, especially since the description of M. jacom-
inae from Yemen (Deeleman-Reinhold and van Harten 2001), and the newly de-
scribed species from Saudi Arabia support this idea. The very distinctive dorsal 
hinged process of M. fauroti resembles that of the Saudi Arabian species more 
than any other congener. However, M. fauroti lacks the distinctive membranous 
flap prolaterally on the procursus seen in Saudi Arabian species (cf. Figs 7A, D, 8B), 
and the bulbal processes appear easier to homologise with those of M. jacominae 
than with those of Saudi Arabian species. Our molecular analysis does not include 
M. jacominae, and it does not clearly associate M. fauroti with any sequenced con-
gener (the sister group relationship with the Moroccan species in Fig. 1 is poorly 
supported and very probably an artifact). We thus hypothesise that further collect-
ing in Yemen has good chances to find even closer relatives of M. fauroti.

Acroceridae larvae in Pholcidae book lungs

Flies (Diptera) are known to attack spiders in a variety of ways, as predators, 
egg parasitoids and predators, kleptoparasites, and endoparasitoids (Gillung 
and Borkent 2017). The latter category is, among the Diptera, the domain of 
a single family, the Acroceridae Leach, 1815. Acroceridae larvae are thought 
to develop exclusively in true spiders (Schlinger 1987), with an apparent 
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preference for cursorial and fossorial species. True web-building spiders are 
rarely attacked, which is probably due to the fact that the fly eggs are deposited 
on the substrate and the emerging larvae must actively search for their hosts 
(Schlinger 1987). Pholcidae are web-building spiders, and this may partly ex-
plain why Acroceridae have never been reported to parasitise representatives 
of this spider family. However, in some pholcids, the apex of the domed sheet 
component of the web is closely attached to the substrate, and this is the sec-
tion of the web where the spider spends most of the day. This is also the case 
in most Micropholcus, where the spiders often appear to be sitting directly flat 
on the rock surface, due to the very delicate and sparse web (Fig. 15).

Acroceridae larvae are here reported from two species of Micropholcus from 
Saudi Arabia (Fig. 76A–F), and, for the sake of completeness, from a juvenile of 
Mesabolivar eberhardi from Colombia (Fig. 76G, H). The first author has seen a 
probable fourth case, but the larva was not extracted and the material has been 
returned to the California Academy of Sciences: a female of Paramicromerys 
rothorum Huber, 2003 from Madagascar (Antsiranana, Montagne d’Ambre). 
This suggests that Pholcidae may in fact be fairly common hosts for Acroceri-
dae worldwide. Future collectors should try to keep spiders alive in which larvae 
can be seen through the book lung covers (Fig. 76A, E, G). Rearing of spiders 
is the most prolific source of information of spider-fly relationships (Kehlmaier 
et al. 2024). Rearing infected pholcids is particularly worthwhile because we 
cannot exclude that the pholcids are attacked accidentally, as is suspected to 
be the case at least in Acari (Schlinger 1987; Gillung and Borkent 2017).

Conclusions

Micropholcus in the Old World has a wide geographic range but seems to be 
largely restricted to semiarid regions, where the spiders lead reclusive lives in 
caves, in cave-like spaces under rocks, and in rock depressions. The genus is 
species-rich both on the Arabian Peninsula and in Morocco, suggesting that it 
should also be present in suitable habitats in the large but poorly sampled area 
in-between. The Philippine M. bukidnon sp. nov. extends the distribution of the 
genus far to the east, but this species is morphologically exceptional and its 
assignment to the genus rests on molecular evidence only.

Micropholcus appears to be exceptionally diverse in southwestern Saudi Ara-
bia, which is generally considered as one of the richest biodiversity areas on the 
Arabian Peninsula (Abuzinada et al. 2005; Al-Namazi et al. 2021). We predict that 
a similar high species-richness will also be found in neighbouring Yemen. Saudi 
Arabian species seem to be restricted to high altitudes (above 1200 m a.s.l.), and 
most species are known from a single locality. Species from neighbouring local-
ities are often morphologically distinct but genetically (CO1 distance) very close.

Acroceridae flies mainly attack cursorial and fossorial spider species (Gillung 
and Borkent 2017), probably due to the larval strategy to find a spider host (Sch-
linger 1987). Here we document the first cases of Acroceridae larvae develop-
ing in the book lungs of web-building Pholcidae. We suggest that Micropholcus 
spiders are accessible to Acroceridae larvae because they spend the day in the 
apex of the domed web that is closely attached to the rock surface. Rearing of 
infected spiders will be necessary to show if the larvae can actually develop in 
the spiders, or if pholcids are attacked accidentally.
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Abstract

Drilini are soft-bodied predatory click beetles with incompletely metamorphosed 
females. Approximately 150 described species are distributed in the Afrotropical, 
Palaearctic and Oriental realms, with the highest diversity known from sub-Saharan 
Africa. In this study, we describe Namibdrilus albertalleni gen. et sp. nov. from Namibia 
which brings the total number of genera in Drilini to 16. The discovery of this unique 
taxon sheds new light on the diversity and evolution of the enigmatic paedomorphic 
beetle lineage and is interesting for several reasons. This new species is the only known 
representative of Drilini that has unidentate mandibles and lacks a hook on the dorsal 
part of the aedeagal median lobe, two of the few characters heretofore used for the 
unambiguous identification of members of this group. Furthermore, based on its mor-
phology it belongs to a group of genera (Drilus clade) which heretofore contained only 
taxa from the Palaearctic Realm. We provide an updated diagnosis of the tribe Drilini, as 
well as an updated diagnosis and an identification key for the genera of the Drilus clade 
based on adult males. Further, we explain how to easily recognize adult Drilini from sim-
ilar-looking soft-bodied elateroids like Elateridae: Omalisinae, Rhagophthalmidae, and 
Lampyridae: Ototretinae.

Key words: Afrotropical Realm, Agrypninae, click beetle, distribution, Elateroidea, 
identification key, male genitalia, new genus, new species, paedomorphosis, taxonomy

Introduction

The tribe Drilini (Elateridae, Agrypninae) contains soft-bodied click beetles 
with flight capable males, incompletely metamorphosed larviform females, 
and larvae which feed on land snails (Crowson 1972; Baalbergen et al. 2014; 
Kundrata et al. 2015a; Kundrata and Bocak 2011, 2019). Although the center 
of diversity of this group lies in the Afrotropical Realm, Drilini are also well 
represented in the Palaearctic fauna, and several species are also known from 
the Oriental Realm (Kundrata and Bocak 2019). This group was earlier treated 
as a separate family, Drilidae, and contained various taxa which are currently 
placed in several other families within Elateriformia (e.g., Wittmer 1944; 
Crowson 1972; Geisthardt 2009; Kazantsev 2010). Kundrata and Bocak (2011) 
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placed the group in Elateridae as tribe Drilini in Agrypninae based on a molecu-
lar phylogenetic approach. They also transferred genera Euanoma Reitter, 1889 
and Pseudeuanoma Pic, 1901 to Omalisidae (currently a subfamily of Elate-
ridae), and redefined Drilini to contain only Drilus Olivier, 1790, Malacogaster 
Bassi, 1834, Selasia Laporte, 1838, and tentatively also Paradrilus Kiesenwetter, 
1866. The latter genus was soon after transferred to Omalisidae by Kundra-
ta et al. (2015b) based on results of a molecular phylogenetic analysis. This 
concept of Drilini with only three genera lasted only until Kundrata and Bocak 
(2017) investigated the diversity of Drilini in western Africa and described five 
new genera from there. Kundrata and Bocak (2019), in the most comprehensive 
phylogeny of Drilini yet published, defined five main clades, and established 
six new genera, of which five were from tropical Africa and one from Pakistan. 
Kovalev et al. (2019) then described a new monotypic genus from Iran.

Here, we report the discovery of a morphologically unique and extremely in-
teresting Drilini specimen from Namibia, which represents a new genus and 
species. Surprisingly, it is morphologically similar to geographically distant 
Palaearctic genera. The unique morphology of its mandibles and male genitalia 
compelled us to modify the diagnosis of the tribe Drilini.

Material and methods

The genitalia were dissected after a short treatment in hot 10% KOH. Images 
of habitus and main diagnostic characters were photographed using a digital 
camera Canon EOS M6 Mark II attached to a stereoscopic microscope Olym-
pus SZX12. Stacks of photographs were combined with the software Helicon 
Focus Pro (version 7.6.4, Kharkiv, Ukraine), applying the ‘depth map’ or ‘weight-
ed average’ rendering methods. We did not clean the surface of the holotype 
in order not to damage the unique specimen. The measurements were tak-
en with a scale bar in an eyepiece. Body length was measured from the fore 
margin of the head to the apex of elytra (since abdomen is highly flexible in 
soft-bodied elateroids), body/elytra width at humeri, head width including eyes, 
minimum interocular distance in the frontal part of the cranium, maximum eye 
diameter in lateral view, pronotal length at midline, pronotal width at the wid-
est part, scutellar shield length at midline, scutellar shield width at the widest 
part, aedeagus length medially from base to the apex of the median lobe, and 
aedeagus width at the widest part. We follow the morphological terminology 
and the classification of Drilini by Kundrata and Bocak (2019). Label data are 
cited verbatim. The holotype of the here-described new species is deposited in 
the National Museum, Prague, Czech Republic (NMPC). The Drilini specimens 
used for comparison of the here-described new species with its congeners are 
deposited in the following collections: The Natural History Museum, London, 
United Kingdom (BMNH), Koninklijk Museum voor Midden-Afrika, Tervuren, 
Belgium (RMCA), Museum National d’Histoire Naturelle, Paris, France (MNHN), 
Natural History Museum, Budapest, Hungary (HNHM), Museo Nacional de Cien-
cias Naturales, Madrid, Spain (MNCN), Naturkundemuseum Erfurt, Germany 
(NKME), Naturhistorisches Museum, Vienna, Austria (NHMW), Naturalis Bio-
diversity Center, Leiden, The Netherlands (RMNH), Naturhistorisches Museum, 
Basel, Switzerland (NHMB), Hessisches Landesmuseum, Darmstadt, Germany 
(HLMD), Oxford University Museum of Natural History, Oxford, United Kingdom 
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(OUMNH), Museo Civico di Storia Naturale, Genova, Italy (MSNG), Museum 
für Naturkunde, Leibniz-Institut für Evolutions- und Biodiversitätsforschung, 
Berlin, Germany (MFNB), Senckenberg Deutsches Entomologisches Institut, 
Müncheberg, Germany (SDEI), Lund Museum of Zoology, Lund University, Swe-
den (MZLU), Natural History Museum, Copenhagen, Denmark (NHMD), and the 
collections of Albert Allen, Idaho, USA (PCAA) and Robin Kundrata, Olomouc, 
Czech Republic (PCRK). The updated diagnosis of the tribe Drilini, as well as an 
updated diagnosis and an identification key for the genera of the Drilus clade, 
are partly based on Kundrata and Bocak (2019).

Systematics

Genus Namibdrilus gen. nov.
https://zoobank.org/81EF4D52-F9D3-4BF0-B7FD-8BDBD216032E
Figs 1–4

Type species. Namibdrilus albertalleni sp. nov.; here designated.
Etymology. The generic name is derived from the Republic of Namibia, plus 

Drilus, a genus name in Elateridae: Drilini. Gender: masculine.
Diagnosis. Namibdrilus gen. nov. can be unequivocally distinguished from its 

congeners by the robust unidentate mandibles (Fig. 2A–D) and the aedeagal 
median lobe dorsally without a subapical hook (Fig. 4B, E–G). Additionally, the 
following combination of characters can be used to recognize the genus: body 
(Fig. 1A, B) elongate; frontoclypeal region (Fig. 2A–D) strongly produced for-
wards, gradually narrowed toward apex, apically carinate and widely rounded; 
eyes (Fig. 2A–D) large, their frontal separation 1.15 times eye diameter; antenna 
(Fig. 2E) robust, strongly serrate; pronotum (Fig. 3A, B) roughly subrectangular, 
1.30 times as wide as long, lateral carina not developed; prosternum (Fig. 3C) 
distinctly transverse, without well-developed prosternal process; scutellar shield 
(Fig. 3A) apically subtruncate and medially emarginate; mesoventrite (Fig. 3C) 
narrow, v-shaped; elytra (Figs 1A, 3E) elongate, with relatively rough surface and 
without any apparent striae or rows of punctures; abdomen (Figs 1B, 4A) with 
eight free visible sternites, the first of which is partly membranous medially; 
abdominal sternite IX and tergite X (Figs 4C, D) not apparently elongate, about 
1.5 times as long as wide. Based on its morphology, Namibdrilus gen. nov. is 
similar to genera of the clade D (Drilus clade) defined by Kundrata and Bocak 
(2019). For more information and the comparison of Namibdrilus gen. nov. with 
presumably related genera see the identification key and discussion below.

Distribution. Namibia.

Namibdrilus albertalleni sp. nov.
https://zoobank.org/CFF2DB6F-C808-411D-81B0-323F1B77859F
Figs 1–4

Type material. Holotype • male, “Namibia, Khomas reg. 140 km SW Windhoek; 
23°14.875'S, 16°17.998'E; 1382 m; 14.2.2023; J. Halada lgt.” (NMPC).

Etymology. This species is named after Albert Allen (Idaho, USA), who 
allowed us to study the unique specimen in his possession, and who kindly 
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donated it to NMPC. For recent discussions about the need for protecting sta-
ble biological nomenclatural systems, which also includes the problematics of 
eponyms, we refer to Jiménez-Mejías et al. (2024).

Diagnosis. As for the genus (vide supra).
Description. Male. Body (Fig. 1A, B) slightly convex dorsally, 3.30 times 

longer than width at humeri (8.30 mm long, 2.50 mm wide); yellowish brown 
to light brown, with head and most of abdomen slightly darker, light brown to 
brown, and elytra reddish brown to dark brown; body surface covered with yel-
low pubescence.

Head (Fig. 2A–D) including eyes about 1.15 times as wide as pronotum; sur-
face rather flat, more or less smooth basally, rougher toward apex, punctures 
sparse and fine but denser and larger basally; frontoclypeal region strongly pro-
duced straight forwards between antennae, gradually narrowed toward apex, 
lateral margins distinctly elevated and thickened above antennal insertions, 
forming a narrow median furrow, apically again slightly widened, subtruncate, 
apical margin slightly raised, carinate, very widely rounded. Eyes large, strongly 
prominent, their minimal frontal separation 1.15 times maximum eye diameter. 

Figure 1. Namibdrilus albertalleni gen. et sp. nov., holotype, male A habitus, dorsal view B habitus, ventral view. Scale bar: 
4.0 mm.
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Labrum covered by frontoclypeal region, visible from frontal view, very short, 
transverse, with frontal margin slightly concave; sparsely punctate and cov-
ered with long semi-erect setae. Mandible unidentate, robust, relatively wide, 
distinctly curved; base with rough surface covered with long semi-erect setae, 
apical part shiny. Maxilla with palpus tetramerous, slender, about as long as 
mandible, palpomere II elongate, palpomere III only slightly longer than wide, 
terminal palpomere longest, fusiform, apically narrowed, with apex obliquely 
cut. Labium with palpus trimerous, tiny, less than half length of maxillary pal-
pus, palpomere I short, transverse, terminal palpomere elongate, narrow, fusi-
form, apically gradually narrowed, obliquely cut. Antenna (Fig. 2E) approximate-
ly 4.3 mm long, with 11 antennomeres, robust, pectinate from antennomere 3, 
reaching humeri when oriented backwards; scapus robust, about 1.8 times as 
long as wide; pedicel minute, shortest, slightly longer than wide; antennomere 
3 about twice as long as pedicel, elongate, with ramus about 0.3 times as long 
as antennomere itself, antennomere 4 elongate, with ramus about as long as 
antennomere itself, antennomeres 5–10 subequal in length, elongate, with rami 
about 1.5–1.6 times as long as respective antennomeres, terminal antennom-
ere twice as long as preceding antennomeres, simple, elongate, about 5.5 times 
as long as wide, apically narrowed, outer side medially shallowly emarginate.

Pronotum (Fig. 3A, B) roughly subrectangular, 0.6 times as wide as elytra, wid-
est at posterior angles, 1.30 times as wide as long (1.20 mm long, 1.55 mm wide). 

Figure 2. Namibdrilus albertalleni gen. et sp. nov., holotype, male A head with basal antennomeres, dorsal view B head, fron-
tolateral view C head, frontal view D head, ventral view E left antenna, dorsal view. Scale bars: 1.0 mm (A–D); 2.0 mm (E).
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Anterior margin somewhat widely rounded, slightly produced medially, sides 
concave, gradually narrowed from anterior margin toward about three-fourths 
of pronotum length and then distinctly widened at posterior angles, posterior 
margin simple, trisinuate, rather arcuately and shallowly emarginate medially. 
Anterior angles inconspicuous; posterior angles short but distinct, divergent, 
with rough surface, apically narrowly rounded. Lateral carina not developed. 
Surface of disc relatively rough, sparsely and finely punctate, with moderately 
dense, long, semi-erect pubescence. Pronotosternal suture very short. Proster-
num (Fig. 3C) strongly transverse, its surface uneven, sparsely punctate and 
covered with semi-erect setae, mainly at frontal margin; prosternal lobe absent, 

Figure 3. Namibdrilus albertalleni gen. et sp. nov., holotype, male A head and prothorax, dorsal view B head and prothorax, 
lateral view C prothorax and mesothorax, ventral view D metathorax, ventral view E apical portion of elytra, dorsal view 
F right protarsus, dorsal view G left mesotarsus, dorsal view H left metatarsus, dorsal view. Scale bars: 1.0 mm (A, D); 
0.5 mm (B, C, E, F–H).
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frontal margin almost straight; prosternal process absent. Scutellar shield 
(Fig. 3A) flat, tongue-like, elongate, approximately 1.70 times as long as wide, 
with anterior margin gradually declivitous, medially slightly produced, apex 
subtruncate, medially slightly emarginate. Mesoventrite (Fig. 3C) small, narrow, 
v-shaped, with posterior margin simply rounded. Mesocoxal cavity open to both 
mesepimeron and mesanepisternum. Metaventrite (Fig. 3D) large, subtrapezoi-
dal, covered with fine punctures and semi-erect pubescence; discrimen incom-
plete. Elytra (Figs 1A, 3E) subparallel-sided, only slightly gradually narrowed 
from humeri to about apical third, both combined 2.30 times as long as wide 
(5.70 mm long, 2.50 mm wide), 4.75 times as long as pronotum, surface uneven, 
basally wrinkled, without any distinct striae or lines of punctures, only with sev-
eral faint costae at basal half, irregularly finely punctate, with long, semi-erect 
pubescence oriented posteriorly, apices internally slightly divergent, separately 
rounded; epipleura wider anteriorly, abruptly narrowed near posterior part of 
metanepisternum, then reduced. Hind wing fully developed. Leg (Figs 1A, B, 
3A–D, F–H) moderately long, slightly compressed, with surface covered with 
moderately long, semi-erect setae, which are thickened mainly ventrally and 
apically; coxa robust, elongate; trochanter elongate, slightly widened apically, 
attached obliquely to femur; femur gradually slightly widened towards apex; tib-
ia slightly longer than femur; tarsus (Fig. 3F–H) shorter than tibia, metatarsus 
relatively longer than pro- and mesotarsus; tarsomeres I–III elongate, widened 
apically, progressively decreasing in length, tarsomere IV short, ventrally with 

Figure 4. Namibdrilus albertalleni gen. et sp. nov., holotype, male A abdomen, ventral view B male genitalia (undissected), 
dorsal view C abdominal tergites IX and X, dorsal view D abdominal sternite IX, ventral view E male genitalia, dorsal view 
F male genitalia, lateral view G male genitalia, ventral view. Scale bars: 3.0 mm (A); 0.2 mm (B); 0.5 mm (C–G).
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short membranous lobe, terminal tarsomere long, slender; pretarsal claws sim-
ple, slender, slightly curved, basally with long setae.

Abdomen (Figs 1B, 4A) soft, highly flexible, with eight free sternites (II–IX) con-
nected with each other by extensive membranes; sternite II semi-membranous, 
with two lateral sclerites and two median sclerotizations; all ventrites with sparse, 
shallow punctures, covered with semi-erect pubescence, which is denser and lon-
ger posteriorly and mainly at margins; penultimate ventrite (sternite XIII) with two 
shallow posterolateral and one rounded median emarginations. Tergites IX and X 
(Fig. 4C) wider than long, weakly connected by membrane, both covered with fine 
punctures and relatively long setae; tergite IX basally with two sublateral process-
es, tergite X apically widely rounded. Sternite IX (Fig. 4D) about 1.5 times as long 
as wide, roughly oval, with basal portion medially deeply emarginate, apex round-
ed, surface finely punctate and sparsely covered with setae; sternite X about 0.45 
times as long as sternite IX, slightly longer than wide, somewhat rounded. Male 
genitalia (Fig. 4B, E–G) about 2.6 times as long as wide, about 1.3 times as long 
as sternite IX; median lobe elongate, distinctly longer than paramere, basally mod-
erately curved in lateral view, with two very short basal struts, dorsally without a 
subapical hook, rather subparallel-sided in dorsoventral view, slightly widened after 
half, then slightly but abruptly constricted before apex, apically rounded; paramere 
distinctly longer than phallobase, with basal half robust and wide, and with apical 
half distinctly narrowed, divergent, apically narrowly rounded in lateral view; phallo-
base short, about 1.3 times as wide as long, widely u-shaped.

Females and immature stages unknown.
Distribution. Namibia.

Updated diagnosis of Drilini based on adult males

Body soft, only weakly sclerotized; mandible bidentate (unidentate in Namibdri-
lus gen. nov.); antenna with 11 antennomeres; antennomere II minute, always 
distinctly shorter than antennomere 3; tarsomere IV shortest, ventrally with 
short membranous lobe; pretarsal claw with stout setae on outer side of base; 
abdomen with seven or eight visible sternites (the most basal one can be formed 
by two separate lateral sclerites connected by membrane); aedeagal median 
lobe considerably curved laterally, dorsally with subapical hook (without hook 
in Namibdrilus gen. nov.); and phallobase without any posterolateral processes.

Updated diagnosis of clade D (Drilus clade) based on adult males

Head often flattened; frontoclypeal region usually more or less produced for-
wards between antennae; eyes relatively small to medium-sized in Palaearctic 
species (their frontal separation 1.60–3.00 times eye diameter), large in Afro-
tropical Namibdrilus gen. nov. (their frontal separation 1.15 times eye diameter); 
antenna serrate to pectinate; pronotum usually less transverse and without sub-
lateral carinae; prosternum without well-developed prosternal process; scutellar 
shield apically widely rounded to subtruncate; mesoventrite v-shaped, posterior-
ly simply rounded; elytra often divergent or reduced, with surface uneven, often 
wrinkled; abdomen with eight visible sternites; sternite IX rounded to oval, ba-
sally narrowed; posterior margin of pronotum simple and without emargination 
or shallowly and arcuately emarginate; abdominal ventrites I–IV never connate.
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Genera included

Drilorhinus Kovalev, Kirejtshuk & Shapovalov, 2019 (Fig. 5A); Drilus Olivier, 1790 
(Fig. 5B); Malacodrilus Kundrata & Bocak, 2019 (Fig. 5C); Malacogaster Bassi, 
1834 (Fig. 5D); and Namibdrilus gen. nov. (Figs 1–4). For more information on 
individual genera see e.g., Kundrata et al. (2015a), Sormova et al. (2018), Kovalev 
et al. (2019), Kundrata and Bocak (2019) and Hoffmannova and Kundrata (2022).

Figure 5. Representatives of Drilini from the clade D (Drilus clade), adult males in dorsal view A Drilorhinus klimenkoi 
Kovalev, Kirejtshuk & Shapovalov, 2019, Iran (PCAA) B Drilus flavescens (Geoffroy, 1785), Italy (PCRK) C Malacodrilus ha-
jeki Kundrata & Bocak, 2019, Pakistan (PCRK) D Malacogaster passerinii Bassi, 1834,Tunisia (PCRK). Scale bars: 4.0 mm.

An identification key for the genera of Drilini in clade D (Drilus clade) 
based on adult males

1 Eyes large, their frontal separation 1.15 times eye diameter; frontoclypeal 
region strongly produced forwards, anteriorly carinate and widely round-
ed; mandible unidentate; aedeagal median lobe without any subapical 
hook; Afrotropical Realm ........................................... Namibdrilus gen. nov.

– Eyes rather small, their frontal separation 1.60–3.00 times eye diameter; 
frontoclypeal region if produced forwards then anteriorly emarginate; 
mandible bidentate; aedeagal median lobe dorsally with a subapical hook; 
Palaearctic Realm .........................................................................................2

2 Frontoclypeal region strongly produced forwards and distinctly narrowed 
apically; mandibles robust, wide and only apically abruptly narrowed; an-
tenna pectinate; Iran ................................... Drilorhinus Kovalev et al., 2019

– Frontoclypeal region if produced forwards then relatively short and wide; 
mandibles slenderer, gradually narrowed toward apex; antenna serrate to 
pectinate ........................................................................................................3

3 Lateral pronotal carina short, reaching usually no more than half of prono-
tal length; mandible with only a small tooth medially at incisor; abdominal 
sternite IX distinctly elongate, about or more than twice as long as wide 
(except for M. ruficollis Dodero, 1925) ............... Malacogaster Bassi, 1834

– Lateral pronotal carina almost complete; mandible with distinct tooth me-
dially at incisor; abdominal sternite IX not elongate, always less than twice 
as long as wide ..............................................................................................4
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4 Frons not distinctly widened; antenna serrate or pectinate; pronotum usu-
ally transverse (exceptionally subquadrate); anterior margin of proster-
num rounded or straight; first visible abdominal sternite medially mem-
branous ............................................................................Drilus Olivier, 1790

– Frons distinctly widened; antenna serrate; pronotum subquadrate; anterior 
margin of prosternum concave; first visible abdominal sternite complete .
 .......................................................... Malacodrilus Kundrata & Bocak, 2019

Discussion

The here-described new genus of Drilini is extremely interesting from the mor-
phological as well as from the evolutionary point of view. Its discovery has 
changed our view regarding the diagnosis of the tribe Drilini as well as our 
understanding of the morphology and distribution of one of the main clades 
of Drilini. Therefore, both the diagnostic characters used for the recognition 
of Drilini and the unique morphology of the new genus are worthy of a more 
detailed discussion.

Within the family Elateridae, Drilini are easily recognizable due to their vari-
ous modifications connected with the soft-bodiedness and the loss of clicking 
mechanism. Compared to the typical well-sclerotized and clicking Elateridae, 
Drilini males have e.g., much softer body, reduced prosternum usually with a 
strongly reduced or missing prosternal process, reduced mesoventrite without 
a well-developed mesoventral cavity and often with a reduced mesoventral pro-
cess, and the abdomen with seven or eight visible sternites (compared to usu-
ally five in hard-bodied elaterids; Kundrata and Bocak 2019). The females are 
larviform, lack elytra, and do not look like any other elaterid adult female (e.g., 
Hoffmannova and Kundrata 2022).

However, it is not always easy for some to distinguish adult Drilini from 
similar-looking soft-bodied elateroids, mainly Elateridae: Omalisinae, Rha-
gophthalmidae, and Lampyridae: Ototretinae, many of which were histori-
cally classified in the broadly defined Drilidae (Wittmer 1944). From all three 
above-mentioned groups, Drilini males were always easily distinguishable 
based on their bidentate and more robust mandibles, setae at the bases of 
pretarsal claws (the latter is the character typical for Agrypninae), and a distinct 
hook on the dorsal part of the aedeagal median lobe. All known Omalisinae, Rha-
gophthalmidae, and Ototretinae have simple, usually narrow and sickle-shaped 
mandibles; they lack setae on the pretarsal claws and lack a hook on the ae-
deagal median lobe (Janisova and Bocakova 2013; Bocek et al. 2018; Kundrata 
et al. 2022). Furthermore, Omalisinae have antennomeres 2 and 3 short and 
subequal in size (only antennomere 2 is short in Drilini), and the phallobase 
with posterolateral processes (without those processes in Drilini) (e.g., Kundra-
ta et al. 2015b, Packova et al. 2024), and Rhagophthalmidae have always 12 
antennomeres (compared to 11 in Drilini) and numerous species have deeply 
emarginate eyes (always simple in Drilini) (Kawashima et al. 2010; Kundrata et 
al. 2022; Packova and Kundrata 2023). Regarding the females, all these groups 
have them paedomorphic, retaining many larval characters in their adulthood. 
Females of many genera and species of Drilini, Omalisinae, Rhagophthalmi-
dae, and Ototretinae are actually unknown. Nevertheless, based on available 
information, we can recognize females of Drilini by having only the head and 
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legs completely metamorphosed and the rest of the body being larviform (e.g., 
Kundrata et al. 2015a; for females of Omalisinae see e.g., Geisthardt 1977 and 
Bocek et al. 2018, for females of Rhagophthalmidae see Kawashima et al. 2010 
and Kundrata et al. 2022, and for females of Ototretinae see Kawashima 1999 
and Yiu and Jeng 2018).

From three main characters which were heretofore used for the unambigu-
ous identification of Drilini males (i.e., bidentate mandibles, setae at the bases 
of pretarsal claws, and a distinct hook on the dorsal part of the aedeagal me-
dian lobe), Namibdrilus gen. nov. has only the setae on the claws. Namibdrilus 
gen. nov. has unidentate mandibles (Fig. 2A–D) that are still more robust than 
the sickle-shaped mandibles of omalisines, rhagophthalmids and ototretines. 
However, all other Drilini have bidentate mandibles although some Drilus spp. 
and Malacogaster spp. have the inner tooth minute (Kundrata et al. 2015a, 
Hoffmannova and Kundrata 2022). All Drilini species for which male genitalia 
was known, representing all described genera (confirmed by several hundreds 
of dissections by the first author and his students), had an aedeagal median 
lobe with a distinct hook (see e.g., Geisthardt 2007; Kundrata and Bocak 2017, 
2019; Kovalev et al. 2019). However, Namibdrilus gen. nov. is surprisingly the 
first representative of Drilini with the median lobe of the aedeagus simple, 
without any hook (Fig. 4E–G). Consequently, the diagnosis of Drilini needed 
to be modified accordingly.

Based on the results of molecular phylogeny supported by the morphological 
characters, Drilini were divided into five major informal groups, i.e., clades A, W, 
S, M and D (letters represent the first letters of the respective genus name which 
is typical for the given clade; Kundrata and Bocak 2019). Four of those clades (A, 
W, S, M) contain solely or predominantly Afrotropical taxa (with several species 
of the clade S extending to the Oriental Realm) while the clade D contained ex-
clusively Palaearctic species. One would expect that Namibdrilus gen. nov. from 
southern Africa belongs to one of the African clades; however, surprisingly it falls 
morphologically into the clade containing Palaearctic species. All known African 
Drilini differ from Namibdrilus gen. nov. in having a short frontoclypeal region 
and an aedeagal median lobe with a dorsal hook. Furthermore, the representa-
tives of two basal-most clades A (Austroselasia Kundrata & Bocak, 2019) and W 
(Habeshaselasia Kundrata & Bocak, 2019, Latoselasia Kundrata & Bocak, 2017, 
Mashaselasia Kundrata & Bocak, 2019, Wittmerselasia Kundrata & Bocak, 2017) 
differ from Namibdrilus gen. nov. in many important diagnostic characters includ-
ing the pronotum with posterior margin medially rectangularly emarginate (arcu-
ately emarginate in Namibdrilus gen. nov.), the prosternal process present, plate-
like (absent in Namibdrilus gen. nov.), the mesoventral process well developed 
(absent in Namibdrilus gen. nov.), the elytral surface relatively smooth and with 
apparent elytral striae and interstriae or at least their remnants (elytral surface 
rather rough and without any striae in Namibdrilus gen. nov.), seven abdominal 
ventrites with the first four connate (eight free ventrites in Namibdrilus gen. nov.), 
and the intercoxal process present on the first abdominal ventrite (absent in Na-
mibdrilus gen. nov.). Members of clade S (Illubaboria Kundrata & Bocak, 2019; 
Selasia) usually have an apparent prosternal process, well-developed mesoven-
tral process, seven abdominal ventrites, and at least a slightly developed inter-
coxal process on the first abdominal ventrite. The representatives of clade M 
(Flabelloselasia Kundrata & Bocak, 2017, Kupeselasia Kundrata & Bocak, 2017, 
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Lolosia Kundrata & Bocak, 2017, Microselasia Kundrata & Bocak, 2017) are usu-
ally tiny forest species from the western and central Africa which differ from 
Namibdrilus gen. nov. in having a smooth glabrous pronotal disc often with dis-
tinct sublateral carinae (pronotum with relatively rough surface and no sublateral 
carinae in Namibdrilus gen. nov.) and the prosternum with a prosternal process 
forming a narrow plate (absent in Namibdrilus gen. nov.).

On the other hand, Namibdrilus gen. nov. shares many diagnostic characters 
with the Palaearctic genera included in clade D (Drilorhinus, Drilus, Malacodrilus, 
Malacogaster), including the frontoclypeal region produced forwards between 
antennae, the pronotum not distinctly transverse and without sublateral carinae, 
the posterior margin of pronotum shallowly and arcuately emarginate, the pros-
ternum without a well-developed prosternal process, the scutellar shield apically 
subtruncate, the mesoventrite v-shaped and without a well-developed mesoven-
tral process, the elytral apices not conjointly rounded and instead being divergent 
at internal margins, the elytral surface rough and without distinct striae, and the 
abdomen with eight free visible sternites. Based on the above-listed characters, 
we place this genus within clade D (Drilus clade) as the only Afrotropical member 
in this otherwise Palaearctic group. Namibdrilus gen. nov. differs from all other 
genera in the group by having much larger eyes, with their frontal separation 1.15 
times eye diameter (eyes in the Palaearctic genera are small to medium-sized, 
with their frontal separation 1.60–3.00 times eye diameter; Fig. 2A–D; e.g., Kun-
drata et al. 2015a, Hoffmannova and Kundrata 2022), the frontoclypeal region 
strongly produced forwards, carinate and anteriorly widely rounded (if the fronto-
clypeal region in the Palaearctic genera is strongly produced then it is anteriorly 
narrowed and clearly emarginate; Fig. 2A–D; Packova et al. 2021), unidentate 
mandibles (always bidentate in the Palaearctic genera), relatively narrower pros-
ternum, and the aedeagal median lobe without any subapical hook (Fig. 4E–G). 
Based on its divergent morphology and distribution in tropical Africa, we hypoth-
esize that Namibdrilus gen. nov. may be a sister group to all remaining genera in 
clade D. Of course, without a strong phylogenetic hypothesis we cannot exclude 
the possibility that Namibdrilus gen. nov. either represents a more developed 
paedomorphic phenotype in one of the previously identified African clades (less 
likely) or it forms a separate clade on its own. All these hypotheses should be 
tested using a molecular approach in future research.

One of the most striking characters of Namibdrilus gen. nov. is the fronto-
clypeal region which is strongly produced forwards and is visible even from the 
ventral view of the head (Fig. 2D). Although Drilini have variously shaped fron-
toclypeal region from e.g., a very short and wide in Selasia spp. to a narrow and 
high in Microselasia spp., major modifications are known in genera of the Drilus 
clade. Malacogaster ruficollis Dodero, 1925 from Libya is the only species of ge-
nus Malacogaster having the frontoclypeal region produced forwards and cov-
ering labrum; however, it is very wide, sloping downwards and broadly rounded 
apically (Hoffmannova and Kundrata 2022). On the other hand, the monotypic 
Drilorhinus from Iran (Fig. 5A) and several Mediterranean Drilus spp. have the 
frontoclypeal region strongly produced forwards and apically narrowed, with 
apex medially distinctly emarginate (Kovalev et al. 2019; Packova et al. 2021). 
None of these conditions is similar to the strongly produced frontoclypeal re-
gion of Namibdrilus gen. nov., which is oriented straight forwards and apically 
somewhat subtruncate and widely rounded (Fig. 2A–D).
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In summary, the discovery of Namibdrilus gen. nov. is extremely important 
for our understanding of the diversity and evolution of Drilini and represents one 
of the most interesting findings regarding Drilini in recent decades. Recent in-
creased research on Drilini has already led to a better understanding of their sys-
tematic placement (Kundrata and Bocak 2011), their phylogenetic relationships 
and diversity, including descriptions of several new genera (Kundrata et al. 2015a, 
Kundrata and Bocak 2017, 2019), or the discovery of the first Drilini from South 
East Asia (Kundrata and Sormova 2018). Based on morphology, Namibdrilus gen. 
nov. represents a connection between tropical Africa, the center of diversity of 
Drilini, with a solely Palaearctic group of genera with the highest degree of paedo-
morphosis-related morphological modifications (although this remains to be fur-
ther tested using a molecular approach). Furthermore, its unique aedeagal mor-
phology stresses the importance of male genitalia for the systematics of Drilini.
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Abstract

The geophilid centipede Endogeophilus alberti sp. nov. is described and illustrated 
based on a single specimen collected from Provence, southern France. It is very similar 
to E. ichnusae Bonato, Zapparoli, Drago & Minelli, 2016, which is known only from three 
specimens from south-western Sardinia, and was the only species in the genus Endog-
eophilus Bonato, Zapparoli, Drago & Minelli, 2016. Both species share a remarkably nar-
row body, very short setae, and an unusually high number of legs, which are relatively 
stout. All these traits are rare among geophilids and suggest an endogeic life style. 
Despite of the very few specimens available for comparison and the difficulties to dis-
tinguish inter-specific differences from intra-specific variation, the two species differ at 
least in the shape of the pretarsi of the second maxillae and the shape of the forcipules. 
A revised diagnosis of the genus Endogeophilus is also provided, with an identification 
key to all genera of Geophilidae s.l. recorded so far in Europe, based on selected char-
acters to evaluate without anatomical dissection and illustrated with original pictures.

Key words: Disjunct distribution, endogeic, Europe, Geophilomorpha, morphology, 
Provence, Sardinia

Introduction

Endogeophilus Bonato, Zapparoli, Drago & Minelli, 2016 is a peculiar lineage 
of European geophilids, showing morphological traits that suggest strictly en-
dogeic life (Bonato et al. 2016). However, it is one of the most infrequently 
found geophilids, despite the European soil biotas have been intensely sam-
pled in the past: up to date, only three specimens have been reported, from two 
sites in south-western Sardinia, and they have been recognized as conspecific 
(Endogeophilus ichnusae Bonato, Zapparoli, Drago & Minelli, 2016).

Here we report on a new record of Endogeophilus, the first from continental Eu-
rope, precisely from Provence, southern France (Fig. 1). Only a single specimen has 
been found; nevertheless the critical examination of its morphological features in-
dicates that it represents a new species, clearly related to Endogeophilus ichnusae.
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Besides describing Endogeophilus alberti sp. nov. and discussing differenc-
es between the two species of Endogeophilus, we also provide a revised diag-
nosis of the genus and an identification key to assist in distinguishing it from 
all other European geophilids.

Materials and methods

A total of 758 centipedes (Chilopoda) were collected by the first author in 
the Port-Cros National Park (both in the central and the peripheral area, from 
Ramatuelle to Hyères, islands included). They were collected mainly by hand 
and by soil and litter sieving, in several sessions between 2019 and 2024. All 
specimens have been examined by the first author, with a Motic SMZ168 T-LED 
stereo microscope and a Motic Elite B1-223E-SP trinocular microscope. Geo-
philids have been identified at the species level. For the taxonomy and nomen-
clature, we followed Bonato and Minelli (2014), Iorio (2014), and subsequent 
papers (Bonato et al. 2016, 2023). For the diagnostic characters, we followed 
Brolemann (1930) and Bonato et al. (2014a).

Only one specimen of the new species was found, despite several further 
attempts aimed at collecting other specimens. The single specimen was com-
pared to representatives of other known geophilid species, including a paratype 
of Endogeophilus ichnusae (in the collection of the University of Padova, code 
PD 1373; see Bonato et al. 2016).

Measurements were taken with two micrometres applied to the B1-223E-SP 
microscope, with precision 0.1 mm or 0.01 mm. Photos were taken with a Moti-
cam 5 camera applied to the same microscope and stacked with Helicon Focus 

Figure 1. Distribution of all known records of Endogeophilus.
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8.2.2. For describing the morphology, we followed the terminology recommend-
ed by Bonato et al. (2010). Abbreviation: LBS = leg-bearing segment(s).

In order to facilitate the distinction of specimens of Endogeophilus from sim-
ilar centipedes, and to provide a practical tool for sorting samples of European 
geophilids, we produced an original identification key to all genera of Geophili-
dae known from Europe. We considered the Geophilidae sensu lato (i.e., com-
prising genera previously separated in other families, like Dignathodontidae 
Cook, 1896 and Linotaeniidae Cook, 1899, to encompass a probably monophy-
letic group; see Bonato et al. 2014b) and we followed the conventional geo-
graphic boundaries adopted by Fauna Europaea (de Jong 2016) and by recent 
synopses on European Geophilomorpha (Bonato and Minelli 2014; Bonato et 
al. 2014a). The key was based on both published information on morpholo-
gy (Brolemann 1930; Verhoeff 1941; Machado 1952; Minelli 1982; Lewis et al. 
1988; Bonato et al. 2006, 2011, 2012a, 2012b, 2014a, 2016; Bonato and Minelli 
2008; Barber 2009; Tuf and Dányi 2015; Iorio 2016; Dányi and Tuf 2017; Iorio 
and Quindroit 2018; Iorio et al. 2022b; Desmots and Racine 2023; Dyachkov 
and Bonato 2024) and original observations on specimens representative of 
different genera. Priority was given to characters that are effective for both 
adult and immature specimens, easier to evaluate and less prone to subjective 
interpretation or misinterpretation.

Photographs illustrating the key were taken of the following specimens:

 - Acanthogeophilus spiniger (Meinert,1870): 1 ♀, Edough Massif (Algeria), 
23.X.1984, leg. unknown, det. L. Bonato, PD-G 5153

 - Arctogeophilus inopinatus (Ribaut, 1911): 2 ♂, 2 ♀, Mervent (Vendée, 
France), forest of Mervent, old oak forest, 05.V.2015, leg./det. É. Iorio

 - Arenophilus peregrinus Jones, 1989: 1 ♀, Noirmoutier-en-l’Île (Vendée, 
France), les Cents, leg. D. Desmots, det. A. Racine. Specimen reported by 
Desmots and Racine (2023)

 - Clinopodes vesubiensis Bonato, Iorio & Minelli, 2011: ♀, Lucéram 
(Alpes-Maritimes, France), Peira-Cava, La Cabanette, 1320–1450 m a.s.l., 
mixed forest, 09.III.2007, leg. É. Iorio, det. L. Bonato and É. Iorio

 - Dignathodon microcephalus (Lucas, 1846): ♀, Roquebillière (Alpes-Mari-
times, France), Berthemont, 950 m a.s.l., deciduous forest, 07.VII.2007, 
leg./det. É. Iorio

 - Eurygeophilus pinguis (Brolemann, 1898): ♀, Loubens (Ariège, France), 
cave of Portel, 16.III.2014, leg. O. Courtin, det. É. Iorio

 - Galliophilus beatensis Ribaut & Brolemann, 1927: ♂, Escouloubre (Aude, 
France), forest of Carcanet, 04.VI.2015, leg. H. Brustel, det. A. Racine and 
É. Iorio

 - Geophilus electricus (Linnaeus, 1758): ♂♀, la Chapelle-en-Valgaudémar 
(Hautes-Alpes, France), 44.8179°N, 6.1816°E (WGS84), 1146 m a.s.l., 
forest edge, 04.V.2021, leg. F. Noël, det. É. Iorio

 - G. flavus (De Geer, 1778): ♂♀, la Chapelle-en-Valgaudémar (Hautes-
Alpes, France), 44.8179°N, 6.1816°E (WGS84), 1146 m a.s.l., forest edge, 
04.V.2021, leg. F. Noël, det. É. Iorio

 - G. fucorum Brolemann, 1909: ♂♀, Hyères (Var, France), Port-Cros island, 
sandy beach of Port-Man, 43.0100°N, 6.4113°E (WGS84), west side with a 
thick stranded Posidonia “banquette”, 04.IV.2019, leg./det. É. Iorio
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 - G. gavoyi Chalande, 1910: ♂, Mandelieu (Alpes-Maritimes, France), mixed 
forest, 07.V.2010, leg./det. É. Iorio

 - G. osquidatum Brolemann, 1909: ♂♀, Torcé-Viviers-en-Charnie (Mayenne, 
France), forest of the Grande Charnie, 48.0693°N, -0.2591°E (WGS84), oak 
forest with temporary stream, 05.IV.2016, leg./det. É. Iorio

 - G. richardi Brolemann, 1904: 1 ♂, 2 ♀, Sospel (Alpes-Maritimes, France), riv-
er of the Bévéra, riparian forest, 26.III.2018, leg. J.-M. Lemaire, det. É. Iorio

 - G. studeri Rothenbühler, 1899: ♀, la Chapelle-en-Valgaudémar (Hautes-
Alpes, France), 44.8243°N, 6.2625°E (WGS84), 1386 m a.s.l., beech forest, 
03.V.2021, leg. F. Noël, det. É. Iorio

 - Gnathoribautia bonensis (Meinert,1870): ♀, Colares (Lisbon district, Portu-
gal), 38.8302°N, -9.4686°E, on a cliff, 28.XII.2018, leg. T. Cherpitel and M. 
Filipe, det. A. Racine and É. Iorio

 - Henia bicarinata (Meinert, 1870): ♀, La Croix-Valmer (Var, France), Cap 
Taillat, 43.1714°N, 6.6414°E, gravel beach with a stranded Posidonia “ban-
quette”, 24.III.2022, leg./det. É. Iorio

 - H. brevis (Silvestri, 1896): ♀, Sospel (Alpes-Maritimes, France), 43.9042°N, 
7.4481°E, 620 m a.s.l., oak forest, in a shaded valley 05.XI.2020, leg./det. É. Iorio

 - H. vesuviana (Newport, 1844): ♂♀, Metz (Moselle, France), Fort of Queu-
leu, deciduous forest in old fortifications, 01.V.2002, leg./det. É. Iorio

 - Pachymerium ferrugineum (C.L. Koch, 1835): 1 ♂, 2 ♀, Hyères (Var, France), 
Giens, beach of l’Ayguade, 43.0402°N, 6.0964°E (WGS84), under stones 
and stranded Posidonia, 26.X.2015, leg. F. Noël, det. É. Iorio

 - Pleurogeophilus mediterraneus (Meinert, 1870): ♂♀, Sospel (Alpes-Mari-
times, France), 43.8426°N, 7.4477°E (WGS84), 729 m a.s.l., mixed forest, 
northern slope, 10.XI.2020, leg./det. É. Iorio

 - Stenotaenia linearis (C.L. Koch, 1835): 2 ♀, Ramatuelle (Var, France), Mou-
lin of Paillas, 43.2135°N, 6.6070°E, 250 m a.s.l., old oak forest, 13.II.2024, 
leg./det. É. Iorio

 - Strigamia carniolensis (Verhoeff, 1895): 3 ♀, Chantepérier (Isère, France), 
45.0123°N, 5.9757°E, 1442 m a.s.l., small beech forest, 10.V.2021, leg. F. 
Noël, det. É. Iorio

 - Tuoba poseidonis (Verhoeff, 1901): 7 ♂, 11 ♀, Hyères (Var, France), Port-
Cros island, “Fond de la Rade”, 43.0068°N, 6.3820°E, well preserved gravel 
beach with stranded Posidonia, 05.IV.2019, leg./det. É. Iorio.

