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ABSTRACT: We report the first record of the family Nocticolidae (Blattodea: Corydioidea Saussure, 1864) in Taiwan and describe 
a new species of Nocticola, N. formosana sp. nov. Detailed morphological observations place the species in the uenoi-species group, 
characterized by a specialized tergal gland on the fourth abdominal segment. Males exhibit unique features, including complete eye 
loss, broad tegmina, and specific genital structures. High genetic distances between N. formosana sp. nov. and related Chinese 
species support support its status as a distinct species. The type specimens were discovered from the foraging tunnel of 
Odontotermes formosanus (Shiraki) inside a decaying wood. This study provides new taxonomic evidence on Nocticola diversity 
and offers new data for understanding the phylogeny of Nocticolidae in East Asia. 
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INTRODUCTION 

 
Cockroaches of the family Nocticolidae Bolívar, 1892 

(Blattodea: Corydioidea Saussure, 1864) have long been 
regarded as a poorly understood group due to their cryptic 
ecology and habitat. They typically inhabit dark 
environments such as caves, under rocks, or within 
termite nests (Bell et al., 2007). Due to the close 
phylogenetic relationship between Nocticolidae and 
Latindiinae Handlirsch, 1925 within the superfamily 
Corydioidea, the taxonomic status of Nocticolidae and its 
relationship with Latindiinae remain uncertain. Recent 
molecular evidence provided by Han et al. (2024) 
confirmed that Latindiinae should be placed within 
Nocticolidae, and which is phylogenetically distinct from 
Nocticolinae (Djernæs et al., 2014; Legendre et al., 2015; 
Wang et al., 2017; Liu et al., 2023). According to Kovacs 
et al. (2024), two highly divergent lineages—Clade A and 
Clade B—are present within the family. Presently, 
Nocticolidae comprises 9 genera with Nocticola Bolívar, 
1892 containing the highest number of species within the 
family (Bolívar, 1892; Li et al., 2025). Nocticola was first 
described by Bolívar (1892), based on troglobytic N. 
simoni Bolívar, 1892 and Nocticola caeca Bolívar, 1892, 
from the Philippines. Species of this genus are small and 
delicate, with complex phallomeres in the male genitalia, 
often featuring a hook (Roth, 1988). Silvestri (1946) later 
described two termitophilous species: Nocticola 
termitophila Silvestri, 1946, collected from termite nests 
in Tonkin (northern Vietnam) and Penang, and Nocticola 
sinensis Silvestri, 1946, found in Termes sp. and 
Odontotermes sp. nests in Hong Kong and Kowloon. 
Silvestri (1946) suggested that these cockroaches may 

feed on termite corpses, supported by the presence of 
termite setae in their gut. With the ongoing discovery of 
Nocticola species in recent years, the genus now 
comprises 31 formally described species distributed 
across East, Southeast, and South Asia, Australia and 
Africa (Roth et al., 1988; Cockroach Species File, 2025), 
and introduced into America, and Europe (Wang et al., 
2025). Most Nocticola species are cavernicolous, some 
are epigean, and only three are regarded as termitophilous 
(Silvestri, 1946; Roth, 2003a; Bell et al., 2007; Liu et al., 
2017). Kovacs et al. (2024) demonstrated that the genus 
Nocticola includes species from both Clade A and Clade 
B within Nocticolidae, indicating that Nocticola is a 
polyphyletic genus. 