All specimens are in the collection of ÉI, with the exception of Acanthogeo-
philus spiniger, which is in the Minelli-Bonato collection, and Arenophilus pere-
grinus, which is in the collection of Antoine Racine. All photos were taken by ÉI, 
with the exception of those of Acanthogeophilus spiniger, taken by LB, and of 
Arenophilus peregrinus, taken by A. Racine.

Results

Endogeophilus Bonato, Zapparoli, Drago & Minelli, 2016

Diagnosis. Geophilids with the following combination of characters: body re-
markably narrow (length/width ratio ~ 70); setae relatively short (not surpassing 
30 μm on the head); head slightly longer than wide; clypeus uniformly areolate; 
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labrum with tubercles on the intermediate part and bristles on the side-pieces, 
which are distinct from the clypeus; second maxillary coxosternite with a long 
isthmus, without inner processes and without sclerotized ridges; pretarsus of 
second maxillae claw-like; forcipular tergite relatively broad (posterior margin 
about as wide as the subsequent tergite); forcipular coxosternite without ante-
rior denticles, with complete coxopleural sutures distinctly diverging anteriorly, 
and with complete chitin-lines; forcipule with a single denticle, relatively small, 
on the tarsungulum; metasternites of the anterior part of the trunk with car-
pophagus pits and with pore-fields, a sub-ovoid/sub-triangular pore-field (ap-
proximately as long as wide or slightly longer than wide) on the posterior part 
of each metasternite; metasternites slightly longer than wide at ~ 20% of the 
series of trunk segments; > 90 pairs of legs, all relatively short (length/width 
ratio of leg tarsi < 2.5) and with slender accessory spines; metasternite of the 
ultimate leg-bearing segment trapezoid, wider than long; coxal organs opening 
through separate pores, most of them close to the metasternite, one isolated on 
the ventral side of the coxopleuron and some on the dorsal side; legs of the ulti-
mate pair distinctly longer than the penultimate legs, with a claw-like pretarsus.

Type species. Endogeophilus ichnusae Bonato, Zapparoli, Drago & Minelli, 
2016, by original designation.

Endogeophilus alberti sp. nov.
https://zoobank.org/D21886AF-5DFE-4248-8532-8D84E673C6DA

Type specimen. Holotype (Figs 2, 3): • ♀, 31.III.2023, É. Iorio leg. In etha-
nol. Body in four pieces: head, maxillae, mandibles, and trunk. Original label: 
Cavalaire-sur-Mer (Var), Malatra, “MALAT3”, 43.1795°N, 6.5068°E (WGS84), 
31.III.2023, É. Iorio leg. Deposited in the Muséum national d’Histoire naturelle, 
Paris (Chilopoda collection, number M370).

Type locality. France: Var department: Cavalaire-sur-Mer: near Malatra: 
43.1795°N, 6.5068°E (WGS84), 215 m a.s.l., north-eastern slope (Fig. 1).

Diagnosis. An Endogeophilus species with claw of the second maxillae 
slender and hooked at its tip; forcipular trochanteroprefemur ~ 1.1× as long 
as wide; forcipular tarsungulum > 2.0× as long as wide, almost as long as the 
trochanteroprefemur, distinctly curved, fairly slender, and gradually narrowing. 
See also Table 1, Figs 2–4, and Discussion.

Description of the holotype (Figs 2, 3). General features. Body remarkably 
slender, 24.5 mm long, uniformly ~ 0.3 mm wide for most part of the trunk, 
only very slightly narrowing anteriorly along ~ 20 most anterior leg-bearing seg-
ments and backwards along approximately the five most posterior leg-bearing 
segments. Legs relatively short. Colour almost uniformly pale yellow, only the 
forcipules and the head slightly darker, both pale orange.

Cephalic capsule and antennae. Head 0.4 mm long, sub-rectangular, 1.15× 
longer than wide (Fig. 3A); the anterior margin slightly angulated with a small 
medial notch. Transverse suture absent. Approximately 40 setae on the head, 
the majority being short except those of the lateral margins, longer, reaching 
up to ~ 22 μm. Clypeus uniformly areolate, without clypeal areas and without 
plagulae, with six setae, arranged in a longitudinal series of three pairs on the 
anterior median part of the clypeus. Pleurites uniformly areolate, with some 
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setae. Labrum composed of an intermediate part narrow and almost negligi-
ble, having one tubercle (Fig. 2A); side pieces not clearly distinct from the in-
termediate part of labrum, each with four bristles. Antennae with 14 articles, 
1.3 mm long, 3.2× longer than the head (Fig. 3B). article I ~ 0.7× longer than 

Figure 2. Endogeophilus alberti sp. nov., holotype A labrum B first maxillae C right part of the forcipular segment D LBS 
18 E ultimate LBS without distal part of legs F left part of the ultimate LBS without distal part of leg. Views: ventral (A–E), 
dorsal (F). Scale bars: 20 µm (A); 40 µm (B); 100 µm (C–F).
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wide, articles II–VII up to 1.7× longer than wide, article VIII ~ 1.2× longer than 
wide, articles IX–XIII approximately as long as wide; setae gradually denser and 
shorter from basal to distal articles, both ventrally and dorsally. Article XIV 2.0× 
longer than wide, with numerous setae and with club-like sensilla grouped on 
the distal parts of both internal and external sides (Fig. 3C).

Figure 3. Endogeophilus alberti sp. nov., holotype A head and forcipular segment B antennae C distal articles of left an-
tenna D right telopodite of second maxillae E head and forcipular segment F right forcipule G LBS 15 and anterior part of 
16 H ultimate LBS without right leg. Views: ventral (D–H), dorsal (A–C).  Abbreviations: cls club-like sensilla, cmx claw of 
the second maxillae, cp coxopleural pores, cs carpophagus-structure. Scale bars: 200 µm (A–B, E, G–H); 50 µm (C–D, F).
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Mandibles and maxillae. A single pectinate lamella on each mandible. Cox-
osternite of the first maxillae entire, without mid-longitudinal sulcus. Coxal pro-
jection sub-triangular, longer than wide, bearing one or two basal setae and 
some more distal spine-like sensilla. Telopodite comprises two articles, the 
basal one without setae, the distal one with three setae and five or six spine-
like sensilla. No coxosternal lappets; telopodital lappets present and pointed 
(Fig. 2B). Coxosternite of the second maxillae entire, the intermediate part 
uniformly sclerotised as the remaining parts, its anterior margin concave; no 
sclerotised ridges. Telopodite of the second maxillae composed of three arti-
cles: article 1 with two or three very short external setae, article 2 with one or 
two very short external setae, article 3 with five or six long distal setae; a sim-
ple long apical claw, subconical but hook-shaped at its extremity, with a dorsal 
bulge at its mid length (Fig. 3D).

Forcipular segment. Tergite trapezoid, the lateral margins distinctly con-
verging anteriorly, ~ 2.3× wider than long, posteriorly almost as wide as the 
subsequent metatergite (Fig. 3A). Exposed part of the coxosternite ~ 1.1× 

Table 1. Differences between the single specimen of Endogeophilus alberti sp. nov. and the three specimens of E. ichnu-
sae. For each character, each possible explanation (intraspecific variability, errors in character evaluation or divergence 
between species) has been evaluated as probable (x), possible (?) or improbable (–), based on what is known from other 
Geophilidae. Data are from Bonato et al. (2016) and this study.

Species E. alberti 
sp. nov. E. ichnusae Explanations

Specimens examined 1, female, 
24.5 mm

3, both 
sexes, 

31–34 mm

Differences 
in body 

size

Differences 
between 

sexes

Variability 
between 

individuals

Errors in 
character 
evaluation

Differences 
between 
species

Head: setae: max length 22 μm 15 μm – – ? x ?

Labrum: distinction between side-
pieces and intermediate part

faint distinct x – ? ? –

Labrum: number of tubercles 1 2 ? – x – –

Antenna: length/width 3.2 3.6 ? – x ? –

First maxillae: coxosternal lappet absent small ? – x – ?

First maxillae: telopodital lappet large small ? – x – ?

Second maxillae: pretarsus slender, 
hooked at 

the tip

stout, not 
hooked

– – – – x

Forcipular metatergite: width/length 2.3 1.8 ? – x ? ?

Forcipular trochanteroprefemur: 
length/width

1.1 1.3 – – – – x

Forcipular tarsungulum: length/width 2.2 1.9 – – – – x

Forcipule/coxosternite length 0.9–1.0 0.7–0.8 – – – – x

Forcipular tarsungulum: shape narrowing 
gradually

narrowing 
abruptly

– – – – x

Anterior part of trunk: metasternite: 
carpophagus pit

distinct, 
fairly deep

faint, 
shallow

? – x – ?

Legs in female: number 99 107 – – x – ?

Coxopleuron: pores: number 5 or 6 9–15 x – – – ?

Ultimate/penultimate telopodite 
length

1.7 2.0 x – – ? ?
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wider than long; anterior margin with a medial shallow concavity, without 
denticles. Coxopleural sutures complete, entirely ventral or almost, only very 
slightly sinuous, and strongly converging posteriorly. Chitin-lines well dis-
tinct, reaching the condyles, moderately curved and converging posteriorly 
(Figs 2C, 3E). Trochanteroprefemur ~ 1.1× as wide as long, the external side 
~ 2.2× longer than the internal side, without denticles and with some setae 
(Figs 2C, 3F). Forcipular intermediate articles distinct, without denticles, each 
with some long setae. Tarsungulum curved, gradually narrowing, ~ 2.2× as 
long as wide and with a basal sub-conic tubercle; slightly crenulated in its 
concavity, with 3–6 shallow projections, less pronounced on the left than on 
the right (Figs 2C, 3F).

Leg-bearing segments. 99 LBS. No paratergites. Metatergite 1 wider than 
the subsequent one, lateral margins converging posteriorly, without preterg-
ite. Metatergites with two paramedian sulci. Metasternites slightly longer than 
wide (length/width ratio ~ 1.1 at ~ 20% of the LBS), uniformly areolate; setae 
very sparse. Metasternites of LBS 10–20 with a carpophagus pit on the anterior 
margin, fairly deep on LBS 14–19, ~ 0.6× as wide as the margin of metaster-
nite (Figs 2D, 3G). Glandular pores on the metasternites from the 2nd to the 
penultimate, up to 30–35 pores and loosely arranged in a sub-ovoid/sub-trian-
gular pore-field on the posterior half of each metasternite in the anterior part 
of the trunk (Fig. 2D); the pore-fields being much less visible in the posterior 
half of the trunk, loosely arranged in a transverse band of pores in the ~ 5–10 
penultimate LBS. Length/width ratio of leg tarsus ~ 2.3 at ~ 20% of the LBS. 
Leg claws simple.

Ultimate leg-bearing segment. Setae uniformly sparse. Pleuropretergite en-
tire, lacking sutures or sulci. Metatergite sub-trapezoid, ~ 1.5× wider than long, 
lateral margins very slightly convex and distinctly converging posteriorly, poste-
rior margin convex. Presternite not medially constricted. Metasternite trapezoid, 
~ 1.3× wider than long, anteriorly 1.4× wider than posteriorly (Fig. 2E); lateral 
margins slightly convex, converging backwards; posterior margin straight. Cox-
al organs of each coxopleuron opening through five or six independent pores: 
two dorsal pores, one covered by the pleuropretergite and one exposed on the 
dorso-lateral side (Fig. 2F); three or four ventral pores including two or three 
more or less aligned under the edge of the corresponding metasternite and a 
single pore isolated on the postero-central part of the ventral side (Figs 2E, 3H). 
Telopodite 0.43 mm long, 7.8× as long as wide, ~ 1.7× as long as the penulti-
mate telopodite; six articles, all covered dorsally with sparse long setae, ven-
trally with dense shorter setae; a fairly well-developed apical claw (Fig. 3H).

Postpedal segments. Gonopods in the shape of a short, slightly bilobate lam-
ina. A pair of anal pores.

Distribution and ecology. The new species is only known from the type 
locality (see above; Fig. 1). The single specimen was collected in a shaded 
maquis of old Arbutus unedo L., 1753 with also some large Quercus suber L., 
1753 (Fig. 5). It was found after sieving with a Winkler apparatus, at a depth of 
10–20 cm in the soil.

Etymology. This species is dedicated to Prince Albert II de Monaco, because 
the Foundation Prince Albert II de Monaco has supported the field work of this 
study. The epithet alberti is intended as a noun in the genitive case.
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Figure 4. Endogeophilus ichnusae, paratype PD 1373, ventral A head and forcipular segment B right forcipule and apical 
claw of the second maxillae. Abbreviation: cmx claw of the second maxillae. Scale bars: 100 µm.

Figure 5. Habitat of Endogeophilus alberti sp. nov., near Malatra, Cavalaire-sur-Mer, 
France (Fig. 1).
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Identification key to the European genera of Geophilidae s.l.

Within Europe, the Geophilidae s.l. can be distinguished from all other Chilopo-
da by means of the combination of the following two characters: > 25 pairs of 
legs and second maxillary pretarsi in shape of either subconical, non-spatulate, 
pointed claw or a tubercle with only one or two tiny spines. A total of 20 genera 
of Geophilidae s.l. are recorded in Europe (Table 2).

The key should be applied by examining any specimen through a microscope. 
A magnification of 50× is recommended, even 100× for examining labrum and 
pore-fields. For characters defined on the leg-bearing segments, examination 
between the 5th and the 20th LBS is recommended.

In addition to the dichotomic characters included in the key, additional infor-
mation is given for each genus (number of species recorded in Europe, geo-
graphical distribution within Europe, and additional morphological characters), 
between square brackets, to assist in the identification.

1 Legs of the ultimate pair with an apical tubercle having minute spines 
(Fig. 10B: t) ...................................................Arenophilus Chamberlin, 1912
[In Europe: a single species, A. peregrinus Jones, 1989; recorded in very 
few localities on and near the coasts of south-western England, western 
France, and western Iberian peninsula. Always with 45 LBS.]

– Legs of the ultimate pair with an apical claw or missing the pretarsus at all 
(Figs 3H, 10A, C–I) ........................................................................................2

2 Forcipular tergite sub-rectangular, more or less headband-shaped (Fig. 6D, 
E: ft) ................................................................................................................3
[The genera included here have a large basal denticle on the tarsungulum 
(Fig. 6F) or a deep median diastema on the forcipular coxosternite (Fig. 6G, H).]

– Forcipular tergite trapezoid, posteriorly wider than anteriorly (Fig. 6A–C: 
ft) ....................................................................................................................5
[With the exception of Gnathoribautia (Fig. 6I), the basal denticle of the 
tarsungulum, when existing, is smaller (Fig. 7C, G). No deep median dias-
tema on the forcipular coxosternite (Figs 6I, 7C, G).]

3 A large basal denticle on the tarsungulum (Fig. 6F: d). No deep median 
diastema and no chitin-lines on the forcipular coxosternite (Fig. 6F) .........
 .......................................................................................Strigamia Gray, 1843
[In Europe: many species, across most continental lands.]

– No large basal denticle on the tarsungulum (Fig. 6G, H). A deep median 
diastema and distinct chitin-lines on the forcipular coxosternite (Fig. 6G, 
H: cl) ...............................................................................................................4

4 2 denticles on the mesial side of the tarsungulum (Fig. 6G: dc). Pore-fields 
absent ................................................................Dignathodon Meinert, 1870
[In Europe: only two species, D. microcephalus (Lucas, 1846) (southern 
Europe; 65–89 LBS) and D. gracilis (Attems, 1952) (only recorded in Anda-
lusia; 59–71 LBS.]

– No denticles on the mesial side of the tarsungulum (Fig. 6H). Pore-fields pres-
ent, sub-circular to longitudinally much elongate ..........Henia C.L. Koch, 1847
[In Europe: many species, across most continental lands and major 
islands.]
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5 Coxal pores grouped in 1, 2, 3, or 4 ventral pits, fossae, or distinct clus-
ters on each coxopleuron, all close to the metasternite or covered by it 
(Fig. 9G–I), but sometimes accompanied by 1 or 2 lateral or posterior sep-
arate pores .....................................................................................................6
[In France and in north-western Europe, with the exception of Nothogeoph-
ilus only recorded in England, the labrum of the species of the two other 
genera present in this area (Clinopodes and Stenotaenia) generally has 
numerous bristles and no tubercles (Fig. 7A).]

– All coxal pores separate, not in pits, fossae, or distinct clusters (Figs 2E, F, 
3H, 9A–F, 10E) .............................................................................................12
[In France and in north-western Europe, the genera included here have one 
to several tubercles on the intermediate part and bristles on the side piec-
es of the labrum (Figs 2A, 7B).]

6 Forcipular coxosternite with a pair of distinctly sclerotised denticles 
(Fig. 7E) ..........................................................................................................7

– Forcipular coxosternite without distinctly sclerotised denticles (e.g., 
Fig. 7G) ...........................................................................................................8

7 Carpophagus structures absent (e.g., Fig. 8G, H). Coxal pores mostly or 
entirely in 1 ventral pit on each coxopleuron (Fig. 9I) ...................................
 ...............................................Diphyonyx Bonato, Zapparoli & Minelli, 2008
[In Europe: a few species, from the Balkan peninsula to Caucasus. Claws 
of many anterior legs bearing an enlarged accessory spine.]

– Carpophagus structures present (Fig. 8A, B: cs). Coxal pores mostly or entire-
ly in 2–4 ventral pits or clusters (e.g., Fig. 9G) ..... Clinopodes C.L. Koch, 1847
[In Europe: many species, across most of central and eastern Europe.]

8 No pore-fields. Labrum without bristles and without tubercles ...................
 ...............................................................................Bebekium Verhoeff, 1941
[In Europe: a single species, B. mirabile Verhoeff, 1941; recorded only in 
the eastern part of the Balkan peninsula; 39–41 LBS.]

– Pore-fields present (Fig. 8D, E, G, H: pf). Labrum with bristles, sometimes 
also with tubercles ........................................................................................9

9 All coxal pores in 2 or 3 ventral pits on each coxopleuron (Fig. 9G, H). Pore-
fields oval or sub-trapezoid (Fig. 8G: pf) ........Stenotaenia C.L. Koch, 1847
[In Europe: many species, across most of central and eastern Europe.]

– All coxal pores in 1 ventral pit on each coxopleuron (Fig. 9I). Pore-fields 
sub-triangular (e.g., Fig. 8D, E: pf) or reniform or in a transverse band 
(Fig. 8H: pf) ..................................................................................................10

10 Carpophagus structures present (Fig. 8E: cs). Pore-fields sub-triangular 
(e.g., Fig. 8D, E: pf). 57–71 LBS ...................Algerophilus Brolemann, 1925
[In Europe: a single species, Algerophilus hispanicus (Meinert, 1870); only 
from southern Iberian peninsula.]

– Carpophagus structures absent (Fig. 8H). Pore-fields reniform or in a 
transverse band (Fig. 8H: pf); 37–55 LBS ..................................................11

11 Pore-fields more or less reniform, ≤ 1/2 of the width of the metasternite; 
37–39 LBS .............................. Nothogeophilus Lewis, Jones & Keay, 1988
[In Europe: a single species, N. turki Lewis, Jones & Keay, 1988; only recorded 
from the isles of Scilly and Wight (southern England). Body length < 15 mm.]

– Pore-fields not reniform, > 1/2 of the width of the metasternite (Fig. 8H); 
47–55 LBS ............................................................. Tuoba Chamberlin, 1920
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[In Europe: only two species, T. poseidonis (Verhoeff, 1901) (with 49–55 
LBS; strictly halophilic, only present on the Mediterranean seashores) and 
T. zograffi (Brolemann, 1900) (47 LBS; not halophilic; only recorded in the 
Canary islands).]

12 More than 90 LBS. Pore-fields sub-ovoid/sub-triangular, approx. as long as 
wide or slightly longer than wide (Fig. 2D).....................................................
 ............................Endogeophilus Bonato, Zapparoli, Drago & Minelli, 2016
[In Europe: only 2 species, E. ichnusae from Sardinia and E. alberti sp. nov. 
from southern Provence.]

– Usually < 90 LBS1. Pore-fields not sub-ovoid/sub-triangular (Fig. 8C–F: pf) 
or absent (Fig. 8B) .......................................................................................13

13 Legs of the ultimate pair without an apical claw (Fig. 10A, G, H). Pore-
fields either absent (Fig. 8B) or small, sub-circular to slightly elliptical 
(Fig. 8F: pf) ...................................................................................................14

– Legs of the ultimate pair with an apical claw, usually well-developed2 
(Fig. 10C, D: c, E, F: c, I). Pore-fields usually present3, sub-diamond or in a 
tranverse band (Fig. 8D, E: pf) .....................................................................17

14 Pore-fields present, sub-circular to slightly elliptical (Fig. 8F: pf). Legs 
of the ultimate pair very elongated, > 2× as long as the penultimate legs 
(Fig. 10G, H) ............................................... Pleurogeophilus Verhoeff, 1901
[In Europe: at least one species, P. mediterraneus (Meinert, 1870); in 
south-eastern Europe; 61–85 LBS; numerous coxal pores (frequently > 25 
on each coxopleuron in adults) and the ultimate metasternite longer than 
wide (Fig. 9E, F).]

– No pore-fields (Fig. 8B). Legs of the ultimate pair usually < 2× as long as 
the penultimate legs4 ..................................................................................15

15 Forcipular trochanteroprefemur ~ as long as wide and without denticle 
(Fig. 7F: tp). Metasternite of the ultimate leg-bearing segment wider than 
long (Fig. 9B) ..................................Galliophilus Ribaut & Brolemann, 1927
[In Europe: only one species, G. beatensis, recorded confidently only in the 
eastern Pyrenees; ~ 81–85 LBS; tarsungulum sharply compressed in the 
internal side, making almost a right angle in horizontal view (Fig. 7F).]

– Forcipular trochanteroprefemur much longer than wide and with a den-
ticle (Figs 6I, 7C: tp). Metasternite of the ultimate leg-bearing segment 
longer than wide (Fig. 9A) ...........................................................................16

1 Apart from Endogeophilus, only one species of European geophilids has > 90 LBS: 
Stenotaenia sturanyi (Attems, 1903) (105–115 LBS), recorded between Macedonia 
and the Chalcidic peninsula, possibly also in Crete (Bonato and Minelli 2008).

2 European species of Geophilus with poorly developed claws on the ultimate legs 
of both sexes include G. fucorum, G. joyeuxi Léger & Duboscq, 1903 (variable), and 
G. seurati Brolemann, 1924. Other species may have poorly developed claws on the 
ultimate legs of males only, e.g., G. flavus (variable) and G. carpophagus Leach, 1815.

3 A few European species of Geophilus have no pore-fields: G. guanophilus Verhoeff, 
1939, G. ribauti Brolemann, 1908, G. richardi Brolemann, 1904, G. truncorum Bergsøe 
& Meinert, 1866, and other species of uncertain identity (G. madeirae Latzel, 1895, 
G. ibericus (Attems, 1952), G. strictus Latzel, 1880).

4 Gnathoribautia bonensis has a fairly elongated ultimate pair of legs, but generally less 
so than Pleurogeophilus mediterraneus. Also, G. bonensis has a much longer head 
than P. mediterraneus (Fig. 6B, C) and distinct forcipules (Fig. 6I).
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16 39–41 LBS. Forcipular coxosternite slightly wider than long. All forcipular 
articles with a denticle (Fig. 7C) ....................Arctogeophilus Attems, 1909
[In Europe: three species, A. inopinatus (Ribaut, 1911) (western and central 
France), A. attemsi Folkmanová, 1956, and A. macrocephalus Folkmanova 
& Dobroruka, 1960 (both only recorded in Ukraine).]

– 67–87 LBS. Forcipular coxosternite slightly longer than wide. Forcipu-
lar trochanteroprefemur and tarsungulum with a denticle, intermediate 
forcipular articles without denticle (Fig. 6I) ............................................
.............................................................Gnathoribautia Brolemann, 1909
[In Europe: only 2 species, G. bonensis (67–83 LBS; body length ≤ 7 cm; 
Macaronesia, Iberian peninsula, and Sicily) and G. syriaca (Attems, 1903) 
(~ 87 LBS; body length ≤ 11 cm; Aegean islands]

17 Metasternite of the ultimate leg-bearing segment longer than wide (Figs 
9D, 10I) .........................................................................................................18

– Metasternite of the ultimate leg-bearing segment wider than long (Fig. 
9C) ................................................................................................................19

18 Forcipular trochanteroprefemur and tarsungulum each with a denticle. 
Legs of the ultimate leg-bearing segment without elongate projections 
(Fig. 10F) ...................................................... Pachymerium C. L. Koch, 1847
[In Europe: few species, across most of Europe. Numerous coxal pores, > 
20 widely distributed on each coxopleuron in adults (Fig. 9D).]

– Forcipules without denticles. Legs of the ultimate leg-bearing segment 
with elongate projections (Fig. 10I) ......... Acanthogeophilus Minelli, 1982
[In Europe: only 1 species, A. dentifer Minelli, 1982, only recorded in the 
Italian peninsula; ~ 67 LBS.]

19 Forcipular coxosternite > 2× as wide as long (Fig. 7D). Tarsungulum 
strongly narrowing near the base, very narrow for most of its length and 
distinctly compressed also along the external side (Fig. 7D) ......................
 ........................................................................Eurygeophilus Verhoeff, 1899
[In Europe: only 2 species, E. pinguis (Brolemann, 1898) (< 50 LBS) and 
E. multistiliger (Verhoeff, 1899) (> 50 LBS). Pore-fields in a very stretched 
transverse band in both species (Fig. 8C: pf).]

– Forcipular coxosternite < 2× as wide as long (Fig. 7G; also F). Tarsun-
gulum gradually narrowing and compressed only along the internal side 
(Fig. 7G) .................................................................... Geophilus Leach, 1814
[In Europe: many species. With the exception of G. carpophagus Leach, 
1815, which has pore-fields in a very stretched transverse band, the oth-
er species have either stretched sub-triangular/sub-diamond pore-fields 
(Fig. 8D, E: pf) or no pore-fields3.]

Discussion

Taxonomic remarks

After the discovery of a specimen of Endogeophilus among the centipedes 
collected in the Port-Cros National Park, further sessions of field research 
were conducted with the aim to find other specimens, either in the collection 
locality or other sites. However, efforts have remained ineffective up to now. 
Worth notice is that the only three specimens of Endogeophilus previously 
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Figure 6. Head and forcipular segment. Species A Pachymerium ferrugineum B Gnathoribautia bonensis C Pleurogeo-
philus mediterraneus D Strigamia carniolensis E Henia vesuviana F Strigamia carniolensis G Dignathodon microcephalus 
H Henia bicarinata I Gnathoribautia bonensis. Views: dorsal (A–E), ventral (F–I).  Abbreviations: cl chitin-lines, d forcipular 
denticle, dc denticles of the mesal side of the forcipular tarsungulum, ft forcipular tergite. Arrow: median diastema of the 
forcipular coxosternite. Scale bars: 400 µm (A–F, H-I); 300 µm (G).

reported were found through intense field research and among a huge sample 
of collected centipedes (Bonato et al. 2016), and no other specimens have 
been found subsequently.
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Figure 7. A, B labrum C, D, F, G forcipular segment E distal part of the forcipular coxosternite. Species A Clinopodes vesu-
biensis B Geophilus studeri C Arctogeophilus inopinatus D Eurygeophilus pinguis E Clinopodes vesubiensis F Galliophilus 
beatensis G Geophilus gavoyi. Views: all ventral. Abbreviations: cl chitin-lines, d forcipular denticle, tp trochanteroprefe-
mur. Arrow: denticles on the forcipular coxosternite. Scale bars: 50 µm (A, B); 300 µm (C–G).
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Figure 8. Metasternite of an anterior LBS. Species A Clinopodes vesubiensis LBS 16 B Galliophilus beatensis LBS 19 
C Eurygeophilus pinguis LBS 10 D Geophilus osquidatum LBS 11 E Geophilus electricus LBS 11 F Pleurogeophilus medi-
terraneus LBS 15 G Stenotaenia linearis LBS 20 H Tuoba poseidonis LBS 12. All ventral views. Abbreviations: cs carpoph-
agus-structure, pf pore-field. Scale bars: 200 µm.
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Figure 9. Ultimate LBS without distal part of legs. Species A Arctogeophilus inopinatus female B Galliophilus beatensis 
male C Geophilus flavus female D Pachymerium ferrugineum male E Pleurogeophilus mediterraneus female F Pleurogeo-
philus mediterraneus male G, H Stenotaenia linearis female I Tuoba poseidonis female. Views: ventral (A–G), lateral (H, I). 
Abbreviations: p pit or fossa (H wide fossa from dorsal to ventral side, indicated by dotted lines), um metasternite of the 
ultimate LBS (medial length and maximum width are indicated by dotted lines). Scale bars: 300 µm.
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Figure 10. Legs of the ultimate pair A, C right leg B, D distal articles of the right leg E–G both legs H left leg. Species 
A Arctogeophilus inopinatus male B Arenophilus peregrinus female C Eurygeophilus pinguis female D Geophilus fucorum 
female E Geophilus richardi female F Pachymerium ferrugineum female G Pleurogeophilus mediterraneus male H Pleuro-
geophilus mediterraneus female I Acanthogeophilus spiniger female. Views: ventral (A-E, I), lateral (F) and dorsal (G-H).  
Abbreviations: c claw, t tubercle with spines. Scale bars: 300 µm (A, C, F); 50 µm (B); 100 µm (D, E, I); 1 mm (G–H).
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We observed several morphological differences between the single indi-
vidual of Endogeophilus collected in Provence and the three individuals pre-
viously collected in Sardinia (Table 1). However, only some differences may 
be attributed confidently to evolutionary divergence (thus suggesting that they 
represent different species), while other differences may be explained by vari-
ability between individuals (including variation associated to body size or sex). 
Moreover, the effect of “errors” in measurement and character evaluation may 
not be negligible in such a small sample. The very few specimens available 
for comparison did not allow testing these alternative explanations empirically 
or statistically. However, we tentatively tabulate what is known for other bet-
ter-studied geophilids (Table 1). Following a cautionary approach, at least a 
few differences are very difficult to explain by intraspecific variation or mea-
surement errors alone. Thus, these differences indicate an evolutionary mor-
phological divergence between the population of Endogeophilus discovered in 
Provence (represented by the single specimen here described) and the popu-
lations inhabiting south-western Sardinia (the three specimens described as 
E. ichnusae). These differences are in the shape of the pretarsi of the second 
maxillae and the forcipules.

The maxillary pretarsi are more slender and distinctly hooked in the specimen 
from Provence, while they are stouter and not hooked in all three Sardinian spec-
imens (Fig. 3D vs Fig. 4B). There is no asymmetry between right and left pretarsi. 
The observed difference is larger than the interindividual variation observed with-
in well-studied species of geophilids (unpublished data), and the effect of body 
size may be ruled out considering the close lengths of the specimens (Table 1).

The forcipules of the specimen from Provence differ from those of all three 
Sardinian specimens because they are slightly more elongate in comparison 
with the coxosternite, with stouter trochanteroprefemora and more slender tar-
sungula, which are also more gradually narrowing (Fig. 3E, F vs Fig. 4A, B). 
There is no asymmetry between right and left forcipules, and no differences 
between sexes among the Sardinian specimens. The observed differences are 
larger than usually observed in other geophilids (unpublished data), even in 
comparison to changes observed or expected with growth (Table 1).

Other observed differences may turn out to be variable characters between 
the two species, but further specimens are necessary to rule out alternative ex-
planations (Table 1). These putative characters include the length of the setae, 
the relative size of the first maxillary lappets, the elongation of the forcipular 
metatergite, the depth of the carpophagus pits, the range of variation of the 
number of legs, the number of coxal pores in relation to the body size, and the 
relative length of the legs of the ultimate pair.

Identification key to genera of Geophilidae

The redefinition of the diagnosis of Endogeophilus prompted us to build a key 
to all geophilid genera recorded from Europe thus far, according to the current 
taxonomy and nomenclature in use, and leveraging all recently published infor-
mation on the morphology of European geophilids. Presently, the Geophilidae 
s.l. living in Europe (~ 120 species; Bonato et al. 2014a) are recognised in 20 
genera (Table 2).
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For a long time, the identification of geophilids collected in Europe have re-
lied on consulting a few specialists with personal expertise, browsing descrip-
tions that are sparse in the taxonomic literature (often heterogeneous and only 
partially comparable) or by using a few available keys. After the keys published 
by Attems (1929) within his global monograph on Geophilomorpha (now largely 
outdated), more recent keys (still suitable for European geophilids) have been 
published to cover single countries or regions (e.g., Koren 1986; Andersson et 
al. 2005; Barber 2009; Dányi 2010; Iorio and Labroche 2015; Iorio et al. 2022b). 
Indeed, an interactive digital key to all European species of Geophilomorpha 
has been recently delivered on-line (Bonato et al. 2014a); however, it includes 
many characters often requiring anatomical dissection, and most of the char-
acters are not accompanied by illustrations. Given the current state of uncer-
tainty of the species-level taxonomy of many European genera of geophilids 
(e.g., Del Latte et al. 2015; Bonato et al. 2023), a simplified tool assisting in 
distinguishing genera may turn out to be useful and desirable for many faunis-
tic and ecological investigations. Moreover, we have given priority to charac-
ters that are easier to evaluate (not requiring high magnification, dissection, or 
clarification of the integument) and of broader applicability (effective for adult 
and large immature individuals, and without knowing the sex of the specimen).

Table 2. Genera of Geophilidae s.l. and approximate number of species recognised in Europe. Only genera recorded 
within the geographic boundaries adopted by Fauna Europaea are considered (see Materials and methods). Occurrences 
are also indicated for the biogeographical subregions of SW Europe and the two countries where Endogeophilus occurs.

Genus Approximate number of 
species in Europe

Occurrence

South-western Europe France Italy

Acanthogeophilus Minelli, 1982 1 x – x

Algerophilus Brolemann, 1925 1 x – –

Arctogeophilus Attems, 1909 3 – x –

Arenophilus Chamberlin, 1912 1 x x –

Bebekium Verhoeff, 1941 1 – – –

Clinopodes C.L. Koch, 1847 9 x x x

Dignathodon Meinert, 1870 2 x x x

Diphyonyx Bonato, Zapparoli & Minelli, 2008 2 – – –

Endogeophilus Bonato, Zapparoli, Drago & Minelli,  2016 2 x x x

Eurygeophilus Verhoeff, 1899 2 x x x

Galliophilus Ribaut & Brolemann, 1927 1 x x –

Geophilus Leach, 1814 49 x x x

Gnathoribautia Brolemann, 1909 2 x – x

Henia C.L. Koch, 1847 17 x x x

Nothogeophilus Lewis, Jones & Keay, 1988 1 – – –

Pachymerium C.L. Koch, 1847 6 x x x

Pleurogeophilus Verhoeff, 1901 3 x x x

Stenotaenia C.L. Koch, 1847 9 x x x

Strigamia Gray, 1843 7 x x x

Tuoba Chamberlin, 1920 2 x x x

Total 121 species 16 genera 14 genera 13 genera
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Biogeographic and conservation remarks

The new species of Endogeophilus has been discovered in southern Provence, 
ca 2 km from the coast, while the known range of E. ichnusae is limited to 
south-western Sardinia (Fig. 1). The two areas are > 450 km far apart, and are 
separated by a broad branch of sea. Similar distributional disjunctions of strict-
ly related species between Sardinia and Provence are apparently rare among 
soil arthropods, even though single species have been reported with separate 
populations in Sardinia and narrow parts of continental Europe (e.g., Soldati 
and Soldati 2014; Ponel et al. 2023). Among centipedes, for instance, the hi-
mantariid Stigmatogaster sardoa (Verhoeff, 1901) has been recently recorded 
in Provence while it was previously recorded only in Sardinia (ÉI, pers. obs.).

Provence is one of the most intensely surveyed areas in Europe for centi-
pedes: in June 2024, ~ 6,100 records and 12,300 identified specimens had been 
collected for the entire Provence-Alpes-Côte d’Azur region (Myria-France 2024; 
Iorio and Racine, unpublished data). However, even within Provence, several sec-
tors and/or habitats remain poorly studied, like the south of the Var department 
and generally the strictly endogeic centipedes. In particular, E. alberti has been 
found in the peripheric area (“zone d’adhésion”) of the Port-Cros National Park, 
which — like the massif of the Maures — was poorly studied before 2022, except 
for coastal habitats (Iorio 2014, 2022; Iorio et al. 2020, 2023; Myria-France 2024).

Because the Alpes-Maritimes department, as well as secondarily the north-
ern part of the Var department, have been relatively well studied, it seems pos-
sible that E. alberti sp. nov. has a narrow distribution in Provence, possibly lim-
ited to the massif of the Maures and its surroundings. However, as only one 
specimen was found after > 50 hours dedicated to its search and the single 
specimen corresponds to only 0.6% of the total number of collected geophilo-
morphs, this species shows a very low probability of detection in comparison 
with most other centipedes.

While Provence belongs to a well-known biodiversity hotspot within Europe 
(Médail and Quézel 1997), its biodiversity is highly threatened by the demo-
graphic pressure and various human impacts (e.g., urbanisation, artificialisa-
tion of natural environments, fires) (Daligaux 2003; Médail and Diadema 2006; 
Vimal et al. 2012). In particular, in the last decades, the forest habitats of the 
south of the Maures have been disturbed by urbanisation and artificialisation. 
Also, the fires caused a strong impact in this area, as in 2021 with 7,000 hect-
ares burned (Ballouard et al. 2023). These impacts also concern several species 
of centipedes (Chilopoda), which are already considered as threatened (Iorio et 
al. 2015, 2020, 2023; Geoffroy and Iorio 2019; Iorio 2022; Iorio et al. 2022a).

Further studies would be necessary to precisely define the real distribution 
and abundance of E. alberti, its ecology, and its conservation status.
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Research Article

Abstract

Three new species of the genus Fignya Solovyev & Witt, 2009, F. qiana sp. nov., F. trigo-
num sp. nov., and F. samkosa sp. nov., are described from China and Cambodia. Addi-
tionally, a new combination, F. brachygnatha (Wu & Fang, 2008), comb. nov., is proposed. 
The new species are illustrated with images of the adults and male genitalia, and com-
pared with similar species. A key to all known species in the genus, along with their 
geographical distributions, is provided.

Key words: China, identification key, morphology, new combination, slug caterpillar 
moths, taxonomy, Zygaenoidea

Introduction

The genus Fignya is a recently established small genus within the family Li-
macodidae. Currently, only two species are included in this genus: F. melkaya 
Solovyev & Witt, 2009 and F. ravalba Wu, Solovyev & Han, 2022. The type spe-
cies, F. melkaya, was first discovered in northern Vietnam on Mt. Fan-si-pan 
(West) and later also found in Sichuan, China; F. ravalba was discovered in Me-
dog County, Xizang Autonomous Region, China, and is so far only known from 
its type locality (Ji 2018; Wu et al. 2022).

The diagnostic characteristics of this genus have been thoroughly described 
in previous studies: small in size, filiform antennae in both sexes; slightly up-
curved labial palpi; and a large white spot on the forewing in the Cu area with a 
brown border. The forewing also features a sinusoidal vein R1, with veins R3+R4 
branched from R5. The tibial spurs are in a 0-2-4 formula. In the male genitalia, 
the gnathos is fishtail-shaped with a comb-like apex; and the vesica bears large, 
strongly sclerotized cornuti (Solovyev and Witt 2009; Wu et al. 2022).

In this study, we propose a minor expansion of the definition of this genus, 
focusing mainly on the male genitalia: (1) the gnathos is fishtail-shaped with 
a comb-like apex, or the gnathos is spoon-shaped, with a weakly sclerotized, 
nearly membranous apex densely covered with small scobinations; (2) the 
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base of the valva usually has an obvious, large, hairy process which bears large 
lateral bristles, though the process may be reduced or absent in some taxa; and 
(3) the vesica bears large, strongly sclerotized cornuti, or the phallus is bifurcat-
ed with a pointed spine terminally.

During the examination of moths from southwestern China and Cambodia, 
we identified several specimens of Fignya. While these specimens morphologi-
cally resemble the two known congeners, dissection revealed significant differ-
ences in the structure of the male genitalia. Consequently, we formally describe 
them as new species, increasing the number of species within Fignya to six. A 
diagnosis, illustrations, and a key to species with distributions are also provided.

Materials and methods

The type series was collected with a 220V/450W mercury vapor light and a DC 
black light in China and Cambodia. Standard methods for dissection and prepa-
ration of the genitalia slides were used (Kononenko and Han 2007). The spec-
imens were photographed using a Canon M6 II camera, whereas the genitalia 
slides were photographed with an Olympus photo microscope aided by Helicon 
Focus 7 software and further processed in Adobe Photoshop CS6. Terminology 
of genitalia follows Epstein (1996) and Kristensen (2003).

All type materials of the new species are deposited in the collection of the 
Northeast Forestry University (NEFU), Harbin, China.

Abbreviations used:

IZCAS Institute of Zoology, Chinese Academy of Sciences, Beijing, China
MWM/ZSM Museum Witt München/Zoologische Staatssammlung München, 

Munich, Germany
NEFU Northeast Forestry University, Harbin, China
HT Holotype
PT Paratype

Taxonomic account

Genus Fignya Solovyev & Witt, 2009
Common name. 微刺蛾属

Fignya Solovyev & Witt, 2009: 197. Type species (by original designation): Fignya 
melkaya Solovyev & Witt, 2009. Type locality: Vietnam, Mt. Fan-si-pan (West).

Fignya qiana sp. nov.
https://zoobank.org/42F53B62-6D7A-4E42-B089-95704BC8A17D
Figs 1, 7, 8, 18, 19
Common name. 黔微刺蛾

Type material. Holotype: China • ♂, Guizhou Province, Xingren City, Linggangshang, 
1470 m, 29.vi.2022, J Wu, B Gao & RT Xu leg., genit. prep. WuJ-1129-1, in NEFU.

Paratypes • 3 ♂, same data as for holotype, genit. prep. WuJ-806-1, 1130-1, 
all in NEFU.
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Diagnosis. The new species is not noticeably different in appearance from 
F. melkaya (Fig. 3), F. ravalba (Fig. 4), and the next new species, F. trigonum sp. 
nov. (Fig. 2), but it seems that the overall color of the present new species is 
lighter compared to the three species mentioned above. It can be clearly distin-
guished from others by the characteristics of male genitalia.

In the male genitalia, F. qiana sp. nov. (Figs 7, 8) is most similar to F. trigo-
num sp. nov. (Figs 9, 10), as both have almost flat or beveled cucullus and a 
large, bristled process at the basal part of the valva. However, F. qiana sp. nov. 
has a pair of stronger and asymmetrical apical spines on the juxta, with the 
left (when viewed ventrally) spine usually slightly longer than the right; a more 
elongated and finger-like saccus; a smaller, claw-like, curved cornutus at the 

Figures 1–6. Adults of Fignya spp. Depositories of the specimens 1–2, 4–6 in NEFU 3 in MWM/ZSM. Scale bars: 5 mm.
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base of the vesica; and lacks the triangular sclerite near the base of the vesi-
ca. In contrast, F. trigonum sp. nov. has a pair of thinner, almost equal-length, 
finger-like spines on the juxta apically; a shorter, wider, triangular saccus; a 
thicker and slightly curved cornutus at the base of the vesica; and a triangular 
sclerite near the base of the vesica. Additionally, F. qiana sp. nov. differs from 
F. melkaya (Fig. 11) and F. ravalba (Fig. 12) by the latter two having a rounded 
cucullus on the valva, a small bristled process at the base of the valva, and a 
shorter, stouter phallus.

Description. Male. Adult. Forewing length 7.5–8.0 mm, wingspan 16–
17 mm (N = 4). Antennae filiform, brown. Labial palpi upcurved, pale brown. 
Head and thorax grayish-white with a tinge of brown; abdomen grayish-white 
to pare brown. Forewings grayish-white with a series of serrated reddish-brown 
transverse lines, among which the antemedial line distinct, brown, zigzag; medi-
al and postmedial areas of forewing, and tornus relatively darker, with two large, 
white, oval spots with black scales around the edges and a series of indistinct 
small circular spots near tornus, and a small, white, round dot near distal part 
of cell; postmedian line distinct, forming a broad, indistinct reddish-brown band 
extending from c. 3/5 of the costal margin from the wing base to tornus. Fringe 
grayish-white with a tinge of light brown. Hindwings reddish-brown, with dark 
brown scales mixed in the costal and inner margin areas; fringe light brown.

Male genitalia. Uncus short, pointed apically. Gnathos flat, fish-tail-shaped, 
comb-like distally. Valva wider at the base; inner side of the cucullus obviously 
protruding, causing the end of the cucullus to look flat or beveled; basal part of 
valva with a near-elliptical sclerotized plate, covered with dense, long bristles 
laterally; sacculus slightly swollen at base. Juxta flat, with a pair of asymmetri-
cal, slender, sclerotized apical spines apically, the left one always slightly longer 
than the right. Saccus long, broad at the base, gradually narrowing to the mid-
dle, then finger-like at distal half part. Phallus slender, tubular, slightly curved, 
sclerotized at terminal part. Vesica bearing 4–5 cornuti in total, basal one large, 
hook-shaped; second one small, near the basal cornutus; subapical cornuti 1 or 
2 in numbers, apical and subapical cornuti same in size.

Female genitalia. Unknown.
Phenology and habitat. The type specimens were collected in June at an 

altitude of c. 1470 m. The collection site is close to a mixed coniferous and 
broad-leaved forest, with bamboo forest, bushes, and farmland surrounding it 
(Fig. 16). The immature stages are still unknown.

Distribution. China (Guizhou).
Etymology. The new species name is derived from the abbreviation of 

Guizhou Province in China, “Qian”, which is the type locality of F. qiana sp. nov.

Fignya trigonum sp. nov.
https://zoobank.org/0F6D83BD-C06D-4303-A109-4E3DB4B037D8
Figs 2, 9, 10, 20
Common name. 三角微刺蛾

Type material. Holotype: China • ♂, Yunnan Province, Zhaotong City, Xiaocao-
ba Town, Yutang Village, 1864 m, 16.vii.2023, RT Xu & MX Han leg., genit. prep. 
WuJ-1136-1, in NEFU.
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Paratypes: China • 2♂, same data as for holotype, genit. prep. WuJ-1111-1, 
1112-1, all in NEFU.

Diagnosis. F. trigonum sp. nov. (Fig. 2) is closest to F. qiana sp. nov. (Fig. 1) 
both in appearance and male genitalia. The differences between the two have 
been listed in the diagnosis section of F. qiana sp. nov. The most significant 

Figures 7–15. Male genitalia of Fignya spp. Depositories of the slides 7–10, 12–15 in NEFU 11 in MWM/ZSM. Scale bars: 
1 mm, except unscaled Fig. 11.
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difference in male genitalia from the other two species, F. melkaya (Fig. 11) and 
F. ravalba (Fig. 12), are that the new species has an obviously protruding inner 
side of the cucullus, a well developed thick and long horn-like cornutus at the 
base of the vesica, and a triangular sclerite. In contrast, the inner side of the 
cucullus in F. melkaya and F. ravalba is smooth, and the developed horn-shaped 
basal cornutus and triangular sclerite are absent.

Description. Male. Adult. Forewing length 7.5–8.0 mm, wingspan 16.6–18.0 mm 
(N = 3). Antennae filiform, brown. Labial palpi upcurved, light brown. Head and 
thorax grayish-white with a tinge of brown; abdomen grayish-white to light brown, 
terminal with grayish-white to light brown scale tuft. Forewing grayish-brown with 
a series of serrated reddish-brown to dark brown, serrated transverse lines, among 
which the antemedial line distinct, dark brown, zigzag; medial and postmedial ar-
eas of forewing, and tornus brown to dark brown, with two large, white, oval spots 
with black scales around the edges and a series of indistinct small circular spots 
near tornus, and a small, indistinct, white dot located at the end of discal cell; post-
median line grayish-white, extending from c. 3/5 of the costal margin from the 
wing base to tornus; terminal area black, mixed with some brown and white scales. 
Fringe grayish-brown with a tinge of dark brown. Hindwings reddish-brown, with 
dark brown scales mixed in the costal and inner margin areas; fringe pale yellow.

Male genitalia. Uncus short, pointed apically. Gnathos flat, fish-tail-shaped, 
comb-like distally. Valva narrow and long, swollen at the base, parallel-sided in 
the middle; inner side of the cucullus slightly protruding; basal part of valva with 
a near-elliptical, sclerotized plate, which is densely covered with long bristles lat-
erally; sacculus slightly swollen. Juxta flat, with a pair of slender, sclerotized lat-
eral processes. Saccus long, broad at the base, gradually narrowing to the end, 
rounded terminally. Phallus tube-shaped, sclerotized at terminal part. Vesica with 3 
diverticula, bearing 3 cornuti; basal diverticulum with a strongly sclerotized, slightly 
curved, long, large cornutus, and with a sclerotized triangular sclerite next to it; me-
dial and apical diverticula each with one strongly sclerotized, nail-shaped cornutus.

Female genitalia. Unknown.
Phenology and habitat. The type specimens were collected in July at an al-

titude of c. 1864 m. The collection site is located in a high mountainous area, 
surrounded by various types of broad-leaf trees. The ground cover consists of 
herbs and small shrubs (Fig. 17). The immature stages are still unknown.

Distribution. China (Yunnan).
Etymology. The new species name is derived from the Latin “trigonum”, meaning 

triangle, referring to a unique sclerotized triangular sclerite at the base of vesica.

Fignya brachygnatha (Wu & Fang, 2008), comb. nov.
Figs 6, 15
Common name. 短颚微刺蛾

Kitanola brachygnatha Wu & Fang, 2008, Acta Entomol. Sinica 51 (8): 866. Type 
locality: China, Yunnan, Xishuangbanna. Holotype: male, in IZCAS.

Material examined. China • ♂, Yunnan Province, Xishuangbanna Dai Autono-
mous Prefecture, Jinghong City, Mengyang Town, Yexianggu, 4–5.viii.2018, HL 
Han & MR Li leg., genit. prep. WuJ-243-1, in NEFU.
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Diagnosis. The external characters of F. brachygnatha (Wu & Fang, 2008) 
comb. nov. (Fig. 6) are characterized by: the forewing with a grayish-brown 
ground color, scattered with ochre scales; the antemedial line is ochre-yellow, 
zigzag; the postmedial line is reddish-brown; at the end of the discal cell, there 
is a round white spot, below which is a larger white spot surrounded by dark 
brown scales; and the terminal area is triangular, grayish-white. Hindwings 
grayish-white, with a slightly darker coloration at the apex.

In the male genitalia (Fig. 15), the uncus is triangular with a small apical 
spine; the gnathos is short and broad, with a rounded tip; the valva is narrow 
and elongated, with a broad and rounded cucullus; the juxta is shield-shaped, 
with a pair of weakly sclerotized finger-like lateral process apically. The phallus 
is slender and bifurcate at the apex.

Distribution. China (Yunnan).
Remarks. Wu and Fang (2008) placed this species in the genus Kitanola 

Matsumura, 1925, based on its similarity to K. speciosa Inoue, 1956 [currently 
Mediocampa speciosa (Inoue, 1956), see Solovyev 2008: 23]. However, both 
the forewing pattern and the male genitalia of F. brachygnatha comb. nov. show 
significant differences from those of Kitanola species and are more closely 
aligned with the genus Fignya.

F. brachygnatha comb. nov. can be distinguished from the type species of 
the genus Kitanola, K. sachalinensis Matsumura, 1925 [currently a synonym 
of K. uncula (Staudinger, 1887)], by several morphological features. The new-
ly combined species displays a grayish-brown forewing coloration, charac-
terized by two distinct white circular spots near the end of the discal cell, 
which are surrounded by dark brown scales. The male genitalia are marked 
by a spoon-shaped gnathos, an absence of any processes in the valva, and 
a well-developed saccus. The aedeagus is stout and long, apical half forked, 
with a pointed apex.

In contrast, K. uncula exhibits highly variable forewing coloration, typically 
presenting 1–2 irregular discal spots. The male genitalia of K. uncula are distin-
guished by a large, hook-shaped gnathos, a valva with a fairly large fold on its 
inner surface, an inconspicuous saccus, and a curved aedeagus with a large, 
hook-shaped apical process.

Despite some discrepancies in the male genitalia characteristics compared 
to typical Fignya species, such as a rounded gnathos apex instead of comb-like, 
and the absence of a basal hairy process on the valva, F. brachygnatha shares 
several key characters with Fignya: (1) similar forewing patterns; (2) short un-
cus with a small apical spine; (3) juxta with a pair of finger-like lateral process 
at the apex; and (4) the saccus is long. Therefore, we formally transfer this 
species to the genus Fignya.

The newly combined species, as well as F. samkosa sp. nov., exhibit some 
differences in appearance and male genitalia from the rest of the genus as fol-
lows (the corresponding characters of the rest of the genus are in brackets): (1) 
the antemedial line and fringe of the forewing are golden (mostly grayish-brown 
to reddish-brown); (2) the gnathos is spoon-shaped, with the apical part nearly 
membranous and rough in surface (the gnathos is fishtail-shaped, with a comb-
like tip); (3) the bristled process at the base of the valva is reduced to a small 
triangular flap or absent (the basal process of valva is well developed and bears 
laterally large bristles); and (4) the phallus is slender and bifurcated apically 
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(the phallus is relatively short and thick, containing cornuti of varying sizes and 
numbers in the vesica).

We hypothesize that F. brachygnatha comb. nov. and F. samkosa sp. nov. may 
represent a lineage within the genus Fignya and might form a sister-group rela-
tionship with other congeners in this genus. However, this hypothesis requires 
further confirmation through molecular analysis.

Fignya samkosa sp. nov.
https://zoobank.org/90E4D02D-3315-4D83-BA1A-F62A75D65064
Figs 5, 13, 14
Common name. 柬微刺蛾

Type material. Holotype: Cambodia • ♂, Samkos, 7–8.ii.2015, YS Bae leg., genit. 
prep. WuJ-1132-1, in NEFU.

Paratypes • 2♂, same data as for holotype, genit. prep. WuJ-1131-1, all in NEFU.
Diagnosis. The new species (Fig. 5) is most similar to the newly combined 

species, F. brachygnatha comb. nov. (Fig. 6), described in this paper. There is 
no obvious difference in appearance between these two species, but the male 
genitalia can be clearly distinguished: F. samkosa sp. nov. (Figs 13, 14) has a 
relatively straight valva, a small triangular hairy flap at the base of the valva, and 
a slender phallus; whereas the valva of F. brachygnatha comb. nov. (Fig. 15) is 
slightly curved inward, lacks the hairy flap at the base of the valva, and has a 
thicker phallus. The differences between F. samkosa sp. nov. and the other four 
Fignya species are provided in the remarks section of F. brachygnatha comb. nov.

Figures 16–20. Biotope and living habitus 16, 18–19 F. qiana sp. nov., the collecting site is Xingren City, Guizhou Prov-
ince, China; 17, 20 F. trigonum sp. nov., the collecting site is Zhaotong City, Yunnan Province, China.
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Description. Male. Adult. Forewing length 6.0–6.5 mm, wingspan 14–
15 mm (N = 3). Antennae filiform, brown. Labial palpi upcurved, brown. Head 
and thorax grayish-white with a tinge of pale brown; abdomen grayish-white to 
pale brown. Forewings grayish-brown with a series of serrated, golden and red-
dish-brown transverse lines, among which the antemedial line distinct, golden, 
zigzag; medial and postmedial lines fuzzy, reddish-brown; discal cell and tornus 
bear a total of three obvious white spots with black edges. Apex area white, brown 
on outer edge. Fringe golden. Hindwing reddish-brown; fringe long, pale yellow.

Male genitalia. Uncus narrow and long, pointed apically. Gnathos spoon-
shaped, slightly sclerotized and nearly membranous at the end, with dense-
ly packed small granular scobination on the surface. Tegument wide. Valva 
straight, lateral margins nearly parallel; valva with a hairy, small, triangular flap 
near the base; cucullus rounded. Juxta flat, shield-shaped, upper margin slight-
ly concave in the middle. Saccus long, wide at base, then finger-like. Phallus 
slender, slightly curved, bifurcated from near the middle, each with a claw-like 
spine apically.

Female genitalia. Unknown.
Phenology and habitat. The type specimens were collected in February in 

the Phnom Samkos Wildlife Sanctuary of western Cambodia. The region has 
a typical tropical monsoon climate, characterized by distinct wet and dry sea-
sons. The sanctuary’s vegetation includes a mix of evergreen forests, montane 
forests, and bamboo groves. The immature stages are still unknown.

Distribution. Cambodia (Samkos).
Etymology. The new species is named after its type locality, the Phnom Sam-

kos Wildlife Sanctuary in western Cambodia.

Key to the species of Fignya based on appearance and male genitalia, 
with distributions

1 Forewing length 8–9 mm, antemedial line and fringe reddish-brown or 
dark brown; gnathos fish-tail shaped, comb-like apically; basal part of the 
valva with a large process which bears laterally large bristles; phallus not 
bifurcated apically, vesica bears developed cornute ..................................2

– Forewing length 6–7 mm, antemedial line and fringe golden; gnathos 
spoon-shaped, apically slightly sclerotized and nearly membranous, with 
densely packed small granular scobination on the surface; basal process 
of the valva small or absent; phallus bifurcated apically, vesica without 
cornutus .........................................................................................................5

2 Juxta with a pair of developed, spin-like lateral processes apically; phallus 
without long spines on the surface ..............................................................3

– Juxta without lateral processes apically; phallus bears 3–5 strongly scle-
rotized, long spines on the surface ......................F. ravalba (China: Xizang)

3 Basal process of the valve large, the inner side of the cucullus is obviously 
protruding (causing the end of the cucullus to look flat or beveled), and the 
cornuti at the base of the vesica is well developed ....................................4

– Basal process of the valve slightly smaller, the inner side of the cucullus is 
smooth (making the cucullus looks more blunter and more rounded), and 
the cornuti in the vesica are almost equal in size .........................................
 ......................F. melkaya (Vietnam: Mt. Fan-si-pan (West); China: Sichuan)
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4 Cornutus at the base of the vesica short, hook-shaped, without triangular 
sclerite ...................................................... F. qiana sp. nov. (China: Guizhou)

– Cornutus at the base of the vesica long, slightly curved, with a triangular 
sclerite next to it ................................. F. trigonum sp. nov. (China: Yunnan)

5 Valve straight, with a small, triangular, hairy flap near the base; the phallus 
is thin ...........................................F. samkosa sp. nov. (Cambodia: Samkos)

– Valve slightly inward-curved, without processes on the surface; the phal-
lus is relatively thick .............. F. brachygnatha comb. nov. (China: Yunnan)
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Research Article

Abstract

Members of the genus Pseudopterogorgia Kükenthal, 1919 are widely distributed in 
shallow water of the Indo-West Pacific. During an investigation of benthic biodiversity in 
the subtidal zone surrounding the Nanji Islands in the East China Sea, two specimens of 
Pseudopterogorgia were collected and described as a new species based on an integrat-
ed morphological-molecular approach. Pseudopterogorgia nanjiensis sp. nov. is most 
similar to P. fredericki Williams & Vennam, 2001 in the irregular branching form and in-
distinct scaphoids, but differs by the coenenchymal sclerite content of distinct capstans 
and a few warty spindles and radiates (vs. mostly warty spindles and a few capstans), and 
a purplish colony (vs. white, pink to deep rose). Molecular phylogenetic analyses, based 
on the mtMutS-COI gene sequences, delineated a monophyletic clade encompassing all 
assessed Pseudopterogorgia species. Within this clade, P. nanjiensis sp. nov. showed 
a close phylogenetic affinity with both P. fredericki and P. australiensis Ridley, 1884.

Key words: Anthozoa, COI, Malacalcyonacea, morphology, mtMutS, new species, 
phylogeny, Pseudopterogorgia nanjiensis, taxonomy, 28S rDNA

Introduction

Octocorals fulfill a pivotal ecological function, with their three-dimensional 
configurations enhancing the structural intricacy and variety of reefs (Poliseno 
2016; Lau et al. 2020). Gorgonian corals in octocoral animal forests offer nour-
ishment and habitat for a variety of interrelated organisms (Sánchez 2016). 
Among these, the genus Pseudopterogorgia Kükenthal, 1919 represents a rare 
group of shallow-water octocorals found in the Indo-West Pacific (Williams and 
Chen 2012). The members of this genus are characterized by pinnate or irregu-
lar branching structures, absence of anastomoses, and C-shaped or scaphoid-
like sclerites present in the coenenchyme (Kükenthal 1919; Bayer 1961; Grass-
hoff and Alderslade 1997). To date, this genus has seven valid species, all 
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of which are distributed in the Indo-West Pacific (Williams and Chen 2012; 
WoRMS Editorial Board 2024).

During the investigation of benthic biodiversity in the subtidal zone of the 
Nanji Islands on the Chinese coast of the East China Sea, two specimens of 
Pseudopterogorgia were collected. They are described as a new species Pseu-
dopterogorgia nanjiensis sp. nov. based on morphological and phylogenetic 
analyses. The phylogenetic placement of P. nanjiensis sp. nov. within the genus 
is further explored.

Material and methods

Specimen collection and morphological examination

Two specimens were obtained by scuba diving from the subtidal zone of the Nanji 
Islands (27°28.53'N, 121°08.13'E) on the Chinese coast of the East China Sea during 
investigation of the benthic biodiversity in 2022 and 2023 (Fig. 1). The specimens 
were photographed in situ using a Nikon D850 before being sampled and on board 
using a Canon EOS 5D Mark IV, and then stored in 75% ethanol after collection.

A stereo dissecting microscope (Zeiss SteREO Discovery. V20) was used to 
examine the general morphology and anatomy of the specimens. Sclerites of 
the polyps and branches were isolated by digesting the tissues in sodium hy-
pochlorite and subsequently rinsed thoroughly with deionized water. To inves-
tigate the ultrastructure of polyps and sclerites, they were air-dried, mounted 
on carbon double adhesive tape, and coated with Pd/Au for scanning electron 
microscope (SEM) observation. SEM scans were obtained by using a TM-
3030Plus SEM at 15 kV, and the optimum magnification was selected for each 
type of sclerite. The terminology used in this study follows Bayer et al. (1983).

The type specimens of the new species have been deposited in the Marine 
Biological Museum of Chinese Academy of Sciences (MBMCAS) at Institute of 
Oceanology, Chinese Academy of Sciences, Qingdao, China.

Figure 1. Sampling site (red dot) off the coast of the Nanji Islands in the East China Sea.
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DNA extraction and sequencing

Genomic DNA was extracted from the polyps of each specimen using the 
DNeasy Blood and Tissue Kit (Qiagen, Hilden, Germany) following the in-
structions. Specific regions of the mitochondrial mutS homolog (mtMutS) 
and cytochrome c oxidase subunit I (COI), as well as an approximately 800-nt 
fragment of the 28S nuclear ribosomal gene (28S rDNA), were selected for phy-
logenetic analysis. For the amplification of mtMutS and COI, the primer pairs 
AnthoCorMSH (5’-AGGAGAATTATTCTAAGTATGG-3’; Herrera et al. 2010) and 
Mut-3458R (5’-TSGAGCAAAAGCCACTCC-3’; Sánchez et al. 2003); COI8414-F 
(5’-CCAGGTAGTATGTTAGGRGA-3’) and HCO2198 (5’-TAAACTTCAGGGTGAC-
CAAAAAATCA-3’) were utilized, respectively. Sequencing of 28S rDNA was per-
formed using the primers 28S-Far (5’-CACGAGACCGATAGCGAACAAGTA-3’) 
and 28S-Rar (5’-TCATTTCGACCCTAAGACCTC-3’) (McFadden and van Ofwegen 
2012). Amplifications and sequencing of the markers followed Xu et al. (2021).

Genetic distance and phylogenetic analyses

The sequences of Gorgoniidae species and two species of Eunicellidae as an 
out-group were downloaded from GenBank (Table 1). The sequences were 
aligned using MAFFT v.7 (Katoh and Standley 2013) with the L-INS-I algorithm. 
Genetic distances of mtMutS, COI and 28S between species/populations were 
calculated with MEGA 6.0 using Kimura 2-parameter model (Tamura et al. 2013).

Table 1. The sequences used in this study. Newly sequenced species are in bold.

Species Voucher Number
GenBank Accession Numbers

mtMutS COI 28S rDNA

Pseudopterogorgia nanjiensis sp. nov. MBM287892 PP558212 PP556906 PP572455

Pseudopterogorgia nanjiensis sp. nov. MBM287893 PP558213 PP556907 PP572456

Pseudopterogorgia australiensis – AY268442 – –

Pseudopterogorgia fredericki CAS:118507 JX152766 – –

Pseudopterogorgia rubrotincta CAS:155043 JX152768 – –

Leptogorgia alba -/HMG71/MECN Ant0018 AY268452 HG917083 KX721241

Leptogorgia cuspidata -/HMG97/MCZ:7002 AY268450 HG917088 KX767433

Leptogorgia mariarosae MECN Ant0012 KX721193 KX721174 KX721231

Leptogorgia obscura Ant 0066/Ant 0066/BEIM 0080 KX767321 KX767383 KX721248

Leptogorgia cf. palma USNM:1516865/- ON109715 MW401657 –

Eugorgia daniana MECN Ant0033 KX721208 KX721189 KX721246

Pacifigorgia irene Ant 0044/Ant 0044/MNCN 2.04/1174 KX767346 KX767406 KX767449

Gorgonia flabellum -/-/RMNH Coel.40827 AY126427 GQ342418 JX203708

Phyllogorgia dilatata – AY126428 – –

Antillogorgia bipinnata -/ABBAC034/RMNH Coel.40828 GQ342499 MK153463 JX203712

Adelogorgia osculabunda MZUCR:2496_OCT0088 MF579541 – –

Psammogorgia cf. arbuscula HMG38/HMG15/HMG38 HG917043 HG917055 LT221092

Chromoplexaura marki – KX904972 KX904954 –

Callistephanus sp. USNM:1606569 ON109735 – –

Eunicella tricoronata RMNH Coel.40814 JX203795 JX203853 JX203707

Complexum monodi CSM-SEN3/CSM-SEN4/CSM-SEN4 KP036906 KP036909 KP036912
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Phylogenetic analyses were conducted on the 28S rDNA and mtMutS-COI 
datasets. The phylogenetic frameworks were established using PhyloSuite 
v.1.2.3 (Zhang et al. 2020; accessible at http://phylosuite.jushengwu.com), 
a comprehensive platform for phylogenetic analysis. ModelFinder v.2.2.0 
(Kalyaanamoorthy et al. 2017) was employed to identify the optimal evolu-
tionary models based on the Bayesian Information Criterion (BIC). HKY+F+I 
and TIM3e+I were selected as the best-fit substitution models for the mt-
MutS-COI and 28S rDNA alignments, respectively. Maximum likelihood (ML) 
trees were inferred using IQ-TREE v.2.2.0 (Nguyen et al. 2015) with 1000 
standard bootstraps. Following Hillis and Bull (1993), ML bootstrap values 
were categorized into low (<70%), moderate (70–90%), and high (≥90%) 
confidence levels. Bayesian inference (BI) phylogenies were reconstructed 
using MrBayes v.3.2.7a (Ronquist et al. 2012) with dual parallel runs, each 
consisting of 10,000,000 generations and a burn-in phase that discarded 
the initial 25% of sampled data. Following Alfaro et al. (2003), the Bayes-
ian posterior probabilities < 0.95 and ≥ 0.95 were considered as low and 
high, respectively.

Results

Phylum Cnidaria Hatschek, 1888
Subphylum Anthozoa Ehrenberg, 1834
Class Octocorallia Haeckel, 1866
Order Malacalcyonacea McFadden, van Ofwegen & Quattrini, 2022
Family Gorgoniidae Lamouroux, 1812
Genus Pseudopterogorgia Kükenthal, 1919

Pseudopterogorgia nanjiensis Sun, Xu & Zhan, sp. nov.
https://zoobank.org/37902653-255A-46C8-9867-7C8DDC045BA3
Figs 2, 3, Table 2

Material examined. Holotype: MBM287893, China-Zhejiang Prov. • Nanji Islands; 
27°28.53'N, 121°08.13'E; 11 May 2023. Paratype: MBM287892, China-Zhejiang 
Prov. • Nanji Islands; 27°28.53'N, 121°08.13'E; 14 m; 11 May 2022.

Diagnosis. Colony non-pinnate and purplish. Branches divided dichotomous-
ly and irregularly, nearly in one plane. Polyp retracted and forming a small and 
oval-shaped protrusion. Sclerites in polyps small flat rodlets, colorless and rare 
to absent in numbers. Sclerites in coenenchyme red, mostly capstans, a few 
radiates and warty spindles, and rare scaphoids. Capstans have two whorls 
of tubercles and blunt ends with irregular arrangements of complex tubercles. 
Radiates and immature sclerites with two whorls of projections, spindles with 
4–8 whorls of tubercles, and scaphoids with similar ornamentation of tubercles 
on both convex and concave sides.

Description. Holotype upright and nearly planar but not pinnate, about 70 mm 
in length (Fig. 2B). Holdfast nearly round, about 8 mm long and 7 mm wide at 
maximum. Trunk cylindrical, about 3 mm in length before first branch and 2 
mm in diameter at base, divided into two primary stems, one with three sec-
ondary branches and the other with five secondary branches. Branches divided 
dichotomously and irregularly, nearly in one plane (Fig. 2D). Distances between 
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adjacent branches up to 20 mm. Branches usually cylindrical in the proximal 
part of the colony, and became flattened in the distal part of the colony. Ter-
minal branchlets slender and a little curved, typically measuring 20–60 mm in 
length and 1–2 mm in width.

Figure 2. The external morphology and polyps of Pseudopterogorgia nanjiensis sp. nov. A holotype in situ B holotype 
after collection C paratype after fixation D part of branch under a light microscope E single polyp aperture under a light 
microscope F sclerites under a light microscope G coenenchyme under SEM H single dissolved polyp aperture under a 
light microscope. Scale bars: 2 cm (B); 3 cm (C); 2 mm (D); 0.2 mm (E); 0.1 mm (F, G, H).
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Polyp retracted, forming small and oval-shaped protrusions with a recessed 
orifice (Fig. 2E), measuring on average 1.00 mm in length and 0.65 mm in width. 
Each polyp’s orifice appears as a tiny and pale yellowish slit aligned lengthwise. 
Polyps usually closely and irregularly spaced on the branches and sparse at the 
basal part of the colony, some of them arranged into two opposing longitudinal 
rows on the terminal branchlets. Distance between polyps no more than 4 mm.

Coenenchyme covered with dense sclerites, while the polyps sclerites rare 
to absent (Fig. 2G, H). Sclerites in coenenchyme red with various shapes, ar-
ranged in two inconspicuous layers without a clear boundary, including abun-
dant capstans, rare indistinct scaphoids, and occasional tuberculate spheroids 
and crosses in outer layers, a few radiates and warty spindles in inner layers. 
These sclerites range in length from 0.05 mm to 0.18 mm, but mostly less 
than 0.12 mm long (Figs 2F, 3A–E). Among them, capstans have two whorls 
of tubercles, up to 0.13 mm long, and blunt ends with irregular arrangements 
of complex tubercles (Fig. 3A). The radiates and immature sclerites with two 
whorls of projections and often blunt ends, some of them covered with shal-
low longitudinal grooves on surface, measuring 0.05–0.09 mm (Fig. 3B). The 
warty spindles with 4 to 8 transversely-aligned whorls of tubercles, up to 0.18 
mm in length (Fig. 3C). The scaphoids, not distinctly developed and resembling 
curved spindles, with 4–8 noticeable whorls of tubercles, up to 0.14 mm long 

Table 2. Comparison of morphological characters of Pseudopterogorgia species (based on Williams and Vennam 2001). 
“-” means unavailable data.

Characters/
Species

P. nanjiensis 
sp. nov. P. fredericki P. formosa P. australiensis P. luzonica P. 

oppositipinna P. rubrotincta P. torresia

Branching irregular irregular irregular pinnate/ 
plumose

lateral pinnate to 
irregular

pinnate pinnate/ sparse

Sclerite 
forms

capstans, 
radiates, warty 

spindles, 
scaphoids, flat 

rodlets

elongated 
spindles, some 

shorter and 
more robust 

spindles, 
scaphoids

small or 
double or 

girdled 
spindles, a few 
double heads, 

scaphoids

straight or 
slightly curved 

spindles, 
eight radiates, 

scaphoids

girdled 
spindles, 

scaphoids

elongated 
spindles, 

scaphoids

rough spindles, 
scaphoids

warty spindles, 
quadriradiate, 

scaphoids

Scaphoids indistinct indistinct some distinct some distinct mostly distinct mostly distinct some distinct some distinct

Colony color purplish white, pink to 
deep rose

dark bright 
pink to 

carmine

yellow, orange 
or deep 
crimson

bright red brown to 
amber-yellow.

orange yellow 
with red line

pale yellow

Sclerites 
color

red or 
colorless

reddish or 
colorless

red, carmine yellow or red red purple-red or 
crimson red

red –

Maximum 
sclerite 
length

0.18 mm 0.23 mm 0.17 mm 0.17 mm 0.16 mm 0.21 mm 0.15 mm 0.16 mm

Type locality Nanji Islands 
on East China 

Sea

western India Lombok Torres Strait Luzon Mergui 
Archipelago

Sri Lanka Torres Strait

Distribution Western 
Pacific

Indian Ocean Western 
Pacific

Western 
Pacific

Western 
Pacific

Indian Ocean Indian Ocean Western Pacific

Depth (m) 14 6–8 22 12–37 – – – –

References present study Williams and 
Vennam 2001; 
Williams and 
Chen 2012; 

Ramvilas 2023

Nutting 1910; 
Grasshoff and 

Alderslade 
1997

Ridley 1884; 
Thomson and 

Henderson 
1905; 

Kükenthal 
1919, 1924; 

Williams and 
Vennam 2001

Kükenthal 
1919; 

Grasshoff and 
Alderslade 

1997

Ridley 1888; 
Kükenthal 

1924

Thomson and 
Henderson 

1905; Williams 
and Vennam 

2001; Williams 
and Chen 

2012; Ramvilas 
2023

Wright and 
Studer 1889; 
Williams and 
Vennam 2001
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Figure 3. The sclerites of Pseudopterogorgia nanjiensis sp. nov. A capstans B radiates and immature sclerites C warty 
spindles D scaphoids E tuberculate spheroids and cross F flat rodlets. Scale bars: 0.1 mm (all in the same scale).

(Fig. 3D). The convex and concave sides have a similar degree of fine ornamen-
tation on the whorls of tubercles, and there seems to be minimal variation in 
the tubercles between the two sides with those on the convex sides potentially 
being slightly shorter. Tuberculate spheroids and crosses occasionally present 
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in coenenchyme, are up to 0.08 mm and 0.06 mm long, respectively (Fig. 3E). 
Small rodlets in polyps flat and colorless, rare in numbers and only found in a 
few polyps, covered with sparse warts on the edges, up to 0.09 mm (Fig. 3F).

Holotype purplish in situ and after collection, and became deep purplish red 
after fixation.

Variation of paratypes. The two specimens exhibited a high degree of morpho-
logical concordance, with discrepancies primarily noted in colony size and branch-
ing density. Paratype irregularly branched, about 140 mm in length and 90 mm in 
width (Fig. 2C). The main trunk before first branch about 5 mm in length and 2 mm 
in diameter at base. The terminal branchlets 30–100 mm long and 1–2 mm wide. 
The oval-shaped protrusions formed by retracted polyps about 1.00 mm long and 
0.75 mm wide. The warty spindles in coenenchyme up to 0.16 mm long.

Type locality. The subtidal zone of Nanji Islands with water depth of 14 m.
Etymology. Named after the type locality Nanji Islands.
Distribution and habitat. Known only from the subtidal zone of the Nanji Is-

lands on the Chinese coast of the East China Sea with a water depth of 14 m. 
Colony attached to a rocky substrate. The water temperature was 18 °C and the 
pH was 8.13.

Remarks. Given the non-uniform nature of these variations, they are treated 
as manifestations of intraspecific variability. Pseudopterogorgia nanjiensis sp. 
nov. is most similar to P. fredericki Williams & Vennam, 2001 in the irregular 
branching form and indistinct scaphoids, but differs by the sclerite forms and 
sizes (almost capstans, a few warty spindles and radiates, and rare indistinct 
scaphoids and small rodlets, mostly less than 0.12 mm vs. almost warty spin-
dles and a few scaphoids, mostly more than 0.12 mm) and the purplish colony 
(vs. white, pink to deep rose) (Williams and Vennam 2001; Figs 2, 3, Table 2). 
Pseudopterogorgia nanjiensis sp. nov. is also analogous to P. formosa Nutting, 
1910 in the irregular branching form, but distinct from P. formosa by the sclerite 
forms (capstans, spindles, radiates, and scaphoids vs. spindles, double heads, 
and scaphoids) (Nutting 1910; Table 2). In addition, the new species can be 
readily distinguished from the remaining congeners by its irregular branching 
form (vs. pinnate or lateral; Table 2).

Genetic distance and phylogenetic analyses

The new sequences were deposited in GenBank (Table 1). The alignments 
comprised 720, 575 and 717 nucleotide positions for the mtMutS, COI, and 28S 
rDNA regions, respectively. Based on the aligned region of mtMutS, the inter-
specific distance of P. australiensis Ridley, 1884, P. fredericki, P. nanjiensis sp. 
nov. and P. rubrotincta Thomson & Henderson, 1905 ranged from zero to 0.44%, 
while the intraspecific distance was zero, which was calculated from only two 
specimens of P. nanjiensis sp. nov. (Suppl. material 1: table S1). The mtMutS 
genetic distances between P. nanjiensis sp. nov. and congeners are in the range 
of 0–0.28%. For the 28S rDNA and COI regions, only sequences of P. nanjien-
sis sp. nov. are currently available within the genus Pseudopterogorgia, and no 
genetic variation was detected between the two specimens analyzed (Suppl. 
material 1: tables S2, S3). The genetic distances between Pseudopterogorgia 
and other genera of Gorgoniidae are greater than 5.48% for mtMutS, 5.74% for 
28S, and 2.04% for COI (Suppl. material 1: tables S1–S3).
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The Bayesian inference (BI) tree is nearly identical to the maximum likelihood 
(ML) tree in topology for both the mtMutS-COI and 28S rDNA regions, and thus 
only the BI tree annotated with support values from both inference methods is 
presented (Figs 4, 5). In the mtMutS-COI trees, all the Pseudopterogorgia species 
formed a monophyletic clade with full node support. The new species P. nanjien-
sis sp. nov. clustered with the clade comprising P. fredericki and P. australiensis 
(Fig. 4). In the 28S rDNA trees, P. nanjiensis sp. nov. emerged as a distinct clade, 
with a basal branching position within the family Gorgoniidae (Fig. 5).

Figure 4. Bayesian inference (BI) tree constructed by mtMutS and COI showing phylogenetic relationships among Pseu-
dopterogorgia and related genera and species. The maximum likelihood (ML) tree is identical to the BI tree in topology. 
Node support is as follows: ML bootstrap/BI posterior probability. The ML bootstrap < 70% or BI posterior probability 
< 0.95 is not shown. Newly sequenced species are in bold. The GenBank accession numbers of the mtMuts sequences 
are listed next to the species names.

Figure 5. Bayesian inference (Bl) tree constructed by 28S rDNA showing phylogenetic relationships among Pseudoptero-
gorgia and related genera and species. The maximum likelihood (ML) tree is identical to the BI tree in topology. Node 
support is as follows: ML bootstrap/BI posterior probability. The ML bootstrap < 70% or BI posterior probability < 0.95 
is not shown. Newly sequenced species are in bold. The GenBank accession numbers of the 28S rDNA sequences are 
listed next to the species names.
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Discussion

The genus Pseudopterogorgia is distinguished by its pinnate or irregular branch-
ing structures, absence of anastomoses, and C-shaped or scaphoid-like scler-
ites present in the coenenchyme (Kükenthal 1919; Bayer 1961; Grasshoff and Al-
derslade 1997). Based on the branching structure and sclerite form, the present 
species is undoubtedly assigned to this genus. In the mtMutS-COI trees, Pseu-
dopterogorgia nanjiensis sp. nov. showed a phylogenetic affinity with P. fredericki 
and P. australiensis, congruent with morphological assessments (Fig. 4). All three 
species are characterized by the absence of anastomoses and the presence 
of scaphoid-like sclerites within the coenenchyme. However, P. nanjiensis sp. 
nov. can be differentiated from P. fredericki based on sclerite morphology (see 
above remarks), and it is easily separated from P. australiensis by the branching 
form (irregular vs. pinnate/plumose; Table 2; Ridley 1884; Williams and Vennam 
2001). With the addition of the new species P. nanjiensis sp. nov. discovered on 
the Nanji Islands, there are currently a total of eight valid species in Pseudoptero-
gorgia (Williams and Vennam 2001; WoRMS Editorial Board 2024).

In the present study, the precise phylogenetic placement of the genus Pseu-
dopterogorgia remains vague, primarily attributed to the low support value as-
signed to the corresponding node in the mtMutS-COI trees (Fig. 4). Although 
the 28S rDNA trees exhibit high support values for the majority of internal 
branches, the systematic position of Pseudopterogorgia remains unresolved 
(Fig. 5). This uncertainty arises from the inclusion of sequences representing 
only seven out of a total of thirteen genera currently recognized within the fam-
ily Gorgoniidae, and is further compounded by the acknowledged reality that 
many of these genera exhibit polyphyletic or paraphyletic relationships (Vargas 
et al. 2014; Poliseno et al. 2017). Therefore, to achieve a clearer resolution, 
further genomic data are essential. These data should encompass a more ex-
haustive collection of 28S rDNA sequences and potentially include ultra-con-
served elements plus exon (UCEs+exon).
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Abstract

The genus Laelius Ashmead, 1893 (Hymenoptera, Bethylidae) is a cosmopolitan be-
thylid genus with 68 valid species distributed across most zoogeographic regions 
worldwide. This taxonomic study on Korean species of Laelius has led to the description 
of four new species, namely L. afores sp. nov., L. atratus sp. nov., L. sulcatus sp. nov., 
and L. tricuspis sp. nov. Additionally, illustrations of the diagnostic characteristics of 
each species are provided, along with an updated key for 11 Laelius species from the 
Eastern Palaearctic region.

Key words: Asia, Epyrinae, flat wasps, identification key, new species, taxonomy

Introduction

The genus Laelius Ashmead, 1893 (Hymenoptera, Bethylidae) is a cosmopoli-
tan genus belonging to the subfamily Epyrinae. Currently, it comprises 68 valid 
species distributed across all zoogeographic regions, except for the Oceanian 
region as suggested by Holt et al. (2013). Three extinct fossil species have 
been recorded from Baltic and Rovno amber (Azevedo et al. 2018; Colombo et 
al. 2021). Approximately 33% (22 species) of the species were described from 
the Palaearctic region, with seven species reported from Eastern Asia.

Taxonomic information on Laelius species in the European Palaearctic re-
gion, mainly from Finland and Sweden, was provided by Vikberg and Koponen 
(2005). Laelius sinicus Xu, He & Terayama in the Eastern Palaearctic region 
was described by Xu et al. (2003), and Terayama (2006) published a book on 
Japanese Bethylidae, which included four Laelius species from Japan. Laelius 
yamatonis Terayama, 2006 was later recorded from South Korea by Lim et 
al. (2010a), and Lim et al. (2010b) provided a key to the Eastern Palaearctic 
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species with a description of L. jilinensis Lim & Lee, 2010 from China. Currently, 
only one species, L. yamatonis Terayama, 2006, has been recorded in South 
Korea (Lim et al. 2010a).

Laelius species can be distinguished by the presence of thick black setae on 
the body and wings, a projected median clypeal lobe, and complete occipital 
carinae (Azevedo et al. 2018). The presence and relative length of the carinae 
on the metapostnotum and the metapectal-propodeal disc, as well as the rel-
ative length of the 2r-rs&Rs vein of the forewings, are commonly used in taxo-
nomic and systematic studies on Laelius (Marques Jr. et al. 2023).

Laelius species parasitize larvae of various families, including Dermes-
tidae and Scolytinae (Coleoptera), and Glossinidae (Diptera) (Vance 1932; 
Mertins 1980; Azevedo et al. 2018). Furthermore, Laelius species have been 
utilized for biological control purposes, as documented in many reports 
(Barbosa and Azevedo 2011).

This manuscript describes four new species of Laelius from South Korea, 
providing illustrations of their diagnostic characteristics and an updated taxo-
nomic key for 11 Laelius species from the Eastern Palaearctic region.

Materials and methods

All materials examined were collected using Malaise traps from the northern 
and southern regions of South Korea. The abbreviations for collection locali-
ties in Korea are as follows: GW, Gangwon-do; JN, Jeollanam-do; JJ, Jeju-do. 
Detailed information on provincial localities in South Korea can be found in 
Lim et al. (2011).

The abbreviations for biometric measurements used in the text are as fol-
lows: AOL, the minimum distance between the anterior ocellus and the posteri-
or ocellus; DAO, the diameter of the anterior ocellus; HE, the height (maximum 
length) of the eye in lateral view; LFW, the maximum length of the forewing; LH, 
the length of the head, from the apical margin of the clypeus to the posterior 
margin of the head in full dorsal view; POL, the distance between the posterior 
ocelli in full dorsal view; VOL, the vertex-ocular line, which is the distance be-
tween the top of the eye and the vertex line; WE, the minimum width of the eye 
in lateral view; WF, the width of the frons, the minimum distance between the 
eyes in full dorsal view; WH, the maximum width of the head in full dorsal view; 
WOT, the width of the ocellar triangle, including the width of the posterior ocelli.

Terms describing integument sculptures followed Eady (1968) and Har-
ris (1979). Additionally, general morphological terms followed Azevedo et al. 
(2018), Lanes et al. (2020), and terms regarding mesoplueral structures fol-
lowed Brito et al. (2021).

The specimens were examined under a Leica M205 C stereomicroscope 
(Leica Microsystems, Solms, Germany), and images were captured with a Dhya-
na 400D camera (TUCSEN CMOS, Fujian, China) attached to a Leica M205C. 
Multi-stacked images were produced using the Delta Multifocus ver. 24 pro-
gram (Delta, South Korea) and Helicon Focus ver. 8.2.2 software (HeliconSoft, 
Ukraine). The final images were edited using Adobe Photoshop 2021 (Adobe 
Systems, Inc., San Jose, CA, USA).

The examined specimens were deposited at the Laboratory of Insect Taxon-
omy and Ecology at Wonkwang University (W-LITE), Iksan, Republic of Korea.
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Systematic accounts

Family Bethylidae Haliday, 1839
Subfamily Epyrinae Kieffer, 1914

Genus Laelius Ashmead, 1893

Laelius Ashmead, 1893. Bull. U.S. Nat. Mus., 45: 50. Type-species: Laelius tro-
godermatis Ashmead, 1893.

Paralaelius Kieffer, 1905. Ann. Soc. Sci. Bruxelles, 29: 129. Type-species: Lae-
lius pedatus (Say, 1836).

Allepyris Kiffer, 1905. Ann. Soc. Sci. Burxelles, 29: 106. Type-species: Allepyris 
microneura (Kieffer, 1905).

Prolaelius Kieffer, 1905. Type-species: Paralaelius firmipennis (Cameron, 1905).

Diagnosis. The genus Laelius can be distinguished from other genera by having 
the mesoscuto-scutellar suture with an evident sulcus and thick black setae on 
the body (Colombo et al. 2022).

Laelius afores Lim, sp. nov.
https://zoobank.org/6742C3C5-B66C-4E1C-8EDF-1F9A874FF85A
Fig. 1A–E

Description. Holotype (female). Body length 2.61 mm; LFW 1.48 mm.
Color. Head black; mandible dark castaneous except apical half-light cas-

taneous; antenna dark castaneous except scape and pedicel light castaneous 
in dorsal view. Mesosoma black; legs light castaneous except basal half of 
procoxae and metafemora castaneous; wings hyaline, tegula light castaneous, 
veins pale castaneous. Metasoma black.

Morphology. Head (Fig. 1A, B). 1.1× as long as wide with broadly outcurved 
vertex crest in dorsal view in dorsal view (Fig. 1B). Ventral and lateral surface 
with suberect long setae, some setae longer than LE. Mandible with four api-
cal teeth; two uppermost teeth small, 3rd tooth from top most thick and one 
ventralmost sharpened. Clypeus short, broadly rounded with one median small 
blunt tooth, median area longitudinally elevated (Fig. 1B). First five antennom-
eres in ratio of 2.5: 1.7: 2.5: 1.0: 1.0 in length; scape, pedicel and flagellomere 
III–V and XI 2.7, 2.4, 3.3, 1.2, 1.3 and 1.3× as long as wide, respectively. Frons 
coriaceous with sparse punctures; frontal line absent. Vertex slightly outcurved 
and round marginally. WF 1.9× LE, WF 0.7× WH. Compound eye 0.19 mm long 
without setae. Medioccipito-genal suture present. Occipital carina complete. 
LE 1.0× OOL, WF 2.3× WOT. Anterior angle of ocellar triangle obtuse, POL 
1.3× AOL, OOL 1.3× WOT (Fig. 1B).