Sexual dimorphism is pronounced in Nocticola, with 
females typically exhibiting neoteny, while males possess 
diverse and species-specific traits (Trotter et al.2017; Li et 
al. 2025). Asahina (1974) described Nocticola uenoi from 
Ryukyu Islands, Japan, with three subspecies—Nocticola 
uenoi uenoi Asahina, 1974, Nocticola uenoi kikaiensis 
Asahina, 1974, and Nocticola uenoi miyakoensis Asahina, 
1974. These subspecies represented the first known 
occurrence of a specialized tergal gland on the 4th 
abdominal tergum in Nocticola. The presence or absence 
of this structure divides the genus into the uenoi-species 
group and the simoni-species group (Roth, 1988). Only 
four species have been recorded in the uenoi-species group 
— N. uenoi, Nocticola appendiculata Li, Liu, Chan, Wei, 
Yue and Qui, 2025, Nocticola australiensis Roth, 1988, 
and Nocticola currani Trotter, McRae, Main and Finston, 
2017 and the morphological character of their tergal gland 
vary among them (Asahina, 1974; Roth, 1988; Trotter et 
al., 2017; Li et al., 2025). Among the 31 species of 
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Nocticola, in addition to the special variation in the tergal 
gland, macropterous males have been recorded in certain 
species, such as Nocticola adebratti Roth, 1994 in 
Malaysia, Nocticola wliensis Andersen and Kjaerandsen; 
1995, Nocticola clavata Andersen and Kjaerandsen; 1995; 
Nocticola scytala Andersen and Kjaerandsen, 1995 in 
Ghana, Nocticola baumi Lucañas, Blaha, Rahmadi and 
Patoka, 2021 in Papua New Guinea, Nocticola pheromosa 
Lucañas and Maosheng, 2023 in Singapore, and Nocticola 
umedai Yanagisawa and Ohgita 2025 in Japan (Roth, 1994; 
Andersen and Kjærandsen, 1995; Lucañas et al., 2021; 
Lucañas and Maosheng, 2023; Li et al., 2025; Yanagisawa 
and Ohgita, 2025). Additionally, both N. uenoi uenoi and 
N. uenoi kikaiensis have also been found to exhibit 
macroptery (Yanagisawa and Ohgita, 2025). 

In this study, we report the first record of Nocticolidae 
in Taiwan and the description of a new species. Through 
detailed morphological descriptions and molecular 
evidence, we provide the taxonomic diagnosis and 
characterization of this new species. 

 

MATERIALS AND METHODS 
 
Specimen collection 

The specimens were collected at Dakeng Hiking Trail, 
Taichung, Taiwan. The cockroaches were found in the 
rotten wood with the tunnels of fungus-growing termite 
Odontotermes formosanus Shiraki, 1909. The 
cockroaches, including adult males, adult females, and 
nymphs, were suctioned out from the rotten wood using 
an aspirator. The cockroach specimens were preserved in 
95% alcohol. After dissection, the genitalia of the male 
cockroach were preserved in glycerin. The holotype and 
paratype were deposited in the collection of Entomology 
Division, National Museum of Natural Science, Taichung, 
Taiwan (NMNS). 

 
DNA extraction, amplification, and sequencing  

Four nymphs were used for DNA extraction. Each 
nymph’s DNA was extracted from the thorax and leg using 
the standard protocols provided by the QuickExtract DNA 
extraction kit from Epicentre Biotechnologies (Madison, 
WI). Cytochrome C oxidase subunit I (COI) genes were 
amplified by universal primer: LCO1490 (5’-
GGTCAACAAATCATAAAGATATTGG-3’) and 
HCO2198 (5’-TAAACTTCAGGGTGACCAAAAAATCA-3’) 
(Folmer et al. 1994). The polymerase chain reaction 
(PCR) was conducted in 25 µL reactions containing 1 µL 
DNA sample, 12.5 µL master mix (amaR OnePCRTM), 
0.5 µL LCO1490 primer (10 µM), 0.5 µL HCO2198 
primer (10 µM). Target sequence was amplified on 
SensoQuest Labcycler (SensoQuest Biomedizinische 
Elektronik GmbH, Gottingen, Germany). The following 
cycling condition was used: initial denaturing at 95 ℃ for 
5 min; 35 cycles of denaturing at 95 ℃ for 30 s, annealing 
at 50 ℃ for 30 s, extension at 72 ℃ for 1 min; and then 

final extension at 72 ℃ for 10 min. The amplified 
products were sequenced by Tri-I Biotech Inc. 

 
Molecular analysis  

The four sequences of Nocticola formosana sp. nov. 
have been submitted to GenBank with accession numbers 
LC878916–LC878919 (Table 1). Additional COI 
sequences of Nocticola from China were obtained from 
GenBank listed in Table 1. Although there are several 
species distributing in Japan and southeast Asia, most of 
Nocticolidae species did not have COI sequences 
published, and we did not include these species in 
analysis.  