Mesosoma (Fig. 1A, C–E). Dorsal pronotal area coriaceous as head, 0.5× as 
long as wide, trapezoidal, humeral angle obtuse; punctures very shallow and 
sparse (Fig. 1D); posterior pronotal sulcus absent. Mesoscutum coriaceous as 
head, pronotum with short and thin setae; notaulus absent; parapsidal signum 
thin, reaching posterior margin of mesoscutum (Fig. 1D). Mesoscutellar disc 
coriaceous; mesoscuto-scutellar ridge slightly posterad at each side (Fig. 1D). 
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Metapectal-propodeal disc 1.1× as long as wide; metapostnotal median carina 
and first metapostnotal lateral carinae complete, strong, completely extending 
transverse posterior carina of metapectal-propodeal complex; second metapos-
tnotal lateral carina extending one-fourth of disc; paraspiracular carina distinct, 
presented on distal half of disc, reaching transverse posterior carina of metapec-
tal-propodeal complex; transverse posterior carina of metapectal-propodeal com-
plex complete and concave in dorsal view. Propodeal declivity reticulate without 
median carina (Fig. 1D). Mesopleuron with mesepimeral sulcus; subalar fovea oval 

Figure 1. Laelius afores Lim, sp. nov., holotype (female) A habitus in lateral view B head in dorsal view C mesosoma in 
lateral view D ditto, in dorsal view E forewing in dorsal view. Scale bars: 0.50 mm (A); 0.20 mm (B–E).
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and closed; lower mesopleural fovea opened (Fig. 1C). Femora and tibia with long 
setae on outer surface, getting short to tarsomeres. Tegula without some erect 
setae. Subcostal vein (Sc2v), median vein (M2v) and anal vein (A2v) with long setae; 
second radial cross vein and radial sector vein of fore wing (2r-rs&Rs2v) 0.9 mm 
long, 0.8× as long as Rs+M2v. First median cell of fore wing and second median 
cell of fore wing with few short hairs (Fig. 1E). Hind wing with three distal hamuli.

Metasoma (Fig. 1A). Tergum I and II largely smooth, polished without distinct 
long erect hairs; remaining terga with microreticulation on anterior half; terga 
III–VI with transverse sparse setae line on dorsal surface.

Material examined. Holotype. Female. Seoul National University, Sinlim, 
Gwanak, Seoul, South Korea. 6.iv.2020. Deok-Young Park leg. (W-LITE).

Distribution. South Korea (Seoul).
Etymology. The specific epithet afores refers to the absence of notaulus on 

the mesoscutum and median carina on the propodeum declivity.
Remarks. The species is similar to L. jilinensis Lim & Lee, 2010 from China 

by ‘overall color of body and appendages; head as long as wide with broadly 
outcurved vertex in dorsal view; mandible with four teeth; clypeus short with 
one median small blunt tooth on anterior margin; compound eye without setae; 
metapectal-propodeal disc as long as wide with metapostnotal median carina 
and first- and second metapostnotal lateral carina’. However, L. afores Lim, sp. 
nov. is distinguished from L. jilinensis by ‘WF 1.9× LE (WF 1.4× LE in L. jilinen-
sis); LE 1.0× OOL (LE 1.2× LE in L. jilinensis); dorsal pronotal area 0.5× as long 
wide (0.8× as long as in L. jilinensis); mesoscutum without notaulus (notaulus 
absent in L. jilinensis); propodeal declivity without median longitudinal carina 
(median longitudinal carina present in L. jilinensis)’.

Laelius atratus Lim, sp. nov.
https://zoobank.org/C90ABCF0-CAD1-4B48-98F4-0029C44130E3
Fig. 2A–E

Description. Holotype (female). Body length 3.05 mm; LFW 1.67 mm.
Color. Head black; mandible light castaneous; antenna dark castaneous except 

apical half of scape, pedicel and basal flagellomere I light castaneous in dorsal 
view. Mesosoma black; legs light castaneous except coxa and femora dark black; 
wings hyaline, tegula light castaneous, veins pale castaneous. Metasoma black.

Morphology. Head (Fig. 2A, B). 1.1× as long as wide with slightly outcurved 
vertex crest in dorsal view (Fig. 2B). Ventral and lateral surface with erect or 
suberect setae. Mandible with four apical teeth; two uppermost teeth small, 
3rd tooth from top most thick and one ventralmost sharpened. Clypeus short, 
anterior margin straight with one median very minute triangle tooth; median 
area longitudinally elevated (Fig. 2B). First five antennomeres in ratio of 3.1: 
1.3: 1.0: 1.1: 1.1 in length; scape, pedicel and flagellomere III–V and XI 2.5, 
1.2, 1.4, 1.2, 1.0 and 1.5× as long as wide, respectively. Frons coriaceous with 
sparse punctures, polished; frontal line absent. Vertex slightly outcurved and 
round marginally. WF 1.4× LE. WF 0.7× WH. Compound eye 0.29 mm long with-
out setae in lateral view. Medioccipito-genal suture present. Occipital carina 
complete. LE 1.4× OOL, WF 2.2× WOT. Anterior angle of ocellar triangle slightly 
obtuse, POL 1.2× AOL, OOL 1.1× WOT (Fig. 2B).
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Mesosoma (Fig. 2A, C–E). Dorsal pronotal area coriaceous as head, 0.6× as 
long as wide, trapezoidal, humeral angle obtuse; punctures shallow and sparse 
as head (Fig. 2D); posterior pronotal sulcus absent. Mesoscutum coriaceous as 
head, pronotum with short and thin setae; notaulus distinct, short on distal half 
of mesoscutum; parapsidal signum deep and reaching posterior margin of me-
soscutum (Fig. 2D). Mesoscutellar disc coriaceous; mesoscuto-scutellar ridge 
posterad at each side (Fig. 2D). Metapectal-propodeal disc 0.9× as long as wide; 

Figure 2. Laelius atratus sp. nov., holotype (female) A habitus in lateral view B head in dorsal view C mesosoma in lateral 
view D ditto, in dorsal view E forewing in dorsal view. Scale bars: 0.50 mm (A); 0.20 mm (B–E).
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metapostnotal median carina and second metapostnotal lateral carinae strong, 
completely extending transverse posterior carina of metapectal-propodeal com-
plex; first metapostnotal lateral carinae weak, completely extending transverse 
posterior carina of metapectal-propodeal complex; third metapostnotal lateral 
carinae extending one-third of disc; paraspiracular carinae distinct, completely 
reaching transverse posterior carina of metapectal-propodeal complex; trans-
verse posterior carina of metapectal-propodeal complex complete and con-
cave in dorsal view (Fig. 2D). Propodeal declivity reticulate with median carina 
(Fig. 2D). Mesopleuron with mesepimeral sulcus; subalar fovea elongated and 
closed; lower mesopleural fovea opened (Fig. 2C). Femora and tibia with long 
setae on outer surface, getting short to tarsomeres. Tegula with some erect se-
tae. Subcostal vein (Sc2v), median vein (M2v) and anal vein (A2v) with long setae; 
second radial cross vein and radial sector vein of fore wing (2r-rs&Rs2v) 0.1 mm 
long, 0.8× as long as Rs+M2v. First median cell of fore wing and second median 
cell of fore wing with few short hairs (Fig. 2E). Hind wing with three distal hamuli.

Metasoma (Fig. 2A). Tergum I and II largely smooth, polished without distinct 
long erect hairs; remaining terga with microreticulation on anterior half; terga 
III–VI with transverse sparse setae line on dorsal surface.

Material examined. Holotype: Female. Aguala Hotel Dorm., 1388. Hyeopjae. 
Hallim, JJ, South Korea. 33°23'58.8"N, 126°14'57.0"E, Malaise trap, 17.vii–20.
viii.2017, Sanghyeok Nam leg. (W-LITE); paratype: Female. same collection 
data as holotype (W-LITE).

Distribution. South Korea (JJ).
Etymology. The specific epithet atratus refers to the submedian carinae par-

allel to the median discal carinae.
Remarks. The species is similar to L. nigrofemoratus Terayama, 2006 from 

Japan by ‘color of head, mesosoma and metasoma; head as long as wide with 
convex posterior margin in dorsal view; metapectal-propodeal complex with 
one metapostnotal median carina and three pairs of metapostnotal lateral ca-
rinae’. However, L. atratus Lim, sp. nov. is distinguished from L. nigrofemoratus 
Terayama by ‘mandible with four teeth (mandible with five teeth in L. nigrofem-
oratus); legs reddish brown except coxa and femora black (legs reddish brown 
including coxa in L. nigrofemoratus); first metapostnotal lateral carinae parallel 
to metapostnotal median carina (first metapostnotal lateral carinae extending 
to metapostnotal median carina near transverse posterior carina of metapec-
tal-propodeal complex in L. nigrofemoratus)’.

Laelius sulcatus Lim, sp. nov.
https://zoobank.org/DC81C584-C302-468B-BA97-5315024018C8
Fig. 3A–E

Description. Holotype (female). Body length 4.35 mm; LFW 2.46 mm.
Color. Head black; mandible castaneous; antenna dark castaneous except 

scape, pedicel, flagellomere I castaneous in dorsal view. Mesosoma black; legs 
castaneous except coxa dark castaneous; wings hyaline, tegula light castane-
ous, veins pale castaneous. Metasoma black.

Morphology. Head (Fig. 3A, B). 1.1× as long as wide with broadly outcurved 
vertex crest in dorsal view in dorsal view (Fig. 3B). Ventral and lateral surface with 
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suberect long setae, each seta shorter than LE. Mandible with five apical teeth; 
three uppermost teeth small, 4th tooth from top most thick and one ventralmost long 
and sharpened. Clypeus short, broadly rounded with one median small blunt tooth, 
median area longitudinally elevated (Fig. 3B). First five antennomeres in ratio of 
3.0: 1.4: 1.2: 1.0: 1.0 in length; scape, pedicel and flagellomere III–V and XI 2.5, 1.7, 
1.3, 1.0, 1.0 and 1.8× as long as wide, respectively. Frons coriaceous with sparse 
big punctures; frontal line absent. Vertex slightly outcurved and round marginally. 
WF 1.3× LE, WF 0.7× WH. Compound eye 0.40 mm long without setae. Medioc-
cipito-genal suture present. Occipital carina complete. LE 1.7× OOL, WF 2.1× WOT. 
Anterior angle of ocellar triangle obtuse, POL 1.4× AOL, OOL 0.9× WOT (Fig. 3B).

Mesosoma (Fig. 3A, 3C–E). Dorsal pronotal area coriaceous as head, 0.5× as 
long as wide, trapezoidal, humeral angle obtuse; punctures shallower and small-
er than punctures on head (Fig. 3D); posterior pronotal sulcus absent. Mesoscu-
tum coriaceous as head, pronotum with short and thin setae; notaulus long, 
distinct; parapsidal signum thick, present distal half, reaching posterior margin 
of mesoscutum (Fig. 3D). Mesoscutellar disc coriaceous; mesoscuto-scutellar 
ridge wide and deep, posterad at each side (Fig. 3D). Metapectal-propodeal 
disc 0.7× as long as wide; metapostnotal median carina and second metapos-
tnotal lateral carinae distinct, strong, extending transverse posterior carina of 
metapectal-propodeal complex; second metapostnotal lateral carinae extend-
ing distal one fifth of disc; paraspiracular carinae distinct, reaching transverse 
posterior carina of metapectal-propodeal complex; transverse posterior carina 
of metapectal-propodeal complex complete and concave in dorsal view (Fig. 
3D). Propodeal declivity reticulate with distinct median carina (Fig. 3D). Me-
sopleuron with mesepimeral sulcus; subalar fovea oval and closed; lower me-
sopleural fovea opened (Fig. 3C). Femora and tibia with long setae on outer 
surface, getting short to tarsomeres. Tegula with some erect setae. Subcostal 
vein (Sc2v), median vein (M2v) and anal vein (A2v) with long setae; second radial 
cross vein and radial sector vein of fore wing (2r-rs&Rs2v) 0.3 mm long, 1.0× as 
long as Rs+M2v. First median cell of fore wing and second median cell of fore 
wing with few short hairs (Fig. 3E). Hind wing with three distal hamuli.

Metasoma (Fig. 3A). Tergum I and II largely smooth, polished without distinct 
long erect hairs; remaining terga with microreticulation on anterior half; terga 
III–VI with transverse sparse setae on dorsal surface.

Material examined. Holotype: Female. 854 Hangye-ri, Buk-myeon, Inje-gun, 
GW, South Korea. 38°08'46.5"N, 128°15'47.5"E, Malaise trap, 11–29.vi.2017, 
Sanghyeok Nam leg. (W-LITE); paratypes: 2 Females, Forahn House, 703 Ong-
po-ri, Hanlim-eub, JJ, South Korea. 33°12'51.1"N, 126°15'04.0"E, Malaise trap, 
16.v.2018, Sanghyeok Nam leg. (W-LITE); Female, Aguala Hotel Dorm., 1388. 
Hyeopjae. Hallim, Jeju, South Korea. 33°23'58.8"N, 126°14'57.0"E, Malaise trap, 
17.vii–20.viii.2017, Sanghyeok Nam leg. (W-LITE).

Distribution. South Korea (GW, JJ).
Etymology. The specific epithet sulcatus refers to the distinctly developed 

notaulus on the mesoscutum.
Remarks. The species is similar to L. yamatonis Terayama, 2006 from Korea 

and Japan by ‘head slight longer than wide with convex posterior margin in 
dorsal view; mandible with five teeth; clypeus broadly rounded; pedicel about 
1.7–1.8 times as long as wide; dorsal pronotal area 0.5× as long as wide; 
metapectal-propodeal complex with one metapostnotal median carina and two 
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pairs of metapostnotal lateral carinae ‘. However, L. sulcatus Lim, sp. nov. is 
distinguished from L. yamatonis Terayama by ‘ LE 1.7× OOL (LE 1.3× OOL in L. 
yamatonis; mesoscutum with distinct notalulus (mesoscutum without notau-
lus in L. yamatonis); second metapostnotal lateral carinae reaching basal three 
fourth of metapostnotal-propodeal disc (second metapostnotal lateral carinae 
reaching basal one-fourth of metapostnotal-propodeal disc in L. yamatonis)’.

Figure 3. Laelius sulcatus sp. nov., holotype (female) A habitus in lateral view B head in dorsal view C mesosoma in lateral 
view D ditto, in dorsal view E forewing in dorsal view. Scale bars: 0.50 mm (A); 0.20 mm (B–E).
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Laelius tricuspis Lim, sp. nov.
https://zoobank.org/7D6FE7CC-CB2A-47A3-8D3E-E6723B42DA01
Fig. 4A–E

Description. Holotype (female). Body length 2.57 mm; LFW 1.61 mm.
Color. Head black; basal half of mandible dark castaneous and apical half-light 

castaneous; antenna castaneous except basal two thirds dark castaneous in dorsal 
view. Mesosoma black; legs castaneous except coxa and femora dark castaneous; 
wings hyaline, tegula light castaneous, veins pale castaneous. Metasoma black.

Morphology. Head (Fig. 4A, B). 1.0× as long as wide with slightly convex poste-
rior margin in dorsal view (Fig. 4B). Ventral and lateral surface with suberect long 
setae, some setae as long as LE. Mandible with four apical teeth; two uppermost 
teeth small, 3rd tooth from top most thick and one ventralmost sharpened. Cly-
peus short, anterior margin straight with one median small blunt tooth, median 
area weakly elevated (Fig. 4B). First five antennomeres in ratio of 3.5: 1.6: 1.1: 
1.1: 1.0 in length; scape, pedicel and flagellomere III–V and XI 3.3, 2.0, 1.2, 1.0, 1.0 
and 1.5× as long as wide, respectively. Frons coriaceous with sparse punctures; 
frontal line absent. Vertex slightly outcurved and round marginally. WF 1.6× LE, 
WF 0.7× WH. Compound eye 0.24 mm long without setae. Medioccipito-genal 
suture present. Occipital carina complete. LE 1.3× OOL, WF 2.4× WOT. Anterior 
angle of ocellar triangle obtuse, POL 1.4× AOL, OOL 1.1× WOT (Fig. 4B).

Mesosoma (Fig. 4A, C–E). Dorsal pronotal area coriaceous as head, 0.5× as 
long as wide, trapezoidal, humeral angle obtuse; punctures very shallow and 
sparse (Fig. 4D); posterior pronotal sulcus present. Mesoscutum coriaceous as 
head, pronotum with short and thin setae; notaulus weak, present on distal half of 
mesoscutum; parapsidal signum short, present on distal one third of mesoscu-
tum (Fig. 4D). Mesoscutellar disc coriaceous; mesoscuto-scutellar ridge slight-
ly posterad at each side (Fig. 4D). Metapectal-propodeal complex 1.0× as long 
as wide; metapostnotal median carina and first metapostnotal lateral carinae 
distinct, completely extending transverse posterior carina of metapectal-prop-
odeal complex; median area rugulose; submedian area strigate; paraspiracular 
carinae distinct, reaching transverse posterior carina of metapectal-propodeal 
complex; transverse posterior carina of metapectal-propodeal complex com-
plete and concave in dorsal view (Fig. 4D). Propodeal declivity reticulate with 
median carina (Fig. 4D). Mesopleuron with mesepimeral sulcus; subalar fovea 
oval and closed; lower mesopleural fovea opened (Fig. 4C). Femora and tibia 
with long setae on outer surface, getting short to tarsomeres. Tegula without 
some erect setae. Subcostal vein (Sc2v), median vein (M2v) and anal vein (A2v) 
with long setae; second radial cross vein and radial sector vein of fore wing 
(2r-rs&Rs2v) 0.2 mm long, 1.0× as long as Rs+M2v. First median cell of fore wing 
and second median cell of fore wing with few short hairs (Fig. 4E). Hind wing 
with three distal hamuli.

Metasoma (Fig. 4A). Tergum I and II largely smooth, polished without distinct 
long erect hairs; remaining terga with microreticulation on anterior half; terga 
III–VI with transverse sparse setae line on dorsal surface.

Material examined. Holotype. Female. Is. Geumho, Sani-myeon, Haenam-gun, 
JN, South Korea. 34°41'19"N, 126°21'19"E, Malaise trap, 1–27.vi.2023, Jongok 
Lim leg. (W-LITE).

Distribution. South Korea (JN).
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Etymology. The specific epithet tricuspis refers to the long and distinct three 
metapectal-propodeal carinae (one metapostnotal median carina and one pair 
of metapostnotal lateral carinae).

Remarks. The species is similar to L. jilinensis Lim & Lee, 2010 from China by 
‘overall color of body and appendages; head as long as wide with convex posterior 
margin in dorsal view; mandible with four teeth; clypeus short with one median 

Figure 4. Laelius tricuspis sp. nov., holotype (female) A habitus in lateral view B head in dorsal view C mesosoma in lat-
eral view D ditto, in dorsal view E forewing in dorsal view. Scale bars: 0.50 mm (A); 0.20 mm (B–E).
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small tooth medially on straight anterior margin; compound eye without setae’. 
However, L. tricuspis Lim, sp. nov. is distinguished from L. jilinensis by ‘scape 3.5× 
as long as flagellomere III (scape 2.8× as long as flagellomere III in L. jilinensis); WF 
2.4× WOT (WF 2.2× WOT in L. jilinensis); pronotal disc 0.5× as long as wide (0.8× as 
long as wide in L. jilinensis); metapectal-propodeal complex with three metapos-
tnotal lateral carinae (five metapostnotal lateral carinae present in L. jilinensis)’.

Key to the Laelius species from the Eastern Palaearctic region

1 POL wider than OOL ......L. antropovi Gorbatovsky, 1995 (Far Eastern Russia)
– POL narrower than OOL ................................................................................2
2 Metapectal-propodeal disc with one metapostnotal median carina and one 

pair of first metapostnotal lateral carinae ....Laelius tricuspis sp. nov. (Korea)
– Metapectal-propodeal disc with more than five metapostnotal carinae ...3
3 Metapectal-propodeal disc with five metapostnotal carinae .....................4
– Metapectal-propodeal disc with seven metapostnotal carinae .................8
4 Mandible with four teeth; metapectal-propodeal disc longer than wide ...5
– Mandible with five teeth; metapectal-propodeal disc wider than long ......7
5 First metapostnotal lateral carinae on metapectal-propodeal disc not 

reaching transverse posterior carina of metapectal-propodeal complex ...
 .......................................................... Laelius sinicus Xu et al., 2003 (China)

– First metapostnotal lateral carinae on metapectal-propodeal disc reach-
ing transverse posterior carina of metapectal-propodeal complex ...........6

6 WF less than 1.5× LE; mesoscutum with notaulus; propodeal declivity with 
median carina ............Laelius jilinensis Lim & Lee, 2010 (China, S. Korea)

– WF more than 1.5× LE; mesoscutum without notaulus; propodeal declivity 
without median carina .................................Laelius afores sp. nov. (Korea)

7 Mesoscutum without notaulus; second metapostnotal lateral carinae 
reaching basal one fourth of metapectal-propodeal disc ............................
 ..................................... Laelius yamatonis Terayama, 2006 (Japan, Korea)

– Mesoscutum with distinct notaulus; second metapostnotal lateral carinae 
reaching basal three fourth of metapectal-propodeal disc ..........................
 ................................................................... Laelius sulcatus sp. nov. (Korea)

8 Head distinctly wider than long; pedicel 2.0× as long as wide .....................
 ..............................................Laelius naniwaensis Terayama, 2006 (Japan)

– Head as long as wide; pedicel less than 1.5× as long as wide...................9
9 Metapectal-propodeal disc with one metapostnotal median carina and 

three pairs of metapostnotal lateral carinae .............................................10
– Metapectal-propodeal disc with one metapostnotal median carina and 

four pairs of metapostnotal lateral carinae ...................................................
 .......................................... Laelius yokohamensis Terayama, 2006 (Japan)

10 Legs reddish brown including coxa; first metapostnotal lateral carinae on 
metapectal-propodeal disc connected to metapostnotal median carina 
near transverse posterior carina of metapectal-propodeal complex ...........
 .........................................Laelius nigrofemoratus Terayama, 2006 (Japan)

– Legs reddish brown except coxa and femora black; first metapostnotal 
lateral carinae parallel to metapostnotal median carinae ............................
 ......................................................................Laelius atratus sp. nov. (Korea)
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Discussion

Since Ashmead established the genus Laelius in 1893, a total of 68 species 
have been described. Notably, 50% of the valid species (33 species) have been 
reported since 2000, reflecting recent discoveries facilitated by the exploration 
of diverse diagnostic characteristics (Vikberg and Koponen 2005; Barbosa and 
Azevedo 2009, 2011, 2014; Lim et al. 2010b; Marques Jr. et al. 2023).

The presence and relative ratio or length of the 2r-rs&Rs vein of the fore-
wing stand out as the most useful characteristics in the taxonomy of Laelius 
(Marques Jr. et al. 2023). However, in the case of the four new species in the 
present study, they commonly exhibit relatively similar lengths of the 2r-rs 
and Rs veins.

Barbosa and Azevedo (2011) conducted cladistic analyses based on 108 
female structural characters, revealing that the genus is supported by six au-
tapomorphies: a body with thick setae present; a straight profile of the median 
clypeal carina; an incomplete anterior extension of the median clypeal carina; 
an angled anterior corner of the pronotal disc; three distal hamuli on the hind-
wing; and tergum II longer than the others. The four new species from the pres-
ent paper, namely L. afores sp. nov., L. atratus sp. nov., L. tricuspis sp. nov., 
and L. sulcatus sp. nov., commonly exhibit these autapomorphies suggested 
by Barbosa and Azevedo (2011). Additionally, the ratios of POL, OOL, WF, LE, 
antennal segments, number of median discal carinae, number of mandibular 
teeth, and the presence of a median carina on the propodeal declivity are useful 
characteristics for the delimitation of new species.

In Colombo et al. (2022), a more recent study of the phylogenetic relation-
ships of Epyrinae, a clade of six genera, including Laelius, was found to be 
monophyletic. Furthermore, a clade of four genera, namely Anisepyris, Aus-
trepyris, Chlorepyris, and Laelius, which commonly share the characteristic of 
the mesoscuto-scutellar sulcus being well impressed and incurved medially, is 
sister to the remaining Epyrinae.

Laelius species exhibit weak sexual dimorphisms and share many common 
characteristics except for genitalia structures (Azevedo et al. 2018). Since 
most species of Laelius worldwide were described based on females and do 
not include enough species for cladistic studies on male genitalia, it is neces-
sary to obtain many male samples for studies on the genus. Additionally, Co-
lombo et al. (2022) analyzed nine species of Laelius, mostly from the Nearctic 
and Neotropical regions, except for one species from the Palaearctic region 
(Israel), for constructing Epyrinae phylogeny. Indeed, a clade including Laelius 
was supported as the sister group against the other genera of Epyrinae, neces-
sitating further exploration of the phylogenetic relationships among the genera 
in the clade containing Laelius with more diverse species from various zoogeo-
graphic regions, including Eastern Asia.

In the present paper, four additional Laelius species from the Korean Penin-
sula, part of Far Eastern Asia, were described. Consequently, five Laelius spe-
cies have been recorded in the nation, which represents higher species diver-
sity compared to neighboring countries such as Japan (4), China (1), and Far 
Eastern Russia (1). This leads us to speculate that there are more unknown 
species in the Eastern Palaearctic region.
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Abstract

The complete mitochondrial genomes of Tipula (Pterelachisus) cinereocincta mesacan-
tha Alexander, 1934, T. (P.) legalis Alexander, 1933, T. (P.) varipennis Meigen, 1818, and 
T. (P.) yasumatsuana Alexander, 1954 are reported, three of them being sequenced for 
the first time. The mitochondrial genome lengths of the four species are 15,907 bp, 
15,625 bp, 15,772 bp, and 15,735 bp, respectively. All genomes exhibit a high AT base 
composition, with A + T content of 76.7%, 75.0%, 77.8%, and 75.4%, respectively. The 
newly reported mitogenomes herein show a general similarity in overall structure, gene 
order, base composition, and nucleotide content to those of the previously studied spe-
cies within the family Tipulidae. Phylogenetic analyses were conducted to investigate 
the relationships within Tipulidae, using both Maximum Likelihood and Bayesian Infer-
ence approaches. The results show that the four target species of the subgenus T. (Pter-
elachisus) basically form a monophyletic group within Tipulidae, clustering with species 
of the Tipula subgenera T. (Lunatipula), T. (Vestiplex), and T. (Formotipula); however, the 
genus Tipula is not monophyletic. Moreover, neither the tipulid subfamily Tipulinae nor 
the family Limoniidae is supported to be a monophyletic group. The monophyly of the 
family Tipulidae, and the sister relationship between Tipulidae and Cylindrotomidae are 
reconfirmed. These research findings could contribute to deep insights into the system-
atic and evolutionary patterns of crane flies.

Key words: Comparative mitogenome, crane fly, phylogenetic analysis, Tipulinae

Introduction

The subgenus Pterelachisus Rondani, 1842, comprising approximately 200 
species in the world, is one of the most speciose subgenera of the genus Tipula 
Linnaeus, 1758 belonging to Tipulidae, Tipuloidea, Diptera (Oosterbroek 2024). 
Tipula (Pterelachisus) is widely distributed in the Northern Hemisphere, primar-
ily including the Palaearctic, Nearctic, and Oriental regions (Oosterbroek 2024). 
The adults of T. (Pterelachisus) are mostly medium- to large-sized, often gray, 
yellow, or brown, with pruinescence on the body, usually three or four darker 
stripes present on the prescutum of mesothorax, and more or less conspicuous 
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grayish or brownish markings on the wing. The larvae of T. (Pterelachisus) are 
believed to be detritivores or herbivores, commonly inhabit forests within hu-
mus-rich soil, decaying wood, or beneath moss on dead wood or rock (Brindle 
1960; Alexander 2002; Polevoi and Pilipenko 2016; Kramer and Langlois 2019; 
Gorban and Podeniene 2022; Cai et al. 2023).

Though some revision work on the taxonomy of T. (Pterelachisus) had been 
done (Savchenko 1964; Alexander 1965; Theowald 1980; Salmela 2009; Pilipen-
ko 2009), it was still difficult to define this subgenus. Due many similarities in 
both adults and larvae, the boundaries between T. (Pterelachisus) and T. (Vesti-
plex), T. (Lunatipula), and some other related subgenera of Tipula, are frequent-
ly confused, which make them loosely termed the “Vestiplex-Lunatipula” group 
of subgenera (Gelhaus 1986; 2005). Up to now, only a little phylogenetic work 
on the relationship within the group had been done based on morphological 
data (Savchenko 1979; Gelhaus 2005). However, questions about the mono-
phyly and the delimitation of T. (Pterelachisus), as well as the evolutionary re-
lationships between T. (Pterelachisus) and other subgenera remain unsolved.

Mitochondrial genomes typically exhibit a circular structure, with a size rang-
ing from 15 to 18 kb, comprising multiple segments, including 13 protein-cod-
ing genes, two ribosomal RNA (rRNA) genes, and 22 transfer RNA (tRNA) 
genes. The cytochrome c oxidase I (COI) gene has been widely employed as a 
barcoding marker for species identification (Hebert et al. 2003; Pilipenko et al. 
2012; Men et al. 2017; Sharkey et al. 2021). Due to their relatively easy accessi-
bility, stable gene content, relatively conserved gene arrangement, maternal in-
heritance, and infrequent recombination, mitochondrial genomes have shown 
significant value in resolving insect taxonomic study and reconstructing phylo-
genetic relationships over the past few decades (Wilson et al. 1985; Wei and 
Chen 2011; Cameron 2014). With the advancement of gene sequencing tech-
nology, mitochondrial genomes have been frequently used for insect systemat-
ic and evolutionary studies, not only at higher taxonomic levels (Timmermans 
and Vogler 2012; Li et al. 2017; Ding et al. 2019; Zhang et al. 2019c; Lorenz et 
al. 2021; Lin et al. 2022a, 2022b; Song et al. 2022; Liu et al. 2023; Zhang et al. 
2023), but also on inter- or infraspecific groups (Du et al. 2019; 2021). Neverthe-
less, there has not been much research on crane flies in this area. Beckenbach 
(2012) was among the pioneers in releasing partial mitochondrial genomes 
of Tipulidae and using them to delineate phylogenetic relationships within the 
crane fly infraorder Tipulomorpha. Subsequently, Zhang et al. (2016) and Kang 
et al. (2023) used complete mitochondrial genomes to explore phylogenetic 
relationships within Tipulomorpha.

Before this study, only one species of T. (Pterelachisus), T. (P.) varipennis 
Meigen, 1818, had a partial mitogenome obtained from the whole-genome se-
quencing data (SRR1469981), which was updated into the NCBI database by 
Leerhoei in 2020 with the accession number MT410829. In this study, another 
three species of Pterelachisus, including T. (P.) cinereocincta mesacantha Alex-
ander, 1934, T. (P.) legalis Alexander, 1933 and T. (P.) yasumatsuana Alexander, 
1954 were sequenced by Next Generation Sequencing (NGS) technology. All 
complete mitochondrial genomes of the above four species were assembled 
and annotated. Nucleotide composition, codon use, transfer RNA secondary 
structure, evolutionary patterns among PCGs (protein-coding genes), and 
structural elements in the control region were analyzed. Based on these data, 
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plus some previous mitogenomic data of other species, the phylogeny of Tip-
uloidea was reconstructed using both Bayesian Inference (BI) and Maximum 
Likelihood analysis (ML).

Materials and methods

Sampling, DNA extraction, and sequencing

All the specimens of the three species sequenced in this study were collected 
and identified by authors and the collecting information is summarized in Sup-
pl. material 1. After collection, each specimen was immediately preserved in 
95% ethanol, and later stored at -20 °C in the laboratory. The voucher specimen 
of T. (P.) cinereocincta mesacantha was deposited in the Entomological Muse-
um of Shenyang Agricultural University (SYAU), while those of T. (P.) legalis and 
T. (P.) yasumatsuana were deposited in the Entomological Museum of China 
Agricultural University (CAU). Genomic DNA was extracted from the thoracic 
tissue of each specimen using the QIAamp DNA Blood Mini Kit (Qiagen, Germa-
ny). The DNA concentration was quantified using an Agilent 5400 instrument.

For DNA library preparation, the NEB Next® Ultra™ DNA Library Prep Kit was 
utilized, and paired-end sequencing was conducted on an Illumina NovaSeq 
6000 platform, generating raw data with an insert size of 350 bp and a read 
length of 150 bp. Approximately 4 Gb of raw sequenced data was obtained. No-
vogene Biotechnology Company (Beijing, China) conducted the aforementioned 
processes. The paired raw reads for the whole mitogenome of T. (P.) varipennis 
was downloaded from NCBI under the accession number SRR11469981.

Mitochondrial genomes assembly, annotation, and analysis

The mitochondrial genomes of all species were assembled using IDBA-UD 1.1.3 
(Peng et al. 2012), and circularization of resulting linear contigs was verified using 
the python script in MitoZ 2.3 software (Meng et al. 2019). Circular mitochondrial 
genomes were then submitted to the MITOS2 web service (Bernt et al. 2013) for 
annotation. The secondary structure of tRNA was determined using both the MI-
TOS2 web service (Bernt et al. 2013) and the tRNAscan-SE 2.0 (Lowe and Chan 
2016) web service. Annotated mitochondrial genomes underwent a comparative 
analysis with closely related species in Geneious 9.0.2, and manual corrections 
were applied. Subsequent analyses were conducted after error exclusion.

Gene maps of the mitochondrial genomes sequenced of four T. (Pterelachi-
sus) species were generated using the Proksee web service (Grant et al. 2023). 
Basal composition and amino acid usage were calculated using PhyloSuite 
1.2.3 (Zhang et al. 2020), with AT skew defined as [A – T] / [A + T] and GC skew 
defined as [G – C] / [G + C] (Perna and Kocher 1995). Ka and Ks values, along 
with nucleotide diversity (Pi), were obtained using DnaSP 6.12.03 (Rozas et 
al. 2017). Relative synonymous codon usage (RSCU) data were also acquired 
through PhyloSuite (Zhang et al. 2020), and Rscript was employed for graphical 
representation. Repeat segments in the control region (CR) were identified us-
ing the Tandem Repeats Finder 4.09 (Benson 1999).

Accurately annotated mitochondrial genomes, along with sequencing data, 
were deposited in the NCBI database under the BioProject PRJNA1067446.
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Phylogenetic analysis

A total of 31 complete mitochondrial genomes were used for phylogenetic 
analysis in this study (Table 1). Trichocera bimacula Walker, 1848 and Para-
cladura trichoptera (Osten Sacken, 1877), members of the family Trichoceridae, 
were designated as outgroups, serving as the root of the phylogenetic tree. 
Twenty-nine species within four families of Tipuloidea were contained in the in-
groups, which respectively include one species of Pediciidae, ten species with-
in ten genera of Limoniidae, one species of Cylindrotomidae, and 17 species 

Table 1. Taxonomic information, GenBank accession numbers, and references of mitochondrial genomes used in the 
present study.

Family Species GenBank number Reference

Outgroup

Trichoceridae Paracladura trichoptera (Osten Sacken, 1877) NC016173 (Beckenbach 2012)

Trichoceridae Trichocera bimacula Walker, 1848 NC016169 (Beckenbach 2012)

Ingroup

Pediciidae Pedicia sp. KT970062 (Zhang et al. 2016)

Limoniidae Conosia irrorata (Wiedemann, 1828) NC057072 (Zhang et al. 2019a)

Limoniidae Dicranomyia modesta (Meigen, 1818) MT628560 Direct submission

Limoniidae Epiphragma mediale Mao & Yang, 2009 NC057085 (Zhang et al. 2021)

Limoniidae Euphylidorea dispar (Meigen, 1818) MT410841 Direct submission

Limoniidae Limonia phragmitidis (Schrank, 1781) NC044484 (Ren et al. 2019c)

Limoniidae Metalimnobia quadrinotata (Meigen, 1818) MT584154 Direct submission

Limoniidae Paradelphomyia sp. KT970061 (Zhang et al. 2016)

Limoniidae Pseudolimnophila brunneinota Alexander, 1933 MN398932 (Ren et al. 2019a)

Limoniidae Rhipidia chenwenyoungi Zhang, Li &Yang, 2012 KT970063 (Zhang et al. 2016)

Limoniidae Symplecta hybrida (Meigen, 1804) NC030519 (Zhang et al. 2016)

Cylindrotomidae Cylindrotoma sp. KT970060 (Zhang et al. 2016)

Tipuloidea Nephrotoma flavescens (Linnaeus, 1758) MT628586 Direct submission

Tipuloidea Nephrotoma quadrifaria (Meigen, 1804) MT872674 Direct submission

Tipuloidea Nephrotoma tenuipes (Riedel, 1910) MN053900 (Ren et al. 2019b)

Tipuloidea Nigrotipula nigra (Linnaeus, 1758) MT483653 Direct submission

Tipuloidea Tanyptera hebeiensis Yang &Yang, 1988 NC053795 (Zhao et al. 2021)

Tipuloidea Tipula (Acutipula) cockerelliana Alexander, 1925 NC030520 (Zhang et al. 2016)

Tipuloidea Tipula (Dendrotipula) flavolineata Meigen, 1804 MT410828 Direct submission

Tipuloidea Tipula (Formotipula) melanomera gracilispina Savchenko, 1960 MK864102 (Zhang et al. 2019b)

Tipuloidea Tipula (Lunatipula) fascipennis Meigen, 1818 NC050319 Direct submission

Tipuloidea Tipula (Nippotipula) abdominalis (Say, 1823) JN861743 (Beckenbach 2012)

Tipuloidea Tipula (Pterelachisus) legalis Alexander, 1933 PP209204 This study

Tipuloidea Tipula (Pterelachisus) cinereocincta mesacantha Alexander, 1934 PP209203 This study

Tipuloidea Tipula (Pterelachisus) varipennis Meigen, 1818 PP209205 This study

Tipuloidea Tipula (Pterelachisus) yasumatsuana Alexander, 1954 PP209206 This study

Tipuloidea Tipula (Tipula) paludosa Meigen, 1830 MT483696 Direct submission

Tipuloidea Tipula (Vestiplex) aestiva Savchenko, 1960 NC063751 (Gao et al. 2023)

Tipuloidea Tipula (Yamatotipula) nova Walker, 1848 NC057055 (Zhao et al. 2019)
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within 12 (sub)genera of Tipulidae. All data preprocessing was carried out us-
ing PhyloSuite 1.2.3. Mitochondrial genomes served as the basis for construct-
ing four concatenated datasets: 1) 13PCG, including all three codon positions 
of 13 PCGs. 2) 13PCG + rRNA, including all three codon positions of 13 PCGs 
and two Ribosomal RNA genes. 3) 13PCG12, including the first and second 
codon positions of 13 PCGs. And 4) AA, including all amino acid of 13 PCGs. 
Prior to concatenation, all data underwent alignment using MAFFT (Katoh and 
Standley 2013), followed by manual correction in MEGA7 (Kumar et al. 2016) 
to eliminate gap regions. Model selection for optimal models was performed 
using PartitionFinder 2.1.1 (Lanfear et al. 2016).

AliGROOVE 1.08 (Kück et al. 2014) was used to offer the possibility to ex-
clude taxa or gene partitions. Phylogenetic analysis for Maximum Likelihood 
(ML) trees utilized RAxML 8.2.12 (Stamatakis 2014) with specific parameters 
set as -m GTRGAMMA -x 1234 -p 12345 -# 1000. Bayesian analysis was con-
ducted using MrBayes 2.3 (Ronquist et al. 2012) for 2,000,000 generations 
with the default settings. The resulting phylogenetic tree was visualized and 
enhanced for presentation using Figtree 1.4.4 and Adobe Photoshop 2022.

Result and discussion

Mitogenomic organization and base composition

The complete mitochondrial genomes of all four T. (Pterelachisus) species 
comprise 13 protein-coding genes, 22 transfer RNA genes, two ribosomal RNA 
genes, and one non-coding region (A + T-rich control region) (Table 2; Fig. 1). 
These genes exhibit a ring structure and the tandem arrangement is consistent 
with previously published mitochondrial whole genome gene arrangements in 
species of Tipulidae. The total length of the four mitochondrial genomes rang-
es from 15,000 to 16,000 base pairs. Specifically, T. (P.) cinereocincta mesa-
cantha, T. (P.) legalis, T. (P.) varipennis, and T. (P.) yasumatsuana have lengths 
of 15,907 bp, 15,625 bp, 15,772 bp, and 15,735 bp, respectively (Table 3). All 
mitochondrial genomes are notably AT-rich, with A + T base contents for T. (P.) 
cinereocincta mesacantha, T. (P.) legalis, T. (P.) varipennis, and T. (P.) yasumat-
suana at 76.7%, 75.0%, 77.8%, and 75.4%, respectively (Table 3).

The mitochondrial genomes of the four species share similar, but not identical, 
intergenic regions and overlaps. The longest intergenic regions, found between 
trnE and trnF genes, measure 32 bp, 27 bp, 32 bp, and 27 bp for T. (P.) cinereo-
cincta mesacantha, T. (P.) legalis, T. (P.) varipennis, and T. (P.) yasumatsuana, 
respectively. The longest overlaps, located between trnW and trnC genes, are 
consistent across all species at a length of 8 bp.

Protein-coding genes

All four mitochondrial genomes harbor 13 protein-coding genes, including COX1, 
COX2, COX3, CYTB, ATP6, ATP8, ND2, ND3, and ND6 on the majority strand, and 
ND4, ND4L, ND5, and ND1 on the minority strand (Fig. 1; Table 2). All species 
exhibit a pronounced AT richness, with A + T base content for T. (P.) cinereo-
cincta mesacantha, T. (P.) legalis, T. (P.) varipennis, and T. (P.) yasumatsuana 
at 74.6%, 72.6%, 76.0%, and 73.0%, respectively. The AT richness is especially 
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Table 2. Mitochondrial genome structures of T. (P.) cinereocincta mesacantha Alexander, 1934, T. (P.) legalis Alexander, 
1933, T. (P.) varipennis Meigen, 1818, and T. (P.) yasumatsuana Alexander, 1954.

Gene Strand Position Size Codon Intergenic 
nucleotides

trnI H 1-67/1-66/1-67/1-67 67/66/67/67 – –
trnQ L 65-133/64-132/65-133/65-133 69/69/69/69 – -3/-3/-3/-3
trnM H 134-202/136-204/137-205/134-202 69/69/69/69 – 0/3/3/0
nad2 H 203-1234/205-1236/206-1237/203-1234 1032/1032/1032/1032 ATT-TAA/ATT-TAA/ATT-

TAA/ATT-TAA
–

trnW H 1245-1313/1248-1316/1236-1304/1233-1301 69/69/69/69 – 10/11/-2/-2
trnC L 1306-1367/1309-1370/1297-1359/1294-1355 62/62/63/62 – -8/-8/-8/-8
trnY L 1369-1434/1374-1439/1361-1426/1358-1423 66/66/66/66 – 1/3/1/2
cox1 H 1433-2968/1438-2973/1425-2960/1422-2957 1536/1536/1536/1536 TCG-TAA/TCG-TAA/TCG-

TAA/TCG-TAA
-2/-2/-2/-2

trnL2 H 2969-3032/2974-3037/2961-3024/2958-3021 64/64/64/64 – –
cox2 H 3041-3725/3046-3730/3033-3717/3030-3714 685/685/685/685 ATG-T/ATG-T/ATG-T/

ATG-T
8/8/8/8

trnK H 3726-3796/3731-3801/3718-3788/3715-3785 71/71/71/71 – –
trnD H 3796-3861/3801-3866/3788-3853/3785-3851 66/66/66/67 – -1/-1/-1/-1
atp8 H 3862-4023/3867-4028/3854-4015/3852-4013 162/162/162/162 ATT-TAA/ATT-TAA/ATT-

TAA/ATT-TAA
–

atp6 H 4017-4694/4022-4699/4009-4686/4007-4684 678/678/678/678 ATG-TAA/ATG-TAA/ATG-
TAA/ATG-TAA

-7/-7/-7/-7

cox3 H 4697-5485/4702-5490/4689-5477/4687-5475 789/789/789/789 ATG-TAA/ATG-TAA/ATG-
TAA/ATG-TAA

2/2/2/2

trnG H 5488-5553/5493-5558/5480-5543/5478-5543 66/66/64/66 – 2/2/2/2
nad3 H 5554-5907/5559-5912/5544-5895/5544-5897 354/354/352/354 ATT-TAA/ATT-TAG/ATT-T/

ATT-TAA
–

trnA H 5907-5971/5911-5974/5896-5960/5898-5961 65/64/65/64 – -1/-2/0/0
trnR H 5971-6033/5974-6038/5960-6023/5961-6023 63/65/64/63 – -1/-1/-1/-1
trnN H 6036-6101/6040-6105/6026-6091/6024-6089 66/66/66/66 – 2/1/2/0
trnS1 H 6102-6168/6106-6172/6092-6158/6090-6156 67/67/67/67 – –
trnE H 6169-6233/6173-6238/6159-6224/6157-6223 65/66/66/67 – –
trnF L 6266-6331/6266-6331/6257-6322/6251-6316 66/66/66/66 – 32/27/32/27
nad5 L 6332-8063/6332-8063/6323-8054/6317-8048 1732/1732/1732/1732 ATG-T/GTG-T/GTG-T/

GTG-T
–

trnH L 8064-8129/8064-8129/8055-8120/8049-8114 66/66/66/66 – –
nad4 L 8130-9465/8129-9466/8121-9456/8114-9451 1336/1338/1336/1338 ATG-T/ATG-TAA/ATG-T/

ATG-TAA
0/-1/0/-1

nad4L L 9459-9755/9460-9756/9450-9746/9445-9741 297/297/297/297 ATG-TAA/ATG-TAA/ATG-
TAA/ATG-TAA

-7/-7/-7/-7

trnT H 9758-9823/9759-9823/9749-9815/9744-9808 66/65/67/65 – 2/2/2/2
trnP L 9824-9889/9824-9887/9816-9880/9809-9873 66/64/65/65 – –
nad6 H 9892-10419/9890-10417/9883-10410/9876-

10403
528/528/528/528 ATT-TAA/ATT-TAA/ATC-

TAA/ATT-TAA
2/2/2/2

cytb H 10419-11555/10417-11553/10410-
11546/10403-11539

1137/1137/1137/1137 ATG-TAG/ATG-TAG/ATG-
TAG/ATG-TAG

-1/-1/-1/-1

trnS2 H 11554-11621/11552-11619/11545-
11612/11538-11605

68/68/68/68 – -2/-2/-2/-2

nad1 L 11638-12579/11636-12577/11629-
12570/11622-12563

942/942/942/942 ATA-TAA/ATG-TAA/ATA-
TAA/ATG-TAA

16/16/16/16

trnL1 L 12584-12647/12582-12645/12575-
12638/12568-12631

64/64/64/64 – 4/4/4/4

rrnL L 12648-13966/12646-13966/12639-
13961/12632-13954

1319/1321/1323/1323 – –

trnV L 13967-14038/13967-14038/13962-
14033/13955-14026

72/72/72/72 – –

rrnS L 14039-14821/14039-14820/14034-
14815/14027-14809

783/782/782/783 – –

control 
region

14822-15907/14821-15625/14816-
15772/14810-15735

1086/805/957/926 – –
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evident in third codon positions, all exceeding 80.0%, with T. (P.) varipennis hav-
ing the highest value at 92.4%. The first and second codon positions have low-
er AT skewness values, all below 70.0%. The most frequently encoded amino 
acids in these four T. (Pterelachisus) mitogenomes are Ser2, Leu2, Val, Gly, Pro, 
Thr, Arg, and Ala, with the highest Relative Synonymous Codon Usage (RSCU) 
values (Fig. 2). The most common codons are UUA, AUU, UUU, and AUA, and 
the majority of codons are composed solely of A or T, reflecting the high AT 
content of protein-coding genes (PCGs).

For most PCGs, typical ATN start codons (ATT / ATG) are observed in both 
mitochondrial genomes, except for TCG in COX1 genes. Stop codons for most 
PCGs are T + tRNA, while CYTB has a stop codon TAG (Table 2). The sliding 
window analysis reveals variable nucleotide diversity (Pi) among the 13 PCGs 
in the four mitochondrial genomes, with ND2 exhibiting the highest Pi (0.308), 

Figure 1. Gene maps of the mitochondrial genomes of the four T. (Pterelachisus) species involved in this study. The 
transcriptional direction is indicated by arrows.
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Table 3. Nucleotide composition of mitochondrial genomes of the four T. (Pterelachisus) species.

Species Regions Length 
(bp) T% C% A% G% A+T% AT Skew GC Skew

T. (P.) cinereocincta 
mesacantha

Whole genome 15907 38.1 14.2 38.6 9.2 76.7 0.006 -0.214
PCGs 11205 43.0 12.3 31.6 13.1 74.6 -0.152 0.035

1st codon position 3735 36.4 11.9 32.2 19.5 68.6 -0.062 0.245
2nd codon position 3735 46.2 18.8 20.3 14.6 66.5 -0.389 -0.126
3rd codon position 3735 46.3 6.1 42.4 5.2 88.7 -0.044 -0.073

tRNAs 1463 37.9 10.0 38.6 13.5 76.5 0.010 0.151
rRNAs 2102 40.8 6.9 39.4 12.9 80.2 -0.018 0.308

Control region 1086 46.8 5.8 43.9 3.5 90.7 -0.032 -0.247
T. (P.) legalis Whole genome 15625 36.7 15.7 38.3 9.3 75.0 0.021 -0.257

PCGs 11208 41.8 13.6 30.8 13.7 72.6 -0.152 0.004
1st codon position 3736 35.8 12.7 31.4 20.2 67.2 -0.066 0.229
2nd codon position 3736 46.0 19.3 20.3 14.5 66.3 -0.387 -0.144
3rd codon position 3736 43.7 9.0 40.7 6.6 84.4 -0.036 -0.151

tRNAs 1461 37.9 9.9 39.3 12.9 77.2 0.018 0.135
rRNAs 2103 40.8 7.0 38.3 13.9 79.1 -0.032 0.327

Control region 805 47 6.1 44.5 2.5 91.5 -0.027 -0.419
T. (P.) varipennis Whole genome 15772 39.0 13.1 38.8 9.1 77.8 -0.003 -0.182

PCGs 11202 43.6 11.5 32.4 12.4 76.0 -0.147 0.040
1st codon position 3734 36.6 11.8 32.6 19.0 69.2 -0.059 0.237
2nd codon position 3734 46.3 18.8 20.4 14.5 66.7 -0.390 -0.127
3rd codon position 3734 48.0 3.9 44.4 3.7 92.4 -0.039 -0.028

tRNAs 1464 38.5 9.7 38.9 12.8 77.4 0.005 0.139
rRNAs 2105 40.9 6.9 39.5 12.7 80.4 -0.017 0.296

Control region 957 47.5 5.3 43.9 3.2 91.4 -0.039 -0.247
T. (P.) yasumatsuana Whole genome 15735 37.2 15.2 38.2 9.4 75.4 0.013 -0.235

PCGs 11208 42.5 13.3 30.5 13.8 73.0 -0.164 0.019
1st codon position 3736 35.7 12.7 31.5 20.2 67.2 -0.063 0.227
2nd codon position 3736 45.9 19.5 20.2 14.4 66.1 -0.388 -0.149
3rd codon position 3736 45.9 7.6 39.8 6.7 85.7 -0.071 -0.062

tRNAs 1463 38.1 10.2 38.7 13.1 76.8 0.008 0.124
rRNAs 2106 40.9 7.0 38.5 13.5 79.4 -0.030 0.316

Control region 926 46.7 5.4 44.7 3.2 91.4 -0.022 -0.256

followed by ATP8 (0.276) and ND6 (0.257). ND5 shows the lowest Pi (0.151) 
(Fig. 3A). Further examination of the Ka / Ks ratio for each PCG indicates values 
less than 1, suggesting purification selection. ND2 has a notably higher Ka / Ks 
ratio, indicating a higher evolutionary rate, while COX1 undergoes the highest 
purification selection. The Ka / Ks ratio of ND6 varies significantly among the 
four species, with T. (P.) varipennis having significantly higher values than the 
other species (Fig. 3B, Suppl. material 2).

Transfer RNA genes

All mitochondrial genomes encompass 22 tRNA genes, each capable of form-
ing cloverleaf structures, with the exception of trnS1 (AGC), which has a dihydro-
uridine (DHU) arm forming a loop (Fig. 4). The length of the 22 tRNA genes rang-
es from 62 to 72 bp across the four mitochondrial genomes. The shortest trnC 
(GCA) genes are found in all species, with a length of 62 bp, except for trnC in 
T. (P.) varipennis, which is 63 bp. The longest tRNA genes are trnV (CAC) genes.
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Figure 2. Relative synonymous codon usage (RSCU) in the mitogenomes of the four T. (Pterelachisus) species. Codes 
as follows: A: Ala; C: Cys; D: Asp; E: Glu; F: Phe; G: Gly; H: His; I: Ile; K: Lys; L: Leu; M: Met; N: Asn; P: Pro; Q: Gln; R: Arg; S: 
Ser; T: Thr; V: Val; W: Try; Y: Tyr.
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Figure 3. A The nucleotide diversity (Pi) of 13 protein-coding genes (PCGs) in four T. (Pterelachisus) species mitoge-
nomes determined via sliding window analysis (sliding window: 100 bp; step size: 25 bp); the Pi value of each gene is 
shown under the gene name B evolutionary rates (ratios of Ka/Ks) of mitochondrial protein-coding genes of the four T. 
(Pterelachisus) species.

The tRNA genes in all four species exhibit significant AT richness, with A + T 
base content for T. (P.) cinereocincta mesacantha, T. (P.) legalis, T. (P.) varipen-
nis, and T. (P.) yasumatsuana at 76.5%, 77.2%, 77.4%, and 76.8%, respectively 
(Table 3).

Ribosomal RNA genes and non-coding regions

All four mitochondrial genomes feature two ribosomal RNA genes, rrnL and 
rrnS, separated by trnV. The rrnL of all four species (1,319 bp –1,323 bp) is no-
tably longer than the rrnS (782 bp –783 bp). The rRNA is significantly AT-rich in 
all species, with A + T base content for T. (P.) cinereocincta mesacantha, T. (P.) 
legalis, T. (P.) varipennis, and T. (P.) yasumatsuana at 80.2%, 79.1%, 80.4%, and 
79.4%, respectively (Table 3).
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Figure 4. Secondary structures of tRNAs of T. (P.) varipennis. All tRNAs are labeled with the abbreviations of their cor-
responding amino acids. The variable sites are indicated with the green coloration for T. (P.) cinereocincta mesacantha, 
blue coloration for T. (P.) legalis and pink coloration for T. (P.) yasumatsuana, respectively. A blank represents a missing 
base site.

The control region for all four species is situated between rrnS and trnI 
genes, with lengths ranging from 800 bp to 1,100 bp. T. (P.) cinereocincta me-
sacantha has the longest control region at 1,806 bp, while T. (P.) legalis has the 
shortest at 805 bp. The control regions of all four species exhibit significant AT 
richness, with T. (P.) cinereocincta mesacantha, T. (P.) legalis, T. (P.) varipennis, 
and T. (P.) yasumatsuana having A + T base content of 90.7%, 91.5%, 91.4%, 
and 91.4%, respectively (Table 3).

The control regions for all four species were analyzed using the Tandem Re-
peat Finder, revealing two or three tandem repeats of varying lengths (Fig. 5). T. 
(P.) cinereocincta mesacantha and T. (P.) varipennis have two sets of tandem 
repeats, while T. (P.) legalis and T. (P.) yasumatsuana have three sets. Tandem 
repeats between different species exhibit no obvious common features, dis-
playing unique structural and evolutionary characteristics.

Phylogenetic analyses

Both Bayesian inference (BI) and Maximum Likelihood (ML) trees were recon-
structed using four concatenated datasets (13PCG, 13PCG12, 13PCG + rRNA, 
and AA) of 31 mitochondrial genomes (Fig. 6, Suppl. material 3: figs S1–S6). 
The topologies of these trees show notable differences. Heterogeneity in pair-
wise sequence differences was examined and the results have shown the AA 
dataset with significantly lower heterogeneity compared to the other datasets 
(Fig. 7), which may be a major factor influencing the phylogenetic results.
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Figure 5. Control region structure of the four T. (Pterelachisus) species. Orange, pink, and red coloration represent tan-
dem repeats.

The four T. (Pterelachisus) species involved in this study are divided into 
two stable lineages in each phylogenetic tree above: T. (P.) cinereocincta me-
sacantha and T. (P.) varipennis form a sister group, while T. (P.) legalis and 
T. (P.) yasumatsuana form another one. Furthermore, almost all the trees, ex-
cept those based on the AA dataset (Fig. 7, Suppl. material 3: figs S1, S2, S4, 
S5), have shown that the four T. (Pterelachisus) species compose a monophy-
letic lineage, but with variable support values among different trees, whereas 
both the ML and BI trees based on the AA dataset suggest T. (Pterelachisus) is 
a paraphyletic group (Suppl. material 3: figs S3, S6). Since the samples for the 
large subgenus T. (Pterelachisus) used in this study are far from sufficient, the 
monophyly of T. (Pterelachisus) needs further study with more data.

The above “Vestiplex-Lunatipula” group of the Tipula subgenera are tentative-
ly supported to be a monophyletic lineage by the phylogenetic results based 
on the 13PCG dataset (Fig. 6), but then the subgenus T. (Formotipula), unex-
pectedly, should be included in this group, in addition to T. (Vestiplex), T. (Lu-
natipula) and T. (Pterelachisus). These arguments largely agree with the phy-
logenetic results based on the 13PCG + rRNA dataset (Suppl. material 3: fig. 
S5) in the present study, as well as the previous research results of Gao et al. 
(2023), only with different topologies. On the contrary, the phylogenetic trees 
based on the AA (Suppl. material 3: figs S3, S6) and 13PCG12 (Suppl. material 
3: figs S1, S4) datasets show that the “Vestiplex-Lunatipula” group is paraphy-
letic, and T. (Vestiplex) is a sister-group to the remaining Tipulidae. Morpholog-
ically, T. (Pterelachisus) and other related subgenera such as T. (Vestiplex), T. 
(Lunatipula), and other subgenera of Tipula share many similarities, making it 
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Figure 6. Phylogenetic trees of the selected species of Tipuloidea inferred from the datasets PCG under A ML and B BI 
methods. Numbers at the nodes are bootstrap values (ML tree) or posterior probabilities (BI tree). The two species of 
family Trichoceridae were set as the outgroups.

difficult to distinguish between them (Savchenko 1964; Gelhaus 1986; 2005). 
This supports their potential monophyly to some extent. However, it is chal-
lenging to explain the close phylogenetic relationship of T. (Formotipula) with 
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Figure 7. AliGROOVE analysis for four datasets. The mean similarity score between sequences is represented by a col-
ored square, based on AliGROOVE scores ranging from -1, indicating a large difference in sequence composition from 
the remainder of the dataset (red coloration), to +1, indicating similarity to all other comparisons (blue coloration).

these subgenera. Obviously, in-depth research would be required to resolve the 
questions on its monophyly and relationships within the group. In addition, the 
genus Tipula is not supported to be a monophyletic lineage by any of the phy-
logenetic trees.

The monophyly of Tipulidae and the sister relationship between Tipulidae and 
Cylindrotomidae are strongly supported in all BI and ML trees constructed in this 
study, which are consistent with the previous phylogenetic studies of Ribeiro 
(2008), Petersen et al. (2010), Zhang et al. (2016), and Kang et al. (2017; 2023). 
Tipulidae was divided into three subfamilies, i.e., Ctenophorinae, Dolichopezinae, 
and Tipulinae (Kertesz 1902; Oosterbroek 2024). In the present phylogenetic study, 
Dolichopezinae is not included due to a lack of mitogenomic data on the subfam-
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ily. Meanwhile, as the only representative of Ctenophorinae, Tanyptera hebeiensis 
Yang & Yang, 1998 is sister to some members of Tipulinae (i.e., Tipula (Dendrotipu-
la) flavolineata Meigen, 1804, Tipula (Vestiplex) aestiva Savchenko, 1960, or Neph-
rotoma spp. in different topologies) and then clustered with some other members 
of Tipulinae, which indicates a para- or polyphyly of the subfamily Tipulinae.

Corroborating previous phylogenetic studies (Ribeiro 2008; Petersen et 
al. 2010; Zhang et al. 2016; Kang et al. 2023), Limoniidae is confirmed as a 
non-monophyletic group in this study. Among the four traditional subfamilies 
of Limoniidae established by Starý (1992), three are involved in the present 
phylogenetic study, i.e., Chioneinae, Limnophilinae, and Limoniinae. With rel-
atively low supporting values, Symplecta hybrida (Meigen, 1804), the only rep-
resentative of Chioneinae in this study, is sister to a clade of Cylindrotomidae 
+ Tipulidae in almost all the trees except the BI one inferred from the dataset 
AA (Suppl. material 3: fig. S6). The traditional subfamily Limnophilinae is not 
supported as a monophyletic group, because one of its members, Epiphragma 
mediale Mao & Yang, 2019, has a relatively stable sister relationship with the 
clade of Limoniidae, instead of with other species of Limnophilinae, which is 
shown in all the BI trees and most ML trees except the one inferred from the 
dataset AA (Suppl. material 3: fig. S5). Similar results were also indicated in 
the previous studies by Kang et al. (2023) and Xu et al. (2023). Furthermore, 
the family Pediciidae is well supported to be sister to the remaining Tipuloidea, 
as all the phylogenetic analyses available on the Tipuloidea since Starý (1992).

Conclusions

In the present study, the complete mitochondrial genomes of four T. (Pterelachi-
sus) species were newly assembled, annotated, and characterized. Tipula (P.) 
varipennis was first produced as a complete circle molecular structure based on 
previously published raw data (MT410829, 13,483bp), while another three were 
sequenced and reported upon for the first time. These four mitochondrial ge-
nomes show similarities in gene order, nucleotide composition, and codon us-
age with those of other known crane fly species. The phylogenetic results have 
reconfirmed the monophyly of the family Tipulidae, the sister relationship be-
tween Tipulidae and Cylindrotomidae, and the phylogenetic status of Pediciidae 
as sister group to the remaining Tipuloidea. On the other hand, the monophyly 
of the tipulid subfamily Tipulinae or the genus Tipula, as well as that of Limoni-
idae, have not been supported, while the limoniid subfamily Limnophilinae has 
been suggested as a polyphyletic group. The subgenus T. (Pterelachisus) might 
be a monophyletic lineage according to current mitogenome data, whereas it 
is not stable enough. Moreover, it has shown closer phylogenetic relationships 
between T. (Pterelachisus) and the subgenera T. (Formotipula), T. (Lunatipula), 
and T. (Vestiplex). The phylogenetic status of T. (Pterelachisus) in Tipulidae is 
under analysis using different mitogenomic datasets: both the ML and BI trees 
inferred from the AA dataset have shown more divergent topologies from other 
trees, probably due to the relatively lower heterogeneity of the dataset.

It is evident that the tiny number of samples is insufficient for a thorough 
phylogenetic analysis of the vast crane fly group. It is noteworthy to remember 
that, particularly in cases where the sample number is limited and replicates are 
few, mitochondrial genotyping may not be entirely successful in resolving deep 
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phylogenetic relationships. This could lead to low support for particular evolution-
ary branches, which would impair the precision of the findings. However, this study 
provides new insights into the phylogenetic relationships within Tipulidae, particu-
larly on T. (Pterelachisus). To better understand the phylogeny of crane flies, more 
samples covering a broader range of taxa will be necessary in the future study.
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Research Article

Abstract

The males of the family Formicidae of the Malagasy region, including the islands of the 
southwest Indian Ocean (Madagascar, Mauritius, Reunion, Comoros, and Seychelles) 
are reviewed. A male-based synopsis of each subfamily and genera are provided. 
A richly illustrated male-based key to the eight subfamilies and 72 genera for which 
males are known are provided. The key is specific to the ant genera and species of the 
Malagasy region. Terminologies for morphology and wing cells are also reviewed. The 
keys are a product of three decades of collecting across the region. Despite efforts 
to collect males for all genera, males from five genera (Brachyponera, Chrysapace, 
Dicroaspis, Linepithema, Ochetellus) were included in the keys based on males from 
species collected outside the region, and males from one genus (Parvaponera) are 
unknown globally and not included in the key.

Key words: Formicidae, identification, Malagasy region, male ants, morphology

Introduction

Most identification tools for ants are based on the worker female caste and 
neglect the male caste. Identifying males is important to understanding the life 
history, phenology, and reproductive biology of ants. In addition, some collect-
ing methods like Malaise and light traps preferentially trap males and, without 
tools for their identification, limit the insights these methods can provide into 
ant community diversity and structure through time and space.

In the Malagasy region (Madagascar, Mauritius, Reunion, Comoros, and 
Seychelles), there has been a pioneering effort to develop the taxonomic tools 
to identify male ants to genus: Ponerinae (Yoshimura and Fisher 2007), Am-
blyoponinae (Yoshimura and Fisher 2012), Dolichoderinae (Yoshimura and 
Fisher 2011), Proceratiinae (Yoshimura and Fisher 2009), and Myrmicinae 
tribes (Ramamonjisoa et al. 2023). This body of work has greatly enriched 
our understanding of the diversity of ants in the region. Borowiec (2016) also 
provided an identification key for male Dorylinae from the African and Mala-
gasy regions. Here, we update this previous work, provide additional charac-
ters and present keys to all genera, including the Myrmicinae for which males 
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are known. The newly proposed key uses a combination of morphological 
characters to create a navigational tool to identify the diversity of ant gen-
era in the Malagasy region. The effectiveness of the key is enhanced by the 
integration of photographic illustrations, which provide a visual portal to the 
subtle intricacies that distinguish each genera. This study aims to increase 
the accessibility, accuracy, and applicability of ant genera identification in the 
Malagasy region.

Materials and methods

Morphological observations were carried out using Leica stereoscopic micro-
scopes (MZ9.5). Digital color montage images were created using a JVC KY-
F75 digital camera and Syncroscopy Auto-Montage software (v. 5.0), or a Leica 
DFC 425 camera in combination with the Leica Application Suite software (v. 
3.8). These images are available online through AntWeb.org (2022) and are 
accessible using the unique specimen identifier code.

Terminology for general morphology follows Bolton (1994) and Boudinot 
(2013, 2015). The terminology for forewing venation follows Yoshimura and 
Fisher (2007) and for hindwing venation follows Yoshimura and Fisher (2011). 
When referring to the presence or absence of veins in the descriptions, a vein 
is considered present regardless of whether it is tubular, nebulous, or spectral 
(Mason 1986).

Subfamilies and genera of the Malagasy Region

The specimens used in this study are the product of a long-term effort to 
document the diversity of ants in the Malagasy region (Fisher 2005; Fisher 
and Peeters 2019). Males were collected by hand as part of colony series 
but also in light and Malaise traps. Despite these efforts, representative 
males have not been collected for all genera in the Malagasy region. Five 
genera (Brachyponera, Chrysapace, Dicroaspis, Linepithema, Ochetellus) 
have males known only from outside the Malagasy region. Males of Brachy-
ponera (known from Mauritius), Dicroapsis (from Anjouan), Linepithema 
(from Reunion) and Ochetellus (from Reunion) are most likely absent be-
cause of the limited effort spent targeting these taxa on those islands. It 
is surprising that males have never been collected in the region for Chrysa-
pace, a large Doryline present in northern Madagascar, despite the numer-
ous Malaise and light traps placed throughout the range of the genus. Even 
more puzzling is the complete global absence of males of Parvaponera, as 
Parvaponera queens are regularly collected at black lights (Fig. 1). For a 
period of seven years, the Madagascar ant team directed efforts to collect 
males and locate colonies at sites where Parvaponera queens were present 
at lights. At one site, Nosy Faly in NW Madagascar, we located the first 
ground nest including workers for the genus in Madagascar. We set a series 
of yellow pan traps and Malaise traps during the period queens were pres-
ent at black lights (Fig. 2), but no males were collected. Males of the genus 
remain unknown in Madagascar and globally. Parvaponera is the only genus 
in the Malagasy region absent from the key.
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Figure 1. Black light. Photographer Brian Fisher.

Figure 2. Yellow pan and Malaise trap. Photographer Brian Fisher.
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Synoptic list of 73 ant genera of the Malagasy Region

For genera absent from Madagascar, the distribution is indicated in paren-
theses.

* Males unknown for the genus within the Malagasy region but included in 
keys based on males from outside the region.

+ Males unknown for genus globally and not included in key.

AMBLYOPONINAE Forel, 1893
1. Adetomyrma Ward, 1994
2. Mystrium Roger, 1862
3. Prionopelta Mayr, 1866
4. Stigmatomma Roger, 1859
5. Xymmer Santschi, 1914

DOLICHODERINAE Forel, 1878
1. Aptinoma Fisher, 2009
2. Linepithema* Mayr, 1866 (Reunion)
3. Ochetellus* Shattuck, 1992 (Mauritius, Reunion)
4. Ravavy Fisher, 2009
5. Tapinoma Foerster, 1850
6. Technomyrmex Mayr, 1872

DORYLINAE Leach, 1815
1. Eburopone Borowiec, 2016
2. Chrysapace* Crawley, 1924
3. Lioponera Mayr, 1879
4. Lividopone Bolton & Fisher, 2016
5. Ooceraea Roger, 1862
6. Parasyscia Emery, 1882
7. Simopone Forel, 1891
8. Tanipone Bolton & Fisher, 2012

FORMICINAE Latreille, 1809
1. Anoplolepis Santschi, 1914 (Seychelles)
2. Brachymyrmex Mayr, 1868
3. Camponotus Mayr, 1861
4. Lepisiota Santschi, 1926
5. Nylanderia Emery, 1906
6. Paraparatrechina Donithorpe, 1947
7. Paratrechina Motschoulsky, 1863
8. Plagiolepis Mayr, 1861
9. Tapinolepis Emery, 1925

MYRMICINAE Lepeletier de Saint-Fargeau, 1835
1. Adelomyrmex Emery, 1897 (Seychelles)
2. Aphaenogaster Mayr, 1853
3. Calyptomyrmex Emery, 1887 (Comoros)
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4. Cardiocondyla Emery, 1869
5. Carebara Westwood, 1840
6. Cataulacus Smith, 1853
7. Crematogaster Lund, 1831
8. Cyphomyrmex Mayr, 1862 (Reunion)
9. Dicroaspis* Emery, 1908 (Comoros)
10. Erromyrma Bolton & Fisher, 2016
11. Eurhopalothrix Brown & Kempf, 1961 (Comoros)
12. Eutetramorium Emery, 1899
13. Malagidris Bolton & Fisher, 2014
14. Melissotarsus Emery, 1877
15. Meranoplus Smith, 1853
16. Metapone Forel, 1911
17. Monomorium Mayr, 1855
18. Nesomyrmex Wheeler, 1910
19. Pheidole Westwood, 1839
20. Pilotrochus Brown, 1978
21. Pristomyrmex Mayr, 1866 (Mauritius)
22. Royidris Bolton & Fisher, 2014
23. Solenopsis Westwood, 1840
24. Strumigenys Smith, 1860
25. Syllophopsis Santschi, 1915
26. Terataner Emery, 1912
27. Tetramorium Mayr, 1855
28. Trichomyrmex Mayr, 1865
29. Vitsika Bolton & Fisher, 2014
30. Vollenhovia Mayr, 1865 (Seychelles)

PONERINAE Lepeletier de Saint-Fargeau, 1835
1. Anochetus Mayr, 1861
2. Bothroponera Mayr, 1862
3. Brachyponera* Emery, 1900 (Mauritius)
4. Euponera Forel, 1891
5. Hypoponera Santschi, 1938
6. Leptogenys Roger, 1861
7. Mesoponera Emery, 1900
8. Odontomachus Latreille, 1804
9. Parvaponera+ Schmidt & Shattuck, 2014
10. Platythyrea Roger, 1863
11. Ponera Latreille, 1804

PROCERATIINAE Emery, 1895
1. Discothyrea Roger, 1863
2. Probolomyrmex Mayr, 1901
3. Proceratium Roger, 1863

PSEUDOMYRMICINAE Smith, 1952
1. Tetraponera Smith, 1852
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Male-based key to the subfamilies of the Malagasy Region

1 Two distinct, long, narrow spines present on the posterior portion of ab-
dominal sternum IX (Fig. 3A) or, if absent, then mandibles extremely elon-
gated, distinctly longer than head, and volsella massive, claw-shaped, di-
rected dorsally. Pygostyles absent ................................................Dorylinae

– Two distinct, long, narrow spines absent on the posterior portion of ab-
dominal sternum IX (Fig. 3B). Mandibles not elongated or distinctly short-
er than head. Volsella moderate, not directed dorsally. Pygostyles present 
or absent ........................................................................................................2

Figure 3. Portion of abdominal sternum IX A Lioponera sp. (CASENT0001042) B Techno-
myrmex mg08 (CASENT0049527). Photographer Masashi Yoshimura.

2 Abdominal segment II nearly as large as or longer than segment III (post-
petiole) in lateral view (Fig. 4A) ....................................................................3

– Abdominal segment II much shorter than segment III in lateral view 
(Fig. 4B) ..........................................................................................................4

Figure 4. Abdominal segment II and III in lateral view A Tetraponera longula 
(CASENT0138661) B Probolomyrmex curculiformis (CASENT0050214). Photographers 
Dimby Raharinjanahary (A), April Nobile (B).

3 Ventral apex of meso- and metatibia, when viewed from the front with 
the femur at right angle to the body, with two spurs consisting of a large 
pectinate spur and a small simple spur (Fig. 5A).........Pseudomyrmicinae

– Ventral apex of metatibia, when viewed from the front with the femur at 
right angle to the body, with single simple spur or absent (Fig. 5B) ............
 ......................................................................................................Myrmicinae
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4 Metatibia with one or two ventroapical spurs; if only one spur present then 
cinctus distinct and deep between abdominal segment III and abdominal 
segment IV (Fig. 6A) .....................................................................................5

– Metatibia always with single ventroapical spur, cinctus always indistinct 
between abdominal segment III and abdominal segment IV (Fig. 6B) ......7

Figure 6. Gaster in dorsal view, cinctus at abdominal segment IV level A Euponera siko-
rae (CASENT0065480) B Technomyrmex albipes (CASENT0055727). Photographer 
Michele Esposito.

5 Anal region of hind wing vestigial (Fig. 7A) and with the mesosoma in 
lateral view, oblique mesopleural furrow reaching pronotum close to pro-
notal posteroventral margin (Fig. 7C) ..................................... Proceratiinae

– Anal region of hind wing well developed (Fig. 7B); if vestigial, oblique me-
sopleural furrow always reaching pronotum far from pronotal posteroven-
tral margin, or oblique mesopleural furrow absent (Fig. 7D) ......................6

Figure 7. Hindwings of male ants A Discothyrea mgm01 (CASENT0083649) B Odontoma-
chus coquereli (CASENT0049797). Mesosoma in lateral view, showing oblique mesopleu-
ral furrow C Proceratium dr01 (CASENT0145100) D Acropyga goeldii (CASENT0903184). 
Photographers Erin Prado (A, B), Dimby Raharinjanahary (C), Ziv Lieberman (D).

Figure 5. Metatibial spur A Tetraponera psw094 (CASENT0053316) B Aphaenogaster 
swammerdami (CASENT0000990). Photographers April Nobile (A), Masashi Yoshimura (B).
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6 Abdominal segment II broadly and dorsally attached to abdominal seg-
ment III; mandible long, falcate, curved inward and closed (Fig. 8A) ..........
 ............................................................................................... Amblyoponinae

– Abdominal segment II narrowly and ventrally attached to abdominal seg-
ment III; mandible short, linear, subtriangular to triangular (Fig. 8B) ...........
 .........................................................................................................Ponerinae

7 With head in full-face view, scape short, not reaching posterior margin of 
head (Fig. 9A) ........................................................................ Dolichoderinae

– With head in full-face view, scape long, distinctly exceeding posterior mar-
gin of head (Fig. 9B) .....................................................................Formicinae

Figure 9. Head in full-face view showing the comparison of scape length A Technomyr-
mex albipes (CASENT0055727) B Lepisiota canescens (CASENT0906461). Photogra-
phers April Nobile (A), Cerise Chen (B).

AMBLYOPONINAE Forel, 1893

Diagnosis of male ants of the subfamily Amblyoponinae in the Malagasy region

 - Antenna filiform, consisting of 13 segments.
 - Scape not reaching posterior margin of head.
 - Mesopleural oblique furrow usually vestigial, and when present, reaching 

pronotum far from pronotal posteroventral margin.

Figure 8. Attachment of abdominal segment II to abdominal segment III A Stigmatom-
ma mgm04 (CASENT0063981) B Bothroponera perroti (CASENT0135783). Photogra-
phers Erin Prado (A), Dimby Raharinjanahary (B).
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 - Abdominal segment II broadly and dorsally attached to abdominal seg-
ment III.

 - Abdominal segment II much smaller than segment III in lateral view.
 - Protibia with one spur.
 - Metatibia with one or two spurs.

Remarks. Our key includes five Amblyoponinae genera recorded from the 
Malagasy region. Key modified from Yoshimura and Fisher (2012).

Male-based key to genera of the subfamily Amblyoponinae

1 A single tibial spur present on metatibia (Fig. 10A). Mandible with apical 
and pre-apical teeth. Pterostigma reduced in size .....................Prionopelta

– Two tibial spurs present on metatibia (Fig. 10B). Mandible with a single 
apical tooth. Pterostigma well developed ...................................................2

2 Constriction between abdominal segment II and abdominal segment III in-
distinct in dorsal view. Cinctus between abdominal segment III and abdomi-
nal segment IV indistinct. On forewing, radial sector vein fails to reach costal 
margin and is disconnected from radius vein (Fig. 11A) .............. Adetomyrma

– Constriction between abdominal segment II and abdominal segment III 
distinct in dorsal view. Cinctus between abdominal segment III and ab-
dominal segment IV distinct and deep. On forewing, radial sector vein 
reaches costal margin and is connected with radius vein (Fig. 11B) ........3

Figure 10. Tibial spur on metatibia A Prionopelta subtilis (CASENT0049809) B Mystrium 
mirror (CASENT0492154). Photographer Masashi Yoshimura.

Figure 11. Venation of forewing A Adetomyrma caputleae (CASENT0218013) B Stigma-
tomma mg01 (CASENT0083104). Photographer Masashi Yoshimura.
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3 Pygostyles present (Fig. 12A) ................................................ Stigmatomma
– Pygostyles absent (Fig. 12B) ........................................................................4

Figure 12. Posterior portion of abdomen in posterolateral view A Stigmatomma mgm01 
(CASENT0007139) B Xymmer drm01 (CASENT0135825). Photographers April Nobile 
(A), Dimby Raharinjanahary (B).

4 Anterior margin of clypeus with tooth-like projections. Radial sector vein 
on forewing fully complete (Fig. 13A). Radius vein on hindwing present....
 ..........................................................................................................Mystrium

– Anterior margin of clypeus without tooth-like projections. Radial sec-
tor vein on forewing wholly or partially absent between M+Rs and 2r-rs 
(Fig. 13B). Radius vein on hindwing absent ....................................Xymmer

Figure 13. Venation of forewing A Mystrium barrybressleri (CASENT0078803) B Xymmer 
mgm04 (CASENT0113147). Photographer Masashi Yoshimura.

Adetomyrma Ward, 1994

Antenna with 13 segments. Frontal carinae absent. Anterior margin of clypeus 
with tooth-like projections. Mandible falcate with single apical tooth. Palpal for-
mula 3,3/2,3/2,2. Notauli absent for some species or distinct in Adetomyrma 
goblin. Mesepimeron with or without epimeral lobe. Protibia with one spur. Me-
sotibia with two spurs. Metatibia with two spurs. In dorsal view, cinctus between 
abdominal segment III and abdominal segment IV indistinct. Pygostyles present. 
On forewing, pterostigma well developed. Costal vein (C) present. Cross-vein 1m-
cu present. Radial sector vein (Rs) between M+Rs and 2r-rs wholly or partially ab-
sent and fails to reach costal margin. Cross-vein 2r-rs connected with radial sec-
tor vein posterior to pterostigma. Cross-vein 2rs-m absent. The cross-vein cu-a 
proximal to junction between media and cubitus vein. Media (M) fused with ra-
dial sector vein to form Rs+M. On hindwing, radius vein (R) absent. Radial sector 
vein (Rs) present. 1rs-m absent. The median vein, proximally fused with cubital 
vein (M+Cu), following separation continuing as a free abscissa (M). M+Cu pres-
ent. 1rs-m+M absent. Free section of cubitus present. Cross-vein cu-a present.
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Mystrium Roger, 1862

Antenna with 13 segments. Frontal carinae present. Anterior margin of clypeus 
with tooth-like projections. Mandible falcate with single apical tooth. Palpal 
formula 4,3. Notauli absent for some but distinct in Mystrium rogeri, M. ober-
thueri, M. mysticum, and M. mirror. Mesepimeron with epimeral lobe. Protibial 
with one spur. Mesotibia with single or two spurs. Metatibia with two spurs. In 
dorsal view, cinctus between abdominal segment III and abdominal segment 
IV distinct and deep. Pygostyles absent. On forewing; pterostigma well devel-
oped; costal vein (C) present, cross-vein 1m-cu present. Radial sector vein (Rs) 
fully present. Radial sector vein (Rs) reaches costal margin. Cross-vein 2r-rs 
connected with radial sector vein posterior to pterostigma. Cross-vein 2rs-m 
present. Cross-vein cu-a position variable located in line or proximal to junction 
between media and cubitus. Media (M) between Rs+M and 2rs-m completely 
present and after 2rs-m completely present. On hindwing, radius vein (R) pres-
ent. Radial sector vein (Rs) present. 1rs-m present. The median vein (M), proxi-
mally fused with cubital vein (M+Cu), following separation continuing as a free 
abscissa (M) and joint apical to 1rs-m. M+Cu present. 1rs-m+M present. Free 
section of cubitus present. Cross-vein cu-a present.

Prionopelta Mayr, 1866

Antenna with 13 segments. Frontal carinae present. Anterior margin of clypeus 
with tooth-like projections. Mandible falcate with two sharp apical teeth. Palpal 
formula 2,2. Notauli present. Mesepimeron without epimeral lobe. Pro-, meso-, 
and metatibia with one spur. In dorsal view, cinctus between abdominal segment 
III and abdominal segment IV distinct and deep. Pygostyles present. On forewing, 
pterostigma reduced in size. Costal vein (C) present. Cross-vein 1m-cu present. 
Radial sector vein (Rs) absent between M+Rs and 2r-rs. Radial sector vein (Rs) 
reaches costal margin. Cross-vein 2r-rs connected with radial sector vein distal 
to pterostigma. Cross-vein 2rs-m present. Cross-vein cu-a proximal to junction 
between media and cubitus. Media (M) between Rs+M and 2rs-m completely 
present and after 2rs-m at least partially present. On hindwing, radius vein (R) 
present but absent in one species. Radial sector vein (Rs) present. 1rs-m present 
The median vein (M), proximally fused with cubital vein (M+Cu), following sepa-
ration continuing as a free abscissa (M) and joint apical to 1rs-m. M+Cu present. 
1rs-m+M present. Free section of cubitus absent. Cross-vein cu-a present.

Stigmatomma Roger, 1859

Antenna with 13 segments. Frontal carinae absent. Anterior margin of clypeus 
with tooth-like projections. Mandible falcate with single apical tooth. Palpal for-
mula 4,3/4,2/3,2. Notauli present. Mesepimeron with epimeral lobe. Protibia 
with one spur. Mesotibia with one or two spurs. Metatibia with two spurs. In 
dorsal view, cinctus between abdominal segment III and abdominal segment 
IV distinct and deep. Pygostyles present. On forewing, pterostigma well devel-
oped. Costal vein (C) present. Cross-vein 1m-cu present. Radial sector vein (Rs) 
fully present. Radial sector vein (Rs) reaches costal margin. Cross-vein 2r-rs 
connected with radial sector vein posterior to pterostigma. Cross-vein 2rs-m 
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present. Cross-vein cu-a located in line or proximal to junction between me-
dia and cubitus. Media (M) between Rs+M and 2rs-m completely present and 
after 2rs-m at least partially present. On hindwing, radius vein (R) present or 
absent. Radial sector vein (Rs) present. 1rs-m present. The median vein (M), 
proximally fused with cubital vein (M+Cu), following separation continuing as 
a free abscissa (M) and joint apical to 1rs-m. M+Cu present. 1rs-m+M present. 
Free section of cubitus present. Cross-vein cu-a present.

Xymmer Santschi, 1914

Antenna with 13 segments. Frontal carinae absent. Anterior margin of clypeus 
straight, without tooth-like projections. Mandible falcate with single apical tooth. 
Palpal formula 3,3 /3,2/4,3. Notauli present. Mesepimeron with epimeral lobe. 
Protibia with one spur. Mesotibia with one or without spur. Metatibia with two 
spurs. In dorsal view, cinctus between abdominal segment III and abdominal 
segment IV distinct and deep. Pygostyles absent. On forewing, pterostigma well 
developed. Costal vein (C) present. Cross-vein 1m-cu present. Radial sector vein 
(Rs) absent between M+Rs and 2r-rs. Radial sector vein (Rs) reaches costal mar-
gin. Cross-vein 2r-rs connected with radial sector vein posterior to pterostigma. 
Cross-vein 2rs-m present. Cross-vein cu-a proximal to junction between media 
and cubitus. Media (M) between Rs+M and 2rs-m completely present and after 
2rs-m at least partially present. On hindwing, radius vein (R) absent. Radial sector 
vein (Rs) present. 1rs-m absent. The median vein (M), proximally fused with cubi-
tal vein (M+Cu). Media (M) absent and not fused apical to 1rs-m. M+Cu present. 
1rs-m+M absent. Free section of cubitus absent. Cross-vein cu-a present.

DOLICHODERINAE Forel, 1878

Diagnosis of male ants of the subfamily Dolichoderinae in the Malagasy region

 - Antenna filiform, consisting of 12 to 13 segments.
 - Scape short, not reaching the posterior margin of head.
 - Mesopleural oblique furrow reaching pronotum far away from pronotal 

posteroventral margin.
 - Notauli absent.
 - Scuto-scutellar suture simple.
 - Single, well-developed spur presents on pro-, meso-, and metatibia.
 - Abdominal segment II much smaller than segment III in lateral view.
 - Abdominal segment II narrowly or broadly attached to abdominal seg-

ment III.
 - No constriction present between abdominal segments III and IV.
 - Jugal lobe absent.
 - Pygostyles present.
 - Wing venation: Venation on forewing varies. Radius vein (R), Sc+R+Rs, Ra-

dial sector vein (Rs), cubitus (Cu), anal (A), 2r-rs, and cu-a present in all 
genera. Media (M) present between Rs+M and 2rs-m. 2rs-m present or 
continuous with media. On hindwing, R+Rs and anal present. Radius vein 
and media apical to rs-m absent. M+Cu, cubitus, 1rs-m, and cu-a variable. 
Clavus moderate in size, and jugum absent.
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Remarks. Our key includes six genera of Dolichoderinae recorded from the 
Malagasy region. Key modified from Yoshimura and Fisher (2011). It is crucial 
to acknowledge that although male specimens of Ochetellus glaber have yet 
to be collected in the Malagasy region, they have been incorporated into this 
key based on morphological traits observed in O. glaber collected from Japan. 
Notably, the genus Linepithema, with its species L. humile, has been recently 
reported in the Malagasy region (Reunion: Nève de Mévergnies et al. 2024), and 
has been incorporated into this key based on morphological traits observed in 
specimens collected in California, USA.

Male-based key to genera of the subfamily Dolichoderinae

1 Masticatory margin of mandible with many serrate denticles (Fig. 14A) ....2
– Masticatory margin of mandible with one to several large teeth (Fig. 14B) ... 5

Figure 14. Mandible in full-face view A Technomyrmex difficilis (CASENT0049968) 
B Ravavy miafina (CASENT0474633). Photographer April Nobile.

2 On hindwing, M+Cu absent. In ventral view, telomere greatly expanded me-
sally, forming a distinct and more or less flat ventral face (Fig. 15A) .........
 ................................................................................................ Technomyrmex

– On hindwing, M+Cu present. In ventral view, telomere narrow, without a 
distinct ventral face (Fig. 15B) .....................................................................3

Figure 15. Telomere A Technomyrmex mg08 (CASENT0049527) B Tapinoma mg10 
(CASENT0115650). Photographers Masashi Yoshimura (A), Erin Prado (B).

3 With head in full-face view, scape long, reaching lower edge of lateral ocel-
li (Fig. 16A) ...................................................................................... Tapinoma

– With head in full-face view, scape short, not reaching lower edge of lateral 
ocelli (Fig. 16B) ..............................................................................................4
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4 With head in full-face view, second funicular segment shorter than scape and 
first funicular segment more cylindrical (Fig. 17A) ......Linepithema (Reunion)

– With head in full-face view, second funicular segment longer than scape 
and first funicular segment conical (Fig. 17B) ..............................Aptinoma

5 Mandible broadly spatulate, with a single, long, acute tooth on distal apex 
(Fig. 18A). Abdominal segment II narrowly attached to abdominal seg-
ment III ................................................................................................. Ravavy

– Mandible triangular, with several stout teeth on distal apex (Fig. 18B). Ab-
dominal segment II broadly attached to abdominal segment III .................
 .................................................................... Ochetellus (Mauritius, Reunion)

Figure 16. Head in full-face view showing the comparison of scape length A Tapino-
ma mg12 (CASENT0115678) B Aptinoma mangabe (CASENT0173594). Photographer 
April Nobile.

Figure 17. Head in full-face view, showing proportion of second funicular segment in rela-
tion to scape and form of first funicular segment A Linepithema humile (CASENT0724858) 
B Aptinoma mangabe (CASENT0173594) Photographers Wade Lee (A), April Nobile (B).

Figure 18. Mandible A Ravavy miafina (CASENT0179530) B Ochetellus glaber 
(CASENT0179489). Photographer Masashi Yoshimura.



303ZooKeys 1213: 289–359 (2024), DOI: 10.3897/zookeys.1213.120531

Manoa M. Ramamonjisoa et al.: Male-based key to the subfamilies and genera of Malagasy ants

Aptinoma Fisher, 2009

Antenna with 13 segments, scape shorter than 2+3 funicular segments, first fu-
nicular segment conical, second funicular segment straight. Medial hypostoma 
present. Mandible triangular, masticatory margin with serrate denticles. Palpal for-
mula 6,3. Propodeal spiracle oval. Abdominal segment II not unusually expanded, 
narrowly attached to abdominal segment III. Abdominal segment III with a groove 
or indentation on anterior face. Pygostyles present. On forewing, pterostigma well 
developed; costal vein (C) and cross-vein 1m-cu present. Radial sector vein (Rs) 
partially absent between M+Rs and 2r-rs and reaches costal margin. Cross-vein 
2r-rs connected to radial sector vein posterior to pterostigma. Cross-vein 2rs-m 
present. Cu-a proximal to junction between media and cubitus. Media between 
Rs+M and 2rs-m present. On hindwing, radius vein (R) present. Radial sector vein 
(Rs) present. Cross-vein 1rs-m absent. Media (M) absent. M+Cu present. 1rs-
m+M absent. Free section of cubitus absent. Cross-vein cu-a present.

Linepithema Mayr, 1866

Antenna with 13 segments, scape shorter than second funicular segment, first 
funicular segment cylindrical, second funicular segment straight, last eight fla-
gellar segments shorter. Mandible triangular, masticatory margin with serrate 
denticles. Basal margin of mandible smooth. Propodeal spiracle circular. Ab-
dominal segment II squamiform and abdominal segment II narrowly attached 
to abdominal segment III. Pygostyles present. On forewing, pterostigma well 
developed; costal vein (C) and cross vein 1m-cu present. Radial sector vein 
(Rs) present between M+Rs and 2r-rs and reaches costal margin. Cross-vein 
2r-rs connected with radial sector vein posterior to pterostigma. Media before 
junction of radial sector vein (Rs) present. Cu-a proximal to junction between 
media and cubitus. On hindwing, radial sector vein (Rs) present, 1rs-m+M pres-
ent, M+Cu present, free section of cubitus Cu present.