The sequence alignment was conducted through 
MUSCLE algorithm within MEGA 12 (Kumar et al. 
2024). The pairwise genetic distances were calculated 
using the Kimura-2-parameter (K2P) with 1,000 
bootstrap replicates within MEGA 12 (Kumar et al. 2024). 
The nucleotide substitutions model for maximum 
likelihood tree inference was general time reversible 
model, and evolutionary rate differences among sites 
were modeled with a discrete gamma distribution across 
five categories, with 18.51% of sites considered 
evolutionarily invariant.  

 
Table 1. Sequences used in the molecular analysis 
 

Species 
Genebank 

number 
Location 

Reference 

Nocticola 
formosana sp. 
nov. 

LC878916 

Taichung, 
Taiwan 

this study 
LC878917 

LC878918 
LC878919 

N. baiguensis 

PQ601347, 
Guangxi, 
China 

Li et al. 2025 PQ601353 

PQ601355 

N. cordiformis 

PQ601349 
Guangxi, 
China 

Li et al. 2025 PQ601352 

PQ601358 

N. appendiculata 
PQ601350 Guangxi, 

China 
Li et al. 2025 

PQ601351 

N. sinensis PQ601361 Hunan, China Li et al. 2025 

 
Morphological analysis 

The morphological terminology used for male 
genitalia followed Klass (1997), whereas other characters 
followed Roth (2003b). The photographs were taken with 
Canon EOS 77D camera using an MP-E65mm f/2.8 1-5x 
Macro Photo lens. The degree of sclerotization is 
represented by the dot density in the drawings.  

 

RESULTS 
 

The four COI sequences of N. formosana sp. nov. were 
almost identical and different from those of nearby species 
from China. The interspecies K2P genetic distance of N. 
appendiculata, N. baiguensis and N. cordiformis from 
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China was 4.26% to 21.05 % while intraspecific genetic 
distance is lower than 1 % in these 3 species (Li et al., 
2025). The interspecies genetic distances among N. 
cockingi, N. currani and Nocticola quartermainei from 
Australia was 17.3% to 25.8 % while intraspecific genetic 
distances were lower than 3.9 % in these 3 species by using 
p-distances (Trotter et al., 2017). In this study we found 
that the interspecies genetic distance between N. 
formosana sp. nov and those of N. appendiculata, N. 
baiguensis, N. cordiformis and N. sinensis from China 
ranged from 21.7 % to 23.8 % by using K2P distance and 
ranged from 18.2 % to 20.2 % by using p-distance. The 
large genetic distances when compared to the species of 
China support that the N. formosana sp. nov. is a distinct 
species. The nocticolid species exhibit a high rate of 
mitochondrial nucleotide substitution (Kovacs et al., 2024). 
The large mitochondrial genetic distances in interspecies 
have also been reported on the other nocticolids (Wang et 
al., 2025). Because the molecular data is limited in 
Nocticolidae, the more comprehensive phylogenetic 
relationship needs further examination in the future. 
 

TAXONOMIC TREATMENT 
 

Nocticola formosana M.-H. Chen, W.-J. Lin, W.-R. 
Liang, sp. nov.                    臺灣穴蠊 Fig. 1 
urn:lsid:zoobank.org:pub:9EBE1419-DDB4-4660-8007-F2D53D1CF160 

Holotype: TAIWAN, 1♂; Dakeng No.5 Hiking Trail, 
Taichung. 31 October 2021, Mu-Hsuan Chen, Wen-Jun 
Lin, leg. (NMNS_009040-00001). Paratypes: TAIWAN, 
2♂, 7♀, same data as holotype (NMNS_009040-00002–
NMNS_009040-00010). 

Diagnosis: Male pale yellowish. Tegmina well 
developed; hindwings scale-like. Vertex of head exposed. 
Eyes completely absent. Pronotum hyaline, with marginal 
setae. Foreleg femur Type C1 (row of hair-like spinules 
ending in one thick spine). Tarsi symmetrical; pulvilli and 
arolia absent. Tergal gland present and specialized on 
abdominal tergite IV. Supra-anal plate subhyaline, 
symmetrical. Subgenital plate weakly asymmetrical, with 
marginal setae. 