Ochetellus Shattuck, 1992

Antenna with 12 segments. Scape shorter than 2+4 funicular segments. First 
funicular segment barrel-shaped. Second funicular segment straight. Medial 
hypostoma present. Mandible triangular, basal margin of mandible without 
denticles and smooth, and masticatory margin with several stout teeth and 
minute denticles (Yoshimura and Fisher 2011). Palpal formula 6,4. Propodeal 
spiracle circular. Abdominal segment II expanded laterally and widened dorsal-
ly, broadly attached to abdominal segment III. Abdominal segment III without 
a groove. Pygostyles present. On forewing, pterostigma well developed. Costal 
vein (C) and 1m-cu present. Radial sector vein (Rs) between M+Rs and 2r-rs 
complete and reaches costal margin. Cross-vein 2r-rs connected with radial 
sector vein posterior to pterostigma. Cross-vein 2rs-m present. Cu-a proximal 
to junction between media and cubitus. Media between Rs+M and 2rs-m com-
pletely absent. On hindwing, radius vein (R) present. Radial sector vein (Rs) 
present. Cross-vein 1rs-m absent. Media (M) absent. M+Cu usually present. 
1rs-m+M present. Free section of cubitus present. Cross-vein cu-a present.
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Ravavy Fisher, 2009

Antenna with 13 segments (Fisher 2009). Scape shorter than 2+5 funicu-
lar segments. First funicular segment conical. Second funicular segment 
bent laterally. Medial hypostoma absent. Mandible broadly spatulate, eden-
tate. Palpal formula 6,3. Propodeal spiracle circular. Abdominal segment II 
not unusually expanded and narrowly attached to abdominal segment III. 
Abdominal segment III with a groove or indentation on anterior face. Py-
gostyles present. On forewing, pterostigma well developed. Costal vein (C) 
present. Cross-vein 1m-cu present. Radial sector vein (Rs) fused to M+Rs 
and reaches costal margin (Fisher 2009; Yoshimura and Fisher 2011). 
Cross-vein 2r-rs connected with radial sector vein posterior to pterostigma. 
Cross-vein 2rs-m absent. Cu-a proximal to junction between media and cu-
bitus. Media before junction with Rs present. On hindwing, radius vein (R) 
present. Radial sector vein (Rs) present. Cross-vein 1rs-m absent. Media 
(M) absent. M+Cu present. 1rs-m+M present. Free section of cubitus ab-
sent. Cross-vein cu-a present.

Tapinoma Foerster, 1850

Antenna with 13 segments. Scape longer than 2+3 funicular segments but 
not exceeding posterior margin of head. First funicular segment conical. 
Second funicular segment straight. Medial hypostoma present. Mandible 
triangular, masticatory margin with or without serrate teeth. Palpal formula 
usually 6,4 but sometimes 6,3. Propodeal spiracle circular. Abdominal seg-
ment II not unusually expanded and narrowly attached to abdominal seg-
ment III. Abdominal segment III with a groove or indentation on anterior 
face. Pygostyles present. On forewing, pterostigma well developed. Costal 
vein (C) present. Cross-vein 1m-cu absent. Radial sector vein (Rs) fused to 
M+Rs. Radial sector vein (Rs) reaches costal margin. Cross-vein 2r-rs con-
nected with radial sector vein posterior to pterostigma. Cross-vein 2rs-m ab-
sent. Cu-a proximal to junction between media and cubitus. Media between 
Rs+M and 2rs-m completely absent. On hindwing, radius vein (R) present. 
Radial sector vein (Rs) present. Cross-vein 1rs-m absent. Media (M) absent. 
M+Cu present. 1rs-m+M present. Free section of cubitus present. Cross-
vein cu-a present.

Technomyrmex Mayr, 1872

Antenna with 13 segments. Scape shorter than 2+5 funicular segments. First 
funicular segment conical. Second funicular segment straight. Medial hyposto-
ma present. Mandible triangular, masticatory margin of mandible wholly cov-
ered with serrate denticles. Palpal formula 6,4. Propodeal spiracle circular. 
Abdominal segment II not unusually expanded and narrowly attached to ab-
dominal segment III. Abdominal segment III with a groove or indentation on an-
terior face. Pygostyles present. On forewing, pterostigma well developed. Cos-
tal vein (C) present. Cross-vein 1m-cu absent. Radial sector vein (Rs) fused to 
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M+Rs. Radial sector vein (Rs) reaches costal margin. Cross-vein 2r-rs connect-
ed with radial sector vein posterior to pterostigma. Cross-vein 2rs-m absent. 
Cu-a proximal to junction between media and cubitus. Media between Rs+M 
and 2rs-m at least partially present. On hindwing, radius vein (R) absent. Radial 
sector vein (Rs) present. Cross-vein 1rs-m absent. Media (M) absent. M+Cu ab-
sent. 1rs-m+M absent. Free section of cubitus absent. Cross-vein cu-a absent.

DORYLINAE Leach, 1815

Diagnosis of male ants of the subfamily Dorylinae in the Malagasy region

 - Antenna filiform, consisting of 11–13 segments.
 - Scape not reaching posterior margin of head.
 - Scuto-scutellar suture usually longitudinally sculptured.
 - Abdominal segment II attached to abdominal segment III ventrally.
 - Abdominal segment II much smaller than segment III in lateral view.
 - Two distinct, long, narrow spines present on the posterior portion of ab-

dominal sternum IX.
 - Pygostyles absent.
 - Protibia with one spur.
 - Girdling constriction between pre- and post-sclerites of abdominal seg-

ments V and VI absent.

Remarks. Our key includes eight Dorylinae genera recorded from the Mala-
gasy region. Key modified from Borowiec (2016). It is important to note that while 
the males of Chrysapace are currently unknown in the Malagasy region, they 
have been included in this key based on examination of SE Asian specimens.

Male-based key to genera of the subfamily Dorylinae

1 Antenna with 11 segments ............................................................. Ooceraea
– Antenna with 12 to13 segments ..................................................................2
2 Maxillary palps very long and reaching occipital foramen, 6-segmented 

and visible in mounted specimens (Fig. 19A) ................................Tanipone
– Maxillary palps short, never reaching occipital foramen, usually not visible 

without dissection and often with fewer than six segments (Fig. 19B) ....3

Figure 19. Maxillary palps A Tanipone zona (CASENT0168822) B Lividopone mg10 
(CASENT0027622). Photographer Michele Esposito.
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3 Cross vein 2rs-m present complete in forewing (Fig. 20A). Mesotibiae with 
two tibial spurs ............................................................................ Chrysapace

– Cross vein 2rs-m absent or at most stub-like in forewing (Fig. 20B). Meso-
tibiae with or without one tibial spur ............................................................4

Figure 20. Forewing showing cross vein 2rs-m A Chrysapace sauteri (CASENT0179567) 
B Eburopone dr03 (CASENT0138666).

4 Antenna with 12 segments. Mesotibiae without spurs (Fig. 21A) ...Simopone
– Antenna with 13 segments. Mesotibiae with a single spur, which may be 

simple and inconspicuous (Fig. 21B) ...........................................................5

Figure 21. Tibial spurs on mesotibia A Simopone silens (CASENT0740895) B Lividopone 
mg10 (CASENT0496142). Photographer Michele Esposito.

5 Costal vein (C) present in forewing (Fig. 22A) .............................................6
– Costal vein (C) absent in forewing (Fig. 22B) ..............................................7

Figure 22. Forewing in lateral view showing costal vein (C) A Eburopone dr03 
(CASENT0138666) B Lioponera mg06 (CASENT0138558). Photographer Michele Esposito.
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6 Helcium circumference large and in profile dorsal surface of helcium aris-
es from immediately below anterior dorsal angle of abdominal segment 
III (Fig. 23A). On forewing, radius vein (R) past pterostigma absent ...........
 ........................................................................................................Lividopone

– Helcium circumference small and in profile dorsal surface of helcium arises 
some distance below anterodorsal angle of abdominal segment III (Fig. 23B). 
On forewing, radius vein (R) past pterostigma present .....................Eburopone

Figure 23. Abdominal segment II and III in lateral view showing helcium circumference 
A Lividopone dr02 (CASENT0135633) B Eburopone dr03 (CASENT0138666). Photogra-
pher Michele Esposito.

7 On forewing, radial sector vein partially absent between M+Rs and 2r-rs 
and not reaching costal margin; radius vein (R) absent on costal margin 
(Fig. 24A). Parafrontal ridges absent ............................................ Lioponera

– On forewing, complete and not reaching costal margin; radius vein (R) ab-
sent on costal margin (Fig. 24B). Parafrontal ridges present ....Parasyscia

Figure 24. Forewing showing Rs vein A Lioponera dr02 (CASENT0144823) B Parasyscia 
imerinensis (CASENT0117837). Photographer Michele Esposito.

Chrysapace Crawley, 1924

Antenna with 13 segments. Clypeus without cuticular apron. Parafrontal ridg-
es present. Torulo-posttorular complex vertical. Maxillary palps unknown. 
Labial palps unknown. Mandibles triangular, masticatory margin edentate. 
Ventrolateral margins of head without lamella or ridge extending towards 
mandibles and beyond carina surrounding occipital foramen. Carina sur-
rounding occipital foramen unknown. Pronotal flange separated from collar 
by distinct ridge. Notauli present. Transverse groove dividing mesopleuron 
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present. Propodeal declivity with distinct dorsal edge or margin. Metapleu-
ral gland opening present. Propodeal spiracle present. Abdominal segment 
II anterodorsally marginate, dorsolaterally immarginate, and laterally above 
spiracle marginate. In profile dorsal surface of helcium arises some dis-
tance below anterodorsal angle of abdominal segment III. Prora forming a 
V-shaped protrusion. Spiracle openings of abdominal segments IV–VI circu-
lar. Mesotibia with two pectinate spurs. Metatibia with two pectinate spurs. 
Metatibial gland absent. Hind pretarsal claws with a tooth. On forewing, 
pterostigma broad. Costal vein (C) present. Radius vein (R) present. Radial 
sector vein (Rs) fully present between M+Rs and 2r-rs. Radial sector vein 
(Rs) fails to reach costal margin. Cross-vein 2r-rs present and connected 
with radial sector vein posterior to pterostigma. Cross-vein 2rs-m present 
(Borowiec 2016). Media (M) present, reaches wing margin. Cross-vein 1m-cu 
present. Cross-vein cu-a proximal to junction between media and cubitus. On 
hindwing, costal vein (C) absent. Radius vein (R) absent. Vein Sc+R present. 
Radial sector vein (Rs) present, not reaching wing margin. Cross-vein 1rs-m 
fused with M. Vein M+Cu present. Abscissa M present. Cross-vein cu-a pres-
ent. Free section of cubitus present.

Eburopone Borowiec, 2016

Antenna with 13 segments. Clypeus with or without cuticular apron. Parafron-
tal ridges absent. Torulo-posttorular complex vertical. Maxillary palps 3- or 
4-segmented. Labial palps 2- or 3-segmented. Mandibles triangular. Mastica-
tory margin with teeth or falcate. Ventrolateral margins of head without lamella 
or ridge extending towards mandibles and beyond carina surrounding occipital 
foramen. Carina surrounding occipital foramen ventrally absent or present. Pro-
notal flange not separated from collar by distinct ridge. Notauli present at least 
anteriorly, very rarely absent. Transverse groove dividing mesopleuron absent 
or present. Propodeal declivity reduced, without distinct dorsal edge or margin. 
Metapleural gland opening absent. Propodeal spiracle present. Abdominal seg-
ment II anterodorsally immarginate or marginate, dorsolaterally immarginate, 
and laterally above spiracle immarginate. In profile dorsal surface of helcium 
arises some distance below anterodorsal angle of abdominal segment III. Prora 
simple, not delimited by carina. Spiracle openings of abdominal segments IV–
VI circular. Mesotibia with single pectinate spur. Metatibia with single pectinate 
spur. Metatibial gland present as oval patch of whitish cuticle. Hind pretarsal 
claws simple. On forewing, pterostigma broad. Costal vein (C) present. Radius 
vein (R) present. Radial sector vein (Rs) absent between M+Rs and 2r-rs. Radial 
sector vein (Rs) fails to reach costal margin. Cross-vein 2r-rs present, forming 
base of “free stigma vein.” Cross-vein 2rs-m absent. Media (M) reaches wing 
margin or not, rarely entirely absent. Cross-vein 1m-cu present or rarely absent. 
Cross-vein cu-a proximal to junction between media and cubitus. On hindwing, 
costal vein (C) absent. Radius vein (R) present, extending past Sc+R but not 
reaching distal wing margin. Vein Sc+R absent or present. Radial sector vein 
(Rs) absent or present, not reaching wing margin. Cross-vein 1rs-m fused with 
M or absent. Vein M+Cu absent or present. Abscissa M absent. Cross-vein cu-a 
absent or present. Free section of cubitus absent or present.
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Lioponera Mayr, 1879

Antenna with 13 segments. Clypeus with cuticular apron. Parafrontal ridges 
absent. Torulo-posttorular complex vertical. Maxillary palps 3-segmented. 
Labial palps 2-segmented. Mandibles triangular. Masticatory margin eden-
tate. Ventrolateral margins of head with or without cuticular ridge extending 
towards mandibles and beyond carina surrounding occipital foramen. Carina 
surrounding occipital foramen ventrally absent. Pronotal flange not separat-
ed from collar by distinct ridge. Notauli absent or present. Transverse groove 
dividing mesopleuron present. Propodeal declivity with distinct dorsal edge or 
margin. Metapleural gland opening present. Propodeal spiracle present. Ab-
dominal segment II anterodorsally immarginate or marginate, dorsolaterally 
marginate, and laterally above spiracle marginate. In profile dorsal surface of 
helcium arises some distance below anterodorsal angle of abdominal segment 
III. Prora forming a simple U-shaped margin or protrusion. Spiracle openings 
of abdominal segments IV–VI circular. Mesotibia with single pectinate spur. 
Metatibia with single pectinate spur. Metatibial gland absent. Hind pretarsal 
claws simple. On forewing, pterostigma broad. Costal vein (C) absent. Radi-
us vein (R) absent. Radial sector vein (Rs) absent between M+Rs and 2r-rs. 
Radial sector vein (Rs) fails to reach costal margin. Cross-vein 2r-rs most of-
ten present and forming base of “free stigma vein.” Cross-vein 2rs-m absent. 
Media (M) fails to reach wing margin. Cross-vein 1m-cu present or more rarely 
absent. Cross-vein cu-a located close to junction between media and cubitus. 
On hindwing, costal vein (C) absent. Radius vein (R) absent. Vein Sc+R present. 
Radial sector vein (Rs) absent or present, not reaching wing margin. Cross-vein 
1rs-m absent or present, approx. as long as M. Vein M+Cu absent or present. 
Abscissa M absent. Cross-vein cu-a absent or present. Free section of cubitus 
absent or present.

Lividopone Bolton & Fisher, 2016

Antenna with 13 segments. Clypeus with cuticular apron. Parafrontal ridges 
present. Torulo-posttorular complex vertical. Maxillary palps unknown. Labial 
palps unknown. Mandibles triangular. Masticatory margin edentate. Ventrolat-
eral margins of head with cuticular ridge extending towards mandibles and be-
yond carina surrounding occipital foramen. Carina surrounding occipital fora-
men unknown. Pronotal flange separated from collar by distinct ridge. Notauli 
present. Transverse groove dividing mesopleuron present. Propodeal declivity 
with distinct dorsal edge or margin. Metapleural gland opening absent. Propo-
deal spiracle present. Abdominal segment II anterodorsally marginate, dorso-
laterally immarginate, and laterally above spiracle marginate. In profile dorsal 
surface of helcium arises from immediately below anterior dorsal angle of ab-
dominal segment III prora forming a U-shaped protrusion. Spiracle openings 
of abdominal segments IV–VI circular. Mesotibia with single pectinate spur. 
Metatibia with single pectinate spur. Metatibial gland absent. Hind pretarsal 
claws simple. On forewing, pterostigma broad. Costal vein (C) absent. Radius 
vein (R) absent. Radial sector vein (Rs) fully present between M+Rs and 2r-rs. 
Radial sector vein (Rs) fails to reach costal margin. Cross-vein 2r-rs absent or 
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present, forming base of “free stigma vein.” Cross-vein 2rs-m absent. Media (M) 
absent or a stub. Cross-vein 1m-cu absent or present. Cross-vein cu-a proximal 
to junction between media and cubitus. On hindwing, costal vein (C) absent. 
Radius vein (R) absent. Vein Sc+R absent. Radial sector vein (Rs) absent or 
stub present. Cross-vein 1rs-m absent or present, approx. as long as M. Vein 
M+Cu absent or present. Abscissa M absent or present. Cross-vein cu-a ab-
sent. Free section of cubitus absent or present.

Ooceraea Roger, 1862

Antenna with 11 segments. Clypeus with cuticular apron. Parafrontal ridges ab-
sent. Torulo-posttorular complex vertical. Maxillary palps 5-segmented. Labial 
palps 3-segmented. Mandibles triangular. Masticatory margin edentate. Ventro-
lateral margins of head without lamella or ridge extending towards mandibles 
and beyond carina surrounding occipital foramen. Carina surrounding occipital 
foramen ventrally absent. Pronotal flange not separated from collar by distinct 
ridge, occasionally ridge marked on sides. Notauli present. Transverse groove 
dividing mesopleuron present. Propodeal declivity reduced, with or without 
distinct dorsal edge or margin. Metapleural gland opening absent. Propodeal 
spiracle present. Abdominal segment II anterodorsally immarginate, dorsolat-
erally immarginate, and laterally above spiracle marginate, inconspicuously in 
small species. In profile dorsal surface of helcium arises some distance below 
anterodorsal angle of abdominal segment III prora forming a simple U-shaped 
margin or a U-shaped margin with median ridge. Spiracle openings of abdom-
inal segments IV–VI circular. Mesotibia with single pectinate spur. Metatibia 
with single pectinate spur. Metatibial gland present as oval patch of whitish cu-
ticle. Hind pretarsal claws simple. On forewing, pterostigma broad. Costal vein 
(C) present or absent. Radius vein (R) absent. Radial sector vein (Rs) absent 
between M+Rs and 2r-rs. Radial sector vein (Rs) fails to reach costal margin. 
Cross-vein 2r-rs present, forming base of “free stigma vein.” Cross-vein 2rs-
m absent. Media (M) fails to reach wing margin. Cross-vein 1m-cu absent or 
present. Cross-vein cu-a proximal to junction between media and cubitus. On 
hindwing, costal vein (C) absent. Radius vein (R) absent or present, extending 
past Sc+R but not reaching distal wing margin. Vein Sc+R absent, Vein Sc+R 
present. Radial sector vein (Rs) absent or present, not reaching wing margin. 
Cross-vein 1rs-m absent. Vein M+Cu absent or present. Abscissa M absent. 
Cross-vein cu-a absent or present. Free section of cubitus absent.

Parasyscia Emery, 1882

Antenna with 13 segments. Clypeus with cuticular apron. Parafrontal ridges 
present. Torulo- posttorular complex vertical. Maxillary palps 2-segmented. 
Labial palps 2-segmented. Mandibles triangular. Masticatory margin edentate. 
Ventrolateral margins of head without lamella or ridge extending towards man-
dibles and beyond carina surrounding occipital foramen. Carina surrounding 
occipital foramen ventrally absent. Pronotal flange separated from collar by dis-
tinct ridge mostly on sides or not separated. Notauli absent or present. Trans-
verse groove dividing mesopleuron present. Propodeal declivity reduced, with 
or without distinct dorsal edge or margin. Metapleural gland opening absent. 
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Propodeal spiracle present. Abdominal segment II anterodorsally immarginate 
or marginate, dorsolaterally immarginate, and laterally above spiracle margi-
nate. In profile dorsal surface of helcium arises some distance below antero-
dorsal angle of abdominal segment III. Prora forming a U-shaped margin with 
median ridge. Spiracle openings of abdominal segments IV–VI circular. Meso-
tibia with single pectinate spur. Metatibia with single pectinate spur. Metatibial 
gland absent. Hind pretarsal claws simple. On forewing, pterostigma broad. 
Costal vein (C) absent. Radius vein (R) absent. Radial sector vein (Rs) partially 
absent between M+Rs and 2r-rs. Radial sector vein (Rs) fails to reach costal 
margin. Cross-vein 2r-rs present and connected with radial sector vein pos-
terior to pterostigma. Cross-vein 2rs-m absent. Media (M) fails to reach wing 
margin. Cross-vein 1m-cu absent or present. Cross-vein cu-a located close to 
junction between media and cubitus. On hindwing, costal vein (C) absent. Ra-
dius vein (R) absent. Vein Sc+R absent. Radial sector vein (Rs) present, not 
reaching wing margin. Cross-vein 1rs-m present, approx. as long as M. Vein 
M+Cu present. Abscissa M absent or present. Cross-vein cu-a present. Free 
section of cubitus present.

Simopone Forel, 1891

Antenna with 12 segments. Clypeus without cuticular apron. Parafrontal ridg-
es present. Torulo- posttorular complex horizontal. Maxillary palps 5- or 6-seg-
mented. Labial palps 3- or 4-segmented. Mandibles triangular. Masticatory mar-
gin edentate. Ventrolateral margins of head without lamella or ridge extending 
towards mandibles and beyond carina surrounding occipital foramen. Carina 
surrounding occipital foramen ventrally absent. Pronotal flange separated from 
collar by distinct ridge. Notauli present. Transverse groove dividing mesopleu-
ron absent. Propodeal declivity with distinct dorsal edge or margin. Metapleu-
ral gland opening absent. Propodeal spiracle present. Abdominal segment II 
anterodorsally marginate, dorsolaterally immarginate, and laterally above spir-
acle marginate. In profile dorsal surface of helcium arises some distance be-
low anterodorsal angle of abdominal segment III. Prora forming a U-shaped 
protrusion. Spiracle openings of abdominal segments IV–VI circular. Mesotibia 
without spurs. Metatibia with single pectinate spur. Metatibial gland absent. 
Hind pretarsal claws with a tooth. On forewing, pterostigma broad. Costal vein 
(C) absent. Radius vein (R) absent. Radial sector vein (Rs) fully present between 
M+Rs and 2r-rs. Radial sector vein (Rs) fails to reach costal margin. Cross-vein 
2r-rs present and connected with radial sector vein posterior to pterostigma. 
Cross-vein 2rs-m absent. Media (M) reaches to wing margin. Cross-vein 1m-
cu present or absent. Cross-vein cu-a proximal to junction between media and 
cubitus. On hindwing, costal vein (C) absent. Radius vein (R) absent. Vein Sc+R 
present. Radial sector vein (Rs) absent. Cross-vein 1rs-m present, approx. as 
long as M, never tubular. Vein M+Cu present. Abscissa M present. Cross-vein 
cu-a present. Free section of cubitus present.

Tanipone Bolton & Fisher, 2012

Antenna with 13 segments. Clypeus without cuticular apron. Parafrontal ridg-
es absent. Torulo- posttorular complex vertical. Maxillary palps 6-segmented. 
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Labial palps 4-segmented. Mandibles triangular. Masticatory margin edentate. 
Ventrolateral margins of head without lamella or ridge extending towards man-
dibles and beyond carina surrounding occipital foramen. Carina surrounding 
occipital foramen ventrally present. Pronotal flange separated from collar by 
distinct ridge or not. Notauli absent. Transverse groove dividing mesopleuron 
present. Propodeal declivity with distinct dorsal edge or margin. Metapleu-
ral gland opening absent. Propodeal spiracle present. Abdominal segment II 
anterodorsally immarginate, dorsolaterally immarginate, and laterally above 
spiracle marginate. In profile dorsal surface of helcium arises some distance 
below anterodorsal angle of abdominal segment III. Prora forming a simple 
U-shaped margin or U-shaped protrusion. Spiracle openings of abdominal seg-
ments IV–VI circular. Mesotibia without spurs. Metatibia with single pectinate 
spur. Metatibial gland absent. Hind pretarsal claws with a tooth. On forewing, 
pterostigma broad. Costal vein (C) absent. Radius vein (R) absent. Radial sec-
tor vein (Rs) absent between M+Rs and 2r-rs. Radial sector vein (Rs) fails to 
reach to costal margin. Cross-vein 2r-rs absent or present and forming base 
of “free” stigmal vein. Cross-vein 2rs-m absent. Media (M) absent or present, 
reaches to wing margin. Cross-vein 1m-cu absent or present. Cross-vein cu-a 
proximal to junction media. On hindwing, costal vein (C) absent. Radius vein (R) 
absent. Vein Sc+R present. Radial sector vein (Rs) absent or present, reaching 
wing margin. Cross-vein 1rs-m absent or present, approx. as long as M. Vein 
M+Cu present. Abscissa M absent. Crossvein cu-a absent or present. Free sec-
tion of cubitus present.

FORMICINAE Latreille, 1809

Diagnosis of male ants of the subfamily Formicinae in the Malagasy region

 - Antenna filiform, consisting of 10–13 segments.
 - Scape reaching or exceeding posterior margin of head.
 - Mesopleural oblique furrow reaching pronotum far from pronotal postero-

ventral margin.
 - Scuto-scutellar suture simple.
 - Abdominal segment II attached to abdominal segment III ventrally.
 - Abdominal segment II much smaller than segment III in lateral view.
 - Apical portion of abdominal sternum IX not bi-spinose.
 - Pygostyles well developed.
 - Metatibia with one spur.

Remarks. Our article provides a guide highlighting nine genera of male For-
micinae ants found in the Malagasy region.

Male-based key to genera of the subfamily Formicinae

1 Antenna with 10 segments, maxillary palp formula always 5,3 (Fig. 25A) ..
 .................................................................................................Brachymyrmex

– Antenna with 12 or 13 segments, maxillary palp formula 6,4 (Fig. 25B) ......2
2 Antenna with 12 segments ...........................................................................3
– Antenna with 13 segments ...........................................................................6
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3 Masticatory margin of mandible with 8 or 9 denticles (Fig. 26A) ................
 ................................................................................ Anoplolepis (Seychelles)

– Masticatory margin of mandible with < 5 denticles (Fig. 26B) ...................4

Figure 25. Maxillary palp A Brachymyrmex cordemoyi (CASENT0740909) B Tapinolepis 
mg01 (CASENT0763590). Photographer Veronica M. Sinotte.

Figure 26. Mandible showing the number of teeth on the masticatory margin A Anoplo-
lepis gracilipes (CASENT0158950) B Nylanderia amblyops (CASENT0740913). Photog-
rapher Veronica M. Sinotte.

4 Funiculus longer than mesosoma length (Fig. 27A) ..................Tapinolepis
– Funiculus shorter than mesosoma length (Fig. 27B)..................................5
5 First funicular segment length only slightly greater than that of second 

funicular segment in medial view. Malar space well developed, approx. as 
wide as scape width (Fig. 28A). Maxillary palp longer than maximum eye 
length ................................................................................................Lepisiota

– First funicular segment length ~ 3× that of second funicular segment in me-
dial view. Malar space extremely reduced, much narrower than scape width 
(Fig. 28B). Maxillary palp shorter than maximum eye length .......... Plagiolepis
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6 Paired coarse setae absent from frons (Fig. 29A). Aroliae hypertrophied, 
conspicuous. Funiculus shorter than mesosomal length .......Camponotus

– Paired coarse setae present on frons (Fig. 29B). Aroliae small, inconspic-
uous. Funiculus longer than mesosoma length ..........................................7

Figure 27. Body in lateral view comparing the length of the funiculus and mesosoma 
A Tapinolepis mg01 (CASENT0763590) B Plagiolepis mg02 (CASENT0179486). Photog-
raphers Veronica M. Sinotte (A), Erin Prado (B).

Figure 28. Head in lateral view showing the size of the malar space A Lepisiota capensis 
(CASENT0861517) B Plagiolepis alluaudi (CASENT0495472). Photographers Michele 
Esposito (A), Erin Prado (B).

Figure 29. Head in full-face view showing setae disposition of frons A Camponotus ala-
maina (CASENT0481800) B Nylanderia amblyops (CASENT0066704). Photographers 
Erin Prado (A), Michele Esposito (B).

7 Scape with standing macrosetae (Fig. 30A) ...............................................8
– Scape lacking standing macrosetae (Fig. 30B) ...........................................9
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8 In lateral view, first funicular segment distinctly longer than second funic-
ular segment (Fig. 31A) ................................................................Nylanderia

– In lateral view, first funicular segment shorter than or equal to second fu-
nicular segment (Fig. 31B).........................................................Paratrechina

Figure 30. In full-face view, scape A Nylanderia jsl-galo (CASENT0370667) B Paratrechina 
longicornis (CASENT0137341). Photographers Michele Esposito (A), Erin Prado (B).

Figure 31. Antennae in lateral view comparing length of first funicular segment and 
second funicular segment of funiculus A Nylanderia bourbonica (CASENT0160276) 
B Paratrechina ankarana (CASENT0701215). Photographer Michele Esposito.

9 Scape slightly shorter than head length (Fig. 32A). Maxillary palp longer 
than head length ................................................................. Paraparatrechina

– Scape much longer than head length (Fig. 32B). Maxillary palp approx. as 
long as head length ................................................Paratrechina longicornis

Figure 32. Head in full-face view comparing length of scape and head A Paraparatrechi-
na glabra (CASENT0497708) B Paratrechina longicornis (CASENT0244951). Photogra-
phers April Nobile (A), Michele Esposito (B).
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Anoplolepis Santschi, 1914

Antenna with 12 segments. Scape distinctly longer than head. Scape lacking 
standing setae. First funicular segment slightly shorter than second funicular 
segment in medial view. Funiculus subequal in length to mesosoma. Mandi-
bles well developed, masticatory margin of mandible with eight or nine denti-
cles. Palpal formula 6,4; maxillary palp exceeding hypostomal margin, but not 
reaching occipital foramen. Frons lacking paired coarse setae. Malar space 
well developed, broader than maximum scape width. Propodeal spiracle slit-
shaped. Abdominal segment II lacking peduncle, node well developed. On fore-
wing, pterostigma reduced in size. Costal vein (C) present. Cross-vein 1m-cu 
absent. Radial sector vein (Rs) fused to M+Rs. Radial sector vein (Rs) reaches 
costal margin. Cross-vein 2r-rs connected with radial sector vein posterior to 
pterostigma. Cross-vein 2rs-m absent. Cross-vein cu-a proximal to junction be-
tween media and cubitus. Media (M) fails to reach wing margin. On hindwing, 
radius vein (R) present. Radial sector vein (Rs) present. 1rs-m absent. Media 
(M) present. M+Cu present. 1rs-m+M present. Free section of cubitus absent. 
Cross-vein cu-a absent. Aroliae small, inconspicuous.

Brachymyrmex Mayr, 1868

Antenna with 10 segments. Aroliae small, inconspicuous. Mandibles reduced, 
spatulate to spiniform. Masticatory margin of mandible uni- to bidentate. Palpal 
formula 5,3. Maxillary palp approx. as long as maximum eye diameter. Frons 
lacking paired coarse setae. Scape shorter than head length. Scape lacking 
standing macrosetae. First funicular segment slightly longer than second fu-
nicular segment in medial view. Funiculus shorter than mesosoma length. Ma-
lar space well developed, approx. as long as scape is wide. Propodeal spiracle 
circular. Abdominal segment II lacking peduncle and node, very short antero-
posteriorly. On forewing, pterostigma well developed. Costal vein (C) absent. 
Cross-vein 1m-cu absent. Radial sector vein (Rs) fused to M+Rs. Radial sector 
vein (Rs) fails to reach costal margin. Cross-vein 2r-rs connected with radial 
sector vein posterior to pterostigma. Cross-vein 2rs-m absent. Cross-vein cu-a 
proximal to junction between media and cubitus. Media (M) fails to reach wing 
margin. On hindwing, veins present, 1rs-m incomplete.

Camponotus Mayr, 1861

Antenna with 13 segments. Aroliae hypertrophied, conspicuous. Mandibles 
well developed, lobate. Masticatory margin of mandible without or with one 
denticle. Palpal formula 6,4. Maxillary palp exceeding hypostomal margin, ex-
ceeding or occipital foramen or not. Frons lacking paired coarse setae. Scape 
subequal to longer than head length. Scape with or without standing setae. 
First funicular segment longer or shorter than second funicular segment in 
medial view. Funiculus shorter than mesosomal length. Malar space well de-
veloped, much broader than maximum scape width. Propodeal spiracle slit-
shaped. Abdominal segment II lacking long peduncle, node well developed. 
On forewing, pterostigma well developed. Costal vein (C) present. Cross-vein 
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1m-cu absent. Radial sector vein (Rs) fused to M+Rs. Radial sector vein (Rs) 
reaches to costal margin. Cross-vein 2r-rs connected with radial sector vein 
posterior to pterostigma. Cross-vein 2rs-m absent. Cu-a proximal to junction 
between media and cubitus. Media (M) fails to reach wing margin. On hind-
wing, radius vein (R) absent. Radial sector vein (Rs) present. 1rs-m absent. 
Media (M) present. M+Cu present. 1rs-m+M present. Free section of cubitus 
present. Cross-vein cu-a present.

Lepisiota Santschi, 1926

Male description based on male of Lepisiota capensis Mayr, 1862. Lepisiota bi-
partita Smith, 1861is known from Réunion but males have not yet been collected.

Antenna with 12 segments. Aroliae small, inconspicuous. Ocelli placed close 
to occipital margin in front view. Anteromedian margin of clypeus straight. 
Mandibles well developed. Masticatory margin of mandible with four denticles. 
Palpal formula 6,4. Maxillary palp approx. as long as head length. Frons lack-
ing paired coarse setae. Scape slightly longer than head length. Scape lack-
ing standing macrosetae. First funicular segment subequal to or longer than 
second funicular segment in medial view. Funiculus shorter than mesosoma 
length. Malar space well developed, approx. as long as scape width. Propodeal 
spiracle oval. Abdominal segment II lacking peduncle and node, anteroposte-
riorly short. On forewing, pterostigma well developed. Costal vein (C) present. 
Cross-vein 1m-cu absent. Radial sector vein (Rs) fused to M+Rs. Radial sector 
vein (Rs) reaches costal margin. Cross-vein 2r-rs connected with radial sector 
vein posterior to pterostigma. Cross-vein 2rs-m absent. Cu-a proximal to junc-
tion between media and cubitus. Media (M) reaches wing margin. On hindwing, 
radius vein (R) absent. Radial sector vein (Rs) present. 1rs-m absent. Media 
(M) absent. M+Cu present. 1rs-m+M present. Free section of cubitus absent. 
Cross-vein cu-a present.

Nylanderia Emery, 1906

Antenna with 13 segments. Aroliae small, inconspicuous. Mandibles well de-
veloped. Masticatory margin of mandible with two denticles. Palpal formula 
6,4. Maxillary palp longer than compound eye diameter and shorter than head 
length. Frons with paired coarse setae. Scape longer than head length but 
much shorter than mesosoma length. Scape usually with standing macrose-
tae. First funicular segment distinctly longer than second funicular segment in 
medial view. Funiculus longer than mesosoma length. Malar space very broad, 
approx. as long as first funicular segment. Propodeal spiracle circular. Abdom-
inal segment II squamiform, posteriorly pedunculate. On forewing, pterostigma 
reduced in size. Costal vein (C) absent. Cross-vein 1m-cu absent. Radial sec-
tor vein (Rs) fused to M+Rs. Radial sector vein (Rs) reaches to costal margin. 
Cross-vein 2r-rs connected with radial sector vein posterior to pterostigma. 
Cross-vein 2rs-m absent. Cu-a proximal to junction between media and cubi-
tus. Media (M) fails to reach wing margin. On hindwing, radius vein (R) absent. 
Radial sector vein (Rs) present. 1rs-m absent. Media (M) present. M+Cu pres-
ent. 1rs-m+M present. Free section of cubitus present. Cross-vein cu-a present.
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Paraparatrechina Donithorpe, 1947

Antenna with 13 segments. Aroliae small, inconspicuous. Mandibles well de-
veloped, spatulate. Masticatory margin of mandible with single apical tooth. 
Palpal formula 6,4. Maxillary palp longer than head length. Frons with paired 
coarse setae. Scape slightly shorter than head length. Scape lacking standing 
macrosetae. First funicular segment shorter than second funicular segment 
in medial view from. Funiculus longer than mesosoma length. Malar space 
broader than scape width. Propodeal spiracle circular. Abdominal segment 
II squamiform, posteriorly pedunculate. On forewing, pterostigma reduced in 
size. Costal vein (C) absent. Cross-vein 1m-cu absent. Radial sector vein (Rs) 
fused to M+Rs. Radial sector vein (Rs) reaches costal margin. Cross-vein 2r-rs 
connected with radial sector vein posterior to pterostigma. Cross-vein 2rs-m 
absent. Cross-vein cu-a proximal to junction between media and cubitus. Me-
dia (M) present and fails to reach wing margin. On hindwing, radius vein (R) 
absent. Radial sector vein (Rs) present. Cross-vein 1rs-m absent. Media (M) 
absent. M+Cu absent. 1rs-m+M present. Free section of cubitus absent. Cross-
vein cu-a present.

Paratrechina Motschoulsky, 1863

Paratrechina longicornis Latreille, 1802

Antenna with 13 segments. Aroliae small, inconspicuous. Mandibles well de-
veloped, spatulate. Masticatory margin of mandible with single apical tooth. 
Palpal formula 6,4. Maxillary palp approx. as long as head. Frons with paired 
coarse setae. Scape very long, longer than mesosoma. Scape lacking stand-
ing macrosetae. First funicular segment slightly shorter than second funicu-
lar segment in medial view. Funiculus longer than mesosoma length. Malar 
space very broad, approx. as long as first funicular segment. Propodeal spir-
acle circular. Abdominal segment II squamiform, posteriorly pedunculate. On 
forewing, pterostigma reduced in size. Costal vein (C) absent. Cross-vein 1m-
cu absent. Radial sector vein (Rs) fused to M+Rs. Radial sector vein (Rs) reach-
es costal margin. Cross-vein 2r-rs connected with radial sector vein posterior 
to pterostigma. Cross-vein 2rs-m absent. Cu-a proximal to junction between 
media and cubitus. Media (M) present and fails to reach wing margin. On hind-
wing, radius vein (R) absent. Radial sector vein (Rs) present. Cross-vein 1rs-m 
absent. Media (M) absent. M+Cu absent. 1rs-m+M present. Free section of cu-
bitus absent. Cross-vein cu-a present.

Paratrechina ankarana LaPolla & Fisher, 2014

Antenna with 13 segments. Aroliae small, inconspicuous. Mandibles well de-
veloped, spatulate. Masticatory margin of mandible with single apical tooth. 
Palpal formula 6,4. Maxillary palp approx. as long as head. Frons with paired 
coarse setae. Scape very long, longer than mesosoma. Scape usually with 
standing macrosetae. First funicular segment slightly shorter than second 
funicular segment in medial view. Funiculus longer than mesosoma length. 
Malar space very broad, approx. as long as first funicular segment. Propodeal 
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spiracle circular. Abdominal segment II squamiform, posteriorly pedunculate. 
On forewing, pterostigma reduced in size. Costal vein (C) absent. Cross-vein 
1m-cu absent. Radial sector vein (Rs) fused to M+Rs. Radial sector vein (Rs) 
reaches costal margin. Cross-vein 2r-rs connected with radial sector vein pos-
terior to pterostigma. Cross-vein 2rs-m absent. Cross-vein cu-a proximal to 
junction between media and cubitus. Media (M) fails to reach wing margin. On 
hindwing, radius vein (R) absent. Radial sector vein (Rs) present. Cross-vein 
1rs-m absent. Media (M) absent. M+Cu absent. 1rs-m+M present. Free section 
of cubitus absent. Cross-vein cu-a present.

Paratrechina antsingy LaPolla & Fisher, 2014 the male is not known

Plagiolepis Mayr, 1861

Antenna with 12 segments. Aroliae small, inconspicuous. Mandibles well de-
veloped. Masticatory margin of mandible with two or three teeth. Palpal formu-
la 6,4. Maxillary palp slightly longer than compound eye. Frons lacking paired 
coarse setae. Scape slightly longer than head. Scape lacking standing mac-
rosetae. First funicular segment ~ 2× length of second funicular segment in 
medial view. Funiculus shorter than mesosoma length. Malar space reduced, 
shorter than scape width. Propodeal spiracle circular. Abdominal segment II 
anteroposteriorly short, posteriorly pedunculate. On forewing, pterostigma 
reduced in size. Costal vein (C) absent. Cross-vein 1m-cu absent. Radial sec-
tor vein (Rs) fused to M+Rs. Radial sector vein (Rs) reaches to costal margin. 
Cross-vein 2r-rs connected with radial sector vein posterior to pterostigma. 
Cross-vein 2rs-m absent. Cross-vein cu-a proximal to junction between media 
and cubitus. Media (M) fails to reach wing margin. On hindwing, radius vein 
(R) absent. Radial sector vein (Rs) present. Cross-vein 1rs-m absent. Media 
(M) absent. M+Cu absent. 1rs-m+M present. Free section of cubitus absent. 
Cross-vein cu-a present.

Tapinolepis Emery, 1925

Antenna with 12 segments. Aroliae small, inconspicuous. Mandibles well 
developed. Masticatory margin of mandible with four denticles. Palpal 
formula 6,4. Maxillary palp slightly shorter than head length. Frons lacking 
paired coarse setae. Scape slightly shorter than head length. Scape lacking 
standing macrosetae. First funicular segment shorter than second funicular 
segment in medial view. Funiculus longer than mesosoma. Malar space 
well developed, approx. as long as scape width. Propodeal spiracle circular. 
Abdominal segment II squamiform, lacking peduncle and with short node. 
On forewing, pterostigma well developed. Costal vein (C) present. Cross-vein 
1m-cu absent. Radial sector vein (Rs) fused to M+Rs. Radial sector vein (Rs) 
reaches to costal margin. Cross-vein 2r-rs connected with radial sector vein 
posterior to pterostigma. Cross-vein 2rs-m absent. Cross-vein cu-a proximal to 
junction between media and cubitus. Media (M) fails to reach wing margin. On 
hindwing, radius vein (R) absent. Radial sector vein (Rs) present. 1rs-m absent. 
Media (M) absent. M+Cu present. 1rs-m+M present. Free section of cubitus 
absent. Cross-vein cu-a present.
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MYRMICINAE Lepeletier de Saint-Fargeau, 1835

Diagnosis of male ants of the subfamily Myrmicinae in the Malagasy region

 - Antenna filiform, consisting of 10 to 13 segments.
 - Abdominal segment II attached to abdominal segment III ventrally.
 - Abdominal segment II nearly as large or longer than III in lateral view
 - Apical portion of abdominal sternum IX not bi-spinose.
 - Pygostyles well developed.
 - Front tibial with or without spur.
 - Metatibia with one or spur absent.

Remarks. Our key includes thirty genera of male myrmicinae recorded from 
the Malagasy region. Males for Dicroaspis are not yet known from the Mala-
gasy region and the diagnosis is based on males from the Afrotropics.

Male-based key to genera of the subfamily Myrmicinae

1 In profile, occipital carina strongly developed (Fig. 33A); mesoscutellum 
strongly elevated above metanotum; in dorsal view, scutellum smooth and 
convex (Fig. 33C). With head in full-face view, mandible always triangular 
 ...............................................................Aphaenogaster (Tribe Stenammini)

– In profile, occipital carina weakly developed (Fig. 33B); mesoscutellum 
slightly convex to flat; in dorsal view, scutellum with or without sculpture 
(Fig. 33D). With head in full-face view, mandible broadly triangular to re-
duced (spatulate or linear) ............................................................................2

Figure 33. In profile view showing occipital carina A, C Aphaenogaster bressleri 
(CASENT0495103). In dorsal view showing mesoscutellum B, D Cyphomyrmex minutus 
(CASENT0264488). Photographers April Nobile (A, C), Michele Esposito (B, D).
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2 In profile, posterodorsal margin of head almost straight from base of lateral 
ocelli to midpoint of occipital carina (Fig. 34A) ...........3 (Tribe Attini, part 1)

– In profile, posterodorsal margin of head gradually rounded from base of later-
al ocelli to midpoint of occipital margin (Fig. 34B) ..........5 (Tribe Attini, part2)

Figure 34. Head in profile view A Strumigenys chilo (CASENT0145240) B Tetramorium 
silvicola (CASENT0494732). Photographers Dimby Raharinjanahary (A), Erin Prado (B).

3 Mandible with 3 teeth. Scape long, distinctly exceeding posterior margin 
of head in full-face view (Fig. 35A) ....................... Cyphomyrmex (Reunion)

– Mandible edentate. Scape not reaching posterior margin of head in full-
face view (Fig. 35B) .......................................................................................4

Figure 35. Scape length in profile view A Cyphomyrmex minutus (CASENT0264488) B Eu-
rhopalothrix km01 (CASENT0146071). Photographers Michele Esposito (A), Erin Prado (B).

4 Radial sector vein on forewing is curved toward costal margin and reach-
es costal margin (Fig. 36A)................................. Eurhopalothrix (Comoros)

– Radial sector vein on forewing is downcurved and never reaches costal 
margin (Fig. 36A) ........................................................................Strumigenys

Figure 36. Forewing in lateral view showing radial sector vein A Eurhopalothrix km01 
(CASENT0146071) B Strumigenys dicomas (CASENT0135118). Photographer Erin Prado.
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5 Cross vein 2rs-m present on forewing (Fig. 37A) ........................... Pheidole
– Cross vein 2rs-m absent on forewing (Fig. 37B) .........................................6

Figure 37. Forewing in lateral view showing cross vein 2rs-m A Pheidole mgs006 
(CASENT0135889) B Carebara drm03 (CASENT0143975). Photographer Dimby Raha-
rinjanahary.

6 Mandible strongly developed; masticatory margin with 7 large teeth which 
increase in size from apex to base; between each tooth is a minute denti-
cle (Fig. 38A) .................................................................................Pilotrochus

– Mandible normal to reduced; masticatory margin edentate to multidentate 
with many acute teeth which decrease in size from apex to base; without 
denticle between teeth (Fig. 38B) ................................................................7

Figure 38. Mandible in full-face view A Pilotrochus besmerus (CASENT0083498) B Malagid-
ris sofina (CASENT0906626). Photographers Michele Esposito (A), Estella Ortega (B).

7 In lateral view, anterior margin of promesonotum forms a continuous outline, 
pronotal furrow not breaking outline (Fig. 39A) ............8 (Tribe Solenopsidini)

– In lateral view, anterior margin of promesonotum interrupted by an im-
pressed pronotal furrow that breaks outline (Fig. 39B) or mesonotum 
strongly produced anterodorsally (Fig. 39C) ...12 (Tribe Crematogastrinii)

Figure 39. Head and mesosoma in profile view A Monomorium termitobium 
(CASENT0460162) B Meranoplus mayri (CASENT0062813) C Crematogaster hazolava 
(CASENT0317643). Photographers April Nobile (A, B), Estella Ortega (C).
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8 Antenna with 12 segments .......................................................... Solenopsis
– Antenna with 13 segments ...........................................................................9
9 In full-face view, first funicular segment subglobular; posteromedian mar-

gin of clypeus effaced so that clypeus and frons form a continuous sur-
face (Fig. 40A); mandible triangular with distinct basal angle, masticatory 
margin with exactly 4 teeth .......................................................... Erromyrma

– In full-face view, first funicular segment not globular; posteromedian mar-
gin of clypeus visible (Fig. 40B); mandible spatulate to triangular, but basal 
angle always indistinct, masticatory margin with 1–4 teeth ....................10

Figure 40. Head in full-face view showing first funicular segment, mandible, and postero-me-
dian margin of clypeus A Erromyrma latinodis (CASENT0788835) B Syllophopsis modesta 
(CASENT0143818). Photographers Michele Esposito (A), Dimby Raharinjanahary (B).

10 Forewing with five closed cells, 1m–cu cross-vein present (Fig. 41A). In 
profile, petiolar peduncle longer than postpetiolar length (Fig. 41C) ...........
 .....................................................................................................Syllophopsis

– Forewing with four closed cells, 1m–cu cross-vein absent (Fig. 41B). 
In profile, petiolar peduncle absent or shorter than postpetiolar length 
(Fig. 41D) .....................................................................................................11

Figure 41. Forewing. Abdominal segment II and abdominal segment III in lateral 
view showing 1m–cu cross-vein and peduncular length A, C Syllophopsis modesta 
(CASENT0135642) B Monomorium termitobium (CASENT0135673) D Monomorium 
termitobium (CASENT0135952). Photographer Dimby Raharinjanahary.
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11 With head in full-face view, antennal scape short, barely reaching posterior 
ocular margin; mandible long and curved, masticatory margin with 3 or 4 
teeth (Fig. 42A) ......................................................................... Monomorium

– With head in full-face view, antennal scape long reaching occipital margin; 
mandible short and spatulate, basal margin linear, unidentate (Fig. 42B) ..  
Adelomyrmex (Seychelles)

Figure 42. Head in full-face view showing form of mandible and scape length A Mono-
morium madecassum (CASENT0209350) B Adelomyrmex sc01 (CASENT0160764). 
Photographer Michele Esposito.

12 Antennal scrobe runs below eyes (Fig. 43A) .............................. Cataulacus
– Antennal scrobe absent or runs above eyes (Fig. 43B) ............................13

13 Protibia without spur (Fig. 44A) ............................................. Melissotarsus
– Protibia with single spur (Fig. 44B) ............................................................14

Figure 43. Head in lateral view showing position of antennal scrobe A Cataulacus ober-
thueri (CASENT0435930) B Strumigenys ambatrix (CASENT0135807). Photographers 
April Nobile (A), Dimby Raharinjanahary (B).

Figure 44. Protibia in ventral view A Melissotarsus insularis (CASENT0804569) 
B Terataner fhg22 (CASENT0429745). Photographer Michele Esposito.
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15 Abdominal segment III attached dorsally to abdominal segment IV (Fig. 46A). 
Scape and remaining segments same size (Fig. 46C) ..............Crematogaster

– Abdominal segment III broadly attached to abdominal segment IV or 
abdominal segment III anteriorly attached to abdominal segment IV 
(Fig. 46B). Scape and remaining segments vary in size (Fig. 46D) .........16

Figure 46. Abdominal segment III attachment to abdominal segment IV A Crematogaster 
maina (CASENT0132785) B Pilotrochus besmerus (CASENT0083498). Size comparison of 
scape and remaining segments C Crematogaster agnetis (CASENT0101760) D Carebara 
jajoby (CASENT0494540). Photographers Estella Ortega (A), April Nobile (B–D)

Figure 45. Mesosoma in lateral view showing position of mesonotal suture relative 
to point of wing process A Terataner alluaudi (CASENT0496102) B Malagidris dulcis 
(CASENT0135071). Photographers Erin Prado (A), Estella Ortega (B).

14 In lateral view, mesonotal suture extends downward from transverse su-
ture to upper margin of mesopleuron, ending higher than highest point of 
wing insertion (Fig. 45A) .................................................................Terataner

– In lateral view, mesonotal suture situated at same level or lower than high-
est point of wing insertion (Fig. 45B) .........................................................15

16 Peduncle of abdominal segment III distinctly longer than that of abdomi-
nal segment II (Fig. 47A) ........................................................ Eutetramorium

– Peduncle of abdominal segment III absent or shorter than that of abdom-
inal segment II (Fig. 47B) ............................................................................17
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17 Second funicular segment distinctly more elongated than remaining seg-
ments, length nearly or more than twice as long as that of third funicular 
segment (Fig. 48A) ......................................................................................18

– Second funicular segment not more elongated than remainder; even if it is 
elongated, length distinctly less than twice as long as that of third funicu-
lar segment (Fig. 48B) .................................................................................19

Figure 48. Antennae in lateral view showing the length of second funicular segment 
A Tetramorium mars (CASENT0134555) B Pilotrochus besmerus (CASENT0057183). 
Photographers Dimby Raharinjanahary (A), Michele Esposito (B).

18 Notauli present (Fig. 49A) ......................................................... Tetramorium
– Notauli absent (Fig. 49B) ........................................... Dicroaspis (Comoros)

Figure 49. Promesonotum in dorsal view A Tetramorium kelleri (CASENT0133425) 
B Dicroaspis sp. (CASENT0389458). Photographers Erin Prado (A), Michele Esposito (B).

Figure 47. Abdominal segment II and III in lateral view showing the peduncular length 
A Eutetramorium mocquerysi (CASENT0495192) B Meranoplus mayri (CASENT0062813). 
Photographer April Nobile.

19 With head in full-face view, occipital carina visible (Fig. 50A) .... Malagidris
– With head in full-face view, occipital carina not visible (Fig. 50B) ...........20
20 Antennal scrobe clearly present (Fig. 51A) .................................. Metapone
– Antennal scrobe reduced to absent (Fig. 51B) ..........................................21
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21 Antenna with 12 segments .........................................................................22
– Antenna with 13 segments .........................................................................23

Figure 50. Head in full-face view showing occipital carina A Malagidris alperti 
(CASENT0248385) B Calyptomyrmex km01 (CASENT0136409). Photographers Michele 
Esposito (A), April Nobile (B).

22 Cross-vein 1m-Cu present. Propodeum armed with a weakly developed 
angular tooth (Fig. 52A) .....................................Calyptomyrmex (Comoros)

– Cross-vein 1m-Cu absent. Propodeum unarmed and round (Fig. 52B) .......
 ...............................................................................Pristomyrmex (Mauritius)

23 Propodeal spines distinctly present (Fig. 53A) .....................Cardiocondyla
– Propodeal spines absent (Fig. 53B) ...........................................................24

Figure 52. Propodeum in lateral view A Calyptomyrmex km01 (CASENT0136409) 
B Pristomyrmex bispinosus (CASENT0055726). Photographer April Nobile.

Figure 51. Head in full-face view showing antennal scrobe A Metapone emersoni 
(CASENT0113799) B Nesomyrmex angulatus (CASENT0147245). Photographers Mi-
chele Esposito (A), Erin Prado (B).
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24 Radial sector vein on forewing is curved toward costal margin distal to 
wing stigma and often reaches costal margin (Fig. 54A). Vertex is clearly 
divided from occiput by distinct occipital carina ......................................25

– Radial sector vein on forewing is downcurved and never reaches costal 
margin (Fig. 54B). Occipital carina is unclear or very weakly present, vertex 
slopes to occiput gently and gradually and is not divided by a carina .......27

Figure 54. Forewing showing Rs reaching the costal margin A Carebara drm03 
(CASENT0143975) B Monomorium exiguum (CASENT0135614). Photographer Dimby 
Raharinjanahary.

25 Abdominal segment III broadly attaches to abdominal segment IV 
(Fig. 55A) ..........................................................................................Carebara

– Abdominal segment III narrowly attaches to abdominal segment IV 
(Fig. 55B) ......................................................................................................26

Figure 55. Abdomen in lateral view showing the attachment of abdominal segment III 
A Carebara jajoby (CASENT0494540) B Nesomyrmex hafahafa (CASENT0053313). Pho-
tographer April Nobile.

26 Mandible edentate (Fig. 56A) ..................................................... Meranoplus
– Mandible with 3–5 teeth which decrease in size from apex to base 

(Fig. 56B) ....................................................................................Nesomyrmex
27 Mandible edentate (Fig. 57A) ................................Vollenhovia (Seychelles)
– Mandible distinctly toothed (Fig. 57B) .......................................................28

Figure 53. Propodeal spines in lateral view A Cardiocondyla emeryi (CASENT0082706) B Vol-
lenhovia piroskae (CASENT0101658). Photographers Michele Esposito (A), April Nobile (B).
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28 Notauli absent (Fig. 58A) ........................................................Trichomyrmex
– Notauli present (Fig. 58B) ...........................................................................29

Figure 58. Promesonotum in dorsal view A Trichomyrmex destructor (CASENT0787666) 
B Royidris notorthotenes (CASENT0002249) Photographers Michele Esposito (A). April 
Nobile (B).

29 Masticatory margin with 5–7 teeth (Fig. 59A), forewing with a dense fringe 
of long hairs along margin (Fig. 59C)................................................. Vitsika

– Masticatory margin with 2 or 3 teeth (Fig. 59B), forewing lacking long 
hairs on edges (Fig. 59D) .................................................................. Royidris

Figure 59. Mandible in full-face view and forewing fringe features in profile view A, C 
Vitsika crebra (CASENT0050262) B, D Royidris peregrina (CASENT0206165). Photogra-
phers April Nobile (A, C), Estella Ortega (B, D).

Figure 56. Mandible in full-face view A Meranoplus mayri (CASENT0062813) B Nesomyr-
mex tamatavensis (CASENT0496295). Photographers April Nobile (A), Erin Prado (B).

Figure 57. Mandible in full-face view A Vollenhovia piroskae (CASENT0159914) B Mono-
morium madecassum (CASENT0209350). Photographer Michele Esposito.
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Adelomyrmex Emery, 1897

Mandible edentate. Palp formula unknown. Antennal scrobe absent. Antenna 
with 13 segments. First funicular segment not globular, shorter than scape. 
Scape very long, extending to margin of head. Length of first funicular segment 
is equal to first flagellar segment. In full-face view, eye located above of base of 
clypeus. Ocelli placed well below occipital margin in front view. Occipital carina 
invisible. With head full-face view, width excluding eyes is not distinctly narrowed 
anteriorly from level of posterior margin of eyes: width at level of posterior edge 
of eyes is not twice as wide as that at level of mandibular insertions. Mesoscu-
tum in profile strongly overhangs pronotum, latter not visible in dorsal view. No-
tauli absent. With mesopleuron in lateral view, anterodorsal portion lower than 
highest point of wing process. Protibia with pectinate tibial spur. Mesotibia tibial 
spur absent. Metatibia tibial spur absent. Aroliae small. Propodeum unarmed 
and round. Abdominal segment II with a long anterior peduncle. Abdominal seg-
ment III narrowly attaches to abdominal segment IV. Paramere small. Pygostyle 
absent. Pubescence short, dense over most of body. On forewing, pterostigma 
reduced in size. Costal vein (C) present. Media between Rs+M and 2r-rs com-
pletely absent. Media (M) never reaching costal margin. Radial sector vein (Rs) 
never reaching costal margin. Cross-vein 2r-rs connected with radial sector vein 
posterior to pterostigma. Cross-vein 2rs-m absent. Cross-vein 1m-cu absent. 
Rs+M absent. Radius vein (R) absent. Cross-vein cu-a proximal to junction be-
tween media and cubitus. Cu absent. Free section of cubitus absent.

Aphaenogaster Mayr, 1853

Mandible with 3–6 teeth which decrease in size from apex to base. Palp for-
mula 3,2. Antennal scrobe absent. Antenna with 13 segments. First funicular 
segment not globular, shorter than scape. Scape not short, reaching lower edge 
of margin of lateral ocelli. Eyes large, at or in front of midlength of sides. Ocelli 
placed well below occipital margin in front view. Occipital carina strongly devel-
oped, forming a nuchal collar. With head full-face view, width excluding eyes is 
not distinctly narrowed anteriorly from level of posterior margin of eyes: width 
at level of posterior edge of eyes is not twice as wide as that at level of man-
dibular insertions. Mesoscutum in profile strongly overhangs pronotum, latter 
not visible in dorsal view. Notauli present. With mesopleuron in lateral view, 
anterodorsal portion lower than highest point of wing process. Protibia with 
pectinate tibial spur. Mesotibia tibial spur absent. Metatibia tibial spur simple. 
Aroliae small. Propodeum unarmed, sometimes with short teeth/denticles. Ab-
dominal segment II with a long anterior peduncle, spiracle located at apex of 
peduncle. Abdominal segment III narrowly attaches to abdominal segment IV. 
Paramere large. Pygostyle present. Pilosity simple throughout body. On fore-
wing, pterostigma well developed. Costal vein (C) present. Media (M) fused 
with Rs+M. Media (M) never reaching costal margin. Radial sector vein (Rs) 
never reaching costal margin. Cross-vein 2r-rs connected with radial sector 
vein posterior to pterostigma. Cross-vein 2rs-m absent. Cross-vein 1m-cu pres-
ent. Fusion of Rs+M extended distally so that 1m-cu arises from Rs+M not from 
M. Radius vein (R) present. Cross-vein cu-a proximal to junction between media 
and cubitus. Cu present. Free section of cubitus present.
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Calyptomyrmex Emery, 1887

Mandible triangular and distinctly dentate, with five or six teeth which decrease in 
size from apex to base. Palp formula 2,2. Antennal scrobe reduced. Antenna with 
12 segments. First funicular segment not globular, shorter than scape. Scape 
short, not reaching lower edge of margin of lateral ocelli. Eyes large, at or in front 
of midlength of sides. Ocelli placed near occipital margin in front view. Occipital 
carina invisible. With in head full-face view, width excluding eyes is not distinctly 
narrowed anteriorly from level of posterior margin of eyes: width at level of pos-
terior edge of eyes is not twice as wide as that at level of mandibular insertions. 
Mesoscutum punctate. Notauli absent. With mesopleuron in lateral view, antero-
dorsal portion lower than highest point of wing process. Protibia with pectinate 
tibial spur. Mesotibia tibial spur absent. Metatibia tibial spur absent. Aroliae small. 
Propodeum armed, projects at a low angle. Abdominal segment II with a long 
anterior peduncle, spiracle located at apex of peduncle. Abdominal segment III 
narrowly attaches to abdominal segment IV. Paramere small. Pygostyle absent. 
Pilosity simple throughout body. On forewing, pterostigma well developed. Costal 
vein (C) present. Media (M) fused with Rs+M. Media (M) never reaching costal 
margin. Radial sector vein (Rs) never reaching costal margin. Cross-vein 2r-rs 
connected with radial sector vein posterior to pterostigma. Cross-vein 2rs-m ab-
sent. Cross-vein 1m-cu present. Fusion of Rs+M extended distally, so that 1m-cu 
arises from Rs+M, not from M. Radius vein (R) absent. Cross-vein cu-a proximal to 
junction between media and cubitus. Cu present. Free section of cubitus absent. 

Remarks. The Malagasy species, Calyptomyrmex km01 does not have notau-
li, in contrast to the descriptions by Ito et al. (2023) and Emery (1922).

Cardiocondyla Emery, 1869

Ergatoid males of Cardiocondyla are easily distinguished by having long, tooth-
less, and saber-shaped mandibles for Cardiocondyla wroughtonii but worker-like 
mandibles have been observed in Cardiocondyla emeryi and Cardiocondyla 
shuckardi, and reduced black pigmentation (leading to a pale yellowish-brown 
overall coloration), decreased eye size, and partially or completely reduced 
ocelli (Seifert 2003).

In winged males, mandible reduced, short, and narrow, with only five teeth. 
Palp formula 2,2. Antennal scrobe reduced. Antenna with 13 segments. First 
funicular segment not globular, shorter than scape. Scape short, not reaching 
lower edge of margin of lateral ocelli. In full-face view, eye located above base 
of clypeus. Ocelli placed well below occipital margin in front view. Occipital ca-
rina invisible. With head in full-face view, width excluding eyes is not distinctly 
narrowed anteriorly from level of posterior margin of eyes: width at level of 
posterior edge of eyes is not twice as wide as that at level of mandibular inser-
tions. Mesoscutum punctate. Notauli absent. With mesopleuron in lateral view, 
anterodorsal portion lower than highest point of wing process. Protibia with 
pectinate tibial spur. Mesotibia tibial spur absent. Metatibia tibial spur absent. 
Aroliae small. Propodeum armed. Abdominal segment II with a long anterior 
peduncle. Abdominal segment III narrowly attaches to abdominal segment 
IV. Paramere small. Pygostyle absent. Pubescence short, dense over most of 
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body. On forewing, pterostigma reduced in size. Costal vein (C) absent. Media 
between Rs+M and 2r-rs completely absent. Media (M) never reaching costal 
margin. Radial sector vein (Rs) never reaching costal margin. Cross-vein 2r-rs 
connected with radial sector vein posterior to pterostigma. Cross-vein 2rs-m 
absent. Cross-vein 1m-cu absent. Rs+M absent. Radius vein (R) absent. Cross-
vein cu-a absent. Cu absent. Free section of cubitus absent.

Carebara Westwood, 1840

Mandible reduced, with three or four teeth which decrease in size from apex to 
base. Palp formula 3,2. Antennal scrobe absent. Antenna with 13 segments. 
First funicular segment not globular, shorter than scape. Scape shorter than 
second funicular segment. Eyes large, at or in front of midlength of sides. Ocelli 
placed near occipital margin in front view. Occipital carina invisible. With head 
in full-face view, width excluding eyes is not distinctly narrowed anteriorly from 
level of posterior margin of eyes: width at level of posterior edge of eyes is 
not twice as wide as that at level of mandibular insertions. Mesoscutum in 
profile strongly overhangs pronotum, latter not visible in dorsal view. Notauli 
absent with a longitudinal median carina that is narrowly bifurcated anterior-
ly. With mesopleuron in lateral view, anterodorsal portion lower than highest 
point of wing process. Protibia with pectinate tibial spur. Mesotibia tibial spur 
absent. Metatibia tibial spur absent. Aroliae small. Propodeum unarmed and 
round. Abdominal segment II with a short, stout anterior peduncle and a short 
but relatively high node. Abdominal segment III broadly attaches to abdomi-
nal segment IV. Paramere large. Pygostyle present. Pubescence short, dense 
over most of body. On forewing, pterostigma well developed. Costal vein (C) 
present. Media (M) fused with Rs+M. Media (M) reaches costal margin. Radial 
sector vein (Rs) reaches costal margin. Cross-vein 2r-rs connected with radial 
sector vein posterior to pterostigma. Cross-vein 2rs-m absent. Cross-vein 1m-
cu present. Fusion of Rs+M extended distally, so that 1m-cu arises from Rs+M, 
not from M. Radius vein (R) present. Cross-vein cu-a proximal to junction be-
tween media and cubitus. Cu present. Free section of cubitus present.

Cataulacus Smith, 1853

Mandible triangular with denticles which decrease in size from apex to base. 
Palp formula 4,2. Antennal scrobe running below eyes. Antenna with 11 seg-
ments (Emery 1922; Bolton 1974). Length of first funicular is equal to that of 
second funicular segment + third funicular segment. Scape short, not reaching 
lower edge of margin of lateral ocelli. In full-face view, eye located in front of 
midlength of head capsule. Ocelli placed well below occipital margin in front 
view. Occipital carina invisible. With head in full-face view, width excluding eyes 
is not distinctly narrowed anteriorly from level of posterior margin of eyes: width 
at level of posterior edge of eyes is not twice as wide as that at level of man-
dibular insertions. Mesoscutum striate. Notauli present. With mesopleuron in 
lateral view, anterodorsal portion lower than highest point of wing process. Pro-
tibia with pectinate tibial spur. Mesotibia tibial spur absent. Metatibia tibial spur 
absent. Aroliae small. Propodeum unarmed. Abdominal segment II without a 
long anterior peduncle. Abdominal segment III narrowly attaches to abdominal 
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segment IV. Paramere visible. Pygostyle absent. Pilosity simple throughout 
body. On forewing, pterostigma reduced in size. Costal vein (C) absent. Media 
between Rs+M and 2r-rs completely absent. Media (M) never reaching costal 
margin. Radial sector vein (Rs) never reaching costal margin. Cross-vein 2r-rs 
connected with radial sector vein posterior to pterostigma. Cross-vein 2rs-m 
absent. Cross-vein 1m-cu absent. Rs+M merge with Rs. Radius vein (R) absent. 
Cross-vein cu-a absent. Cu absent. Free section of cubitus absent.

Crematogaster Lund, 1831

Mandible triangular edentate or dentate with one or two teeth. Palp formula 3,2; 
5,3. Antennal scrobe is absent. Antenna with 11 or 12 segments. First funicular 
segment subglobular, shorter than scape. Scape shorter than 1+2 flagellar seg-
ment. Eyes large, at or in front of midlength of sides. Ocelli placed near occipital 
margin in front view. Occipital carina invisible. With head in full-face view, width 
excluding eyes is not distinctly narrowed anteriorly from level of posterior mar-
gin of eyes: width at level of posterior edge of eyes is not twice as wide as that 
at level of mandibular insertions. Mesoscutum in profile strongly overhangs 
pronotum, latter not visible in dorsal view. Notauli absent. With mesopleuron in 
lateral view, anterodorsal portion lower than highest point of wing process. Pro-
tibia with pectinate tibial spur. Mesotibia tibial spur absent. Metatibia tibial spur 
absent. Aroliae small. Propodeum unarmed and round. Abdominal segment II 
and Abdominal segment III are equal in size. Abdominal segment III dorsally 
attaches to abdominal segment IV. Paramere large. Pygostyle present. Pilosity 
simple throughout body. On forewing, pterostigma well developed. Costal vein 
(C) present. Media (M) between Rs+M and 2rs-m and after 2rs-m completely 
present. Media (M) never reaching costal margin. Radial sector vein (Rs) nev-
er reaching costal margin. Cross-vein 2r-rs connected with radial sector vein 
posterior to pterostigma. Cross-vein 2rs-m absent. Cross-vein 1m-cu present. 
Rs+M present. Radius vein (R) present. Cross-vein cu-a proximal to junction 
between media and cubitus. Cu present. Free section of cubitus absent.

Cyphomyrmex Mayr, 1862

Mandible triangular with three teeth. Palp formula 2,2. Antennal scrobe running 
above eyes. Antenna with 13 segments. First funicular segment not globular, 
shorter than scape. Eyes large, at or in front of midlength of sides Ocelli placed 
near occipital margin in front view. Occipital carina invisible. With head in full-
face view, width excluding eyes is distinctly narrowed anteriorly from level of 
posterior margin of eyes: width at level of posterior margin of eyes is nearly 
twice as wide as that at level of mandible insertions. Pronotum anterodorsally 
sharply marginate, with sharp, dentate corners. Notauli present. With meso-
pleuron in lateral view, anterodorsal portion lower than highest point of wing 
process. Protibia pectinate tibial spur. Mesotibia tibial spur absent. Metatibia 
tibial spur absent. Aroliae small. Propodeum armed or angle projects as a low, 
obtuse tooth. Abdominal segment II with a short peduncle. Abdominal segment 
III narrowly attaches to abdominal segment IV. Paramere visible. Pygostyle 
present. Pilosity simple throughout body. On forewing, pterostigma reduced 
in size. Costal vein (C) present. Media between Rs+M and 2r-rs completely 
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absent. Media (M) never reaching costal margin. Radial sector vein (Rs) reach-
es costal margin. Cross-vein 2r-rs connected with radial sector vein posterior to 
pterostigma. Cross-vein 2rs-m absent. Cross-vein 1m-cu absent. Rs+M merge 
with Rs. Radius vein (R) present. Cross-vein cu-a absent. Cu absent. Free sec-
tion of cubitus absent.

Dicroaspis Emery, 1908

Mandible triangular with seven teeth. Antennal scrobe running above eyes. 
Antenna with ten segments. First funicular segment not globular, shorter than 
scape. Scape very long, extending to margin of head. Eyes large, at or in front 
of midlength of sides. Ocelli placed well below occipital margin in front view. 
Occipital carina invisible. With head full-face view, width excluding eyes is not 
distinctly narrowed anteriorly from level of posterior margin of eyes: width at 
level of posterior edge of eyes is not twice as wide as that at level of mandibu-
lar insertions. Pronotum anterodorsally sharply marginate, with sharp, dentate 
corners. Notauli absent. With mesopleuron in lateral view, anterodorsal portion 
lower than highest point of wing process. Protibia with pectinate tibial spur. 
Mesotibia tibial spur absent. Metatibia tibial spur absent. Aroliae small. Propo-
deum unarmed and round. Abdominal segment II with a long peduncle. Abdom-
inal segment III narrowly attaches to abdominal segment IV. Paramere visible. 
Pygostyle present. Pilosity simple throughout body. On forewing, pterostigma 
well developed. Costal vein (C) present. Media (M) fused with Rs+M. Media 
(M) never reaching costal margin. Radial sector vein (Rs) reaches costal mar-
gin. Cross-vein 2r-rs connected with radial sector vein posterior to pterostigma. 
Cross-vein 2rs-m absent. Cross-vein 1m-cu absent. Rs+M merge with Rs. Ra-
dius vein (R) absent. Cross-vein cu-a proximal to junction between media and 
cubitus. Cu absent. Free section of cubitus absent.

Erromyrma Bolton & Fisher, 2016

Mandible triangular (Fisher and Bolton 2016; Ramamonjisoa et al. 2023), short, 
and narrow, with only four or five teeth. Palp formula 5,3. Antennal scrobe ab-
sent. Antenna with 13 segments. First funicular segment subglobular, same 
size as scape. Eyes large, at or in front of midlength of sides. Ocelli placed 
close to occipital margin in front view. Occipital carina invisible. With head in 
full-face view, width excluding eyes is not distinctly narrowed anteriorly from 
level of posterior margin of eyes: width at level of posterior edge of eyes is 
not twice as wide as that at level of mandibular insertions. Mesoscutum in 
profile strongly overhangs pronotum, latter not visible in dorsal view. Notauli 
absent. With mesopleuron in lateral view, anterodorsal portion lower than high-
est point of wing process. Protibia with pectinate tibial spur. Mesotibia tibial 
spur absent. Metatibia tibial spur absent. Aroliae small. Propodeum unarmed 
and round. Abdominal segment II with a short peduncle. Abdominal segment III 
narrowly attaches to abdominal segment IV. Paramere visible. Pygostyle pres-
ent. Pilosity simple throughout body. On forewing, pterostigma well developed. 
Costal vein (C) absent. Media (M) fused with Rs+M. Media (M) never reaching 
costal margin. Radial sector vein (Rs) never reaching costal margin. Cross-vein 
2r-rs connected with radial sector vein posterior to pterostigma. Cross-vein 
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2rs-m absent. Cross-vein 1m-cu present. Fusion of Rs+M extended distally, so 
that 1m-cu arises from Rs+M, not from M. Radius vein (R) present. Cross-vein 
cu-a proximal to junction between media and cubitus. Cu present. Free section 
of cubitus present.

Eurhopalothrix Brown & Kempf, 1961

Mandible triangular edentate. Palp formula 2,2. Antennal scrobe running above 
eyes. Antenna with 13 segments. First funicular segment not globular, shorter 
than scape. Eyes large, at or in front of midlength of sides. Ocelli placed near 
occipital margin in front view. Occipital carina invisible. With head in full-face 
view, width excluding eyes is distinctly narrowed anteriorly from level of poste-
rior margin of eyes: width at level of posterior margin of eyes is nearly twice as 
wide as that at level of mandible insertions. Mesoscutum punctate. Notauli ab-
sent. With mesopleuron in lateral view, anterodorsal portion lower than highest 
point of wing process. Protibia with pectinate tibial spur. Mesotibia tibial spur 
absent. Metatibia tibial spur absent. Aroliae small. Propodeum angle projects 
as a low, obtuse tooth. Abdominal segment II with a long anterior peduncle. 
Abdominal segment III narrowly attaches to abdominal segment IV. Param-
ere small. Pygostyle present. Pilosity simple throughout body. On forewing, 
pterostigma reduced in size. Costal vein (C) absent. Media between Rs+M and 
2r-rs completely absent. Media (M) never reaching costal margin. Radial sector 
vein (Rs) reaches costal margin. Cross-vein 2r-rs connected with radial sector 
vein posterior to pterostigma. Cross-vein 2rs-m absent. Cross-vein 1m-cu ab-
sent. Rs+M merge with Rs. Radius vein (R) present. Cross-vein cu-a absent. Cu 
absent. Free section of cubitus absent.

Eutetramorium Emery, 1899

Mandible stoutly triangular, with seven teeth. Palp formula 4,3. Antennal scrobe 
is absent. Antenna with 13 segments. SI 31. First funicular segment long but 
not globular, ~ 25% longer than length of second funicular segment. In full-
face view, eye located in front of midlength of head capsule. Ocelli placed well 
below occipital margin in front view. Occipital carina sharp but not forming a 
raised crest. With head in full-face view, width excluding eyes is not distinctly 
narrowed anteriorly from level of posterior margin of eyes: width at level of 
posterior edge of eyes is not twice as wide as that at level of mandibular inser-
tions. Anterior mesoscutum between notauli arms, with a longitudinal median 
carina that is narrowly bifurcated anteriorly. Notauli weakly present, anterior 
arms forming a V-shape. With mesopleuron in lateral view, anterodorsal portion 
lower than highest point of wing process. Protibia with pectinate tibial spur. 
Mesotibia tibial spur simple. Metatibia tibial spur simple. Aroliae small. Propo-
deum unarmed, spiracle low on side and in front of midlength of sclerite; prop-
odeal lobes conspicuous, rounded. Abdominal segment II with a short, stout 
anterior peduncle and a short but relatively high node, spiracle approx. level 
with base of anterior face of node. Abdominal segment III greatly elongated, 
in profile almost twice length of abdominal segment II. Abdominal segment III 
narrowly attaches to abdominal segment IV. Paramere small. Pygostyle pres-
ent. Denser upright pilosity. On forewing, pterostigma reduced in size. Costal 
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vein (C) absent. Media (M) fused with Rs+M. Media (M) never reaching costal 
margin. Radial sector vein (Rs) never reaching costal margin. Cross-vein 2r-rs 
connected with radial sector vein posterior to pterostigma. Cross-vein 2rs-m 
absent. Cross-vein 1m-cu present. Fusion of Rs+M extended distally, so that 
1m-cu arises from Rs+M, not from M. Radius vein (R) absent. Cross-vein cu-a 
proximal to junction between media and cubitus. Cu present. Free section of 
cubitus present.

Malagidris Bolton & Fisher, 2014

Mandible triangular and strongly dentate, with nine sharp teeth. Palp formula 
3,2. Antennal scrobe is reduced. Antenna with 13 segments. First funicular seg-
ment short, not globular, ~ ¼–1/2 length of second funicular segment. In full-
face view, eye located in front of midlength of head capsule. Ocelli placed near 
occipital margin in front view. Occipital carina sharp, forming a distinct crest. 
With head in full-face view, width excluding eyes is not distinctly narrowed ante-
riorly from level of posterior margin of eyes: width at level of posterior edge of 
eyes is not twice as wide as that at level of mandibular insertions. Mesoscutum 
convex in profile, mesoscutum and mesoscutellum elevated, much higher than 
propodeal dorsum, which is depressed and slopes downward posteriorly. No-
tauli absent. With mesopleuron in lateral view, anterodorsal portion lower than 
highest point of wing process. Protibia with pectinate tibial spur. Mesotibia tibi-
al spur simple. Metatibia tibial spur simple. Aroliae small. Propodeum unarmed, 
spiracle high on side and at approx. midlength, or slightly in front of midlength, 
of sclerite; propodeal lobes conspicuous, rounded. Abdominal segment II with 
a long anterior peduncle and a low node, spiracle at or behind midlength of pe-
duncle, but in front of level of node. Abdominal segment III narrowly attaches 
to abdominal segment IV. Paramere large. Pygostyle present. Pilosity scarce. 
On forewing, pterostigma well developed. Costal vein (C) present. Media (M) 
fused with Rs+M. Media (M) never reaching costal margin. Radial sector vein 
(Rs) reaches costal margin. Cross-vein 2r-rs connected with radial sector vein 
posterior to pterostigma. Cross-vein 2rs-m absent. Cross-vein 1m-cu present. 
Fusion of Rs+M extended distally, so that 1m-cu arises from Rs+M, not from M. 
Radius vein (R) present. Cross-vein cu-a proximal to junction between media 
and cubitus. Cu present. Free section of cubitus present.

Melissotarsus Emery, 1877

Mandible triangular edentate or dentate with one or two teeth. Palp formula 0,1. 
Antennal scrobe is reduced. Antenna with 12 segments. First funicular segment 
short, not globular, ~ 1/2 length of second funicular segment. In full-face view, 
eye located in front of midlength of head capsule. Ocelli placed close to occip-
ital margin in front view. Occipital carina invisible. With head in full-face view, 
width excluding eyes is not distinctly narrowed anteriorly from level of posterior 
margin of eyes: width at level of posterior edge of eyes is not twice as wide 
as that at level of mandibular insertions. Mesoscutum convex in profile, me-
soscutum and mesoscutellum elevated, much higher than propodeal dorsum, 
which is depressed and slopes downward posteriorly. Notauli absent. With me-
sopleuron in lateral view, anterodorsal portion lower than highest point of wing 
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process. Protibia without tibial spur. Mesotibia tibial spur simple. Metatibia 
tibial spur simple. Aroliae small. Propodeum unarmed and round. Abdominal 
segment II without a long anterior peduncle. Abdominal segment III narrowly 
attaches to abdominal segment IV. Paramere large. Pygostyle absent. Pilosity 
simple throughout body. On forewing, pterostigma reduced in size. Costal vein 
(C) absent. Media (M) fused with Rs+M. Media (M) present. Radial sector vein 
(Rs) reaches costal margin. Cross-vein 2r-rs connected with radial sector vein 
posterior to pterostigma. Cross-vein 2rs-m absent. Cross-vein 1m-cu absent. 
Rs+M present. Radius vein (R) present. Cross-vein cu-a present. Cu absent. 
Free section of cubitus absent.

Meranoplus Smith, 1853

Mandible reduced, short, and narrow, with only one tooth. Palp formula 5,3. 
Antennal scrobe absent. Antenna with 13 segments. First funicular segment 
short, not globular, ~ 1/2 length of second funicular segment. In full-face view, 
eye located in front of midlength of head capsule. Ocelli placed near occipital 
margin in front view. Occipital carina invisible. With head in full-face view, width 
excluding eyes is not distinctly narrowed anteriorly from level of posterior mar-
gin of eyes: width at level of posterior edge of eyes is not twice as wide as that 
at level of mandibular insertions. Mesoscutum in profile strongly overhangs 
pronotum, latter not visible in dorsal view. Notauli present. With mesopleuron 
in lateral view, anterodorsal portion lower than highest point of wing process. 
Protibia with pectinate tibial spur. Mesotibia tibial spur simple. Metatibia tibial 
spur simple. Aroliae small. Propodeum unarmed and round. Abdominal seg-
ment II without a long anterior peduncle. Abdominal segment III narrowly at-
taches to abdominal segment IV. Paramere visible. Pygostyle absent. Pilosity 
long throughout body. On forewing, pterostigma well developed. Costal vein (C) 
present. Media (M) fused with Rs+M. Media (M) never reaching costal margin. 
Radial sector vein (Rs) reaches costal margin. Cross-vein 2r-rs connected with 
radial sector vein posterior to pterostigma. Cross-vein 2rs-m absent. Cross-vein 
1m-cu present. Fusion of Rs+M extended distally, so that 1m-cu arises from 
Rs+M, not from M. Radius vein (R) present. Cross-vein cu-a proximal to junction 
between media and cubitus. Cu absent. Free section of cubitus absent.

Metapone Forel, 1911

Mandible triangular and distinctly dentate with four teeth. Palp formula 1,2. An-
tennal scrobe running above eyes. Antenna with 12 segments. First funicular 
segment short, not globular, about same size as second funicular segment. In 
full-face view, eye located in front of midlength of head capsule. Ocelli placed well 
below occipital margin in front view. Occipital carina invisible. With head in full-
face view, width excluding eyes is not distinctly narrowed anteriorly from level of 
posterior margin of eyes: width at level of posterior edge of eyes is not twice as 
wide as that at level of mandibular insertions. Mesoscutum striate. Notauli ab-
sent. With mesopleuron in lateral view, anterodorsal portion lower than highest 
point of wing process. Protibia with pectinate tibial spur. Mesotibia tibial spur ab-
sent. Metatibia tibial spur simple. Aroliae small. Propodeum unarmed. Abdom-
inal segment II without peduncle. In profile, petiolar node rectangular nodiform; 
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both waist segments strongly sculptured. Abdominal segment III narrowly at-
taches to abdominal segment IV. Paramere small. Pygostyle absent. Pilosity 
long, erect to suberect. On forewing, pterostigma well developed. Costal vein (C) 
present. Media (M) fused with Rs+M. Media (M) never reaching costal margin. 
Radial sector vein (Rs) never reaching costal margin. Cross-vein 2r-rs connected 
with radial sector vein posterior to pterostigma. Cross-vein 2rs-m absent. Cross-
vein 1m-cu present. Fusion of Rs+M extended distally, so that 1m-cu arises from 
Rs+M, not from M. Radius vein (R) absent. Cross-vein cu-a proximal to junction 
between media and cubitus. Cu present. Free section of cubitus present.

Monomorium Mayr, 1855

Mandible triangular with three or four teeth. Palp formula 5,3. Antennal scrobe 
absent. Antenna with 13 segments. First funicular segment short, not globular. 
In full-face view, eye located in front of midlength of head capsule. Ocelli placed 
well below occipital margin in front view. Occipital carina invisible. With head 
in full-face view, width excluding eyes is not distinctly narrowed anteriorly from 
level of posterior margin of eyes: width at level of posterior edge of eyes is not 
twice as wide as that at level of mandibular insertions. Mesoscutum in pro-
file strongly overhangs pronotum, latter not visible in dorsal view. Notauli ab-
sent. With mesopleuron in lateral view, anterodorsal portion lower than highest 
point of wing process. Protibia with pectinate tibial spur. Mesotibia tibial spur 
absent. Metatibia tibial spur simple. Aroliae small. Propodeum unarmed and 
round. Abdominal segment II without peduncle. Abdominal segment III narrow-
ly attaches to abdominal segment IV. Paramere small. Pygostyle present. Pi-
losity simple throughout body. On forewing, pterostigma well developed. Costal 
vein (C) absent. Media (M) fused with Rs+M. Media (M) never reaching costal 
margin. Radial sector vein (Rs) never reaching costal margin. Cross-vein 2r-rs 
connected with radial sector vein posterior to pterostigma. Cross-vein 2rs-m 
absent. Cross-vein 1m-cu present. Rs+M absent. Radius vein (R) absent. Cross-
vein cu-a proximal to junction between media and cubitus. Cu present. Free 
section of cubitus present.

Nesomyrmex Wheeler, 1910

Mandible triangular and distinctly dentate, with five teeth. Palp formula 5,3. An-
tennal scrobe reduced. Antenna with 13 segments. First funicular segment not 
globular, shorter than scape. In full-face view, eye located in front of midlength 
of head capsule Ocelli placed well below occipital margin in front view. Occipi-
tal carina sharp but not forming a raised crest. With head in full-face view, width 
excluding eyes is not distinctly narrowed anteriorly from level of posterior mar-
gin of eyes: width at level of posterior edge of eyes is not twice as wide as that 
at level of mandibular insertions. Mesoscutum in profile strongly overhangs 
pronotum, latter not visible in dorsal view. Notauli present. With mesopleuron 
in lateral view, anterodorsal portion lower than highest point of wing process. 
Protibia with pectinate tibial spur. Mesotibia tibial spur absent. Metatibia tibial 
spur absent. Aroliae small. Propodeum unarmed. Abdominal segment II with a 
long anterior peduncle and a low node, spiracle at or behind midlength of pe-
duncle, but in front of level of node. Abdominal segment III narrowly attaches 
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to abdominal segment IV. Paramere large. Pygostyle absent. Sparse pilosity. 
On forewing, pterostigma well developed. Costal vein (C) present. Media (M) 
fused with Rs+M. Media (M) never reaching costal margin. Radial sector vein 
(Rs) reaches costal margin. Cross-vein 2r-rs connected with radial sector vein 
posterior to pterostigma. Cross-vein 2rs-m absent. Cross-vein 1m-cu absent. 
Rs+M merge with Rs. Radius vein (R) present. Cross-vein cu-a proximal to junc-
tion between media and cubitus. Cu absent. Free section of cubitus absent.

Pheidole Westwood, 1839

Mandible with 4–7 teeth which decrease in size from apex to base. Palp for-
mula 5,3. Antennal scrobe is absent. Antenna with 13 segments. First funicular 
segment globular, shorter than scape. In full-face view, eye located in front of 
midlength of head capsule. Ocelli placed close to occipital margin in front view. 
Occipital carina invisible. With head in full-face view, width excluding eyes is 
not distinctly narrowed anteriorly from level of posterior margin of eyes: width 
at level of posterior edge of eyes is not twice as wide as that at level of man-
dibular insertions. Mesoscutum in profile strongly overhangs pronotum, latter 
not visible in dorsal view. Notauli present. With mesopleuron in lateral view, 
anterodorsal portion lower than highest point of wing process. Protibia with 
pectinate tibial spur. Mesotibia tibial spur absent. Metatibia tibial spur absent. 
Aroliae small. Propodeum unarmed. Abdominal segment II with a long anterior 
peduncle. Abdominal segment III narrowly attaches to abdominal segment IV. 
Paramere small. Pygostyle present. Sparse pilosity. On forewing, pterostigma 
well developed. Costal vein (C) present. Media (M) fused with Rs+M. Media (M) 
never reaching costal margin. Radial sector vein (Rs) never reaching costal mar-
gin. Cross-vein 2r-rs connected with radial sector vein posterior to pterostigma. 
Cross-vein 2rs-m present. Cross-vein 1m-cu present. Fusion of Rs+M extended 
distally, so that 1m-cu arises from Rs+M, not from M. Radius vein (R) absent. 
Cross-vein cu-a proximal to junction between media and cubitus. Cu present. 
Free section of cubitus present.

Pilotrochus Brown, 1978

Mandible with 4–7 teeth. Palp formula 5,3. Antennal scrobe is reduced. Anten-
na with 13 segments. First funicular segment globular, shorter than scape. In 
full-face view, eye located in front of midlength of head capsule. Ocelli placed 
well below occipital margin in front view. Occipital carina invisible. With head in 
full-face view, width excluding eyes is distinctly narrowed anteriorly from level 
of posterior margin of eyes: width at level of posterior margin of eyes is nearly 
twice as wide as that at level of mandible insertions. Mesoscutum in profile 
strongly overhangs pronotum, latter not visible in dorsal view. Notauli present. 
With mesopleuron in lateral view, anterodorsal portion lower than highest point 
of wing process. Protibia with pectinate tibial spur. Mesotibia tibial spur ab-
sent. Metatibia tibial spur absent. Aroliae small. Propodeum unarmed. Abdom-
inal segment II with a long anterior peduncle. Abdominal segment III narrowly 
attaches to abdominal segment IV. Paramere small. Pygostyle present. Sparse 
pilosity. On forewing, pterostigma well developed. Costal vein (C) absent. 
Media (M) fused with Rs+M. Media (M) never reaching costal margin. Radial 
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sector vein (Rs) never reaching costal margin. Cross-vein 2r-rs connected with 
radial sector vein posterior to pterostigma. Cross-vein 2rs-m absent. Cross-vein 
1m-cu present. Fusion of Rs+M extended distally, so that 1m-cu arises from 
Rs+M, not from M. Radius vein (R) absent. Cross-vein cu-a proximal to junction 
between media and cubitus. Cu present. Free section of cubitus present.

Pristomyrmex Mayr, 1866

Mandible edentate. Palp formula 2,2. Antennal scrobe reduced. Antenna with 
12 segments. First funicular segment short, not globular, about a third length 
of second funicular segment. In full-face view, eye located above of base of 
clypeus. Ocelli placed close to occipital margin in front view. Occipital carina in-
visible. With head full-face view, width excluding eyes is not distinctly narrowed 
anteriorly from level of posterior margin of eyes: width at level of posterior edge 
of eyes is not twice as wide as that at level of mandibular insertions. Mesoscu-
tum in profile strongly overhangs pronotum, latter not visible in dorsal view. 
Notauli present. With mesopleuron in lateral view, anterodorsal portion lower 
than highest point of wing process. Protibia with pectinate tibial spur. Meso-
tibia tibial spur absent. Metatibia tibial spur absent. Aroliae small. Propodeum 
unarmed. Abdominal segment II with a long anterior peduncle. Abdominal seg-
ment III narrowly attaches to abdominal segment IV. Paramere large. Pygostyle 
present. Pilosity simple throughout body. On forewing, pterostigma well devel-
oped. Costal vein (C) absent. Media (M) fused with Rs+M. Media (M) never 
reaching costal margin. Radial sector vein (Rs) never reaching costal margin. 
Cross-vein 2r-rs connected with radial sector vein posterior to pterostigma. 
Cross-vein 2rs-m absent. Cross-vein 1m-cu absent. Rs+M merge with Rs. Ra-
dius vein (R) absent. Cross-vein cu-a proximal to junction between media and 
cubitus. Cu absent. Free section of cubitus absent.