Species assigned to uenoi-species based on the 
presence of specialized tergal gland. Within the uenoi-
species group, N. formosana sp. nov. differs from N. 
australiensis, N. currani, and N. appendiculata by the 
presence of arcuate protrusions on the tergal gland, which 
are absent in the other species. Only the brachypterous 
forms of N. uenoi shares the most similar morph of the 
tergal gland with N. formosana. Smaller than N. uenoi 
Asahina, 1974 (2.5–2.6 mm vs. 4.0–4.5 mm). Eyes absent 
vs. present in N. uenoi. Tegmina broad and round vs. 
narrow and elongate in brachypterous forms of N. uenoi. 
Cerci with 8 segments vs. 7 in N. uenoi. Subgenital plate 
weakly asymmetrical. Genitalia L3 with five setae vs. more 
than five in N. uenoi. Cerci without specialized setae in 
female; species likely belongs to Nocticolidae Clade B. 

Description: Male (Fig. 1: A–D, F–H, J–L): Body 
length 2.5–2.6 mm. Vertex exposed. Eyes absent. 
Maxillary palpus slender. Antennae with 36–42 segments. 
Pronotum hyaline, with 10 marginal setae; anterior 
margin semi-circular; posterior margin weakly concave, 
lateral margins slightly raised. Forewing subquadrate 
hyaline, sparse venational setae. Hindwing scale-like; 
venation weak, retreating at margin. Legs slender. 
Foreleg femur Type C1. Tibia and first four tarsomeres 
with dense piliform setae. Pulvilli and arolia absent. 
Tarsal claws symmetrical, unspecialized. Abdomen 
cylindrical. Tergal gland opening on tergite IV. Structure 
three-layered. First layer flattened, apex forming flat 
arcuate edge. Second layer composed of dense, dark 
brown microsetae centrally aggregated. Third layer 
extending into symmetrical, arcuate protrusions. Cerci 
with 8 segments; terminal segment needle-like, similar to 
female. Styli absent. Subgenital plate weakly 
asymmetrical. Supra-anal plate symmetrical. L3 hook-
like, slightly protruding beyond plates, bearing five setae. 
L1 flat, sclerotized, with rod-like apical structure. L2 
narrow, flat, sickle-shaped. L4C sclerotized, hook-tipped. 
L4D plate-like, nearly transparent. L4G flat, with highly 
sclerotized hook-like apical structure. R1G flat, 
transparent, densely setose ventrally; merges into 
sclerotized area. R2 thin, shallowly concave. R3 more 
sclerotized, bowl-shaped.  

Female (Fig. 1: E, I): Body length 2.5–2.9 mm. Head, 
legs similar to male. Pronotum slightly larger than male; 
overall outline more rounded; hyaline, with similar 
marginal setae; anterior margin semi-circular; posterior 
margin weakly concave; lateral margins slightly raised. 
Antennae ca. 42 segments. Tegmina, hindwing, and tergal 
gland absent. Abdomen cylindrical, posteriorly flattened, 
wider than male. Subgenital valves bilobed. Cerci same 
as in male. 

Distribution: Taichung, Taiwan. 
Etymology: Derived from “formosa” after Taiwan, 

the locality of collection. 
Ecology: Found in abandoned tunnels of 

Odontotermes formosanus within decaying woods (Fig. 
2). No interaction was observed with living termites; thus, 
termitophily is uncertain. 
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Fig. 1. Nocticola formosana sp. nov.: A. dorsal view of male, with the position of the left pronotal marginal setae indicated by red 
arrows; B. anterior view of head; C. supra-anal plate, dorsal view; D. subgenital plate, ventral view; E. dorsal view of female; F. foreleg; 
G. tegmina; H. hind wing; I. ventral view of female abdomen; J. ventral view of male abdomen, with subgenital plate; K. dorsal view of 
supra-anal plate; L. dorsal view of the phallomeres of male genitalia, abbreviations: L1, L2, L3, L4C, L4D, and L4G – sclerites of left 
phallomere; R1G, R2, and R3 – sclerites of right phallomere. 
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Fig.2. The habitat of Nocticola formosana. A. the decaying wood in the understory of low-altitude broadleaf forests. B. the 
cockroaches were found in the termite tunnel within decaying wood. 
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