Royidris Bolton & Fisher, 2014

Mandible triangular and distinctly dentate, with two or three teeth. Palp formula 
4,3. Antennal scrobe absent. Antenna with 13 segments. SI 30–52. First funic-
ular segment short and globular. Eyes large, located at or in front of midlength 
of sides. Ocelli placed close to occipital margin in front view. Occipital carina 
sharp but not forming a raised crest. With head full-face view, width excluding 
eyes is not distinctly narrowed anteriorly from level of posterior margin of eyes: 
width at level of posterior edge of eyes is not twice as wide as that at level of 
mandibular insertions. Mesoscutum in profile strongly overhangs pronotum, 
latter not visible in dorsal view. Notauli variably developed, from vestigial to 
having anterior arms present. With mesopleuron in lateral view, anterodorsal 
portion lower than highest point of wing process. Protibia with pectinate tibial 
spur. Mesotibia tibial spur simple. Metatibia tibial spur simple. Aroliae small. 
Propodeum usually unarmed and rounded, but in some posterodorsal angle 
is reinforced by a carina, or angle projects as a low, obtuse tooth; propodeal 
lobes rounded. Abdominal segment II with an anterior peduncle, spiracle at, or 
slightly in front of, midlength of peduncle, well in front of level of low, round-
ed node. Abdominal segment II in profile slightly longer than Abdominal seg-
ment III. Abdominal segment III narrowly attaches to abdominal segment IV. 
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Paramere large. Pygostyle present. Pilosity simple throughout body. On fore-
wing, pterostigma well developed. Costal vein (C) absent. Media (M) fused with 
Rs+M. Media (M) never reaching costal margin. Radial sector vein (Rs) nev-
er reaching costal margin. Cross-vein 2r-rs connected with radial sector vein 
posterior to pterostigma. Cross-vein 2rs-m absent. Cross-vein 1m-cu present. 
Fusion of Rs+M extended distally, so that 1m-cu arises from Rs+M, not from 
M. Radius vein (R) absent. Cross-vein cu-a proximal to junction between media 
and cubitus. Cu present. Free section of cubitus absent.

Solenopsis Westwood, 1840

Mandible with two or three teeth. Palp formula 5,3. Antennal scrobe is reduced. 
Antenna with 12 segments. First funicular segment globular, shorter than 
scape. Eyes large, located at or in front of midlength of sides. Ocelli placed near 
occipital margin in front view. Occipital carina invisible. With head in full-face 
view, width excluding eyes is not distinctly narrowed anteriorly from level of 
posterior margin of eyes: width at level of posterior edge of eyes is not twice as 
wide as that at level of mandibular insertions. Mesoscutum in profile strongly 
overhangs pronotum, latter not visible in dorsal view. Notauli absent. With me-
sopleuron in lateral view, anterodorsal portion lower than highest point of wing 
process. Protibia with pectinate tibial spur. Mesotibia tibial spur absent. Metati-
bia tibial spur absent. Aroliae small. Propodeum unarmed. Abdominal segment 
II with a short peduncle. Abdominal segment III narrowly attaches to abdomi-
nal segment IV. Paramere small. Pygostyle present. Pilosity simple throughout 
body. On forewing, pterostigma well developed. Costal vein (C) absent. Media 
(M) fused with Rs+M. Media (M) never reaching costal margin. Radial sector 
vein (Rs) never reaching costal margin. Cross-vein 2r-rs connected with radial 
sector vein posterior to pterostigma. Cross-vein 2rs-m absent. Cross-vein 1m-
cu present. Fusion of Rs+M extended distally, so that 1m-cu arises from Rs+M, 
not from M. Radius vein (R) absent. Cross-vein cu-a proximal to junction be-
tween media and cubitus. Cu present. Free section of cubitus present.

Strumigenys Smith, 1860

Mandible edentate. Palp formula 5,3. Antennal scrobe is absent. Antenna with 
13 segments. First funicular segment not subglobular, same size as scape. Eyes 
large, located at or in front of midlength of sides. Ocelli placed near occipital 
margin in front view. Occipital carina invisible. With head in full-face view, width 
excluding eyes is distinctly narrowed anteriorly from level of posterior margin of 
eyes: width at level of posterior margin of eyes is nearly twice as wide as that at 
level of mandible insertions. Mesoscutum in profile strongly overhangs prono-
tum, latter not visible in dorsal view. Notauli absent. With mesopleuron in lateral 
view, anterodorsal portion lower than highest point of wing process. Protibia 
with pectinate tibial spur. Mesotibia tibial spur absent. Metatibia tibial spur ab-
sent. Aroliae small. Propodeum angle projects as a low, obtuse tooth. Abdomi-
nal segment II with a short peduncle. Abdominal segment III narrowly attaches 
to abdominal segment IV. Paramere small. Pygostyle present. Sparse pilosity. 
On forewing, pterostigma well developed. Costal vein (C) absent. Media (M) 
absent. Media (M) absent. Radial sector vein (Rs) never reaching costal margin. 
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Cross-vein 2r-rs connected with radial sector vein posterior to pterostigma. 
Cross-vein 2rs-m absent. Cross-vein 1m-cu absent. Rs+M absent. Radius vein 
(R) absent. Cross-vein cu-a absent. Cu absent. Free section of cubitus absent.

Syllophopsis Santschi, 1915

Mandible with three teeth. Palp formula 5,3. Antennal scrobe reduced. Antenna 
with 13 segments. First funicular segment short, not globular. Eyes large, located 
at or in front of midlength of sides. Ocelli placed near occipital margin in front 
view. Occipital carina invisible. With head in full-face view, width excluding eyes is 
not distinctly narrowed anteriorly from level of posterior margin of eyes: width at 
level of posterior edge of eyes is not twice as wide as that at level of mandibular 
insertions. Mesoscutum in profile strongly overhangs pronotum, latter not visible 
in dorsal view. Notauli absent. With mesopleuron in lateral view, anterodorsal por-
tion lower than highest point of wing process. Protibia with pectinate tibial spur. 
Mesotibia tibial spur absent. Metatibia tibial spur absent. Aroliae small. Propode-
um unarmed. Abdominal segment II with a short peduncle. Abdominal segment 
III narrowly attaches to abdominal segment IV. Paramere large. Pygostyle present. 
Pilosity simple throughout body. On forewing, pterostigma well developed. Costal 
vein (C) present. Media (M) fused with Rs+M. Media (M) never reaching costal 
margin. Radial sector vein (Rs) never reaching costal margin. Cross-vein 2r-rs con-
nected with radial sector vein posterior to pterostigma. Cross-vein 2rs-m absent. 
Cross-vein 1m-cu present. Fusion of Rs+M extended distally, so that 1m-cu arises 
from Rs+M, not from M. Radius vein (R) absent. Cross-vein cu-a proximal to junc-
tion between media and cubitus. Cu present. Free section of cubitus present.

Terataner Emery, 1912

Mandible triangular and distinctly dentate, with five or six teeth. Palp formula 
4,3. Antennal scrobe absent. Antenna with 13 segments. First funicular seg-
ment globular, shorter than scape. Eyes large, at or in front of midlength of sides. 
Ocelli placed near occipital margin in front view. Occipital carina invisible. With 
head in full-face view, width excluding eyes is not distinctly narrowed anteriorly 
from level of posterior margin of eyes: width at level of posterior edge of eyes is 
not twice as wide as that at level of mandibular insertions. Pronotum anterodor-
sally sharply marginate, with sharp, dentate corners. Notauli absent. With meso-
pleuron in lateral view, anterodorsal portion is higher than highest point of wing 
process. Protibia with pectinate tibial spur. Mesotibia tibial spur absent. Metati-
bia tibial spur simple. Aroliae small. Propodeum unarmed. Abdominal segment 
II with a long anterior peduncle. Abdominal segment III narrowly attaches to 
abdominal segment IV. Paramere large. Pygostyle present. Pilosity long, erect 
to suberect. On forewing, pterostigma well developed. Costal vein (C) absent. 
Media (M) fused with Rs+M. Media (M) never reaching costal margin. Radial 
sector vein (Rs) reaches costal margin. Cross-vein 2r-rs connected with radial 
sector vein posterior to pterostigma. Cross-vein 2rs-m absent. Cross-vein 1m-cu 
present. Fusion of Rs+M extended distally, so that 1m-cu arises from Rs+M, not 
from M. Radius vein (R) present. Cross-vein cu-a proximal to junction between 
media and cubitus. Cu present. Free section of cubitus present.
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Tetramorium Mayr, 1855

Mandible triangular and distinctly dentate, with 4–7 teeth. Palp formula 5,3. 
Antennal scrobe reduced. Antenna with 10–13 segments. First funicular seg-
ment is more distinctly elongated than ors: length is nearly or more than twice 
as long as third funicular segment. Eyes large, at or in front of midlength of 
sides. Ocelli placed well below occipital margin in front view. Occipital cari-
na invisible. With head in full-face view, width excluding eyes is not distinct-
ly narrowed anteriorly from level of posterior margin of eyes: width at level 
of posterior edge of eyes is not twice as wide as that at level of mandib-
ular insertions. Mesoscutum in profile strongly overhangs pronotum, latter 
not visible in dorsal view. Notauli present. With mesopleuron in lateral view, 
anterodorsal portion lower than highest point of wing process. Protibia with 
pectinate tibial spur. Mesotibia tibial spur absent. Metatibia tibial spur sim-
ple. Aroliae small. Propodeum armed or angle projects as a low, obtuse tooth. 
Abdominal segment II with a short peduncle. Abdominal segment III narrowly 
attaches to Abdominal segment IV. Paramere small. Pygostyle present. Pilos-
ity long, erect to suberect. On forewing, pterostigma well developed. Costal 
vein (C) absent. Media (M) fused with Rs+M. Media (M) never reaching costal 
margin. Radial sector vein (Rs) never reaching costal margin. Cross-vein 2r-rs 
connected with radial sector vein posterior to pterostigma. Cross-vein 2rs-m 
absent. Cross-vein 1m-cu present. Fusion of Rs+M extended distally, so that 
1m-cu arises from Rs+M, not from M. Radius vein (R) absent. Cross-vein cu-a 
proximal to junction between media and cubitus. Cu present. Free section of 
cubitus present.

Trichomyrmex Mayr, 1865

Mandible reduced, short, and narrow, with only two or three teeth. Palp formula 
5,3. Antennal scrobe absent. Antenna with 13 segments. First funicular 
segment subglobular. Eyes large, at or in front of midlength of sides. Ocelli 
placed well below occipital margin in front view. Occipital carina invisible. With 
head in full-face view, width excluding eyes is not distinctly narrowed anteriorly 
from level of posterior margin of eyes: width at level of posterior edge of eyes 
is not twice as wide as that at level of mandibular insertions. Mesoscutum in 
profile strongly overhangs pronotum, latter not visible in dorsal view. Notauli 
absent. With mesopleuron in lateral view, anterodorsal portion lower than 
highest point of wing process. Protibia with pectinate tibial spur. Mesotibia 
tibial spur absent. Metatibia tibial spur absent. Aroliae small. Propodeum 
unarmed. Abdominal segment II with a short peduncle. Abdominal segment 
III narrowly attaches to abdominal segment IV. Paramere small. Pygostyle 
absent. Sparse pilosity. On forewing, pterostigma well developed. Costal vein 
(C) absent. Media (M) fused with Rs+M. Media (M) never reaching costal 
margin. Radial sector vein (Rs) never reaching costal margin. Cross-vein 2r-rs 
connected with radial sector vein posterior to pterostigma. Cross-vein 2rs-m 
absent. Cross-vein 1m-cu absent. Rs+M merge with Rs. Radius vein (R) absent. 
Cross-vein cu-a proximal to junction between media and cubitus. Cu present. 
Free section of cubitus absent.
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Vitsika Bolton & Fisher, 2014

Mandible triangular and distinctly dentate, with 5–7 teeth. Palp formula 4,3. 
Antennal scrobe reduced. Antenna with 13 segments. SI 30–52. First funic-
ular segment short but not globular. Eyes large, located at or in front of mid-
length of sides. Ocelli placed near occipital margin in front view. Occipital 
carina sharp but not forming a raised crest. With head in full-face view, width 
excluding eyes is not distinctly narrowed anteriorly from level of posterior 
margin of eyes: width at level of posterior edge of eyes is not twice as wide 
as that at level of mandibular insertions. Mesoscutum in profile strongly over-
hangs pronotum, latter not visible in dorsal view. Notauli variably developed, 
from vestigial to having anterior arms present. With mesopleuron in lateral 
view, anterodorsal portion lower than highest point of wing process. Protibia 
with pectinate tibial spur. Mesotibia tibial spur absent. Metatibia tibial spur 
absent. Aroliae small. Propodeum usually unarmed and rounded. Abdominal 
segment II with an anterior peduncle, spiracle at, or slightly in front of, mid-
length of peduncle, well in front of level of low, rounded node. Abdominal 
segment III narrowly attaches to abdominal segment IV. Paramere large. Py-
gostyle present. Pilosity simple throughout body. On forewing, pterostigma 
well developed. Costal vein (C) present. Media (M) fused with Rs+M. Media 
(M) never reaching costal margin. Radial sector vein (Rs) never reaching cos-
tal margin. Cross-vein 2r-rs connected with radial sector vein posterior to 
pterostigma. Cross-vein 2rs-m absent. Cross-vein 1m-cu present. Fusion of 
Rs+M extended distally so that 1m-cu arises from Rs+M not from M. Radius 
vein (R) absent. Cross-vein cu-a proximal to junction between media and cu-
bitus. Cu present. Free section of cubitus present.

Vollenhovia Mayr, 1865

Mandible edentate. Palp formula 2,2. Antennal scrobe absent. Antenna with 
13 segments. First funicular equal in size to scape, not globular. Ocelli placed 
well below occipital margin in front view. Occipital carina invisible. With head 
in full-face view, width excluding eyes is not distinctly narrowed anteriorly 
from level of posterior margin of eyes: width at level of posterior edge of eyes 
is not twice as wide as that at level of mandibular insertions. Mesoscutum in 
profile strongly overhangs pronotum, latter not visible in dorsal view. Notauli 
absent with a longitudinal median carina that is narrowly bifurcated anteri-
orly. With mesopleuron in lateral view, anterodorsal portion lower than high-
est point of wing process. Protibia with pectinate tibial spur. Mesotibia tibial 
spur absent. Metatibia tibial spur absent. Aroliae small. Propodeum unarmed. 
Abdominal segment II without peduncle, in profile petiolar node rectangular 
nodiform. Abdominal segment III narrowly attaches to abdominal segment 
IV. Paramere large. Pygostyle absent. Pilosity long, erect to suberect. On fore-
wing, pterostigma reduced in size. Costal vein (C) absent. Media between 
Rs+M and 2r-rs completely absent. Media (M) absent. Radial sector vein (Rs) 
never reaching costal margin. Cross-vein 2r-rs present, forming base of “free 
stigma vein.” Cross-vein 2rs-m absent. Cross-vein 1m-cu absent. Rs+M ab-
sent. Radius vein (R) absent. Cross-vein cu-a absent. Cu absent. Free section 
of cubitus absent.
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PONERINAE Lepeletier de Saint-Fargeau, 1835

Diagnosis of male ants of the subfamily Ponerinae in the Malagasy region

 - Antenna filiform, consisting of 13 segments.
 - Scape not reaching posterior margin of head.
 - Mesopleural oblique furrow reaching pronotum far from pronotal postero-

ventral margin.
 - Scuto-scutellar suture usually longitudinally sculptured.
 - Abdominal segment II much smaller than segment III in lateral view.
 - Abdominal segment II with distinct front, top, and posterior faces in 

lateral view.
 - Abdominal segment II attachment to abdominal segment III narrow and 

strongly constricted in lateral view.
 - Abdominal segment III is nearly as large as abdominal segment IV.
 - Cinctus between the segments III and IV distinct and deep.
 - Apical portion of abdominal sternum IX not bi-spinose.
 - Pygostyles well developed.
 - Metatibia with one or two spurs.

Remarks. Our key includes ten Ponerinae genera recorded from the Mala-
gasy region. Overall key modified from Yoshimura and Fisher (2007). Males of 
Parvaponera are unknown were not included in this genera key. Mesoponera is 
known to be paraphyletic (Schmidt and Shattuck 2014). The two species in the 
Malagasy region, Mesoponera ambigua and Mesoponera melanaria macra are 
keyed out separately.

Male-based key to genera of the subfamily Ponerinae

1 Wings absent ......................................................Hypoponera punctatissima
– Wings present ................................................................................................2
2 Mandibles stout and fully developed, masticatory margins overlap com-

pletely when mandibles are fully closed (Fig. 60A). Antennal scrobe well 
defined and extends as long as length of antennal scape ........Platythyrea

– Mandibles very reduced in size and lobate, masticatory margins do not 
overlap completely when mandibles are fully closed (Fig. 60B). Antennal 
scrobe absent; if weakly defined, then length distinctly shorter than length 
of antennal scape ..........................................................................................3

Figure 60. Mandible in full-face view A Platythyrea arthuri (CASENT0442287) B Meso-
ponera ambigua (CASENT0052325). Photographer April Nobile.
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3 Pretarsal claw multidentate to pectinate (Fig. 61A) ..................Leptogenys
– Pretarsal claw edentate or with at most two preapical teeth (Fig. 61B) ...4

4 Hind wing with jugal lobe (Fig. 62A) ............................................................5
– Hind wing without jugal lobe (Fig. 62B) .....................................................11

Figure 62. Hind wing A Odontomachus coquereli (CASENT0740610) B Leptogenys 
mangabe (CASENT0496777). Photographers Isabella Muratore (A) April Nobile (B).

5 Notauli present on mesoscutum (Fig. 63A) ................................................6
– Notauli absent on mesoscutum (Fig. 63B) ..................................................8

Figure 63. Notauli on mesoscutum A Anochetus goodmani (CASENT0147683) B Bothro-
ponera wasmannii (CASENT0134532). Photographer Dimby Raharinjanahary.

6 Mesometapleural suture deep and sculptured, dorsal margin of abdomi-
nal segment II, in frontal view, usually showing two apices (Fig. 64A) ........
 ...................................................................................... Anochetus goodmani

– Mesometapleural suture deep but not sculptured, dorsolateral corner of ab-
dominal segment II, in frontal view, not showing two apices (Fig. 64B) ......7

7 Subpetiolar process in profile view convex ventrally (Fig. 65A). Apical por-
tion of abdominal tergum VIII forming a distinct spine (Fig. 65C) ...............
 ........................................................................ Mesoponera melanaria macra

– Subpetiolar process in profile view subtriangular (Fig. 65B). Apical portion of 
abdominal tergum VIII not forming a spine (Fig. 65D) ...Mesoponera ambigua

Figure 61. Pretarsal claw A Leptogenys mangabe (CASENT0496777) B Bothroponera 
cambouei (CASENT0497079). Photographer April Nobile.
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Figure 64. Dorsolateral corner of abdominal segment II in rear view A Anochetus good-
mani (CASENT0147683) B Mesoponera ambigua (CASENT0108325). Photographer 
Michele Esposito.

Figure 65. Abdominal segment II in profile view showing the subpetiolar process; apical 
portion of abdominal tergum VIII A, C Mesoponera melanaria macra (CASENT0272313) 
B, D Mesoponera ambigua (CASENT0135592). Photographers Michele Esposito (A, C), 
Dimby Raharinjanahary (B, D).

8 Apical portion of abdominal tergum VIII not forming a spine (Fig. 66A) .....
 ........................................................................................................ Anochetus

– Apical portion of abdominal tergum VIII forming a distinct spine 
(Fig. 66B) ........................................................................................................9

Figure 66. Apical portion of abdominal tergum VIII A Anochetus madagascarensis 
(CASENT0442379) B Odontomachus coquereli (CASENT0049797). Photographer April Nobile.
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9 Dorsal margin of abdominal segment II, in frontal view, with single sharp 
apex (Fig. 67A) .......................................................................Odontomachus

– Dorsal margin of abdominal segment II, in frontal view, without single 
sharp apex (Fig. 67B) ..................................................................................10

10 In profile view, abdominal segment II surmounted by a thick node 
(Fig. 68A) .................................................................................. Bothroponera

– In profile view, abdominal segment II node generally scale-like and thin 
(Fig. 68B) ............................................................... Brachyponera (Mauritius)

Figure 67. Abdominal segment II in frontal view A Odontomachus coquereli 
(CASENT0049797) B Bothroponera cambouei (CASENT0497079). Photographers 
Masashi Yoshimura (A), April Nobile (B).

Figure 68. Abdominal segment II form A Bothroponera wasmannii (CASENT0147642) 
B Brachyponera sennaarensis (https://www.antweb.org/specimen.do?code=SAM-
HYM-C002312). Photographer Michele Esposito.

11 Apical portion of abdominal tergum VIII without downcurved spine 
(Fig. 69A) .....................................................................................Hypoponera

– Apical portion of abdominal tergum VIII with downcurved spine 
(Fig. 69B) ......................................................................................................12

12 Ventral apex of meso- and metatibia, when viewed from front with femur at 
right angle to body, with single spur, spur large and pectinate (Fig. 70A) ...
 .............................................................................................................. Ponera

– Ventral apex of meso- and metatibia, when viewed from front with femur 
at right angle to body, with two spurs consisting of a larger, pectinate spur 
and a smaller, simple spur (Fig. 70B) ............................................. Euponera



349ZooKeys 1213: 289–359 (2024), DOI: 10.3897/zookeys.1213.120531

Manoa M. Ramamonjisoa et al.: Male-based key to the subfamilies and genera of Malagasy ants

Figure 69. Apical portion of abdominal tergum VIII A Hypoponera mg016 (CASENT0466110) 
B Euponera vohitravo (CASENT0740617). Photographer Michele Esposito.

Figure 70. Tibial spur on metatibia A Hypoponera mg057 (CASENT0430684) B Euponera 
vohitravo (CASENT0740617). Photographers April Nobile (A), Michele Esposito (B).

Anochetus Mayr, 1861

All males winged. Antennal scrobe absent. Mandible reduced. Basal cavity of 
mandible extending to front face, visible in full-face view. Antenna with 13 seg-
ments. Notauli absent except for Anochetus goodmani. Mesepimeron with epi-
meral lobe. In most cases, each dorsolateral corner of abdominal segment II in 
anterior view with distinct projection. Dorsal margin of abdominal segment II, in 
anterior view, usually showing two apices. Apical margin of abdominal tergum 
VIII not projecting into sharp spine. Jugal lobe of hind wing present. Mesotibia 
and metatibia with two spurs. Claws simple, not multidentate or pectinate. On 
forewing, pterostigma well developed. Costal vein (C) present. Cross-vein 1m-
cu present. Radial sector vein (Rs) complete between M+Rs and 2r-rs. Radial 
sector vein (Rs) reaches to costal margin. Cross-vein 2r-rs connected with ra-
dial sector vein posterior to pterostigma. Cross-vein 2rs-m present. Cross-vein 
cu-a proximal to junction between media and cubitus. Media between Rs+M 
and 2rs-m completely present. On hindwing, radius vein (R) absent. Radial 
sector vein (Rs) present. Cross-vein 1rs-m present. Media (M) usually present. 
M+Cu present. 1rs-m+M absent. Free section of cubitus present. Cross-vein 
cu-a present.
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The presence of notauli is known for Anochetus in the Asian region, including 
in Vietnam Anochetus mixtus, Anochetus princeps and in Indonesia Anochetus fil-
icornis, but only the goodmani species exhibits this feature in the Malagasy region.

Bothroponera Mayr, 1862

Males winged. Antennal scrobe absent. Mandible reduced in size. Basal cavity 
of mandible extending to front face and visible in full-face view. Antenna with 
13 segments. Notauli never impressed on mesoscutum. Mesepimeron with 
epimeral lobe. Dorsolateral corner of abdominal segment II in anterior view not 
projecting. Dorsal margin of abdominal segment II, in frontal view, rounded and 
in profile view, abdominal segment II surmounted by a thick node. Apical mar-
gin of abdominal tergum VIII projecting into sharp spine. Jugal lobe of hind 
wing present. Mesotibia and metatibiae with two spurs. Claws simple, never 
multidentate or pectinate. On forewing, pterostigma well developed. Costal 
vein (C) present. Cross-vein 1m-cu present. Radial sector vein (Rs) fully com-
plete between M+Rs and 2r-rs. Radial sector vein (Rs) reaches to costal mar-
gin. Cross-vein 2r-rs connected with radial sector vein posterior to pterostigma. 
Cross-vein 2rs-m present. Cross-vein cu-a proximal to junction between media 
and cubitus. Media between Rs+M and 2rs-m completely present. On hindwing, 
radius vein (R) absent. Radial sector vein (Rs) present. Cross-vein 1rs-m pres-
ent. Media (M) absent. M+Cu present. 1rs-m+M present. Free section of cubi-
tus present. Cross-vein cu-a present.

Brachyponera Emery, 1900

Males winged. Antennal scrobe absent. Mandible reduced in size. Basal cavity 
of mandible extending to front face and visible in full-face view. Antenna with 
13 segments. Notauli never impressed on mesoscutum. Mesepimeron with 
epimeral lobe. Dorsolateral corner of abdominal segment II in anterior view not 
projecting. Dorsal margin of abdominal segment II, in frontal view, rounded and 
in profile view, petiolar node generally scale-like and thin. Apical margin of ab-
dominal tergum VIII projecting into sharp spine. Jugal lobe of hind wing pres-
ent. Mesotibia and metatibiae with two spurs. Claws simple, never multidentate 
or pectinate. On forewing, pterostigma well developed. Costal vein (C) present. 
Cross-vein 1m-cu present. Radial sector vein (Rs) fully complete between M+Rs 
and 2r-rs. Radial sector vein (Rs) reaches to costal margin. Cross-vein 2r-rs 
connected with radial sector vein posterior to pterostigma. Cross-vein 2rs-m 
present. Cross-vein cu-a located in line to junction between media and cubitus. 
Media between Rs+M and 2rs-m completely present. On hindwing, radius vein 
(R) absent. Radial sector vein (Rs) absent. Cross-vein 1rs-m present. Media 
(M) present. M+Cu present. 1rs-m+M present. Free section of cubitus absent. 
Cross-vein cu-a present.

Euponera Forel, 1891.

Males winged. Antennal scrobe absent. Mandible reduced in size. Basal cav-
ity of mandible extending to front face and visible in full-face view. Antenna 
with 13 segments. Notauli present or absent. Mesepimeron with epimeral lobe. 
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Dorsolateral corner of abdominal segment II in anterior view not projecting. 
Dorsal margin of abdominal segment II, in frontal view, rounded. Apical margin 
of abdominal tergum VIII projecting into sharp spine. Jugal lobe of hind wing 
absent. Mesotibia and metatibiae with two spurs. Claws simple, never multi-
dentate or pectinate. On forewing, pterostigma well developed. Costal vein (C) 
present. Cross-vein 1m-cu present. Radial sector vein (Rs) fully complete be-
tween M+Rs and 2r-rs. Radial sector vein (Rs) reaches to costal margin. Cross-
vein 2r-rs connected with radial sector vein posterior to pterostigma. Cross-
vein 2rs-m present. Cross-vein cu-a located in line to junction between media 
and cubitus vein. Media between Rs+M and 2rs-m completely present. On hind-
wing, radius vein (R) absent. Radial sector vein (Rs) absent. Cross-vein 1rs-m 
present. Media (M) present. M+Cu present. 1rs-m+M present. Free section of 
cubitus absent. Cross-vein cu-a present.

Hypoponera Santschi, 1938

Ergatoid males of Ponerinae are easily distinguished by having: (1) abdominal 
segment III as large as segment IV; and (2) a distinct constriction between ab-
dominal segments III and IV.

In winged males, antennal scrobe absent. Mandible reduced in size. Basal 
cavity of mandible extending to front face and visible in full-face view. Anten-
na with 13 segments. Notauli never impressed on mesoscutum. Mesepimeron 
without epimeral lobe. Dorsolateral corner of abdominal segment II in anterior 
view lacking distinct projection. Dorsal margin of abdominal segment II, in an-
terior view, without a conical or pointed apex. Apical margin of abdominal ter-
gum VIII without spine. Jugal lobe of hind wing absent. Mesotibia and metatib-
ia with single spur. Claws simple, never multidentate or pectinate. On forewing, 
pterostigma reduced in size. Costal vein (C) present. Cross-vein 1m-cu present. 
Radial sector vein (Rs) fully complete between M+Rs and 2r-rs. Radial sector 
vein (Rs) reaches to costal margin. Cross-vein 2r-rs connected with radial sec-
tor vein distal to pterostigma. Cross-vein 2rs-m present. Cross-vein cu-a prox-
imal to junction between media and cubitus vein. Media between Rs+M and 
2rs-m completely present. On hindwing, radius vein (R) absent. Radial sector 
vein (Rs) absent. Cross-vein 1rs-m present. Media (M) present. M+Cu present. 
1rs-m+M present. Free section of cubitus absent. Cross-vein cu-a present.

Leptogenys Roger, 1861

Males winged. Antennal scrobe absent. Mandible reduced in size. Basal cavity 
of mandible extending to front face and visible in full-face view. Antenna with 
13 segments. Notauli impressed on mesoscutum in most species. Mesepimer-
on with epimeral lobe. Dorsolateral corner of abdominal segment II in anterior 
view without distinct projections. Dorsal margin of abdominal segment II in 
anterior view gently rounded, not forming a conical or pointed apex. Apical mar-
gin of abdominal tergum VIII occasionally featuring downcurved projection. 
Jugal lobe of hindwing absent in most species. Mesotibia and metatibia with 
two spurs. Pretarsal claw multidentate to pectinate. On forewing, pterostigma 
well developed. Costal vein (C) present. Cross-vein 1m-cu present. Radial sec-
tor vein (Rs) fully complete between M+Rs and 2r-rs. Radial sector vein (Rs) 
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reaches to costal margin. Cross-vein 2r-rs connected with radial sector vein 
posterior to pterostigma. Cross-vein 2rs-m present. Cross-vein cu-a proximal 
to junction between media and cubitus. Media between Rs+M and 2rs-m com-
pletely present. On hindwing, radius vein (R) absent. Radial sector vein (Rs) 
absent. Cross-vein 1rs-m present. Media (M) present. M+Cu present. 1rs-m+M 
present. Free section of cubitus absent. Cross-vein cu-a present.

Mesoponera Emery, 1900

Mesoponera ambigua André, 1890. Males winged. Antennal scrobe absent. 
Mandible reduced in size. Basal cavity of mandible extending to front face and 
visible in full-face view. Antenna with 13 segments. Notauli impressed on me-
soscutum. Mesepimeron with epimeral lobe. Dorsolateral corner of abdominal 
segment II in anterior view not projecting. Dorsal margin of abdominal segment 
II, in frontal view, rounded. Subpetiolar process in profile view subtriangular. 
Apical portion of abdominal tergum VIII without downcurved spine. Jugal lobe 
of hind wing present. Mesotibia and metatibiae with two spurs. Claws simple, 
never multidentate or pectinate. On forewing, pterostigma well developed. Cos-
tal vein (C) present. Cross-vein 1m-cu present. Radial sector vein (Rs) fully com-
plete between M+Rs and 2r-rs. Radial sector vein (Rs) reaches to costal mar-
gin. Cross-vein 2r-rs connected with radial sector vein posterior to pterostigma. 
Cross-vein 2rs-m present. Cross-vein cu-a located in line to junction between 
media and cubitus. Media between Rs+M and 2rs-m completely present. On 
hindwing, radius vein (R) absent. Radial sector vein (Rs) present. Cross-vein 
1rs-m present. Media (M) present. M+Cu present. Free section of cubitus pres-
ent. Cross-vein cu-a present.

Mesoponera melanaria macra Emery, 1894. Males winged. Antennal scrobe 
absent. Mandible reduced in size. Basal cavity of mandible extending to front 
face and visible in full-face view. Antenna with 13 segments. Notauli impressed 
on mesoscutum. Mesepimeron with epimeral lobe. Dorsolateral corner of ab-
dominal segment II in anterior view not projecting. Dorsal margin of abdominal 
segment II, in frontal view, rounded. Subpetiolar process in profile view convex 
ventrally. Apical portion of abdominal tergum VIII with downcurved spine. Ju-
gal lobe of hind wing present. Mesotibia and metatibiae with two spurs. Claws 
simple, never multidentate or pectinate. On forewing, pterostigma well devel-
oped. Costal vein (C) present. Cross-vein 1m-cu present. Radial sector vein 
(Rs) fully complete between M+Rs and 2r-rs. Radial sector vein (Rs) reaches 
to costal margin. Cross-vein 2r-rs connected with radial sector vein posterior to 
pterostigma. Cross-vein 2rs-m present. Cross-vein cu-a proximal to junction be-
tween media and cubitus. Media between Rs+M and 2rs-m completely present. 
On hindwing, radius vein (R) present. Radial sector vein (Rs) present. Cross-vein 
1rs-m present. Media (M) present. M+Cu present. Free section of cubitus pres-
ent. Cross-vein cu-a present.

Odontomachus Latreille, 1804

Males winged. Antennal scrobe absent. Mandible reduced. Basal cavity of 
mandible extending to front face and visible in full-face view. Antenna with 
13 segments. Notauli never impressed on mesoscutum. Mesepimeron with 



353ZooKeys 1213: 289–359 (2024), DOI: 10.3897/zookeys.1213.120531

Manoa M. Ramamonjisoa et al.: Male-based key to the subfamilies and genera of Malagasy ants

epimeral lobe. Dorsolateral corner of abdominal segment II in anterior view 
not projecting. Dorsal margin of abdominal segment II in anterior view more 
or less conical, with a narrowly rounded or pointed apex. Apical margin of 
abdominal tergum VIII projecting into a sharp spine. Jugal lobe of hind wing 
present. Mesotibia and metatibia with two spurs. Claws simple, never multi-
dentate to pectinate. On forewing, pterostigma well developed. Costal vein 
(C) present. Cross-vein 1m-cu present. Radial sector vein (Rs) fully complete 
between M+Rs and 2r-rs. Radial sector vein (Rs) reaches to costal margin. 
Cross-vein 2r-rs connected with radial sector vein posterior to pterostigma. 
Cross-vein 2rs-m present. Cross-vein cu-a proximal to junction between me-
dia and cubitus. Media between Rs+M and 2rs-m completely present. On 
hindwing, radius vein (R) absent. Radial sector vein (Rs) absent. Cross-vein 
1rs-m present. Media (M) present. M+Cu present. 1rs-m+M present. Free sec-
tion of cubitus absent. Cross-vein cu-a present.

Parvaponera Schmidt & Shattuck, 2014

While the male of this species remains unknown worldwide, the analysis of 
wing venation and morphological characteristics based on the gyne might be 
helpful to identify the male of this species in the future.

Queen: Antenna with 12 segments. Mesotibia and metatibia with two spurs. 
Claws simple, never multidentate to pectinate. On forewing (Fig. 71), pterostig-
ma well developed. Costal vein (C) present. Cross-vein 1m-cu present. Radial 
sector vein (Rs) fully complete between M+Rs and 2r-rs. Radial sector vein (Rs) 
reaches to costal margin. Cross-vein 2r-rs connected with radial sector vein 
posterior to pterostigma. Cross-vein 2rs-m present. Cross-vein cu-a distal to 
junction between media and cubitus. Media between Rs+M and 2rs-m com-
pletely present.

Platythyrea Roger, 1863

Males winged. Antennal scrobe distinct. Mandible large, stout, triangular, with 
many teeth on masticatory margin, and masticatory margins completely overlap 
when mandibles are fully closed. Basal cavity of mandible invisible in full-face 
view. Antenna with 13 segments. Notauli impressed on mesoscutum. Mesepi-
meron with epimeral lobe. Dorsolateral corner of abdominal segment II in ante-
rior view lacking distinct projection. Dorsal margin of abdominal segment II, in 
anterior view, broadly or narrowly rounded. Apical margin of abdominal tergum 
VIII does not project strongly into sharp spine. Jugal lobe of hind wing may or 
may not be present. Mesotibia and metatibiae with two spurs. Claws simple, 
never multidentate or pectinate. Body surface sparsely punctate. On forewing, 
pterostigma well developed. Costal vein (C) present. Cross-vein 1m-cu present. 
Radial sector vein (Rs) fully complete between M+Rs and 2r-rs. Radial sector 
vein (Rs) reaches to costal margin. Cross-vein 2r-rs connected with radial sec-
tor vein posterior to pterostigma. Cross-vein 2rs-m present. Cross-vein cu-a lo-
cated in line to junction between media and cubitus. Media between Rs+M and 
2rs-m completely present. On hindwing, radius vein (R) absent. Radial sector 
vein (Rs) absent. Cross-vein 1rs-m present. Media (M) present. M+Cu present. 
1rs-m+M present. Free section of cubitus absent. Cross-vein cu-a present.
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Ponera Latreille, 1804

Males winged. Antennal scrobe absent. Mandible reduced in size. Basal cav-
ity of mandible extending to front face, visible in full-face view. Antenna with 
13 segments. Notauli never impressed on mesoscutum. Mesepimeron with-
out epimeral lobe. Dorsolateral corner of abdominal segment II in anterior view 
lacking distinct projection. Dorsal margin abdominal segment II, in anterior 
view, without narrowly rounded or pointed apex. Apical margin of abdominal ter-
gum VIII strongly projecting into a sharp spine. Jugal lobe of hind wing absent. 
Mesotibia and metatibiae with single spur. Claws simple, never multidentate 
or pectinate. On forewing, pterostigma well developed. Costal vein (C) pres-
ent. Cross-vein 1m-cu present. Radial sector vein (Rs) fully complete between 
M+Rs and 2r-rs. Radial sector vein (Rs) reaches to costal margin. Cross-vein 
2r-rs connected with radial sector vein posterior to pterostigma. Cross-vein 2rs-
m present. Cross-vein cu-a proximal to junction between media and cubitus. 
Media between Rs+M and 2rs-m completely present. On hindwing, radius vein 
(R) absent. Radial sector vein (Rs) absent. Cross-vein 1rs-m present. Media 
(M) present. M+Cu present. 1rs-m+M present. Free section of cubitus absent. 
Cross-vein cu-a present.

PROCERATIINAE Emery, 1895

Diagnosis of male ants of the subfamily Proceratiinae in the Malagasy region

 - Antenna filiform, consisting of 13 segments.
 - Scape not reaching posterior margin of head.
 - Mesopleural oblique furrow reaching pronotum close to pronotal postero-

ventral margin.
 - Scuto-scutellar suture usually longitudinally sculptured.
 - Abdominal segment II attached to abdominal segment III ventrally.
 - Abdominal segment II much smaller than segment III in lateral view.

Figure 71. Forewing venation in queen caste. Parvaponera darwinii madecassa 
(CASENT0410199). Photographer Cerise Chen.
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 - Abdominal segment II broadly and dorsally attached to abdominal 
segment III.

 - Apical portion of abdominal sternum IX not bi-spinose.
 - Pygostyles absent or present.
 - Metatibia with one spur.

Remarks. Our key includes three Proceratiinae genera recorded from the 
Malagasy region. Key modified from Yoshimura and Fisher (2009).

Male−based key to genera of the subfamily Proceratiinae

1 Frontal carinae diverging posteriorly or subparallel, but never merged into 
single carina (Fig. 72A). Cubitus (Cu) in hindwing present, rarely reduced 
but with short branch ................................................................. Proceratium

– Frontal carinae merged into single median carina between antennal sock-
ets (Fig. 72B). Cubitus (Cu) in hindwing absent ..........................................2

Figure 72. Head in full-face view showing the frontal carinae A Proceratium 
mgm09 (CASENT0081854) B Probolomyrmex curculiformis (CASENT0080551). 
Photographer April Nobile.

2 Stigmal vein absent: Radial sector vein (Rs) fully present in forewing, join-
ing Radius vein (R) at apical costal margin (Fig. 73A). Pygostyles present 
 ...................................................................................................... Discothyrea

– Stigmal vein present: Radial sector vein (Rs) absent in medial section of 
forewing and not reaching costal margin; Radius vein (R) absent on costal 
margin (Fig. 73B). Pygostyles absent ................................. Probolomyrmex

Figure 73. Forewing venation A Discothyrea mgm01 (CASENT0083649) B Probolomyrmex 
curculiformis (CASENT0050214). Photographers Erin Prado (A), April Nobile (B).
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Discothyrea Roger, 1863

Mandible smaller than in conspecific worker, but also triangular to subtrian-
gular. Frontoclypeal region projecting dorsally. Frontal carinae merged into 
a single median carina. Antennal sockets opening posteriorly. Antenna with 
12–13 segments. Labrum bilobed apically. Second segment of maxillary 
palp not hammer-shaped. Pro-, meso-, and metatibia with a single spur. Py-
gostyles present. On forewing, pterostigma well developed. Costal vein (C) 
present. Cross-vein 1m-cu absent. Radial sector vein (Rs) fused to M+Rs. 
Radial sector vein (Rs) reaches to costal margin. Cross-vein 2r-rs connected 
with radial sector vein posterior to pterostigma. Cross-vein 2rs-m absent. 
Cross-vein cu-a proximal to junction between media and cubitus vein. Me-
dia between Rs+M and 2rs-m completely absent. On hindwing, radius vein 
(R) absent. Radial sector vein (Rs) present. Cross-vein 1rs-m absent. Media 
(M) absent. M+Cu absent. 1rs-m+M absent. Free section of cubitus absent. 
Cross-vein cu-a absent.

Probolomyrmex Mayr, 1901

Mandible smaller than in conspecific worker, but also triangular to subtrian-
gular. Frontoclypeal region projecting dorsally. Frontal carinae merged into 
single median carina. Antennal socket opening posteriorly. Antenna with 
13 segments. Labrum bilobed apically. Second segment of maxillary palp 
hammer-shaped. Pro-, meso-, and metatibia with a single spur. Pygostyles 
absent. On forewing, pterostigma well developed. Costal vein (C) present. 
Cross-vein 1m-cu absent. Radial sector vein (Rs) absent between M+Rs 
and 2r-rs. Radial sector vein (Rs) fails to reach costal margin. Cross-vein 
2r-rs present, forming base of “free stigma vein.” Cross-vein 2rs-m absent. 
Cross-vein cu-a proximal to junction between media and cubitus vein. Me-
dia between Rs+M and 2rs-m completely absent. On hindwing, radius vein 
(R) absent. Radial sector vein (Rs) present. Cross-vein 1rs-m absent. Media 
(M) absent. M+Cu absent. 1rs-m+M absent. Free section of cubitus absent. 
Cross-vein cu-a absent.

Proceratium Roger, 1863

Mandible smaller than in conspecific worker, but also triangular to subtriangu-
lar. Frontoclypeal region not projecting dorsally. Frontal carinae separated, not 
merged into single median carina. Antennal sockets opening dorsally. Antenna 
with 13 segments. Labrum bilobed apically. Second segment of maxillary palp 
hammer-shaped. Pro-, meso-, and metatibia with a single spur. Pygostyles absent. 
On forewing, pterostigma well developed. Costal vein (C) present. Cross-vein 1m-
cu absent. Radial sector vein (Rs) absent between M+Rs and 2r-rs. Radial sector 
vein (Rs) fails to reach costal margin. Cross-vein 2r-rs connected with radial sector 
vein posterior to pterostigma. Cross-vein 2rs-m absent. Cross-vein cu-a proximal to 
junction between media and cubitus vein. Media between Rs+M and 2rs-m com-
pletely present. On hindwing, radius vein (R) absent. Radial sector vein (Rs) pres-
ent. Cross-vein 1rs-m present. Media (M) usually present. M+Cu present. 1rs-m+M 
present. Free section of cubitus present. Cross-vein cu-a present.
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PSEUDOMYRMICINAE Smith, 1952

Diagnosis of male Tetraponera in the subfamily Pseudomyrmicinae in the 
Malagasy region.

 - Antenna filiform, consisting of 12 segments.
 - Abdominal segment II nearly as large as segment III in lateral view.
 - Mesopleural oblique furrow reaching pronotum far from pronotal postero-

ventral margin.
 - Apical portion of abdominal sternum IX not bi-spinose.
 - Pygostyles present.
 - Protibia with one spur.
 - Mesotibia with two spurs.
 - Metatibia with two spurs.

Mandible triangular and distinctly dentate. Masticatory margin with 2–6 teeth. 
Anterior margin of clypeus straight to broadly convex, rarely emarginate. Palp for-
mula 6,4. Antennal scrobe absent. Antenna with 12 segments. First funicular seg-
ment short and globular. Eyes large, located at or in front of midlength of sides. 
Ocelli conspicuous. Occipital carina sharp but not forming a raised crest. Prome-
sonotal suture visible in profile or dorsally. Notauli absent. Protibia with pectinate 
tibial spur. Meso- and metatibiae with two tibial spurs. Aroliae small. Propodeum 
usually unarmed and rounded. Propodeal spiracle rounded. Abdominal segment III 
narrowly attaches to abdominal segment IV. Paramere large. Pygostyle present. On 
forewing, pterostigma well developed but not pigmented. Costal vein (C) absent. 
Media (M) fused with Rs+M. Media (M) never reaching costal margin. Radial sec-
tor vein (Rs) reaches costal margin. Cross-vein 2r-rs connected with radial sector 
vein posterior to pterostigma. Cross-vein 2rs-m absent. Cross-vein 1m-cu present. 
Fusion of Rs+M extended distally, so that 1m-cu arises from Rs+M, not from M. R 
present. Cu-a proximal to junction between media and cubitus vein. Cu present. 
Free section of cubitus present. On hindwing, radius vein (R) absent. Radial sector 
vein (Rs) present. Cross-vein 1rs-m present. Media (M) present. M+Cu absent. 1rs-
m+M present. Free section of cubitus absent. Cross-vein cu-a absent.
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